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Abstract

Objectives: The objective of our study was to assess changes in the clinical and radiological
parameters after modified minimally invasive surgical technique (M-MIST) in the treatment
of intrabony periodontal defects with additional Er:YAG and Nd:YAG laser applications.
Methods: Thirty-eight patients, each presenting with a single vertical defect, were randomly
assigned to either the test (M-MIST+Er:YAG+Nd:YAG) or the control group (M-MIST).
Probing depth (PD) reduction, clinical attachment level (CAL) gain (primary outcomes
of the study) were assessed prior to therapy and after 12 months following the surgical
procedure. Results: Both methods led to statistically significant improvements in clinical
(PD reduction and CAL gain) and radiological parameters. No statistical differences were
observed between the groups at any time point assessed. At 12 months postoperatively,
radiographic defect depth reduction was very similar in both groups. The radiographic
defect width decrease was more pronounced in the control group. Conclusions: Results
indicate that use of Er:YAG and Nd:YAG lasers combined with the M-MIST procedure
and the conventional M-MIST procedure provides comparable clinical and radiological
treatment outcomes.

Keywords: periodontal regeneration; MIST; periodontal intrabony defects; Er:YAG laser;
Nd:YAG laser

1. Introduction

Periodontitis is a progressive, destructive disease of the tooth suspension apparatus.
It affects the gums, periodontium, root cement, and alveolar bone [1]. The clinical picture
of the disease shows loss of connective tissue attachment, periodontal pocket formation,
and tooth loosening, while X-rays demonstrate horizontal and vertical alveolar bone loss.

Bacterial biofilm is considered the main etiological factor causing gingivitis and leading
to the destruction of periodontal tissues [2].

The nature of the periodontal changes determines the therapeutic and preventive mea-
sures [3,4]. They focus on anti-infective action and reconstruction of the teeth’s surrounding
structures [5-7].

The aim of periodontal regeneration is to restore tissues lost due to periodontal disease.
Various treatment methods have been described in the literature, including biomodification
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of the root surface with enamel matrix derivative (EMD), guided tissue regeneration (GTR),
and the use of growth factors using appropriate incisions and flaps [7-10]. However, mod-
ern reconstructive periodontology focuses on minimally invasive procedures to support
natural healing processes [7,8,11].

Conventional surgical approaches, consisting of flaps without papillae preservation,
often led to the lack of primary wound closure. This resulted in clot instability and a
healing model consisting of epithelial migration into the wound, which can be histologically
characterized as repair [11]. The introduction of cuts and flap management, which preserve
the interdental tissues, allowed for better protection and stabilization of the treated area [12].
Minimally invasive approaches proved greater amounts of clinical attachment level (CAL)
gains and smaller recession [13]. A recognized factor that also influences the effect of
reconstructive procedures is precise decontamination of the treatment area [14]. Hence, the
search for new solutions/modifications is underway that would help ensure the above-
mentioned conditions.

There are not many papers available evaluating the effectiveness of Er:YAG (Er-bium-
doped Yttrium Aluminum Garnet) and Nd:YAG (Neodymium-doped Yttrium Aluminum
Garnet) utilization in periodontal surgical treatment. Available literature mostly refers to
the use of Er:YAG+Nd:YAG in nonsurgical therapy [6]. Findings from a recently published
systematic review suggest that the combination of Nd:YAG and Er:YAG lasers may lead
to additional clinical improvements in a nonsurgical approach [15]. Lasers are a rather
expensive tool, and unfortunately, they are not standard equipment in dental offices.
Therefore, they are not the first-choice tool for periodontal treatment. This may explain the
limited availability of scientific evidence.

Er:YAG laser emits in the mid-infrared range at a wavelength of 2940 nm. Its target
is water or the hydroxide ion and a mineral. It can be used for bacterial reduction, soft-
tissue debridement of periodontal diseased tissue, and calculus removal in a nonsurgical
approach [16]. Its penetration depth is approximately 5 um, because it is well absorbed in
water [17]. For this reason, the erbium laser is also indicated for calculus removal. Many
authors point out the necessity of being careful when dealing with the root surface, because
cementum has similar hydration properties to dental calculus [16,17].

