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A B S T R A C T

The surgical procedure that lessens edema formation after frenectomy surgery is important.
Re-epithelialization with lasers occurs differently from conventional surgery, and this can affect the salivary
EGF level. The aim of this study was to determine edema caused by frenectomy surgery and compare the
amount of EGF in saliva. Conventional and 810 nm diode laser surgery performed with thirty-four patients.
Laser parameters were 400 µm fiber with 2.5 W output energy, in continuous mode.3D face scan data
was obtained with a Planmeca Proface Mid device and analyzed with the 3D metrology method using the
CloudCompare V2 software. Cephalometric analysis was performed using 2D profile photographs with
Geogebra software. Edema measurements were repeated on day 1 (T1), day 3 (T2) and day 14 (T3). All
saliva samples were collected at T1 and T3 and salivary EGF concentration was determined using the
ELISA method. In conventional surgery, a significant difference was found between ∆T2-T1 and ∆T3-
T1 in 3D metrology measurements (p=0.0046). In 2D cephalometric measurements there was significant
differences in Angle A T2-T1 vs. Angle A T3-T1 (p=0,0014) and vs. Angle B T2-T1 (p=0,0017) and
vs. Angle B T3-T1 (p=0,0087) in conventional surgery. There were no significant changes in edema
measurements of laser surgery. The laser frenectomy does not produce edema significantly (p=0,1232).
There were no significant changes between groups in salivary EGF measurements (p>0.999). The 810 nm
laser surgery produced less edema than conventional surgery. The 810 nm diode laser does not significantly
affect salivary EGF.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.
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1. Introduction

Frenum surgery is indicated when this anatomical formation
has an orthodontic, prosthetic, phonetic, or periodontal
effect.1,2 For this purpose, there are surgical techniques,
using a scalpel, electrocautery, and various laser devices.3,4

Diode laser has advantages in periodontal soft-tissue
surgery, as it involves no sutures, less pain and less post-
operative infection.3,5 After laser surgery, visual analog
scale (VAS) scores were found to be lower compared to
after scalpel surgery.6,7 However, recovery is slower in
surgical procedures performed with a laser compared to

* Corresponding author.
E-mail address: drburakak@mersin.edu.tr (Burak AK).

scalpel.8,9 Edema formation may occur because diode lasers
can penetrate the adjacent tissue and cause lateral heat
damage and this damage can cause delayed healing of the
surgical site.9

In conventional surgery, VAS scores reported higher,
recovery is provided with primary healing5 and healing
occurs more quickly than in laser surgery due to the absence
of ablated tissue.9 Edema formation is more common in
conventional surgery due to the incisions and sutures.7,10

Flap design and suture positions also affects postoperative
complications such as pain, trismus and swelling.11

Prevention of edema formation plays an important role
in returning patients to their usual daily comfort levels, as
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well as in wound healing, and postoperative recovery after
the surgical procedure.12 Edema formation also affects local
tissue oxygen and nutrient supply.13 Anti-inflammatory
drugs, cold application, or different surgical devices and
adjunctive effects to reduce edema were compared.1,14,15

The elastic tape measurement method is the most
common method to measure the amount of edema.14,16

The tape method has disadvantages, such as measuring
by direct contact with the patient, reducing comfort, and
the possibility of making the measurement incorrect.17,18

The 3D face-scanning method has been reported to be
a fast and reproducible measurement method,17 and has
been evaluated as an alternative to the tape measurement
method.19 Disadvantage of the 3D scanning method is
time-consuming, expensive and requires expertise.17,20,21

An easy-to-apply and reproducible measurement method is
needed.

The amount of edema can also be measured with
photographic recordings.20 However, it is difficult to
standardize photographic records.20,22 Cephalometry is a
proven method in orthodontics, where angles are used
between certain points.22 The second aim of this study is
to measure the amount of edema using a cephalometric
analysis of a profile photo.

