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Study on the Mechanism of Nd:YAG Laser-Assisted Therapy 

on the Changes of Subgingival Flora in Periodontitis

Yuhang Xiea* / Yi Pengb* / Ting Zhouc / Shaowen Lud / Jianhua Wue

Purpose: This study evaluated the therapeutic efficacy of combining Neodymium-doped Yttrium Aluminum Garnet 
(Nd:YAG) laser with subgingival curettage and root planing (SRP) in generalised stage III/grade C periodontitis patients 
and its effects on cytokine dynamics and microbial community.

Materials and Methods: Fifteen patients diagnosed with stage III/grade C periodontitis were included in the cohort. The 
right and left sides of the mouth were randomly assigned either the conventional SRP (control) group or the SRP supple-
mented with Nd:YAG laser group (experimental group, 160 mJ, 4 W) in a split-mouth design. Clinical periodontal indices 
were recorded at baseline and at the 6-week follow-up post-treatment. ELISA was utilised to measure IL-1ꞵ and TNF-ɑ lev-
els in gingival crevicular fluid. The subgingival microbiota’s composition and variations were characterised using 16S 
rDNA amplicon sequencing, while quantitative real-time polymerase chain reaction (qRT-PCR) was employed to analyse 
the changes in the red-complex bacteria in subgingival plaque.

Results: The SRP+Nd group exhibited a statistically significant reduction in record probing depth (PD) and bleeding on 
probing (BOP) compared to the SRP group after treatment (p<0.05). The SRP+Nd group showed a markedly lower IL-1ꞵ 
level than the SRP group (p<0.05). Furthermore, there was no statistically significant difference in the dominant subgingi-
val microbiota composition and level of the red-complex bacteria between the two groups (p>0.05).

Conclusion: The adjunctive use of Nd:YAG laser with SRP demonstrates promising short-term therapeutic benefits for pa-
tients with extensive stage III/grade C periodontitis. Both SRP as a standalone treatment and its combination with Nd:YAG 
laser effectively facilitate a transition in the dominant bacterial community from periodontitis-associated to periodontal 
health-associated microbiota.
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Periodontitis is a chronic inflammatory and destructive dis-
ease caused by the colonisation of periodontal pathogens 

in the subgingival area, disrupting the original microecological 
balance, triggering the host’s immune responses, Certain 
pathobionts can orchestrate the establishment of dysbiotic 
communities that can subvert the host immune system, trig-
gering inflammation and tissue destruction.18 In addition, im-
mune pathogenesis includes host genetics, lifestyle, stress, and 
systemic conditions,3 and can ultimately lead to the destruc-
tion of periodontal tissues and alveolar bone resorption.16 It is 
currently the main reason for tooth loss in adults in China and 

a high-risk factor for various systemic diseases. Periodontitis is 
an insidious inflammatory condition, precipitated by the sub-
gingival colonisation of periodontopathic microorganisms. This 
colonisation perturbs the indigenous microecological equilib-
rium, incites a host immune response, and culminates in the 
progressive degradation of periodontal tissues and the resorp-
tion of alveolar bone.4 Subgingival scaling and root planing 
(SRP) are currently effective conventional treatment meth-
ods.19 However, SRP treatment alone may be unpredictable at 
times and unsuccessful at eliminating the pathogenic bacteria 
owing to their location within the periodontal tissues or in 
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other sites unreachable by periodontal instruments during de-
bridement, such as initially deep periodontal pockets, furca-
tion-involved lesions and root concavities. 

The Neodymium-doped Yttrium Aluminum Garnet (Nd:YAG) 
laser, with its 1064-nm wavelength, exhibits good tissue pene-
tration and possesses superior tissue ablation capabilities, 
coupled with bactericidal and detoxifying properties, all with-
out incurring substantial thermal damage to adjacent tis-
sues.24 This technology holds promise as an adjunctive modal-
ity to SRP, augmenting its therapeutic impact. Nonetheless, 
scholarly discourse persists within the academic community 
concerning the synergistic efficacy of SRP integrated with 
Nd:YAG laser therapy in the management of periodontitis.

