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Abstract: Objective: To evaluate the efficacy of Erbium-doped: yttrium-aluminum garnet (Er:-YAG) laser combined with
minocycline hydrochloride (Mino-HCL) in treating combined endodontal-periodontal lesions (CEPLs), and to provide
a clinical reference for its use. Methods: A total of 114 patients with CEPLs, admitted to Aerospace Center Hospital
from October 2021 to October 2023, were retrospectively analyzed. Of these, 53 patients were treated with Er:YAG
laser (control group) and 61 patients received Er:YAG laser combined with Mino-HCL (research group). Clinical ef-
ficacy and pain severity were compared between the two groups. Measurements included plaque index (PLI), sulcus
bleeding index (SBI), probing depth (PD), inflammatory factors, and oxidative stress, with adverse effects recorded.
A 6-month follow-up assessed the quality of life and oral health outcomes in both groups. Results: The research
group demonstrated superior clinical efficacy, reduced pain, and improved management of inflammatory responses
and oxidative stress compared to the control group (all P<0.05). Additionally, the research group had lower SBI, PLI,
and PD values post-treatment (all P<0.05). There was no significant difference in the incidence of adverse reactions
between the two groups (P>0.05). Follow-up results indicated better quality of life and oral health in the research
group. Conclusion: The combination of Er:YAG laser and Mino-HCL is effective for treating CEPLs.

Keywords: Erbium-doped: yttrium-aluminum garnet laser, minocycline hydrochloride, combined endodontal-peri-
odontal lesions, inflammatory response, stress response

Introduction

Combined endodontal-periodontal lesions
(CEPLs) are complex oral diseases involving
both pulpitis and periodontal destruction, with
ahigh clinical incidence [1]. These lesions arise
due to the shared tissue origin (mesodermal
or ectodermal) and similar biologic factors,
such as anaerobic bacteria and immune mech-
anisms, which lead to interactions and patho-
logic overlap between the dental pulp and
periodontal tissues [2]. Clinically, CEPLs pres-
ent as gingival bleeding, periapical disease,
and extensive edema of surrounding soft tis-
sues. If untreated, CEPLs can progress to tooth
defects, loss, and even structural changes in
the oral skeleton, possibly causing oral dys-
function [3]. Statistics indicate that periodon-
tal disease affects about 80% of adults, with
CEPLs comprising approximately 6.4-8.7% of
these cases and their prevalence increasing [4,

5]. Research has shown that CEPLs are pri-
marily associated with the loss of oral immune
function and heightened inflammatory respons-
es following plaque infection [6]. Therefore,
mitigating inflammation is crucial in CEPL
treatment.

The yttrium-aluminum garnet (YAG) laser is
commonly used in clinical practice for treating
CEPLs. The erbium-doped: YAG (Er:YAG) laser,
with a wavelength of 2,940 nm, operates in
pulse mode and is effective and safe for treat-
ing periodontal soft and hard tissues. However,
its shallow penetration limits its impact on
deeper tissues [7, 8]. Minocycline hydrochlori-
de (Mino-HCL), a semi-synthetic tetracycline,
exhibits strong antibacterial properties and
adheres to tooth surfaces, providing prolong-
ed antibacterial and anti-inflammatory effects
that improve the gingival environment [9].
Previous studies have demonstrated the effec-
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tiveness of Er laser combined with Mino-HCL
in treating conditions like peri-implantitis and
gingival hyperplasia [10, 11]. However, there
is limited research on its clinical application
for CEPLs.

We hypothesize that combining Er:YAG laser
with Mino-HCL may offer significant benefits for
treating CEPLs by enhancing anti-inflammatory
effects. This study aims to evaluate and ana-
lyze this approach, offering novel insight into its
clinical application and providing a new refer-
ence for CEPL treatment.

Materials and methods
Sample size calculation

Patients with CEPLs at Aerospace Center Hos-
pital were randomly selected for this study. The
sample size was calculated using the formula
N= (1-P) x Px Z2/E2. We set statistic (Z) at 1.96,
error (E) at 10%, and probability (P) at 0.5,
based on a 95% confidence interval. The calcu-
lation resulted in N=96.