Wound healing is affected by various growth factors
and hormones.23 EGF functions in wound healing by its
hormone-like activity. EGF promotes chemotaxis, inhibits
the matrix synthesis, and helps to proliferate osteoblastic
cells.24 Increased EGF has been reported in saliva after
periodontal surgery.25 Increased levels of EGF have been
reported in periodontal wound fluid after periodontal
regenerative treatment.23 EGF increases in open wounds
until epithelialization is completed.23,26 The absence of
open wound in laser surgery due to the ablated tissue
may cause epithelial cells to secrete less EGF. On the
other hand it is reported that lasers stimulate fibroblasts
to produce more EGF.27 However, the effect of laser-
stimulated cells is unclear. For this reason, this study also
aimed to comparatively examine the salivary EGF level.

To the best of our knowledge, there is no study
comparing edema formation with the use of 810 nm
diode laser frenectomy versus conventional frenectomy. No
studies examining salivary EGF were also observed. The
aim of this study is to compare the amount of facial edema
by two different quantitative methods and salivary EGF
level after 810 nm diode laser and conventional frenectomy
surgery.

2. Materials and Methods

Ethics approval for this study was obtained from the Mersin
University Clinical Research Ethics Committee (approval
no=78017789/050, 01.04/804076-2018/308). Patients
who applied to Mersin University Faculty of Dentistry
Periodontology Department and were diagnosed with

high frenum were included in the study. Patients between
the ages of 18-65, without any systemic disease, without
any previous frenum surgery, without tooth deficiency in
the frenum region, without the diagnosis of periodontitis
and gingivitis, and who did not undergo restorative or
prosthetic treatment or periodontal surgery that could affect
the anatomy of the frenulum region were included in the
study. Patients who received drug therapy, radiotherapy
or prosthetic restoration therapy were not included in the
study. A flow diagram of the study is illustrated in Figure 1.

The patients were randomly divided into conventional
and diode laser surgery groups. At T1 (before surgery), T2
(3rd day after surgery), and T3 (14th day after surgery) face
scans were taken with Romexis version 4.6 Proface feature
of the ProMax® 3D Mid device (Planmeca, Helsinki,
Finland). Profile photos were taken with a Panasonic DMC-
TZ20 camera at T1, T2, and T3. Unstimulated saliva
samples were taken at T1 and T3.

2.1. Surgery procedure

All procedures were performed by the same operator
and under local infiltration anesthesia with lidocaine (2%)
associated with epinephrine 1:100,000.

In conventional surgery, the frenum was grasped with a
hemostat inserted deep into the vestibule and completely
excised with a scalpel blade (No. 15) on the upper and lower
sides of the hemostat.28,29 The resection site edges were
sutured using 4-0 black silk with interrupted sutures.4,30

Frenectomy surgery was performed with 810 nm
wavelength diode laser with GIGA (Gigaa Gbox 15
W 810nm Surgical Diode Laser System Wuhan Gigaa
Optronics Technology Co., Ltd, China) diode laser. A 400
µm diameter fiber was used at a 2.5-Watt in continuous
mode (Table 1). The frenum was held by a hemostat while
the fiber tip of the laser system was applied to the upper
and lower parts of the frenum adjacent to the hemostat.
Ablate tissue residues were removed with the aid of a sterile
sponge. They were washed with saline solution. The laser
was carefully applied to the tissue, and care was taken to
avoid local necrosis of the adjacent tissues. No sutures were
placed after the frenectomy procedure.28,29

Both surgical sites were covered with a periodontal
dressing (Coe-Pak), which was removed three days after
surgery.4 It was stated that patients should not use any
drug other than 500 mg paracetamol, which was used when
deemed necessary after the surgical procedure.

2.2. Metrological procedure

Edema quantification and analyses were performed using
two different methods: 3D deviation map method and 2D
cephalometric method.
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Fig. 1: Study flow diagram



30 Burak AK / Journal of Oral Medicine, Oral Surgery, Oral Pathology and Oral Radiology 2023;9(1):27–36

2.2.1. 3D deviation map analysis

Face scans were obtained using the Planmeca Promax Mid
3D device and Planmeca ProMax 3D Proface software
version 4.6 (Planmeca OY, Finland). Images were exported
in wavefront “.obj” format. Scans were imported into
CloudCompare V2 (GNU GPL (General Public License)
Version: 2.6.2 (Windows 32 bits)) software. Meshes
were aligned with the fine registration (ICP- Iterative
Closest Points) algorithm method. Difference analyses were
performed using cloud/mesh distance algorithm. Linear
measurements from meshes were taken from the Sn
(subnasale) and Sm (mentolabial sulcus) points.

