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Abstract

research is needed to fully assess its clinical potential.

This study investigates the comparative effectiveness of laser soldering technique and conventional suturing
methods for wound closure in rabbits. Over a 60-day post-operative period, scar formation and healing were
monitored, with a particular focus on scar characteristics such as width, height, and overall appearance. Results
indicate that the laser group exhibited improved scar characteristics, especially in the early stages (first and third
days) of healing. By the seventh day, both groups demonstrated similar scar conditions, though the laser group
showed a slightly faster recovery trajectory, with marginally lower scar height observed on the 21st and 60th
days. While the laser technique showed some advantages in minimizing short-term complications, the long-term
outcomes between the two methods were largely comparable. These findings suggest that the laser soldering
method may offer some benefits over traditional suturing, particularly in the early stages of healing, but further
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Introduction

Oral surgery, particularly the oral vestibule in the upper
jaw, demands cautious attention due to potential aes-
thetic complications stemming from blood flow dis-
turbances, infections, scarring, and reduced vestibular
depth [1, 2]. The complex vascular pathways and ves-
tibular morphology significantly influence surgical
outcomes, impacting both intraoperative and postopera-
tive bleeding. As current surgical techniques evolve in
complexity, there arises a demanding need for a deeper
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understanding of various approaches and suture materi-
als to attain optimal repair outcomes [1, 3].

In surgical interventions, the closure of tissue incisions
remains a fundamental step, often achieved through
methods such as sutures, staples, or adhesives. While
suturing stands as a cornerstone, it poses challenges of
delicacy, difficulty, and time consumption, reliant on the
surgeon’s technical expertise [4]. Studies suggest that
immediate minimization of wound edge distance, termed
“primary wound closure,” accelerates the healing process,
yet traditional methods like stitches or clips, though reli-
able and cost-effective, can induce trauma and foreign
body reactions, impeding healing and fostering suscepti-
bility to infection [4, 5].

In response to these challenges, innovative techniques
such as laser tissue soldering (LTS) have emerged, dem-
onstrating promise in both preclinical and clinical set-
tings [6]. LTS offers a swift and efficient approach to
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wound closure, reducing scarring and complications
compared to conventional methods. Its mechanism
involves the application of laser energy to gently heat
wound edges, creating a durable bond without relying on
manual dexterity. This technique provides superior mac-
roscopic and microscopic outcomes, offering advantages
such as speed, minimal scarring, and reduced fibrosis [7].
However, despite its benefits, concerns persist regard-
ing tissue damage from thermal effects. To mitigate this,
biological solders are employed to absorb laser energy
selectively, safeguarding adjacent tissues from harm.
Various biological materials, including albumin, indocya-
nine green, hyaluronic acid, and collagen, are explored to
enhance laser absorption and tissue bonding while mini-
mizing thermal damage [8, 9].

The choice of an 810 nm diode laser for this study is
particularly relevant to oral surgery. The 810 nm wave-
length is well-absorbed by both melanin and hemoglo-
bin, making it ideal for oral tissues where vascularity and
pigmentation vary significantly. This absorption profile
allows the laser to effectively coagulate blood vessels and
minimize bleeding, which is crucial in oral surgeries.
Moreover, the 810 nm laser has been shown to penetrate
tissue at an optimal depth, balancing effective tissue sol-
dering with minimal thermal damage, making it espe-
cially suitable for delicate areas like the oral vestibule.
Given these properties, the 810 nm laser was selected as
a promising tool for improving wound closure outcomes
in oral surgical procedures [10, 11].

In this study, we investigate and compare the efficacy of
laser tissue soldering method alongside traditional sutur-
ing in closing transverse incisions within the maxillary
vestibule, akin to those encountered in Lefort I osteot-
omy surgery. Through this comparative analysis, we aim
to contribute to the understanding of optimal approaches
for wound closure in oral surgical procedures.

Materials and methods

Materials

The materials used in this study include rabbits (Central
Animal House, Hamadan University of Medical Sciences,
Hamadan Iran), catgut suture, ketamine and xylazine,
injectable analgesic meloxicam, oral antibiotic metroni-
dazole, 47% bovine albumin, indocyanine green (ICG),
and hyaluronic acid were purchased from Merck (Darm-
stadt, Germany).