The wavelength of Nd:YAG lasers is approximately 1064 nm and is selectively ab-
sorbed in areas of inflammation by tissue pigment and blood components [16]. This
wavelength is transmitted through water, which explains its deep penetration into healthy
soft tissue. When using the Nd:YAG laser, it is important to avoid prolonged contact with
the root structure in order to avoid thermal damage [16].

By eliminating calculus and bacteria, Er:YAG and Nd:YAG lasers can create a bio-
compatible root surface that may facilitate periodontal healing. Due to the different features,
these two lasers have different effects on the hard and soft tissues [18].

It can be assumed that the Er:YAG laser may be an alternative to root biomodification
because the irregular surface often produced by the Er:YAG laser may promote only a slight
initial inflammatory response while efficiently removing the smear layer, and enhance
adhesion and growth of cells as well as blood components [18,19].

Taking into account the above considerations, the objective of our study was to assess
changes in the clinical and radiological parameters after minimally invasive surgical treat-
ment of intrabony periodontal defects, M-MIST (Modified Minimally Invasive Surgical
Technique) alone or M-MIST with additional Er:YAG and Nd:YAG laser applications, over a
twelve-month follow-up period. We assumed changes in clinical parameters (CAL gain and
PD reduction) as the primary endpoints and radiological parameters, such as radiological
defect depth (RxD) and radiological defect width (RxW), as the secondary endpoints of
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the study. We formulated the null hypothesis that additional use of laser does not affect
clinical parameters, nor does it affect the values of radiological parameters.

2. Materials and Methods
2.1. Sample Size

The primary study outcome was the change in the CAL. Sample size calculation
was performed in order to detect a clinically significant difference of 1.0 mm in the CAL
between the two therapeutic procedures. Type I error was set at 0.05 level and power at
0.80, assuming that the standard deviation (SD) was 1.0 mm. The required sample size was
calculated to be 16 patients in each group (a total of 32 patients). In anticipation of patient
dropout rates of up to 20%, a total of 40 patients were planned for enrollment.

2.2. Study Population and Experimental Design

Thirty-nine non-smoking patients diagnosed with periodontitis stage III (22 women
and 17 men) aged 24-73 were included in the study. The study was designed as a single-
center, single-blinded, randomized, prospective, controlled clinical trial. Patients were
randomly divided into two groups. Allocation of patients to test and control groups was
carried out by means of a coin toss. Each participant had only one intrabony defect treated
in the project. In the control group (M-MIST), a Modified Minimally Invasive Surgical
Technique procedure was performed. In the test group (M-MIST+Er:YAG+Nd:YAG), the
Modified Minimally Invasive Surgical Technique was performed with the use of lasers.
One patient did not complete the one-year follow-up period and was removed from the
analysis. The study consort flow diagram is presented in Figure 1.

Assessed for eligibility

(n=48)
F
5 Excluded (n=9)
£ Not meeting inclusion criteria
= @=9)
Randomized (n= 39}
Allocated to intervention Allocated to intervention
M-MIST+Er:-YAG-Nd:YAG M-MIST (n=19)
(n=20)
g
2 Received allocated intervention Received allocated intervention (n
"
B (m=20) =19
=
! Did not receive allocated Did not receive allocated
intervention (n = 0) intervention (n = 0)
(give reasons) (give reasons)
Lost to follow up Lost to follow up
g mn=1) (n=10) (give reasons)
:
£
'E Analyzed (n=19) Analyzed (n=19)
EI Excluded from analysis Excluded from analysis
- (n=0) (give reasons) {n=10) (give reasonz)

Figure 1. Consort flow diagram.
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The study was performed in accordance with the Helsinki Declaration of 1975, as
revised in 2013, and was reviewed and approved by the local ethical committee (Bioeth-
ical Committee, Medical University of Bialystok, Nr.: R-1-002-397-2016). Patients were
treated in the Department of Periodontal and Oral Mucosa Diseases, Medical University of
Bialystok, Poland.