2.2.2. 2D cephalometric analysis

Profile photos taken with a Panasonic DMC-TZ20 camera
at T1, T2, and T3 were imported into Geogebra Classic
software version 6.0.609.0 offline 2020 (Geogebra GmbH,
Linz, Austria). The nasolabial angle (angle A) between
the columella (Cm)–subnasale (Sn)–labial superior (Ls)
points on the maxilla and the mentolabial angle (angle B)
passing through the labial inferior (Li)–mentolabial sulcus
(Sm)–soft tissue pogonion (Pg) points on the lower jaw were
measured.

2.3. Saliva collection

Unstimulated saliva was collected from each patient at T1
and T3. It was reported that patients should not eat or drink
anything until 1 hour before the procedure. Patients were
asked to spit into saliva collection tubes for 5 minutes. Then,
the samples were centrifuged at 4000 rpm and eluent of
samples was stored at -40 ◦C until the ELISA testing. EGF
levels were evaluated using the ELISA method.25

2.4. Statistical analysis

Data were evaluated with GraphPad Prism software version
9.3.1 (San Diego, CA, USA) and expressed as mean and
standard deviation. The evaluation completed using a two-
way repeated-measures analysis of variance (ANOVA).
Intragroup differences were evaluated with Bonferroni’s
multiple comparisons test. Data with a p-value less than 0.05
were considered significant.

3. Results

3.1. Demographic data are as presented in Table 1.

The mean age was 31 in conventional surgery and 40 in
laser surgery. Thirty-four patients, 10 men and 24 women,
were included in the study. The mean age of the entire study
was 35,1 for men and 36,3 for women. The mean age of all
patients included in the study was 36,2 (Table 2).

Table 1: Laser parameters

Device manufacturer GIGAA Gbox 15 watt
Wavelength 810 nm
Emission mode Continuous
Output energy 2.5 Watt
Fiber diameter 400 µm
Mode Contact

3.2. 3D scan results

In the conventional frenectomy surgery’s 3D linear
measurements between A point in the ∆T2-T1 time
interval was 1.214 mm. This was 0.3627 mm in ∆T3-T1.
This change is significant in the intragroup comparison
(p=0.0046), as presented in Table 4. The difference between
B point was -0.4373 mm in ∆T2-T1 and -0.3560 mm in
∆T3-T1. This change is statistically insignificant in the
intragroup comparison (p>0,9999).

In laser surgery, the difference between A point was
0,9958 mm in the ∆T2-T1. This was 0.2725 mm in the ∆T3-
T1(Table 3). This change is not significant in the intragroup
comparison (p=0.1232) (Table 4). The difference between B
point was -0,5936 mm in ∆T2-T1 and 0,1168 mm in ∆T3-
T1(Table 3). This change is insignificant in the intragroup
comparison (p=0,1574) as presented in Table 4.

In the intergroup comparison, a difference of 0,2178
mm in ∆T2-T1 and 0,09025 mm in ∆T3-T1 was detected
at point A between laser and conventional surgery. These
differences are not significant. A difference of 0,1564 mm
was observed between ∆T2-T1 and -0,4728 mm in ∆T3-
T1 between laser and conventional surgery at point B. This
difference is not significant. The 3D linear measurements
intergroup comparison table is presented in Table 3. An
intragroup comparison table of 3D linear measurements is
presented in Table 4. An intragroup comparison graph of
3D linear measurements is presented in Figure 4.

3.3. 2D Angle measurement results

In conventional surgery, angle A was 5,755 degrees greater
at∆T2-T1 than in laser surgery. This difference is significant
(p=0,0401). Angle A was 1,311 degrees greater at ∆T3-
T1 than in conventional surgery. This difference is not
significant (p>0,9999). Angle B was -0,9305 degrees
different at ∆T2-T1 compared to laser and conventional
surgery. This difference is insignificant. Angle B was -
3,159 degrees different compared to laser and conventional
surgery group at the ∆T3-T1 time interval. This difference
is insignificant.