Sample size

A sample size of 16 rabbits (both male and female) were
carefully chosen as subjects for creating transverse inci-
sions within the vestibule of the upper jaw, mimick-
ing the Le Fort I incision. The rabbits were divided into
two groups through a simple randomization process.
One side of the oral vestibule was designated as the
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control group, undergoing traditional incision, while
the other side received laser treatment. Inclusion crite-
ria encompassed selecting healthy rabbits devoid of any
pre-existing ailments or aberrant behavior, ensuring the
feasibility of creating incisions of equal size on both sides
of the vestibule. Moreover, the exclusion criteria involved
specimens that succumbed to mortality post-incision or
exhibited abnormal behavior following the procedure.
The study was approved by the Research Ethics Com-
mittee and Vice-chancellor in Research and Technology
(Clinical Trial Number: IR UMSHA.REC.1402.266) at
Hamadan University of Medical Sciences, Iran.

Methodology

In this study, sixteen rabbits were selected to undergo
transverse incisions in the upper jaw vestibule, resem-
bling the Lefort I incision, to assess wound closure
methods. One side of the incisions was closed using
absorbable catgut sutures, while the other side under-
went closure via laser tissue soldering. Anesthesia was
administered prior to surgery using a combination of xyl-
azine and ketamine, ensuring the rabbits were sufficiently
anesthetized. Postoperative pain management was facili-
tated through the administration of Meloxicam, while
Metronidazole was used to prevent infection. Soft diets
were provided post-surgery to facilitate feeding without
interference, and sutures were removed after five days.
Evaluations of surgical site quality, including closure effi-
cacy, infection, scarring, step, and desensitization, were
conducted on days 1, 3, 7, 21, and 60 post-surgeries by
two observers, a maxillofacial surgeon and a final year
maxillofacial surgery resident. Scar assessments were
performed using both the Visual Analogue Scale (VAS)
and the Stony Brook Scar Evaluation Scale (SBSES), cat-
egorizing results into three groups based on scar severity:
unremarkable, significant but acceptable, and significant
and unacceptable [12]. Objective measurements of scar
characteristics were conducted at three points along the
scar using a caliper ruler, with scores tabulated accord-
ing to predefined criteria to determine scar quality.
Subsequently, the total score is calculated for each scar,
allowing for categorization into three distinct groups:
weak (0-1 points), average (2—-3 points), and good (4-5
points). This classification system facilitates a simplified
interpretation of scar quality, aiding clinicians in mak-
ing informed decisions regarding patient management
and treatment outcomes. Below is the Stony Brook scar
evaluation scale at Table 1. Moreover, a summary of the
whole methodology is shown in Table 2.

Laser system

In this study, we employed a diode laser with a wave-
length of 810 nm, optimizing the system parameters
based on insights from previous research [13]. These
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Table 1 Stony brook’s scar evaluation scale, scoring various
categories of scar characteristics

Scar category Points
Width

>2mm 0
2mm 1
Height

Depressed or elevated from surrounding skin 0
Flat 1
Discoloration

Darker than surrounding skin 0
Same color or lighter 1
Notching

Present 0
Absent 1
Overall Appearance

Poor 0
Good 1

Table 2 A summary of the methodology

Methodology summary

Sample Selection
— 16 rabbits (male or female) selected for statistical significance.

—Cross-sectional cuts made in the vestibule of the upper jaw, akin to
Lefort I incision.

Surgical Procedure

— Anesthesia: 6 mg.kg xylazine and 60 mg.kg ketamine; depth
monitored.

—Closure: Cat gut suture (5—0) used on one side, laser tissue soldering
on the other.

—Mucosal Sutures: Continuous method, 5 mm apart, using absorbable
gut sutures (5-0).

Postoperative Care
—Pain Relief: Meloxicam (1-2 mg.kg) injected.

— Antibiotics: Metronidazole (20 mg.kg) administered to prevent
infection.

—Diet: Soft diet maintained to avoid interference with feeding.
—Suture Removal: Done 5 days post-surgery.

Evaluation Parameters

—Days Evaluated: 1st, 3rd, 7th, 21st, and 60th post-operation.
—Evaluation: Conducted by two observers (maxillofacial surgeon and
resident).

—Scarring: Assessed using Visual Analogue Scale (VAS) and Stony Brook
Scar Evaluation Scale (SBSES).

—SBSES Criteria: Scored based on scar measurements at three points
(anterior, middle, posterior).