The oral cavity is a reservoir for an great diversity of over 
300 bacterial strains, second only to the complexity of the gas-
trointestinal microbiome.31 Socransky et al26 have divided 
subgingival bacteria into six predominant microbial com-
plexes, elucidating their respective roles throughout the pro-
gression of periodontal inflammation. However, the scope of 
traditional periodontal microbial detection methods is limited, 
precluding a comprehensive characterisation of the microbial 
flora. High-throughput sequencing technologies (HTS), with 
their wide sequencing spectrum, are capable of concurrently 
analysing tens of millions of genetic sequences,36 offering a 
comprehensive appraisal of microbial community dynamics. 
Furthermore, these methodologies are adept at detecting low-
abundance bacterial species that elude the detection capa-
bilities of conventional techniques.5 Given the disparity in 
dominant bacterial communities between individuals with 
good oral health and those afflicted with periodontitis, in ad-
dition to the stratified distribution of these dominant bacteria 
at varying depths at the same tooth position,27 elucidating the 
dynamics of these microbial populations is instrumental for 
disease aetiology analysis, personalised therapeutic interven-
tion, and prognostic evaluation. Periodontal probe diagnostic 
imaging can evaluate the level and degree of bone destruction 
and bone defect morphology.15 However, there is scant litera-
ture on whether discernible variations in the subgingival bac-
terial shifts following Nd:YAG laser-assisted SRP exist in com-
parison to traditional SRP.

Therefore, we propose a hypothesis that changes in oral mi-
crobiota and expression levels of inflammatory factors play an 
important role in evaluating the efficacy of Nd: YAG laser com-
bined with subgingival scaling and root planing (SRP) in the 
treatment of patients with generalised grade III/C periodontitis. 
This investigation employed 16S amplicon sequencing to delin-
eate the temporal dynamics of the subgingival microbiota in 
patients pre- and post-treatment. Quantitative real-time poly-
merase chain reaction (qRT-PCR) was utilised to assess altera-
tions in the red complex bacteria, which comprise Porphyromo-
nas gingivalis (Pg), Treponema denticola (Td), and Tannerella 
forsythia (Tf). Concurrently, clinical periodontal indices were 
measured, and enzyme-linked immunosorbent assay (ELISA) 
was conducted to quantify the levels of cytokines IL-1  and 
TNF- . The study aimed to provide a comprehensive analysis 
of the short-term therapeutic mechanisms of Nd:YAG laser in 
conjunction with SRP for patients with advanced stage III/grade 
C periodontitis.

MATERIALS AND METHODS

Ethical Statements
This study was approved by the Medical Ethics Committee of 
the Affiliated Stomatological Hospital of Kunming Medical Uni-
versity (approval number: KYKQ2020MEC012). All participants 
signed an informed consent form, ensuring the study’s adher-
ence to ethical standards.

Research Subjects
A prospective cohort study was carefully developed using G* 
Power 3.1 software (Düsseldorf, Germany) for calculating the 
minimum number of samples required using a paired t-test 
with a significance level of 0.05, test efficacy of 0.8, and effect 
size of 0.8. A minimum sample size of 15 cases was estimated. 
A total of 20 patients with periodontitis were enlisted from the 
Department of Periodontitis at the Affiliated Stomatological 
Hospital of Kunming Medical University between September 
2019 to December 2020 , forming the study population. Two 
participants were lost to follow-up during the study, and the 
qRT-PCR amplification of plaque samples from three additional 
patients was unsuccessful. As a result, the final analysis com-
prised 15 patients, with a mean age of 36.80 ± 11.47 years, and 
a range of ages from 23 to 58 years. Six males and nine females 
comprised the cohort.

The eligibility criteria for patient enrollment in the study 
were: 
1. conformity with the diagnostic criteria for generalised 

stage III/grade C periodontitis;6

2. no periodontal interventions within the preceding six months;
3. no administration of antibiotics or non-steroidal anti-in-

flammatory medications within the last three months;
4. presence of systemic conditions that do not interfere with 

periodontal therapy, with female participants neither preg-
nant nor lactating;

5. absence of a smoking history;
6. no prior history of orthodontic intervention;
7. demonstration of good compliance with the study protocol.