Study subjects

A total of 114 patients with CEPLs admitted to
Aerospace Center Hospital from October 2021
to October 2023 were retrospectively analyzed.
Among them, 53 patients treated with Er:YAG
laser were classified as the control group, while
61 patients receiving Er:YAG laser combined
with Mino-HCLconstituted the research group.
The study was approved by the Ethics Com-
mittee of Aerospace Center Hospital (Approval
No. 20210716-009y) and conducted in strict
accordance with the Declaration of Helsinki.

Eligibility and exclusion criteria

Inclusion criteria: (1) Patients aged 18-60 years
diagnosed with CEPLs via X-rays and pulp vital-
ity tests. (2) Patients had not received recent
relevant treatments and met the indications for
laser therapy [12, 13].

Exclusion criteria: (1) Patients with drug aller-
gies, teeth with no preservation value, simple
pulpitis, periapical periodontitis, autoimmune
disorders. (2) Pregnant or lactating women. (3)
Patients withdrew from the study.

Methods

Control group: Patients first underwent root
canal treatment. The pulp chamber of the
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affected tooth was accessed, and the pulp
was removed. A root canal was established,
and the working length was measured. ProTa-
per nickel-titanium files were used for root
canal preparation, with irrigation using 3%
sodium hypochlorite. After preparation, the
root canal was treated with an Er:YAG laser
(Fotona, Germany) in photon-initiated photo-
acoustic streaming mode, with a pulse power
of 0.3 W and a frequency of 15 Hz. The canal
was then filled with AH-Plus root canal sealer
and warm vertical compaction of gutta-percha.
Periodontal pockets were irradiated with a
laser at 0.8 W and 20 Hz. The treatment was
performed once a week for 4 weeks. Resear-
ch group: In addition to the above treatment,
Mino-HCL was applied. After each laser treat-
ment, Mino-HCL ointment (Sunstar INC, H20-
100244) was gently injected into the periodon-
tal pocket until it overflowed.

Clinical efficacy evaluation

Efficacy was evaluated based on the treatment
guidelines for CEPLs [14]. A “marked response”
was defined as the complete resolution of clini-
cal symptoms, absence of periodontal absce-
ss and discharge, normalization of the peri-
odontal pocket, and disappearance of tooth
mobility. A “response” was characterized by
a reduction in tooth mobility, significant alle-
viation of pain symptoms, and a decrease in
probing pocket depth. If symptoms were un-
changed or worsened, it was classified as a
“non-response”. The overall response rate was
calculated as (marked response + response)
cases/total number of cases x 100%.

Prognostic follow-up

All patients underwent a 6-month follow-up
with monthly reviews. At the final follow-up,
quality of life and oral health were assessed
using the MOS 36-ltem Short Form Health
Survey (SF-36) [15] and the Oral Health Impact
Profile (OHIP-14) [16]. The SF-36 includes eight
domains, and higher scores reflect better qual-
ity of life. The OHIP-14, with a maximum score
of 56, indicates worse oral health with higher
scores.

Primary outcome measures
Clinical efficacy: Evaluated as described above.

Plaque index (PLI), sulcus bleeding index (SBI),
and probing depth (PD):
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PLI: After drying the tooth surface with an air
gun, the amount and thickness of dental plaque
were assessed with a probe and recorded on a
scale from O to 3, where higher scores indicat-
ed more plaque.

SBI: The periodontal probe was used to gently
probe the periodontal pocket. Bleeding was
observed 10-15 seconds after probe removal
and scored from O to 3, with higher scores indi-
cating more bleeding.

PD: The distance from the gingival margin to
the bottom of the gingival sulcus was mea-
sured.

Secondary outcome measures

Visual Analogue Scale (VAS) [17]: Pain was
assessed before treatment, 3 hours after treat-
ment, and 3 days after treatment. Higher
scores indicate more pronounced pain.

Gingival crevicular fluids: The gingival crevicu-
lar fluids were collected before and after treat-
ment for enzyme-linked immunosorbent assays
(ELISAs) to measure hypersensitive C-reactive
protein (hs-CRP), tumor necrosis factor-a (TNF-
«), interleukin-13/6 (IL-1B/6), superoxide dis-
mutase (SOD), malondialdehyde (MDA), and
glutathione peroxidase (GSH-Px) levels. Kits
were purchased from Shanghai Guangrui Bio-
tech.