—Scoring Groups: Weak (0-1), Average (2-3), Good (4-5).

parameters were determined through comprehensive
histological and mechanical analyses. The laser settings
utilized were as follows: a wavelength of 810 nm, a power
density of 15.9 W/cm?, and an exposure time of 5 s per
spot.

Throughout the experimentation, the laser main-
tained a constant power output of 0.5 W over a 5-sec-
ond duration, resulting in an energy density of 79.61 J/
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cm?, corresponding to a power density of 15.92 W/cm?.
To ensure precision and consistency, the optical fiber tip
was consistently positioned 2 mm above the tissue dur-
ing laser application. This positioning was critical for
maintaining the correct focal distance and ensuring uni-
form energy distribution. The beam spot size was care-
fully controlled and measured at 2 mm in diameter. This
spot size was chosen to provide optimal coverage of the
tissue area being treated while maintaining the desired
energy density and power output. In addition to these
laser parameters, we utilized albumin as a biological sol-
der during the laser tissue soldering (LTS) process. The
albumin acted as a “biological scaffold,” reinforcing the
welded area and mitigating thermal damage. By stan-
dardizing these settings, we aimed to achieve accurate
and reproducible results throughout the study. These
standardized parameters and techniques were crucial in
ensuring that the laser soldering was performed consis-
tently across all samples, allowing for reliable comparison
of results between the laser and suturing methods.

Outcome classification and analysis

The healing outcomes of the sutured and laser-treated
incisions were evaluated and classified using a binary
system, where “0” represented a negative or baseline out-
come (e.g., poor healing, significant scarring), and “1”
indicated a positive outcome (e.g., good healing, minimal
scarring). The specific classifications were as follows:

+ Suture 0, Laser 0: Both the suture and laser
treatments resulted in poor or baseline healing
outcomes.

+ Suture 1, Laser 0: The suture treatment resulted in
a positive healing outcome, while the laser treatment
did not.

+ Suture 0, Laser 1: The laser treatment resulted in a
positive healing outcome, while the suture treatment
did not.

+ Suture 1, Laser 1: Both the suture and laser
treatments resulted in positive healing outcomes.

These classifications allowed for a straightforward com-
parison between the efficacy of the suture and laser
methods in promoting wound healing.

Statistical analysis

The comparison between suture and LTS groups regard-
ing infection indices, desensitization, step forma-
tion, and hypertrophic tissue was conducted using the
CHI SQUARE test. The quality of incision closure was
assessed on a quantitative scale ranging from zero to
ten and compared between the two groups using the
T-test. Data analysis was performed utilizing SPSS26
software, with significance levels set at less than 5%. The
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concordance between the two observers assessing scar
location was evaluated using the kappa coefficient, with
values closer to +1 indicating direct and proportional
concordance.

Results

The results in Table 3 highlight a comparison between
the suture and laser groups regarding indicators such as
wound width, height, color change, notch, and overall
appearance, as evaluated by the surgeon. On the first day,
the laser group exhibited significant improvements in
width, height, and overall appearance of scars compared
to the suture group (p<0.001). However, neither group
showed satisfactory color change outcomes. Notch con-
ditions were deemed good in both groups. By the third
day, except for the notch indicator, where no significant
difference was observed between groups (p=0.32), the
laser group showed superior outcomes in other indica-
tors (p<0.05). Nevertheless, inadequate color change
persisted in 75% of cases across both groups on this day.
On the seventh day, both groups exhibited good condi-
tions in terms of width, notch, and overall scar appear-
ance. However, the laser group showed better results
for notch and color change (p<0.05). On the 21st and
60th days, apart from scar height, which favored the
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laser group significantly (p<0.05), no significant differ-
ences were observed between the groups across other
indicators.

In Table 4, the comparison between two groups, one
using suturing and the other laser, is conducted based on
indicators such as width, height, color change, notch, and
overall appearance of the wound, as assessed by the resi-
dent. On the initial day, the laser group exhibited signifi-
cantly better width, height, and overall scar appearance
(p<0.001). However, neither group showed satisfac-
tory color change. Notch conditions were good in both
groups. By the third day, the laser group showed supe-
rior results in most indicators compared to the suture
group (p<0.05), except for notch and color change. On
the seventh day, both groups demonstrated good notch
conditions and overall scar appearance. Height was
appropriate in 100% of laser group cases, and no signifi-
cant differences were observed in scar width and color
change between the groups (P>0.05). On the 21st and
60th days, except for scar height, which was significantly
better in the laser group (p<0.05), no significant differ-
ences were found between the groups in the remaining
indicators.