The inclusion criteria for the affected teeth were: 
1. A minimum of 4 affected teeth (excluding third molars) in 

each half of the patient’s mouth, meeting the specified con-
ditions: a) probing depth (PD) at the deepest site ≥6 mm, 
clinical attachment loss (CAL) at the deepest site ≥5 mm, 
and radiographic evidence of alveolar bone loss amounting 
to 1/2 to 2/3 of the root length, with positive bleeding on 
probing (BOP); 

2. Presence of coronal edentulous necks with full crown res-
torations;

3. Molar furcation involvement classified as either Class II or 
III. The classification proposed by Glickman divides bifurca-
tion lesions into four classes according to the degree of in-
volvement. Grade II involvement: the bone is destroyed on 
one or more aspects of the furcation, but a portion of the 
alveolar bone and periodontal ligament remain intact. 
Grade III involvement: the inter-radicular bone is com-
pletely absent, but the facial and/or lingual orifices of the 
furcation are occluded by gingival tissue;6,19
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4. Absence of any root fractures, root fissures, or develop-
mental defects in tooth tissue;

5. Tooth mobility should be rated less than Grade II.1

These criteria were applied to ensure that the selected teeth 
were representative of the periodontal conditions under inves-
tigation and to standardise the study sample.

Experimental Design
The periodontal status of patients was documented on a peri-
odontal chart to determine eligibility for the study after they 
underwent supragingival scaling surgery and received oral hy-
giene instruction. Based on the inclusion criteria, four teeth 
were selected on the left and right sides each patient’s denti-
tion, resulting in a total of eight teeth per patient. A total of 120 
teeth from all participants were identified as afflicted.

These teeth were subjected to initial clinical index docu-
mentation and sample collection at baseline. Subsequently, 
using a simple randomisation method, the teeth on the left and 
right sides in each patient were allocated to either the SRP 
treatment group (15 participants contributing to a total of 60 
teeth) or the SRP+Nd treatment group (same 15 participants 
contributing to an additional 60 teeth). The study was designed 
as a self-controlled experiment, with participants receiving dis-
tinct treatments on opposite halves of their mouth simultane-
ously. One side acted as the experimental group, while the 
other served as the control. This approach helped to mitigate 
the impact of individual variability. Only the individual respon-
sible for the randomisation and the treating clinician were 
aware of which side received laser treatment. Participants, 
those recording clinical data, and laboratory staff were blinded 
to the group assignments. This blinding protocol was essential 
to minimise bias and expectancy effects in the study.

Periodontal Treatment
According to the grouping situation, the SRP group was treated 
with an ultrasound therapy instrument (Piezon Master 700, 
EMSM; Nyon, Switzerland) and hand instruments (Gracey Cu-
rets, Hu-Friedy; Chicago, IL, USA) (periodontal curettes 5/6, 7/8, 
11/12, 13/14). On the day of SRP treatment and two weeks 
later, teeth in the SRP+Nd group were treated with the laser, 
consisting of periodontal pocket irradiation using a pulsed Nd: 

YAG laser (Nd:YAG Laser Therapy Device, Sichuan Aerospace 
World Technology; Sichuan, China) with a wavelength of 1064 
nm (160 mJ, 25 Hz, 4 W, water level 2, air level 3),28 with a fiber- 
optic probe diameter of 600 μm. The fiber was carefully in-
serted into the base of the periodontal pocket, aligning it paral-
lel to the root surface. As the laser light was emitted, the fiber 
was manipulated to perform a slow “Z” motion, lifting and pull-
ing from the apical to the coronal aspect of each tooth surface. 
This motion was executed in a sweeping manner, covering the 
mesial to distal and buccal to lingual aspects of the teeth. De-
pending on the area of the periodontal pocket, the irradiation 
time for a single tooth was 40 s, and for a multi-rooted tooth, it 
was 60 s, with an average power density of 1415 W/cm2.

Evaluation of Periodontal Clinical Indicators
The clinical indicators, including probing depth (PD), clinical 
attachment loss (CAL), bleeding on probing (BOP), and plaque 
Index (PLI), were evaluated. These measurements were taken 
at baseline and again at the 6-week post-treatment interval.10

Evaluation of Cytokines
At baseline, the deepest PD site from each of the six sites of the 
included teeth was selected for the collection of gingival cre-
vicular fluid (GCF). For the side treated with SRP, the fluid sam-
ples from four sites of four teeth were combined into a single 
sample. Likewise, for the side treated with SRP+Nd, the GCF 
samples from the four sites of four teeth were also combined 
into a single sample, each then stored in individual tubes. Six 
weeks post-treatment, samples were collected again from the 
same sites as initially sampled. A total of 60 GCF samples were 
collected for the study. The rationale for this method was to 
ensure consistency with the subgingival plaque collection sites, 
thereby simplifying the subsequent statistical analysis.