Inclusion criteria for the study were as follows: presence of an intrabony defect, with a
pocket depth (PD) > 6 mm and a radiological defect depth of >3 mm and width of >2 mm;
FMPS (Full-mouth Plaque Score) < 20%, FMBOP (Full-mouth Bleeding on Probing) < 20%;
over 18 years of age. Patients with general diseases that could affect the healing process,
pregnant and breastfeeding women were excluded.

2.3. Clinical Examinations, Surgery, and Postoperative Care

The same periodontal probe (UNC 15, Hu-Friedy, Chicago, IL, USA) was used by a
masked and calibrated investigator to assess clinical parameters before and 12 months
after the surgery. The following clinical parameters were measured for each tooth with
an intrabony defect: probing depth (PD), clinical attachment level (CAL), and gingival
recession (GR). Each tooth was examined at three points on the buccal and lingual sides
(mesial, middle, and distal). The deepest measured point was used for statistical analysis.
The cemento-enamel junction (CE]) or the filling margin was taken as the reference point.
FMPS [20] and FMBOP [21] were calculated as a percentage on the four surfaces of each
tooth. Also, pre- and postoperative radiographs were taken using the long-cone parallel
technique, with the customized bite-positioner. There were two parameters analyzed on
the radiographs: defect depth (RxD)—the vertical distance between the bone crest and the
site on the root surface at which the periodontium width was normal (in mm), defect width
(RxW)—the horizontal distance between the root surface and bone defect margin in the
most coronal part of the bone crest (in mm).

Following local anesthesia (Septanest 100, Septodont, Paris, France), intrasulcular
incisions and preparation of the mucoperiosteal flap were performed according to the prin-
ciples of papilla preservation technique [11,22] and minimally invasive techniques [12,23].
In the control group, the debridement of the bone defect was performed with the use of
hand instruments (Gracey currettes, Hu-Friedy, Chicago, IL, USA) and ultrasonic devices
(EMS Piezon Tip PS, EMS, Nyon, Switzerland) (Figure 2).

Figure 2. (a—g) Subject treated with M-MIST (control group); (a) Probing pocket depth on the distal
surface of tooth 31; (b) A surgical site after exposure with MPPT. The depth of intrabony defect;
(c) Flap reposition and closure with non-absorbable sutures; (d) Postoperative view after 2 weeks;
(e) Probing pocket depth on the surgical site 12 months post-op; (f) Radiograph of the bone defect on
the distal surface of tooth 31 before treatment; (g) Radiograph 12 months after surgery.
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For the same purposes, a dental laser (Fotona Light Walker AT-S, Ljubljana, Slovenia)
was used in the test group. The granulation tissue was removed with the use of Er:YAG
laser (3 W, 150 mJ and 20 Hz LP—Ilong pulse 600 ps; handpiece H14-N, sapphire tip), as
the root surface debridement (1,6 W, 160 m] and 10 Hz LP—long pulse 600 us; handpiece
H14-N, sapphire tip). At the end of the surgical procedure, the blood clot formation was
performed with the use of Nd:YAG laser (2 W and 20 Hz VLP—very long pulse 1000 ps;
handpiece—R21-C3; specialized fiber optic tips) (Figure 3). After completing the debride-
ment of the intrabony defect, the mucoperiosteal flap was repositioned and stabilized by
means of vertical modified mattress sutures (Ethilon 5.0, Johnson & Johnson Company,
New Brunswick, NJ, USA). If tooth mobility was detected, it was splinted after surgery.
Postoperative care consisted of 0.2% chlorhexidine rinses (Eludril, Pierre Fabre Laborato-
ries, Paris, France) twice a day for 2 weeks. Patients were also instructed not to eat hard
foods and to avoid vigorous tooth brushing in the surgical area for 2 weeks. Sutures were
removed 14 days post-surgery. Recall appointments were scheduled 1, 2, and 4 weeks, and
then 3, 6, and 12 months. During recall appointments, supragingival plaque was carefully
removed with a brush. Healing and possible complications (flap dehiscence; flap or papillae
necrosis, suppuration, inflammation, as well as pain exacerbations) were monitored during
the follow-up appointments. Photographs of the surgical area were taken on every visit.
The patient and the surgeon were not blinded in the protocol because of technical reasons.
Figures 2 and 3 present cases treated in the control and test group, respectively.