In the intragroup comparison of angle measurement
results mean Angle A was 9.111 degrees at ∆T2-T1, and
2,699 degrees at ∆T3-T1 in conventional surgery (Table 5).
Angle A differed significantly in conventional surgery
between ∆T2-T1 and ∆T3-T1 compared to the intragroup
comparison results (p=0,0014) (Table 6). The mean angle
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Table 2: Demographic data

Male Female
n Age Avg. n Age Avg. Total n Total age avg.

Conventional 5 25,8 10 33,6 15 30,8
Laser 5 44,4 14 38,8 19 40
Total 10 35,1 24 36,3 34 36,2

Table 3: Intergroup comparison table of 3D linear measurements

Bonferroni’s multiple
comparisons test

Mean Diff, 95,00% CI of diff, Conventional
(means)

Laser
(means)

Summary Adjusted P
Value

Conventional Laser
Point A T2-T1 0,2178 -0,9589 to 1,395 1,214 0,9958 ns >0,9999
Point A T3-T1 0,09025 -0,7514 to 0,9319 0,3627 0,2725 ns >0,9999
Point B T2-T1 0,1564 -1,848 to 2,160 -0,4373 -0,5936 ns >0,9999
Point B T3-T1 -0,4728 -2,043 to 1,097 -0,3560 0,1168 ns >0,9999

*Two-way repeated ANOVA, Bonferroni’s multiple comparisons test

Table 4: Intragroup comparison table of 3D linear measurements

Bonferroni’s multiple
comparisons test

Mean Diff, 95,00% CI of diff, Summary Adjusted P Value

Conventional
Point A T2-T1 vs. Point A T3-T1 0,8509 0,2401 to 1,462 ** 0,0046
Point A T2-T1 vs. Point B T2-T1 1,651 -0,6319 to 3,934 ns 0,2610
Point A T2-T1 vs. Point B T3-T1 1,570 -0,3925 to 3,532 ns 0,1667
Point A T3-T1 vs. Point B T2-T1 0,8000 -1,362 to 2,962 ns >0,9999
Point A T3-T1 vs. Point B T3-T1 0,7187 -1,065 to 2,503 ns >0,9999
Point B T2-T1 vs. Point B T3-T1 -0,08129 -1,037 to 0,8745 ns >0,9999
Laser
Point A T2-T1 vs. Point A T3-T1 0,7233 -0,1205 to 1,567 ns 0,1232
Point A T2-T1 vs. Point B T2-T1 1,589 -0,009817 to 3,189 ns 0,0520
Point A T2-T1 vs. Point B T3-T1 0,8790 -0,1715 to 1,929 ns 0,1398
Point A T3-T1 vs. Point B T2-T1 0,8661 -0,6345 to 2,367 ns 0,6266
Point A T3-T1 vs. Point B T3-T1 0,1557 -0,7539 to 1,065 ns >0,9999
Point B T2-T1 vs. Point B T3-T1 -0,7104 -1,580 to 0,1587 ns 0,1574

*Two-way repeated ANOVA.

B calculated in conventional surgery was -2,847 degrees
at ∆T2-T1 and 0,7913 degrees at ∆T3-T1(Table 5). In the
intragroup comparison, in conventional surgery, angle A
and angle B were statistically different at the ∆T2-T1 time
interval (p=0,0017) and ∆T3-T1 (p=0,0087) (Table 6).

In laser surgery, the mean angle A was 3,356 degrees
at ∆T2-T1 and 1,388 degrees at ∆T3-T1 (Table 5). In
laser surgery, there was no significant difference at ∆T2-
T1 and ∆T3-T1 in angle A. The mean angle B was -
1,917 degrees in ∆T2-T1 time interval and 3,950 degrees
for ∆T3-T1 in laser surgery. This difference is insignificant.
The comparison of angle measurements between groups is
summarized in Table 5. An intragroup statistical table of
angle measurements is presented in Table 6. An intragroup
comparison graph of angle measurements is presented in
Figure 5.