Prior to GCF collection, participants were instructed to rinse 
their mouths with water, after which the area was isolated 
using cotton rolls and the tooth surface was dried. Filter paper 
was then inserted into the periodontal pocket until a slight re-
sistance was encountered, left in place for 30 s, and subse-
quently removed. The filter paper was transferred into an Ep-
pendorf tube, to which 750 μl of phosphate buffered saline 
(PBS) solution was added. The samples were then stored at 
-20°C for subsequent analysis.

Table 1  Gene primer sequence information

Primer name Sequence (5´to 3´)

Tannerella forsythia (Tf) Forward Primer CGCAGAAGGTGAAAGTCCTGTAT

Reverse Primer TGTGACGGGCGGTGTGTA

Porphyromonas gingivalis (Pg) Forward Primer ATCCTGGCTCAGGATGAACG

Reverse Primer TACGCATACCCATCCGCAA

Treponema denticola (Td) Forward Primer AGAGCAAGCTCTCCCTTACCGT

Reverse Primer TGCACCATTCAACTCCTCGC
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using a NanoDrop 2000 spectrophotometer (Thermo Fisher Sci-
entific; Waltham, MA, USA). PCR amplification targeted the 
V3-V4 region of the 16S rRNA gene, utilising the upstream primer 
338F (ACTCCTACGGGGAGGCAGCAG) and the downstream primer 
806R (GGACTACHVGGGTWTCTAAT). After quality assessment, 
PCR-purified products underwent 16S rDNA amplification. A se-
quencing library was constructed using the NEXTFLEX Rapid 
DNA-Seq Kit (5144-08, Bioo Scientific; Austin, TX, USA), and se-
quencing was conducted on Illumina’s Miseq PE300 platform.35

The QIIME2 plugin was utilised to process the raw sequenc-
ing data into a feature sequence table. Operational Taxonomic 
Units (OTUs) were picked from the optimised sequences, clus-
tered based on 99% similarity against the GREENGENES data-
base,32 with a 70% similarity threshold applied to derive the 
taxonomic classification table. The core diversity plugin in 
QIIME2 was employed to calculate the diversity matrix and the 
Alpha (Shannon) diversity index at the feature sequence level, 
and to ascertain the relative abundance of each taxonomic cat-
egory and species. The Linear Discriminant Analysis Effect Size 
(LEfSe) was applied to determine if there were significant dif-
ferences in the taxonomic composition of the subgingival mi-
crobiota among the groups.8

qRT-PCR
Total RNA was extracted from plaque samples using Trizol ly-
sate (catalog number 15596026, Thermo Fisher Scientific / Life 

The concentrations of IL-1  and TNF-  in the GCF samples 
were determined using a sandwich ELISA method. The assay 
was performed strictly in accordance with the protocol out-
lined in the kit instructions (Human IL-1 /TNF-  ELISA Kit, Pro-
teintech; Wuhan, China).

16S Amplicon Sequencing
At baseline, subgingival plaque was collected from the site with 
the deepest PD on each tooth among the six sites of the in-
cluded teeth, aligning with the method used for GCF collection. 
The plaque from four teeth on the side designated for conven-
tional SRP was pooled into one sample, and the plaque from 
the four teeth on the SRP+Nd treatment side was similarly 
pooled, with each sample stored in separate tubes. This pro-
cess was repeated at the 6-week post-treatment follow-up, re-
sulting in a total of 60 subgingival plaque samples for the study.

Subgingival plaque was collected using Gracey curettes im-
mediately after GCF collection, both at baseline and at the 
6-week follow-up, targeting the same sites each time. The sam-
ples were then stored at -80°C for future analysis. This ap-
proach ensured consistency with the GCF collection sites and 
allowed for a comprehensive comparison of data before and 
after treatment.