Figure 3. (a—g) Subject treated with M-MIST+Er:YAG+Nd:YAG (test group); (a) Probing pocket depth
on mesial surface of tooth 45; (b) A surgical site after exposure with MPPT. The depth of intrabony
defect; (c) Flap reposition and closure with non-absorbable sutures; (d) Postoperative view after
2 weeks; (e) Probing pocket depth on the surgical site 12 months post-op; (f) Radiograph of bone
defect on mesial surface of tooth 45 before treatment; (g) Radiograph 12 months after surgery.

2.4. Statistical Analysis

In the statistical analysis, the normality of distribution was verified using the Shapiro—
Wilk test and the Kolmogorov-Smirnov test with the Lillefors correction. The distribution
normality of the analyzed quantitative variables was not found. The Wilcoxon paired
test was used to compare dependent variables over time. The nonparametric U Mann—
Whitney test was used to compare the quantitative independent variables without normal
distribution. Friedman’s test was used for multiple comparisons.

The results were considered statistically significant for p < 0.05. Statistica 13.3 (TIBCO
Software Inc., Palo Alto, CA, USA) was employed for calculations.



Bioengineering 2025, 12, 1002

60f12

3. Results

Screening continued until a total of 40 patients (20 per group) were enrolled. One
patient re-signed before treatment without providing any reason, and one patient dropped
out because they were moving to another country. All 38 patients completed the 12-month
follow-up visits with no further dropouts. No adverse events were reported. Patients were
equally distributed between the study and control groups without differences according to
age, gender, and intra-surgical defect depth and width. Table 1 depicts the characteristics
of patients, teeth, and defects included.

Table 1. Characteristics of study participants and teeth included in the surgical procedures (clinical
parameters in mm).

. . Defect Walls Mean Mean
Mean Incisors/Canines/ . .
No Gender Ase  Premolars/Molars 3walls/2walls/ Intrasurgical Intrasurgical
8 1wall Defect Depth Defect Width
Test (M-
MIST+Er:YAG+Nd:YAG) 19 12F/7M 47 3/3/12/1 5/11/3 4.03 2.58
Control (M-MIST) 19 9F/10M 435 3/1/9/6 3/15/1 4.34 2.95
significance NS NS - - NS NS
Enrolled patients maintained good oral hygiene, as evidenced by a low full mouth
plaque score (FMPS) index throughout the study duration. The baseline mean FMPS in
the test group amounted to 10.8% and in the control group 11.6%. These values remained
similar during the study period and did not exceed 15%. Full-mouth bleeding on probing
(FMBOP) was also low, and it was 10.7% in the test and 10.3% in the control group before
treatment. Mean FMBOP was no higher than 15% throughout the study in both groups.
After a year, FMBOP was significantly lower in the control group. Indices of oral hygiene
and inflammation are depicted in Table 2.
Table 2. Indices of oral hygiene (FMPS) and clinically visible inflammation (FMBOP) in test (M-
MIST+Er:YAG) and control (M-MIST) groups at baseline and in a one-year follow-up.
Basal 3 Months 6 Months 12 Month  p * (Changes in Time)
FMPS
M-MIST+Er:-YAG+Nd:YAG 1079 441 1221 +£628 1223+6.61 12.16+6.35 NS
M-MIST 1159 £4.67 1436+997 11.82+733 991 +442 NS
p ** (between groups) NS NS NS NS
FMBOP
M-MIST+Er:-YAG+Nd:YAG 1071 +3.89 935+5.02 11.60+6.14 14.81 4743 NS
M-MIST 10.34 £458 10.32+857 10.67£7.59 9.69 +4.95 NS
p ** (between groups) NS NS NS p =0.035

p *—Wilcoxon pair test, p **—U Mann-Whitney test, NS—non-significant.