In Table 5, the concordance between the two sutur-
ing and laser methods that was checked by the surgeon
was determined on the days under review, and as it can

Table 3 Comparison of indicators related to scar in two suture and laser groups examined by the surgeon

Day Index Suture 0, Laser 0 Suture 1, Laser 0 Suture 0, Laser 1 Suture 1, Laser 1 P.Value

Day 1 Width 5 0 M 0 <0.001
Height 2 0 14 0 <0.001
Color Change 16 0 0 0 -
Notch 0 0 0 16 -
Overall Appearance 0 0 15 1 <0.001

Day 3 Width 0 0 15 1 <0.001
Height 0 0 16 0 <0.001
Color Change 12 0 4 0 0.045
Notch 0 0 1 15 032
Overall Appearance 0 0 6 10 0.01

Day 7 Width 0 0 0 16 -
Height 0 0 15 1 <0.001
Color Change 8 0 4 4 0.04
Notch 0 0 0 16 -
Overall Appearance 0 0 0 16 -

Day 21 Width 0 0 0 16 -
Height 1 0 12 3 <0.001
Color Change 0 0 1 15 032
Notch 0 0 0 16 -
Overall Appearance 0 0 0 16 -

Day 60 Width 0 0 0 16 -
Height 0 0 7 9 0.008
Color Change 0 0 0 16 -
Notch 0 0 0 16 -
Overall Appearance 0 0 0 16 -
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Table 4 Comparison of indicators related to scar in two suturing and laser groups examined by the resident

Day Index Suture 0, Laser 0 Suture 1, Laser 0 Suture 0, Laser 1 Suture 1, Laser 1 P.Value

Day 1 Width 5 0 11 0 <0.001
Height 1 0 15 0 <0.001
Color Change 16 0 0 0 -
Notch 0 0 0 16 -
Overall Appearance 0 0 14 2 <0.001

Day 3 Width 0 0 14 2 <0.001
Height 1 0 15 0 <0.001
Color Change 14 0 2 0 0.16
Notch 0 1 0 15 032
Overall Appearance 0 0 3 13 0.08

Day 7 Width 0 0 1 15 032
Height 0 0 16 0 -
Color Change 9 1 3 3 032
Notch 0 0 0 16 -
Overall Appearance 0 0 0 16 -

Day 21 Width 0 0 0 16 -
Height 0 0 13 3 <0.001
Color Change 0 0 0 16 -
Notch 0 0 0 16 -
Overall Appearance 0 0 0 16 -

Day 60 Width 0 0 0 16 -
Height 0 0 7 9 0.008
Color Change 0 0 0 16 -
Notch 0 0 0 16 -
Overall Appearance 0 0 0 16 -

Table 5 The level of concordance between the two techniques of suturing and laser methods checked by surgeon. The numbers in
each cell represent how many times a particular combination of suture and laser results occurred

Suture Day Laser Percentage of concordance
Weak Average Good

Day 1 Weak 0 (537)6 9(56.25) 256
Average 0 1(6.25) 0
Good 0 0 0

Day 3 Weak 0 0 6(37.5) 6.25
Average 0 0 14 (87.5)
Good 0 0 0

Day 7 Weak 0 0 0 25
Average 0 0 12 (75)
Good 0 0 4 (25)

Day 21 Weak 0 0 0 100
Average 0 0 0
Good 0 0 16 (100)

Day 60 Weak 0 0 0 100
Average 0 0 0
Good 0 0 16 (100)

be seen, during the days under review, it was 6.25% on
the first and third day. It reached 25% on the 7th day and
100% on the 21st and 60th days.

Moreover, in Table 6, the assessment of concordance
levels between the suturing and laser methods, con-
ducted by the resident, was observed across the evalu-
ated days. There was an increase in concordance from

12.5% on the initial day to 25.6% on the third day, 18.75%
on the seventh day, and ultimately reached 100% on both
the 21st and 60th days.