3.4. EGF Measurement results

The amount of salivary EGF was measured before treatment
(T1) and after treatment (T3) by using the ELISA method.
The initial amount of EGF (T1) in conventional surgery
was 347, 3 ng/µl. It was 438,6 ng/µl at the end of the
treatment (T3). In laser surgery, T1 EGF was 537,2 ng/µl,
T3 was 475,0 ng/µl (T3). ∆T3-T1 EGF was -91,25 ng/µl
in conventional surgery and -62,12 ng/µl in laser surgery.
This difference is not significant. The difference in EGF
between the groups at the beginning of the treatment (T1
mean diff.) was 189,8 ng/µl. This difference is significant
(p=0,0356). At the end of the treatment (T3 mean diff) was
36,44 ng/µl. This difference is not significant. The amounts
of salivary EGF were higher in the laser group. However,
this difference is not significant. EGF measurement results
are presented in Table 7. Saliva EGF differences between
group means graph is presented in Figure 6. Saliva EGF
concentrations means are presented in Table 8 and Figure 7.
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Table 5: Intergroup comparison table of angle measurements

Bonferroni’s multiple
comparisons test

Mean Diff, 95,00% CI of diff, Conventional
(means)

Laser
(means)

Summary Adjusted P
Value

Conventional - Laser
Angle A T2-T1 5,755 0,1952 to 11,31 9,111 3,356 * 0,0401
Angle A T3-T1 1,311 -2,758 to 5,380 2,699 1,388 ns >0,9999
Angle B T2-T1 -0,9305 -12,51 to 10,65 -2,847 -1,917 ns >0,9999
Angle B T3-T1 -3,159 -10,91 to 4,592 0,7913 3,950 ns >0,9999

*Bonferroni’s multiple comparisons test

Table 6: Intragroup comparison table of angle measurements

Bonferroni’s multiple
comparisons test

Mean Diff, 95,00% CI of diff, Summary Adjusted P Value

Conventional
Angle A T2-T1 vs. Angle A T3-T1 6,412 2,408 to 10,42 ** 0,0014
Angle A T2-T1 vs. Angle B T2-T1 11,96 4,301 to 19,61 ** 0,0017
Angle A T2-T1 vs. Angle B T3-T1 8,319 1,862 to 14,78 ** 0,0087
Angle A T3-T1 vs. Angle B T2-T1 5,546 -2,657 to 13,75 ns 0,3416
Angle A T3-T1 vs. Angle B T3-T1 1,907 -5,287 to 9,102 ns >0,9999
Angle B T2-T1 vs. Angle B T3-T1 -3,639 -7,965 to 0,6874 ns 0,1306
Laser
Angle A T2-T1 vs. Angle A T3-T1 1,968 -2,531 to 6,467 ns >0,9999
Angle A T2-T1 vs. Angle B T2-T1 5,273 -7,140 to 17,69 ns >0,9999
Angle A T2-T1 vs. Angle B T3-T1 -0,5942 -7,720 to 6,531 ns >0,9999
Angle A T3-T1 vs. Angle B T2-T1 3,305 -9,019 to 15,63 ns >0,9999
Angle A T3-T1 vs. Angle B T3-T1 -2,562 -9,992 to 4,868 ns >0,9999
Angle B T2-T1 vs. Angle B T3-T1 -5,867 -16,34 to 4,602 ns 0,6849

*Two-way repeated ANOVA, *p<0.05

Table 7: Saliva EGF mean difference table

Bonferroni’s multiple
comparisons test

Mean Diff, 95,00% CI of diff, Summary Adjusted P Value

Conventional T3 vs.
Conventional T1

91,25 -80,19 to 262,7 ns 0,5987

Laser T3 vs. Laser T1 -62,12 -276,6 to 152,4 ns >0,9999
Laser T1 vs. Conventional T1 189,8 10,70 to 368,9 * 0,0356
Laser T3 vs. Conventional T3 36,44 -179,0 to 251,9 ns >0,9999

*Bonferroni’s multiple comparisons test, (ng/µl)

Table 8: Saliva EGF means. (ng/µl)

Conventional T1 Conventional T3 Laser T1 Laser T3
Mean 347,3 438,6 537,2 475,0
Std. Deviation 190,2 129,1 217,3 260,4

4. Discussion

As a result of this study, it was observed that less edema
occurred in laser frenectomy compared to conventional
frenectomy. There was no significant difference in the
amount of salivary EGF at the end of the treatment in laser
and conventional surgery.