Adverse reactions: Incidents such as tooth
loosening and edema were recorded, and the
total incidence was calculated.

Prognostic SF-36 and OHIP-14 Scores: These
scores were analyzed as described above.

Statistical analysis

Data were analyzed using SPSS version 23.0.
Categorical data, such as gender and clinical
efficacy, were reported as [n (%)] and compared
using the chi-square test. Continuous data,
such as age and inflammatory factors, were
presented as (xxsd), and compared between
groups using independent sample t-tests and
within groups using paired t-tests. Multiple
group comparisons were performed using re-
peated measures ANOVA and Least-Significant
Difference (LSD) tests. Statistical significance
was set at P<0.05.
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Results
Comparison of clinical baseline data

As shown in Table 1, there were no significant
differences between the two groups in terms of
age, sex, disease duration, and other baseline
characteristics (all P>0.05), confirming their
comparability.

Comparison of clinical efficacy

Table 2 illustrates that the research group had
an overall response rate of 91.80%, significant-
ly higher than the 77.36% observed in the con-
trol group (P<0.05).

Comparison of pain levels

Table 3 indicates that there was no significant
difference in VAS scores between the two
groups before treatment (P>0.05). VAS scores
increased for both groups compared to base-
line, with no notable inter-group difference, 3
hours after treatment (P>0.05). However, 3
days after treatment, VAS scores decreased for
both groups, with the research group showing a
significantly lower score than the control group
(P<0.05).

Comparison of periodontal condition

Figure 1 shows that both groups had similar
SBI, PLI, and PD before treatment (all P>0.05).
After treatment, improvements were observed
in both groups, with the research group show-
ing lower SBI, PLI, and PD compared to the con-
trol group (all P<0.05).

Comparison of inflammation levels

Figure 2 demonstrates that before treatment,
levels of hypersensitive C-reactive protein (hs-
CRP), interleukin-1B (IL-1B), interleukin-6 (IL-6),
and tumor necrosis factor-o (TNF-a) were simi-
lar between the groups (all P>0.05). After treat-
ment, these levels decreased significantly in
the research group (hs-CRP: 6.72+1.36 mg/L,
IL-1B: 12.89+2.74 ng/mL, IL-6: 22.57+4.37 ng/
mL, TNF-a: 22.31+4.70 ng/mL) compared to
the control group (all P<0.05).

Comparison of oxidative stress

Figure 3 indicates that before treatment, there
were no significant differences in oxidative

Am J Transl Res 2024;16(10):5622-5629



Treatment of endodontal-periodontal lesions

Table 1. Comparison of clinical baseline information

Course of

Group n Age Male

disease (months)

Female BMI (kg/m?) Smoking Non-smoking

Control 53 43.60+4.50  3.62+1.02 29 (54.72) 24 (45.28) 24.48+2.34 22 (41.51) 31 (58.49)

Research 61 43.38+6.23 3.77+0.82 26 (42.62) 35(57.38) 24.08+1.35 24 (39.34) 37 (60.66)

t(orx?) 0.220 0.854 1.661 1.158 0.055

P 0.827 0.395 0.197 0.249 0.814

Note: BMI, Body mass index.

Table 2. Comparison of clinical efficacy and lower OHIP-14 scores
Marked Overall (13.74+1.89) compared to the

Group response Response  Non-response response rate control group (both P<0.05).

Control 53 19(35.85) 22(41.51) 12(22.64) 77.36 Discussion

Research 61 25(40.98) 31 (50.82) 5 (8.20) 91.80

X 4.664 The pathogenesis of CEPLs is

P 0.031 complex, involving anaerobic

Table 3. Comparison of pain levels according to VAS score

bacterial infections in both the
pulp and periodontal pocket.
These infections lead to simul-

taneous damage to the pulp
and periodontium, resulting in

Grou Before 3 h after 3 d after p
P treatment treatment treatment
Control 53 4.68+1.25 6.21+1.35° 3.45+1.12"* 65.240 <0.001