Table 7 displays the total scar scores for both the laser
and suture groups, as assessed individually by the exam-
iner across the observed days. It is notable that through-
out all the evaluated days, whether evaluated by the
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Table 6 The degree of concordance between the two suturing and laser methods checked by resident. The numbers in each cell
represent how many times a particular combination of suture and laser results occurred

Suture Day Laser Percentage of concordance
Weak Average Good

Day 1 Weak 0 3(18.75) 11 (68.75) 512
Average 0 2(12.5) 0
Good 0 0 0

Day 3 Weak 0 0 2(12.5) 6.25
Average 0 1(6.25) 13(81.25)
Good 0 0 0

Day 7 Weak 0 0 0 18.75
Average 0 0 13 (81.25)
Good 0 0 3(18.75)

Day 21 Weak 0 0 0 100
Average 0 0 0
Good 0 0 16 (100)

Day 60 Weak 0 0 0 100
Average 0 0 0
Good 0 0 16 (100)

Table 7 The comparison of overall scar scores between the laser and suture groups, as evaluated by the examiner across the observed

days
P.Value Average score (Laser) Average score (Suture) Day Checked by Overall score
<0.001 3.56+0.51 1.12+0.50 Day 1 Surgeon
<0.001 4.19+0.56 1.69+0.60 Day 3
<0.001 45+0.52 3.25+045 Day 7
<0.001 5 4131034 Day 21

0.002 5 456+0.51 Day 60

0.005 5 4564051 Day 1 Resident
<0.001 4.06+0.44 1.93+044 Day 3
<0.001 444+0.51 3.19+040 Day 7
<0.001 5 4194040 Day 21

0.002 5 456+0.51 Day 60

surgeon or the resident, the overall score in the laser
group was significantly higher than in the Suture group
(p<0.05). Additionally, Fig. 1A and B depict the compari-
son of overall scar scores between the laser and suture
groups, assessed separately by the surgeon and resident
on the examined days, respectively.

In Table 8, the level of concordance between the sutur-
ing and laser methods, qualitatively assessed by the
surgeon and the resident, was determined across the
reviewed days. The concordance rate during the days
assessed by the surgeon was 56.25%, reaching 81.25% on
the first day, 6.25% on the seventh day, 12.5% on the 21st
day, and 75% on the 60th day. Similarly, the concordance
rate during the days assessed by the resident increased
from 50% on the first day to 68.75% on the third day,
6.25% on the seventh day, 18.75% on the 21st day, and
62.5% on the 60th day.

The Fig. 2. presents a visual timeline illustrating the
healing process of the maxillary vestibule following sur-
gical intervention. It begins with a pre-operative view,
followed by the Lefort incision made in the maxillary

vestibule. On the day of surgery, one side of the inci-
sion is sutured while the other is treated using laser tis-
sue soldering. Subsequent images depict the progression
of healing at various intervals post-surgery, including
the first, third, seventh, 21st, and 60th days. A compari-
son between the sutured and laser-treated sides provides
insights into the efficacy of each method in promoting
wound closure and tissue regeneration over time (Fig. 2.
A, B, C,D,E EEH).

Discussion

The oral mucosa plays a crucial role in various functions
including swallowing and speaking, given its constant
exposure to liquids and high sensitivity [14]. Injuries or
cuts in the upper jaw mucosa can lead to potential infec-
tions and difficulties in swallowing and speaking. There-
fore, prompt healing is essential, necessitating the careful
closure of wound edges to minimize risks of bleeding and
infection [15]. Traditionally, suturing has been employed
for wound closure, but it often involves numerous com-
plications such as infection, tissue damage, scarring, and
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Fig. 1 The comparison of overall scar scores between the laser and suture groups, individually assessed by the (A) surgeon and (B) resident on the

examined days, respectively

prolonged healing times, demanding high surgical exper-
tise [16]. Hence, there is a pressing need for research to
explore alternative methods that are cost-effective, less
complex, and associated with fewer complications, which
was the aim of this study.

The findings of our study indicate that, on the first and
third days, scars from the laser-treated group exhibited
significant improvement compared to those from the
sutured group. However, by the seventh day, scars from
both groups showed favorable and comparable outcomes,
suggesting that the laser method facilitates quicker recov-
ery and scar reduction. Notably, on the 21st and 60th
days, while scars appeared similar, those treated with the
laser method demonstrated lower scar height. This sug-
gests that, besides accelerated healing, the laser approach
yields smaller overall scar sizes compared to traditional
suturing methods.