Lasers can sterilize the tissue and stimulate fibroblasts
to synthesize EGF. There is no need for sutures, and
less morbidity.9,27,31 For these reasons, fewer postoperative
complications can be expected in laser surgery. The 810

nm diode laser has the lowest tissue removal rate.32

The temperature difference between the initial tissue
temperature and the end of the procedure was higher in
the 810 nm diode laser than in the 980, 1470, and 1940
nm lasers.33 Diode lasers produce energy that penetrates
the tissue and causes adjacent tissue heating.9 Due to this
temperature difference the 810 nm diode laser may cause the
most edema formation. Conventional surgery is performed
via excision with a scalpel.5 There is no tissue heating in
scalpel surgery.9,33 Epithelialization is rapid in the scalpel,
and wound healing is rapid due to the absence of ablated



Burak AK / Journal of Oral Medicine, Oral Surgery, Oral Pathology and Oral Radiology 2023;9(1):27–36 33

Fig. 2: Cloud compare software deviation map (A: T1-T2 and
B: T1-T3 cloud/mesh distance difference map measurements). Sn
(subnasale) and Sm (mentolabial sulcus) points. T1; baseline, T2;
third day post-operation, T3; 14 days post-operation

Fig. 3: Demonstration of columella point (Cm), subnasale (Sn),
labial superior (Ls) in angle A and labial inferior (Li), mentolabial
sulcus (Si), soft tissue pogonion (Pg) reference points in angle B
and Geogebra software angle measurements in T1-T2-T3

Fig. 4: Intragroup comparison graph of 3D linear
measurements(**p<0.005). Point A defines the Sn (subnasale)
asthe cephalometric landmark and Point B defines the Sm
(mentolabial sulcus) asthe cephalometric landmark

Fig. 5: Intragroup comparison graph of angle measurements
(*p<0.05)

Fig. 6: Saliva EGF differences between group means graph (ng/µl)

Fig. 7: Saliva EGF concentrations graph, *p<0.05

tissue.9 In scalpel surgery, the surgical area is smaller, and
lower EGF, fewer edema, and reduced morbidity may be
expected due to the absence of a factor that slows wound
healing.

There are studies in which swelling, or edema were
measured by tape or visual scoring.6,29–31,34,35 In the
tape measurement method, amount of edema formation is
measured by the distance between points, such as the tragus
and vermillion.19 The reproducibility and reliability of this
methods is variable.19 In addition to tape measurements,
edema analyses can also be performed with 2D photographs
or 3D face-scanning devices.16–19,36 The reproducibility and
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reliability of measurements made with photography and
3D scanners are improved compared to tape or landmark
measurement methods.18,37

Postoperative edema reaches its maximum level 2 or 3
days after surgery procedure.15 In this study, the presence
of edema was evaluated by taking 2D cephalometric
photographs and face scans at 3rd day, and 14th day.18

In this study, the 3D face scans on T1 and T3 were
superimposed using the fine registration (ICP- Iterative
Closest Points) algorithm method, and a difference map
was created.17 The difference between the two scans was
accepted as an indicator of edema.17

In the literature, studies used an 808 nm laser 1.5-2
W continuous mode, 300 µm fiber,6 810 nm 2.5 W 70 Hz
140 ms short pulse mode 400 µm fiber.28 In this study,
laser surgery was performed in contact mode with an 810
nm diode laser in a 2.5 W continuous waveform with a 400
µm fiber tip.5 Conventional surgery was performed with the
help of a scalpel, as described by Archer (1961) and Kruger
(1964).4

Diode lasers can penetrate deep tissues up to 4-5 mm and
generate heat.33 Wound healing with a diode laser is slower
than that with other lasers. An 808 nm diode laser was the
latest group used in a study evaluating the wound healing
process.8 Studies were conducted comparing the clinical
use of an 808 nm laser and scalpel, and the advantages of
the laser regarding patient perceptions, reattachment and
healing have been mentioned.5,6,12 It has been reported
that 980 nm diode laser surgery produces a moderate
amount of facial edema in %16 of the patients.38 Similar
studies with Er:YAG, Nd:YAG, and other laser systems may
provide useful information. It is expected that Er;YAG and
Er:CRYSGG lasers will lead to fewer edema due to their
cooling systems and reduced tissue penetration.