Research 61 4.57+0.85 6.28+1.08" 2.54+0.81"* 252.400 <0.001

t 0.533
P 0.595

0.312
0.756

5.032
<0.001

dual damage to the teeth [18].
Due to the complex anatomy
of the teeth, treating a single
cause often fails to address

Note: * indicates P<0.05 compared to before treatment; # indicates P<0.05 com-

pared to 3 h after treatment. VAS, Visual Analogue Scale.

stress markers between the groups (P>0.05).
After treatment, the research group had higher
levels of SOD (188.20+24.56 U/mL) and GSH-
Px (72.63+8.26 U/L) compared to the control
group (SOD: 175.52+18.32 U/mL, GSH-Px:
63.65+6.84 U/L) (both P<0.05). Additionally,
MDA levels decreased in both groups after
treatment, with the research group showing a
lower MDA level (5.09+0.56 mmol/L) com-
pared to the control group (5.51+0.64 mmol/L)
(P<0.05).

Comparison of adverse reactions

Table 4 reports that the total incidence of
adverse reactions was 11.48% in the research
group and 20.75% in the control group, with no
significant difference between the groups
(P>0.05).

Comparison of prognostic oral health

Figure 4 shows that at follow-up, the research
group had higher SF-36 scores (74.38+5.24)
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both the pulp and periodonti-
um effectively, making it diffi-
cult to fully control infections
and leading to a high rate of
tooth extractions [19]. Thus, a comprehensive
treatment approach is essential to manage
CEPLs, suppress inflammatory responses, and
control infections, which is crucial for improving
prognosis and maintaining periodontal health.
This study demonstrates that Er:YAG laser com-
bined with Mino-HCL effectively inhibits inflam-
mation in CEPLs and offers a promising new
approach for future treatment.

First, our results show that the research group
had a higher overall response rate compared to
the control group, indicating that Er:YAG laser
combined with Mino-HCL provides superior
therapeutic effectiveness for CEPLs. This find-
ing aligns with previous studies on the use of
Er:YAG laser and Mino-HCL in treating periodon-
tal diseases such as peri-implantitis [20, 21],
confirming its valuable clinical application. The
Er laser, with a wavelength of 2,940 nm, is
highly absorbed by water molecules - an essen-
tial component of bacteria-leading to a “micro-
explosion” effect that deconstructs bacterial
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Figure 1. Comparison of periodontal conditions. A. Comparison of SBI. B. Comparison of PLI. C. Comparison of PD.
Comparison to before treatment, *P<0.05; comparison to control group, ¥P<0.05. PLI, Plaque index; SBI, sulcus

bleeding index; PD, probing depth.
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Figure 2. Comparison of inflammation levels. A. Comparison of hs-CRP. B.
Comparison of IL-1B. C. Comparison of IL-6. D. Comparison of TNF-a. Com-
parison to before treatment, #P<0.05; comparison to control group, *P<0.05.
hs-CRP, hypersensitive-C reactive protein; TNF-&, tumor necrosis factor-o; IL-

1B/6, interleukin-1p/6.

structures and achieves sterilization [22, 23].
Mino-HCL, which inhibits collagenase activity
and promotes periodontal tissue regeneration,
is commonly used in treating periodontitis and
peri-implantitis [24]. Combined, these treat-
ments enhance antibacterial effects, providing
a reliable therapeutic option for CEPLs.

Additionally, the research group showed lower
post-treatment SBI, PLI, and PD compared to
the control group, further supporting the effec-
tiveness of the combined treatment in improv-
ing periodontal function. The research group
also experienced less pain post-treatment, as
indicated by lower VAS scores, suggesting that
the combination of Er:YAG laser and Mino-HCL
alleviates pain more effectively. Pain is a com-
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mon issue with CEPLs, often
exacerbated by bacterial in-
fection and residual bacteria
# in the root canal [25]. The in-
clusion of Mino-HCL likely re-
duces bacterial re-invasion,
mitigates infection-induced gi-
ngival swelling and pain, and
helps correct periodontal pa-
thology. Furthermore, Mino-
HCL has demonstrated nota-
ble analgesic effects, which
#3 contribute to pain relief follow-
ing laser treatment [26]. Ele-
vated VAS scores 3 hours
after treatment in both groups
could be attributed to the
transient increase in pain due
to laser-induced damage to
periodontal tissues, which
subsides as the anesthetic
effect wears off.