In accordance with our results, the findings from
Gulsoy et al. study, evaluating scars on the backs of mice
treated with two methods—suturing and laser at a wave-
length of 980 nm—demonstrated that by the 21st day,
scars were deemed acceptable in both groups. However,
on the seventh day, scars in the laser-treated group were
significantly smaller, indicating faster recovery with the
laser method [17]. Furthermore, findings from Suh et
al. study, conducted on rat skin, revealed that starting
from the seventh day, scars at the wound site were rela-
tively consistent in both LTS methods with a wavelength
of 810 nm and standard suturing. However, by the third
day, laser-treated scars were less prominent than those
treated with sutures. This study also underscores a faster
recovery rate in the laser group, consistent with the find-
ings observed in our study [18].
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The study conducted by Khosroshahi et al., which
focused on incisions on the backs of rats, demonstrated
that by the 10th day, scars in the LTS group with a wave-
length of 810 nm were less pronounced compared to
those in the suture group. This finding suggests a quicker
healing process with laser treatment, aligning with
our study’s outcomes. However, it’s plausible that with
extended follow-up, up to the 21st day or beyond, the
scars in both groups might exhibit more similarity [19].
Findings from Alexander et al. study, also conducted on
rabbit skin, similarly revealed reduced scarring in the
LTS group with an 810 nm wavelength compared to the
suture group after ten days of observation. This paral-
lels the findings of Khosroshahi’s et al. study, and further
investigation over an extended duration might indicate
converging outcomes between the two groups [20].

Rasca et al. study, which compared the efficacy of LTS
with an 810 nm wavelength to oral suturing, revealed a
trend towards reduced scarring in the laser group, albeit
without statistical significance. While our study indi-
cates a significant difference in scar outcomes between
the laser and suturing methods, it’s important to note the
discrepancies in findings. Several factors could contrib-
ute to these inconsistencies, including variations in sam-
ple size, methodology, or even the specific characteristics
of the surgical procedures performed. Further explora-
tion into these differences could offer valuable insights
into the nuances of wound healing dynamics and the rel-
ative effectiveness of different treatment modalities [21].

Our study findings provide valuable insights into the
dynamics of wound healing following LTS and sutur-
ing procedures, as assessed by both the surgeon and the
resident. Initially, discoloration, indicative of inflamma-
tory responses to treatment, was notably present in both
groups on the first day, reflecting typical postoperative
effects. However, by the third day, discoloration began to
resolve more rapidly in the laser group compared to the
suture group, with significant improvement observed by
the seventh day. Notably, throughout the study period,
discoloration remained consistently better in the laser
group compared to the suture group, as assessed by the
surgeon. Conversely, the resident’s observations did not
reveal a significant difference in color change between
the two groups, suggesting a degree of subjectivity or
variability in the assessment. Overall, while color change
and inflammatory complications appeared largely com-
parable between the two groups based on the resident’s
observations, the surgeon’s assessments highlighted the
favorable outcomes associated with LTS, particularly in
the early stages of wound healing. In similarity with our
results, D’Arcangelo et al. investigation on rat skin have
shown interesting findings regarding the comparison
between suturing and LTS with an 810 nm wavelength.
Notably, a significant discrepancy in inflammation

Percentage of concordance
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6.25
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0
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Suture
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8 (50)
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0

0
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0
0
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0
0
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Significant but acceptable
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Significant but acceptable
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Quality of concordance

Negligible

Negligible
Significant but unacceptable

Significant but unacceptable
Significant but acceptable

Percentage of concordance

56.25
81.25

6.25
125
75

Laser

16 (100)
13 (81.25)
3(18.75)
1(6.25)
15 (93.75)
1(6.25)
15 (93.75)
1(6.25)
15 (93.75)

0

15(93.75)
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0
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7 (43.75)
9 (56.25)

0
0
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0
0
16 (100)

Suture
0
0

Significant but unacceptable
Significant but acceptable

Significant but unacceptable
Negligible

Significant but unacceptable
Significant but acceptable
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Significant but acceptable
Significant but acceptable

Significant but unacceptable
Negligible

Significant but acceptable

Quality of concordance
Negligible

Surgeon
Negligible
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Day
Day 1
Day 3
Day 7
Day 21
Day 60

Table 8 The concordance level between the suturing and laser methods evaluated by both the resident and the surgeon
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Laser bonding

Day 60

Fig. 2 Sequential images depicting the progression of wound healing in the maxillary vestibule from pre-surgery to 60 days post-surgery. The images
illustrate the surgical incision, with one side sutured and the other side treated with laser tissue soldering, at various time points post-operation, including

the first, third, seventh, 21st, and 60th days

induction was detected solely on the seventh day, with no
notable difference observed by the fourteenth day, mir-
roring our own study’s outcomes [22].