Genomic DNA was extracted from subgingival plaque sam-
ples using a DNA extraction kit (MP Biomedicals; Santa Ana, CA, 
USA). The purity and concentration of the DNA were assessed 

Table 2  Detection results of PD, AL, BOP, and PLI (mean±SD) (n=15)

Measurement value Timepoint SRP SRP+ Nd

PD (mm) Baseline 4.84±0.61 4.79±0.56

After treatment 3.12±0.59* 2.85±0.50*#

PD ≥6 mm
Loci (number)

Baseline 8.27±3.12 8.20±3.08

After treatment 2.20±1.82* 1.27±1.16*#

AL (mm) Baseline 4.96±0.72 4.82±0.69

After treatment 3.48±0.86* 3.28±0.73*

BOP (%) Baseline 78.60±14.58 83.33±12. 60

After treatment 32.78±19.21* 8.88±11.12*#

PLI Baseline 3.59±0.52 3.71±0.46

After treatment 2.87±0.55* 2.79±0.59*

*Statistically significant difference between the group and the baseline, p<0.05; # Statistically significant difference between the two groups at the same time point, p<0.05.

Table 3  IL-1ꞵ and TNF-ɑ content (mean ± SD) (n=15)

Measurement value Timepoint SRP SRP+ Nd

IL-1ꞵ (pg/ul) baseline 14.10±2.59 14.14±3.37

After treatment 4.07±0.98* 3.08±1.27*#

TNF-ɑ (pg/ul) baseline 8.28±2.21 8.36±1.67

After treatment 2.30±0.45* 2.14±0.42*

*Statistically significant difference between the group and the baseline, p<0.05; # Statistically significant differencebetween the two groups at the same time point, p<0.05.
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Technologies; Carlsbad, CA,USA). The RNA was then reverse 
transcribed into complementary DNA (cDNA) with the FastK-
ing RT kit (KR116, Tianjin, China). The cDNA was subsequently 
added to the components of the SYBR Premium EX Taq kit 
(RR420A; Takara, Japan) for qRT-PCR analysis. The qRT-PCR 
was conducted on real-time fluorescence qPCR instruments 
(ABI7500, Applied Biosystems; Foster City, CA, USA), with trip-
licate wells for each sample to ensure accuracy. Primers for 
real-time fluorescence quantitative PCR were designed based 
on the 16S rRNA gene sequences of Pg, Td, and Tf obtained 
from GenBank in the National Center for Biotechnology Infor-
mation (NCBI). All primers were custom synthesised by San-
gon Biotech (Shanghai, China), as detailed in Table 1.

The gene copy numbers of Pg, Td, and Tf in the subgingival 
plaque samples were quantified using standard curves derived 
from qRT-PCR, followed by logarithmic transformation to nor-
malise the data.

Statistic Analysis
All data were analysed using SPSS 21.0 (IBM; Armonk, NY, USA). 
The measurement data are represented as mean ± SD. Data 
data between the two groups were analysed using indepen-
dent-sample t-tests. The data analysis between multiple 
groups was conducted using one-way ANOVA, followed by 
Tukey’s post-hoc test.
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Table 4  ɑ diversity index comparison (mean ± SD) (n=15)

Shannon index Baseline After treatment

SRP 6.15±0.75 5.89±0.76

SRP+ Nd 6.24±0.55 5.83±1.02
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RESULTS

Clinical Indicator Test Results
Changes in PD, CAL, BOP, and PLI before and after treatment 
were examined, and the results showed a statistically signifi-
cant reduction in all of these indicators after treatment 
(p<0.05). Notably, the SRP+Nd group exhibited a more pro-
nounced reduction in PD and BOP compared to the SRP group 
(p<0.05), with a particularly statistically significant decrease in 
the number of sites with PD ≥ 6 mm in the SRP+Nd group 
(p<0.05). However, no statistically significant differences were 
detected between the two groups in terms of changes in CAL 
and PLI (p>0.05) (Table 2).

Cytokine Levels
There was no statistically significant difference in the levels of 
IL-1  and TNF-  between the two groups at baseline (p>0.05), 

but both decreased statistically significantly after treatment 
compared to baseline (p<0.05). Intergroup comparison showed 
that the IL-1  level in the SRP+Nd group was statistically sig-
nificantly lower than that in the SRP group after treatment 
(p<0.05), and there was no statistically significant difference in 
TNF-  levels between the SRP group and the SRP+Nd group 
after treatment (p>0.05) (Table 3).