Clinical parameters of surgical sites are presented in Table 3. In both groups, there
were significant reductions in PD (probing depth) and gains in CAL (clinical attachment
level) at the 12-month follow-up. Gingival recession (GR) did not change in the test group
and increased slightly in the control group. There were also no significant differences
between groups before treatment and a year post-op. PD reduction was estimated at
2.95 mm in both groups. CAL gain was slightly higher in the test group (3 mm) than in
the control group (2.63 mm). Keratinized tissue width was also almost unchanged after
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surgery, but its stability was more pronounced in the test group, where the difference after
a year was only 0.05 mm.

Table 3. Clinical parameters in test (M-MIST+Er:YAG) and control (M-MIST) groups at baseline and
12 months post-op.

p * (Changes Basal 12 Month

Basal 12 Month in Time) Median Median Diff 0-12
PD (mm)
M-MIST+Er:YAG+Nd:YAG 726 £1.44 4.31+1.63 p =0.0002 7 (6-11) 4 (2-9) 295+ 131
M-MIST 715+£125 4214143 p = 0.0002 7 (5-9) 4 (3-9) 295+ 1.35
p ** (between groups) NS NS
GR (mm)
M-MIST+Er:-YAG+Nd:YAG 131 £134 1.26=+1.09 NS 1.5 (04) 1(0-3) 0.05+ 0.6
M-MIST 0.89+£1.19 121=+1.61 NS 0(0-4) 1(0-5) —0.32 £ 1.00
p ** (between groups) NS NS
CAL (mm)
M-MIST+Er:-YAG+Nd:YAG 857 £216 557 +1.86 p = 0.0002 8 (6-15) 6 (2-9) 3.0+ 157
M-MIST 8.05+18 542+277 p = 0.0008 8 (5-12) 4 (3-14) 2.63 £2.03
p ** (between groups) NS NS
KT (mm)
M-MIST+Er:YAG+Nd:YAG 378 £1.78 3.73 £1.69 NS 4 (1-7) 4(1-7) 0.05 £ 0.85
M-MIST 447 £138 4.10+1.52 NS 4 (2-7) 4 (2-7) 037+13
p ** (between groups) NS NS

p *—Wilcoxon pair test, p *—U Mann-Whitney test, NS—non-significant, diff—difference 0-12.

Figure 4a,b presents the frequency distribution of residual pockets and CAL gain after
1 year. In both groups, 5 out of 19 participants had a residual pocket PD > 5 mm (26.3%).
In the M-MIST+Er:YAG+Nd:YAG group, one pocket was shallowed to 2 mm (5.3%). There
were no pockets shallower than 3 mm in the M-MIST group. In both groups, there were
2 patients with CAL gain > 5 mm (10.5% of each group). However, in the control group,
one patient lost CAL, and the second had no CAL gain. In the test group, only 1/19 patients
had no CAL gain after 12 months.

Frequency distribution (%) of residual pockets Frequency distribution (%) of CAL gain

60 1~

50

40

B M-MIST+Er:YAG+Nd:YAG B M-MIST+Er:YAG+Nd:YAG

30

uM-MIST uM-MIST

20

10

0

nogain  1-25mm 3-4mm  >=5mm

(a) (b)

Figure 4. (a,b) Frequency distribution (%) of residual pockets (a) and clinical attachment level gains
(b) in test (M-MIST+Er:YAG) and control (M-MIST) groups 12 months post op.