Furthermore, concerning the symmetry of both sides
of the repair (Notch), as per the surgeon’s assessments,
the condition of both groups was deemed satisfactory
on the first, third, 21st, and 60th days, with no signifi-
cant disparities noted. However, on the seventh day, the
laser group exhibited notably superior outcomes com-
pared to the suture group. Conversely, according to the
resident’s evaluations, no significant discrepancy in the
notch between the two groups was identified on any of
the assessment days.

The findings of this study hold clinical significance,
particularly in the context of oral surgery, where rapid
wound healing and minimal scarring are crucial for func-
tional and aesthetic outcomes. The LTS technique, using
an 810 nm wavelength, demonstrated a clear advantage in
the early stages of wound healing compared to traditional
suturing methods. This was evidenced by the reduced
scar height and improved overall appearance observed in

the laser-treated group on the first- and third-days post-
operation. These outcomes suggest that LTS can facilitate
faster recovery and potentially reduce the risk of compli-
cations such as infections or excessive scarring, which are
common concerns in oral surgery [23].

However, while the study indicates that the LTS method
shows promise, particularly in the short term, the poten-
tial for human application must be approached with cau-
tion. The study was conducted on an animal model, and
although the results are encouraging, they may not fully
translate to human clinical scenarios due to differences in
tissue composition, healing processes, and potential long-
term effects. Moreover, while the laser method exhibited
advantages in early recovery, the outcomes between the
laser and suturing methods converged by the 21st and
60th days, indicating that the long-term benefits of LTS
over suturing might be limited. Given these consider-
ations, while the 810 nm laser soldering technique shows
potential as a viable alternative to traditional suturing,
further research is necessary. Clinical trials involving
human subjects are essential to validate these findings,
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assess the long-term safety and efficacy of LTS in various
types of oral surgical procedures, and determine the opti-
mal parameters for its application.

Previous research has not uncovered a comparable
investigation exploring the efficacy of LTS for closing oral
vestibular incisions. In essence, upon reviewing similar
studies and meticulously scrutinizing our current find-
ings, it becomes apparent that the primary strength of
our study, in comparison to preceding research of a simi-
lar nature, lies in the duration of the assessment period,
enabling a more comprehensive depiction of the dispari-
ties in the effectiveness of laser and suture techniques.
Notably, our study reveals that while the laser method
yields fewer short-term complications, such as reduced
inflammation, better scar characteristics, and improved
notching, these advantages tend to converge with those
of the suture method over the long term, with both meth-
ods showing similar outcomes by the 21st and 60th days.

A key limitation of our study is the reliance on visual
and qualitative assessments, which, although standard-
ized, are inherently subjective. This reliance may impact
the reproducibility and generalizability of the results.
To address this limitation in future research, it would be
beneficial to incorporate more objective measurement
techniques, such as digital imaging analysis, quantitative
histological evaluations, or other advanced imaging tech-
nologies. These methods could provide a more precise
and unbiased assessment of scar characteristics, thereby
complementing and validating the visual observations
used in this study.

Conclusion

In conclusion, our study demonstrates that the 810 nm
laser soldering method offers distinct short-term benefits
in wound healing, particularly in terms of reducing scar
height and improving early-stage recovery when com-
pared to traditional suturing techniques. However, by the
later stages of healing (21st and 60th days), the outcomes
between the two methods appeared to converge. While
these findings suggest that laser soldering may be a viable
alternative for specific surgical applications, it is impor-
tant to recognize that the study was conducted on an ani-
mal model, and the results should not be generalized to
broader clinical use without further evidence. Additional
in vitro and in vivo studies are necessary to thoroughly
assess the long-term safety, efficacy, and potential com-
plications of the laser method compared to traditional
suturing, ensuring that any clinical adoption is based on
robust and comprehensive data.

Abbreviations

LTS Laser tissue soldering

ICG Indocyanine green

VAS Visual Analogue Scale

SBSES  Stony Brook Scar Evaluation Scale
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