A study examining face edema after orthognathic surgery
reported a decrease in edema of 17.15% in 1 week, 70.51%
in the first month, and 81.54% in the third month.17

Measurements were evaluated in 3D. In the first month,
the edema decreased by 70%. In this study, however, the
return to baseline was higher in both groups at T3. This
difference may be since frenectomy surgery is less invasive
than the orthognathic surgery performed by Kau et al. In our
study, the amount of edema decreased in all patients on the
14th day in T3. The highest increase in edema formation
occurred in the conventional group at T2.

Edema analysis with 3D face scanning is time-
consuming and requires additional training.21,39 The 2D
profile or cephalometric analysis is reliable, practical, and
requires minimal additional training.39,40 For this reason,
angles A and B were evaluated to analyze edema formation
from 2D profile images, as shown in Figure 3. The edema
formation in the maxilla region were calculated with angle
A. According to the study results, angle A significantly
increases on the 3rd day in conventional surgery. It returns

to its initial state on the 14th day. There was no significant
change in angle A in laser surgery.

Twenty-four women and 10 men participated in the
study. The gender distribution of the individuals included
in the study is not equal. Menstrual cycle can affect wound
healing, facial edema, and pain perception, which is one of
the negatives in this study.5,41–43

The amounts of salivary EGF were compared due to
the ablated tissue acting as a laser bandage in the laser-
applied area and the epithelialization process of the area left
for secondary wound healing during surgery. Interestingly
the amount of salivary EGF is significantly different at
T1. Laser applied group has 189,8 ng/µl higher EGF than
conventional surgery group (Table 7). This difference may
be explained by the wide age range in our study and the EGF
release can differ by age.44 The amount of salivary EGF was
reported to be higher in patients who underwent periodontal
surgery.25 In this study, EGF increased in conventional
group and decreased in laser group after the frenectomy
procedure. However, in T3 there is no significant difference
in both groups. Difference in conventional surgery ∆T3-
T1 was 91,25 ng/µl. This was higher than laser surgery
difference as 36,44 ng/µl found in ∆T3-T1. This change
is not significant. The absence of a significant difference
between the amounts of EGF in T3 should be significant
considering the age difference in the study participants and
the significant difference in T1. The ∆T3-T1 difference in
means of EGF in conventional surgery was higher than that
in laser surgery. This may be because the wound healing is
delayed in laser surgery and there is an ablated surface in
the wound area. In the laser group, the mean age was higher
than in conventional surgery. This may influence the change
in EGF level after frenectomy.

EGF measurements were taken on T1 and T3 day. EGF
was not taken on T2 because there may be blood in the saliva
due to secondary healing in the surgery site.

4.1. Study limitations and future directions for research
in this field

1. Gender distribution and the use of only an 810 nm
diode laser are limitations of the study.

2. In a study of Fornaini et al., the lowest wound healing
rate was found with 810 nm laser and the highest was
found for the 1950 nm laser.32 For this reason, studies
using laser types other than an 810 nm diode laser and
involving more participants should be conducted.

3. The wide age range and the inability to measure EGF
in T2, the unequal age distribution among the groups
are the limitations of the study in EGF measurements.

4. EGF measurements should also be evaluated in the
wound exudates.
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5. Conclusions

1. The 810 nm laser surgery produced less edema than
conventional surgery.

2. In the intragroup comparison, a significant increase in
edema formation was detected at T2 in conventional
surgery. No significant increase in edema was detected
in 810 nm laser surgery.

3. No significant difference was found between the
amounts of salivary EGF in 810 nm laser and
conventional surgery. EGF increased in conventional
group and decreased in laser group after the
frenectomy procedure at T3.

4. The 2D cephalometric angle analysis and 3D face
scan analysis are reliable and reproducible methods for
evaluating edema formation after frenectomy surgery.
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