CEPLs are chronic inflammatory diseases asso-
ciated with biofilms, and the progression of oral
inflammation is crucial to disease advance-
ment [27]. Thus, inhibiting oral inflammatory
responses is a fundamental step in managing
CEPLs. In this study, the research group dem-
onstrated significantly lower levels of hs-CRP,
IL-18, IL-6, and TNF-«a after treatment compared
to the control group, indicating that the Er:YAG
laser combined with Mino-HCL has a more pro-
nounced anti-inflammatory effect on CEPLs.
This enhanced anti-inflammatory effect is pri-
marily attributed to Mino-HCL. Mino-HCL inhib-
its both aerobic and anaerobic bacteria by
interfering with bacterial protein synthesis,
offering broad-spectrum antibacterial proper-
ties with reduced resistance; its anti-inflamma-
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Figure 3. Comparison of oxidative stress. A. Comparison of SOD. B. Comparison of MDA. C. Comparison of GSH-Px.
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Table 4. Comparison of adverse reactions

Total adverse

Groups n Repeated bleeding Infection Edema Inflammation reaction rate

Control 53 3 (5.66) 2 (3.77) 1(1.89) 2(3.77) 20.75

Research 61 2(3.28) 1(1.64) 2 (3.28) 2(3.28) 11.48

X 1.837

P 0.175

A & B GSH-Px and the lower level of
100- _ 251 MDA in the research group
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Figure 4. Comparison of prognosis. A. Comparison of SF-36 scores. B. Com-
parison of OHIP-14 scores. Comparison to control group, ¥P<0.05. SF-36,
Mos 36-item Short Form Health Survey; OHIP-14, Oral Health Impact Profile.

tory effects are largely due to its capacity to
enhance tissue antibacterial ability [28]. Phar-
macological studies have shown that Mino-HCL
also has significant immunomodulatory effects,
such as increasing macrophage phagocytosis,
enhancing lymphocyte activity, and promoting
immunoglobulin synthesis [29]. These actions
collectively mitigate inflammatory reactions
and resist the damaging effects of inflammato-
ry mediators on cells, thereby comprehensive-
ly inhibiting tissue inflammation. Furthermore,
Mino-HCL's inhibition of collagenase and metal-
loproteinase activities helps prevent alveolar
bone resorption, promotes the transformation
of periodontal ligament cells into osteoblasts,
and aids in periodontal tissue regeneration and
adhesion [30]. The higher levels of SOD and
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Control group Research group

dated Mino-HCL's anti-inflam-
matory effects in conditions
such as cerebral ischemia-re-
perfusion injury and periodon-
titis [31, 32], which align with
our findings. Despite these be-
nefits, Mino-HCL alone cannot address the
damaged periodontal root canal in CEPL pa-
tients, underscoring the need for its use in con-
junction with Er:YAG laser treatment.

The comparison of adverse reactions between
the two groups showed no significant differ-
ences, indicating that Mino-HCL does not in-
crease the risk of side effects, thereby support-
ing its safety profile. The prognostic follow-up
revealed higher SF-36 scores and lower OHIP-
14 scores in the research group, suggesting
that the combination of Er:YAG laser and Mino-
HCL is more effective in improving patient out-
come. This improvement in prognostic health is
attributed to the overall positive effects of the
combined treatment on oral function.
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However, since this study was a single-center
retrospective analysis with a limited sample
size and short follow-up period, further resear-
ch is needed. Future studies should involve
larger sample sizes and extended follow-up
durations to confirm the efficacy of Er:YAG laser
combined with Mino-HCL for CEPLs. Additional
research is also necessary to comprehensively
evaluate the therapeutic impact of this combi-
nation therapy.

In conclusion, the combination of Er:YAG laser
and Mino-HCL is effective in treating CEPLs,
significantly reducing oral inflammatory res-
ponses and alleviating stress injury, thereby
providing reliable protection for periodontal
health. This treatment regimen should be con-
sidered as a viable option for managing CEPLs.
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