Evaluation of radiographs at 12 months demonstrated statistically significant improve-
ments in radiological defect depth in both groups and in radiological defect width in the
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M-MIST group. However, no significant differences were noted between groups. In the test
group, RxD demonstrated a reduction of 1.38 mm, and in the control group, 1.34 mm. A
slight decrease was also noted in the RxW, amounting to 0.14 mm in the test and 0.4 mm in
the control group (Table 4).

Table 4. Radiological defect depth (RxD) and width (RxW) in test (M-MIST+Er:YAG) and control
(M-MIST) groups at baseline and 12 months post op.

p * (Changes Basal 12 Month

Basal 12 Month in Time) Median Median Diff 0-12
RxD (mm)
M-MIST+Er:-YAG+Nd:YAG 442 +198 3.04+£1.75 p = 0.0007 @ ;_69 8) 26(0-7.3) 138147
M-MIST 371+£122 237+1.02 p = 0.0002 @ 5—36 3) 25(0.84.3) 134+1.08
p ** (between groups) NS NS
RxW (mm)
M-MIST+Er:YAG+Nd:YAG 213 +0.83 1.99+0.91 NS © 82—?3 3) 24(0-33) 0.14+0.56
M-MIST 228 +£1.04 1.88+1.13 p =0.006 1 12_25 5) 1.6 (0.7-6) 0.4 £ 0.58
p ** (between groups) NS NS

p *—Wilcoxon pair test, p *—U Mann-Whitney test, NS—non-significant, diff—difference 0-12.

4. Discussion

The results of the present study have shown that the effectiveness of intrabony defect
treatment with M-MIST or M-MIST in combination with Er:YAG and Nd:YAG lasers is
comparable. The values of plaque and bleeding indices indicate that the patients have
undergone proper hygienic preparation and achieved an optimal level of inflammation
control throughout the observation period. Both methods led to statistically significant
improvements in clinical and radiological parameters. PD reduction was 2.95 mm in both
groups, and CAL gain was slightly better in the M-MIST+Er:YAG+Nd:YAG group (3 mm)
than in the M-MIST group (2.63 mm), but the difference was not significant. At 12 months
postoperatively, radiographic defect depth reduction was very similar in both groups,
that is, 1.38 mm in the test group and 1.34 mm in the control group, respectively. The
radiographic defect width decrease was more pronounced in the control (0.4 mm) than in
the test (0.14 mm) group. Interestingly, despite a similar frequency distribution of residual
pockets and CAL gain only in test group one, a pocket was shallowed to 2 mm, and there
was no attachment loss in any defects treated. The six-month results of our study, published
previously, also indicate that the additional use of Er:YAG+Nd:YAG lasers does not improve
the clinical and biochemical treatment outcomes [24]. The results presented in our study
show that laser debridement is non-inferior compared to the conventional debridement
using hand periodontal curettes and ultrasonic scalers for treatment of intrabony defects.