16S Amplicon Sequencing
Species composition analysis
A total of 60 subgingival plaque samples were collected in this 
experiment, and a total of 2240595 high-quality sequences 
were obtained. A total of 1746 Operational Taxonomic Units 
(OTUs) were detected, classified into 1 kingdom, 17 phyla, 33 
classes, 55 orders, 92 families, 147 genera, and 190 species.

In  diversity analysis, the dilution curves of the SRP base-
line group, SRP+Nd baseline group, SRP post-treatment group, 

a

c

b

d

Fig 2  16S amplicon sequencing analysis of bacterial abundance. A: Bar chart of relative species abundance; B: Cladogram diagram of LEfSe analysis; 
C: LEfSe analysis of the SRP group using a cladogram plot; D: LEfSe analysis cladogram of SRP+Nd group.
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and SRP+Nd post-treatment group all tended to flatten out, 
indicating that the sequencing results were sufficient to reflect 
the diversity included in the current sample (Fig 1). Intragroup 
comparison showed that compared to baseline, the Shannon 
index of both the SRP group and the SRP+Nd group showed a 
decreasing trend after treatment, but the difference was not 
statistically significant (p>0.05). The comparison between 
groups showed that there was no statistically significant differ-
ence in Shannon index between the SRP group and the 
SRP+Nd group after treatment (p>0.05) (Table 4).

Analysis of relative abundance of subgingival microbiota
A total of 147 bacterial genera were detected, of which 22 gen-
era had a relative abundance greater than 1% (Fig 2). At base-
line, there was no statistically significant difference in the com-
position of subgingival microbiota between the SRP group and 
the SRP+Nd group (p>0.05). There was also no statistically sig-

nificant difference in the composition of subgingival microbi-
ota between the two groups after treatment (p>0.05). Compar-
ing before and after treatment, the relative abundance of 6 
genera of bacteria, including Treponema, decreased statisti-
cally significantly (p<0.05), while the relative abundance of 6 
genera of bacteria, including Actinomyces, increased statisti-
cally significantly (p<0.05). The relative abundance of 10 gen-
era of bacteria, including Capnocytophaga, did not show statis-
tically significant changes (p>0.05) (Table 5).

LEfSe analysis can more intuitively display bacterial gen-
era abundance with statistically significant differences be-
tween the two groups, as shown in Fig 2. There were statisti-
cally significant differences in bacterial genera abundance 
before and after treatment within the group (p<0.05), while 
there was no statistically significant difference in bacterial 
genera between the SRP and SRP+Nd groups after treatment 
(p>0.05) (Fig 2).

Table 5  Relative abundance changes of subgingival microbiota levels (n=15)

Genus

SRP SRP+Nd

Baseline After treatment Baseline After treatment

Actinomyces 7.99 27.54* 9.81 24.63*

Capnocytophaga 0.42 1.46 0.48 1.61

Cardiobacterium 0.39 2.49* 0.48 2.21*

Corynebacterium 0.79 3.53* 0.47 4.78*

Desulfobulbus 1.78 0.11* 1.43 0.23

Filifactor 2.19 0.25* 2.24 0.36*

Fusobacterium 1.91 2.21 1.08 3.85*

Haemophilus 0.02 3.62* 0.02 2.55*

Lautropia 0.07 2.64* 0.07 2.04*

Parvimonas 1.33 0.87 1.96 1.34

Porphyromonas 1.18 0.97 1.11 1.35

Prevotella 1.49 3.93 1.06 2.63

Rothia 0.82 2.54* 1.23 4.81*

Schwartzia 4.06 1.34* 4.28 1.49*

Selenomonas 3.87 4.99 4.06 5.45

Streptococcus 3.32 7.08 3.61 6.95

Tannerella 1.42 0.66* 1.38 0.81*

TG5 5.04 0.44* 3.34 1.13*

Treponema 13.07 1.66* 11.91 1.25*

TM7-3 3.89 0.44 4.68 0.26

Rs-045 12.88 8.38* 14.17 9.93*

Veillonella 4.19 6.32 4.38 4.18

*Post-treatment compared with pre-treatment, p<0.05.
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Red Complex Detection
Compared with baseline, the number of Pg statistically signifi-
cantly decreased (p<0.05) in both the SRP group and the 
SRP+Nd group after treatment, while the number of Tf and Td 
decreased only slightly (p>0.05). A comparison between groups 
showed that there was no statistically significant difference in 
the number of Pg, Tf, and Td between the SRP group and the 
SRP+Nd group after treatment (p>0.05) (Table 6).

DISCUSSION

Risk factors are an evolving area that will continue to change as 
the understanding of periodontitis diseases increases.9 Patients 
with extensive stage III/grade C periodontitis exhibit severe peri-
odontal tissue lesions, increased alveolar bone resorption, and 
the potential for root bifurcation lesions and tooth loss. Conse-
quently, the prognosis is highly ambiguous and the treatment 
for this type of patient is highly complex. This study employed a 
split trial design to evaluate the short-term efficacy of Nd:YAG 
laser combined with SRP in patients with extensive stage III/
grade C periodontitis, and to analyse the changes in clinical 
periodontal indices, cytokines, subgingival microbiota and 
number of red-complex bacteria before and after treatment. 

The periodontal clinical indices showed that compared with 
the pre-treatment baseline, both the SRP-treated group and 
the SRP-plus-Nd:YAG-treated group demonstrated statistically 
significant reductions in subjects’ PD, CAL, BOP, and PLI. Fur-
ther findings indicated that compared to the SRP-treated 
group, the SRP-plus-Nd:YAG-treatment further down-regulated 
the levels of PD and BOP, suggesting that the SRP-combined 
Nd:YAG-treatment is more effective in reducing PD and BOP 
than the SRP-treated approach.

This result suggests that SRP provides the primary solution 
to periodontitis and that Nd:YAG can be used as an adjunct to 
SRP in the treatment of periodontitis to improve periodontal 
status. Research has indicated that Nd:YAG laser favours wound 
healing and inhibits inflammation, for instance, by inducing 
gingival fibroblasts and periodontal ligament proliferating 
cells, stimulating the expression of epidermal growth factor, 
collagen type I, platelet-derived growth factor and basic fibro-
blast growth factor, and inhibiting the expression of TNF-  by 

bone marrow mesenchymal stem cells in an inflammatory mi-
lieu.11 These mechanisms may account for the reduction in PD 
and BOP after combination therapy. After treatment, there was 
no statistically significant difference in CAL between the SRP 
group and the SRP+Nd group, which is consistent with the 
meta-analysis results on Nd:YAG laser combined with non-sur-
gical periodontal treatment.29 However, the levels of CAL and 
PLI were not statistically significantly different between the 
SRP-treated and SRP-plus-Nd: YAG-treated groups, the reason 
for which may be related to the duration and frequency of laser 
application and the severity of periodontal disease. The treat-
ment parameters of the Nd:YAG laser in this study were 4 W, 
160 mJ, 25 Hz, which are effective parameters for the treatment 
of periodontitis in our clinic. In another study, the treatment 
parameters of Nd:YAG laser were 0.5W, 10 Hz and 2 W, 200 mJ, 
10 Hz, both of which statistically significantly reduced PD, CAL, 
and BOP.19,23 Miyazaki et al20 also reported that Nd:YAG laser (2 
W, 100 mJ) treatment for 4 weeks statistically significantly im-
proved CAL parameters. Zhang et al37 demonstrated a statisti-
cally significant improvement in PD and CAL values after 3 
months of Nd:YAG treatment compared to pre-treatment. Thus, 
different laser energy parameters may lead to different results. 

Suppression of the inflammatory response is one of the 
guidelines for the treatment of periodontitis; IL-1  and TNF-  
are two pro-inflammatory cytokines active in periodontitis. The 
study showed a highly positive correlation between IL-1  levels 
in patients with periodontitis and clinical indices such as PD, 
BOP, gingival recession, and dental plaque.33 In the present 
study, the decrease in IL-1  was more pronounced after 6 
weeks of treatment with SRP combined with Nd: YAG, and the 
combination treatment statisically significantly reduced the 
levels of PD and BOP, confirming the idea that IL-1  is positively 
correlated with PD and BOP. However, there was no statistically 
significant difference in TNF-  levels between the SRP+Nd 
group and the SRP group, which was different from the experi-
mental results of Gómez et al12 and Abduljabbar et al.2 We hy-
pothesise that laser energy, disease severity, and treatment 
time may account for the differences in experimental results.