The results of our twelve-month observations correlate with other authors’ reports
regarding minimally invasive periodontal surgery. One of its most pronounced advantages
is the low incidence of pain and discomfort [22,23]. Of course, the operator’s experience
is also important. All procedures were performed by one surgeon with over ten years of
experience in regenerative procedures. Although the time required to perform the surgical
procedure was not measured, the fact that no adverse events occurred indicates the high
qualification and experience of the operator. The second important aspect is the incidence
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of recession, which is lower in the case of MIST procedures than in standard periodontal
surgeries [23]. In our study, GR did not increase in the test group and only increased
slightly (0.32 mm) in the control group. According to a systematic review that included 18
studies, the mean GR increase was 0.44 mm in minimally invasive surgical procedures [25].
Limiting the mesio-distal flap preparation and preserving the papilla enables recession
reduction and better aesthetic outcomes, which is now essential. In our study, PD reduction
after M-MIST and M-MIST with additional laser utilization was 2.95 mm, whereas it was
4.6 mm according to Cortellini [12], 3.5 mm according to Cosyn et al. [26], 3.82 mm in
the M-MIST group according to Mishra [27], and 3.5 mm in the MIST group according to
Ribeiro et al. [28]. Respectively, CAL gain in our study was 3 mm for the test and 2.63 mm
for the control group, which can be compared with 4.5 mm in the study of Cortellini [12], 3.1
mm in the study of Cosyn et al. [26], 2.64 mm in the M-MIST group according to Mishra [27],
and 2.8 mm in the MIST group according to Ribeiro et al. [28]. Our clinical results are
closest to Mishra et al. and Ribeiro et al. outcomes. It should be emphasized, however, that
Cortellini et al. in their trial utilized enamel matrix derivatives (EMD), and Cosyn et al.
used a collagen-enriched bovine-derived xenograft, which could also affect the clinical
parameters. Interestingly, there is evidence in the literature that the sole MIST procedure
is as effective as MIST with biomaterials and membranes [29,30]. That is in opposition
to traditional surgical approaches, where the utilization of regenerative materials has
improved the clinical results of periodontal surgeries [31,32]. Promising clinical results
of minimally invasive surgery are probably associated with a high incidence of primary
flap closure that enables clot stability, space maintenance, and good flap perfusion [30,33].
Cortellini et al. stated that. M-MIST alone provided similar short- and long-term benefits
as regeneration, at a lower cost. It was pointed out, however, that careful supportive
periodontal care (SPC) is essential for long-term success [34]. The second important factor
that influences the long-term stability of regenerated area is smoking [35,36]. The influence
of smoking on periodontal treatment, both surgical and nonsurgical, has been highlighted
in the literature. Lots of research has shown much worse clinical results expressed by
inferior reduction in the probing depth and clinical attachment gains in smoking patients
compared to non-smoking patients [37-39]. Smokers were not qualified for our study.
Lasers are promising devices in both periodontal treatment and periodontal reconstruc-
tive surgery. In the last systematic review concerning minimal invasiveness in the treatment
of intraosseous defects, low-level laser biostimulation of the defect is recommended to
favorably modulate the postoperative course of treatment [40]. This is the premise for
using lasers not only to control the inflammation but also to provide stimulation with
photonic energy. Different types of lasers are used in conjunction with periodontal surgical
procedures. Er:YAG laser was used with open flap debridement with a benefit [41,42].
Surgical treatment of single-rooted teeth with Er:YAG laser was more effective accord-
ing to PD reductions and CAL gains than conventional Widman flap surgery in 5 5-year
follow-up [41]. A higher tendency for CAL gain was also observed in a short-term clinical
trial comparing open flap surgery with and without Er:YAG laser [42]. Furthermore, the
Er:YAG laser may be an alternative to root biomodification due to the irregularities in
the root surface after its application and the effective removal of the smear layer, which
potentially increases the growth and adhesion of cells and blood components [43]. Nd:YAG
laser was also tested for the possibility of root conditioning instead of EDTA with EMD
in intrabony defects, and did not improve the outcome [44]. But Nd:YAG laser is also
used in the LANAP® procedure, which is effective, and there is histological evidence for
“cementum-mediated periodontal ligament attachment in the absence of a long junctional
epithelium” [45,46]. A systematic review concerning the application of lasers in surgical



Bioengineering 2025, 12, 1002 10 of 12

therapy is prudent and points out that there is insufficient evidence for the adjunctive
benefits of lasers in periodontal surgery [47].

Although our study was precisely performed, it has some limitations. The study
was conducted in a single center, so the outcomes cannot be directly applied to other
populations. No clinical intra data after 12 months and histological evidence are available,
because there were no re-entry surgeries or histology performed. Further studies, planned
as multicenter trials with larger sample sizes and undertaken with histological analysis, are
needed to confirm the regeneration of periodontal tissues after proposed laser usage.

5. Conclusions

In conclusion, within the limits of this study, our results indicate that the use of Er:YAG
and Nd:YAG lasers combined with the M-MIST procedure and the conventional M-MIST
procedure provides comparable clinical and radiological treatment outcomes.
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