Oral microorganisms and susceptible hosts are considered 
prerequisites for the development of periodontitis.17 Research 
has shown that a variety of microorganisms are associated 
with periodontitis, for instance, the phyla Synergistetes34 and 

Table 6  Number detection of red complex Pg, Tf, and Td (mean ± SD) (n=15)

Group Baseline After treatment

Pg [lg(copy/μl)] SRP 4.39±1.20 2.97±0.79*

SRP+ Nd 4.70±0.93 3.29±0.63*

Tf [lg(copy/μl)] SRP 4.37±1.65 4.04±1.36

SRP+ Nd 4.79±0.77 4.64±1.10

Td [lg(copy/μl)] SRP 4.02±1.31 3.60±1.19

SRP+ Nd 4.26±0.78 4.11±0.80

*Post-treatment compared with pre-treatment, p<0.05.
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Actinobacteria, and the genera Rochella, Veyrococcus, Hae-
mophilus, Corynebacterium, and Streptococcus.30 At the same 
time, the phylum Actinobacteria, as well as the genera Desul-
fobulbus, Prevotella and Luncomonas were once underesti-
mated as being associated with the progression of periodonti-
tis, although their pathogenicity is comparable to or even 
higher than that of Porphyromonas gingivalis, Forsythia, and 
Treponema gingivalis.13 In this study, the relative abundance of 
Tannerella, Treponema, Actinobacteria, Haemophilus, and Co-
rynebacterium decreased at baseline compared to 6 weeks 
after treatment, while the relative abundance of Actinobacte-
ria, Rochella, Haemophilus, and Corynebacterium statistically 
significantly increased. This indicates that the relative abun-
dance of pathogenic bacteria in the subgingival microbiota 
after SRP and SRP+Nd treatment decreased, while the relative 
abundance of periodontal-health–related bacteria increased. It 
is crucial for disease prevention and treatment to understand 
the role of the oral microbiome and the mechanisms of ecosys-
tem regulation in health.25 Once again, it has been proven that 
SRP can destroy plaque biofilm, reduce the bacterial commu-
nity associated with periodontitis, and increase the bacterial 
community associated with periodontal health, establishing a 
new ecological balance. It was shown that Nd:YAG laser irradia-
tion alone did not have a statistically significant effect on any 
bacterial species. However, other authors have shown the com-
bination of H2O2 and Nd:YAG to reduce the number of Strepto-
coccus pyogenes, and statistically significantly reduce bacterial 
viability by treatment with 0.5% NaOCl and Nd:YAG.14 This re-
sult suggests that combination therapy with SRP + NaOCl + 
Nd:YAG may have an impact on periodontitis microorganisms 
and is a potential treatment option.

This study analysed the changes in the content of red-com-
plex bacteria using qRT-PCR, finding no statistically significant 
difference in Pg, Tf, and Td copy numbers between the two 
groups after treatment. However, in patients with severe peri-
odontitis, the mean level of total culturable red/orange com-
plex periodontal pathogens per patient decreased statistically 
significantly from 12.0% before treatment to 4.9% after Nd:YAG 
laser monotherapy (59.2% decrease).21 Although there was no 
statistically significant difference in the relative abundance of 
subgingival microbiota between the two groups after treat-
ment, the clinical indicators and cytokines in the SRP+Nd 
group statistically significantly improved. Martelli et al22 used 
Nd:YAG laser to irradiate periodontal pockets after SRP treat-
ment. The HTS method was used to detect subgingival plaque, 
and the ratio of bacterial count of red, orange, and green com-
plexes to total bacterial count was analysed. The results 
showed that the proportion of red and green complexes statis-
tically significantly decreased, while the proportion of orange 
complexes increased. However, this experiment only measured 
the changes in bacterial count in red complexes before and 
after treatment, which has certain limitations.

CONCLUSION

The combination of Nd:YAG laser and SRP can effectively con-
trol inflammation and promote the transition of periodontitis 

from active to inactive periodontitis in patients with extensive 
stage III/grade C periodontitis. Its short-term clinical efficacy is 
superior to that of SRP alone. After treatment, the subgingival 
dominant microbiota of patients changes from pathogenic bac-
teria to healthy microbiota. The long-term effects of combined 
Nd:YAG laser and SRP treatment on periodontitis remain to be 
examined in a follow-up study.
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