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ABSTRACT

Introduction: The available data regarding scalpel and diode laser incisions wound healing is variable, scarce and needs more
clarification especially in normal healthy tissues. Hence, this study was aimed to evaluate clinical and histologic parameters of
wound healing with scalpel and diode laser on oral mucosa of Guinea pigs.

Materials and Methods: This is an experimental study conducted on four male Guinea pigs. Laser and scalpel incisions were
made on the right buccal mucosa of each guinea pig approximately 5Smm deep and 10 mm in length and both the incisions
were placed 10 mm apart using No#11Bard Parker blades and diode laser (640 wavelength) under general anesthesia. Punch
biopsies of both the incisions were obtained and compared for clinical changes such as ease of working, intra-operative
bleeding, color and approximation of wound edges and histological changes such as epithelial proliferation, inflammation,
angiogenesis, and fibrosis on day 1, 3 and 7.

Results: Clinically, scalpel wounds showed better healing than laser wounds although laser incisions provided bloodless
surgical field. There was no significant difference in inflammation, angiogenesis and fibrosis between scalpel and diode laser
incisions on both day 3 and 7 except for the epithelization which was comparatively early and better in scalpel wounds than
the diode laser wounds.

Conclusion: Diode lasers provide bloodless surgical field with better visibility than scalpel without any difference in oral
mucosal wound healing. Considering the clinical benefits, the diode lasers could be a superior alternative to conventional
scalpel technique.
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INTRODUCTION

Enhanced healing of surgical wound is one of the prime
medical and social concern which has led to the advancements
in various diagnostic and clinical procedures and equipment,
one of which is application of diode lasers in dentistry.
The use of diode laser is increasing rapidly due to various
advantages, the most important being providing bloodless
surgical field and less postsurgical complications."” Newer
advancements can facilitate eventual healing by providing
prophylaxis against barriers to healing, augmentation
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of wound healing factors, assistance in temporizing and
bridging time to definitive repair, and optimization of the
ultimate results of wound reconstruction.’

Although wound healing mechanisms and specific cell
functions in wound repair have been delineated in part, many
underlying pathophysiological processes are still unknown.*
All soft tissues generally follow the same pattern of wound
healing but certain differences can be observed in relation to
oral mucosal wounds. In comparison to skin wounds, the oral
mucosal wounds heal rapidly with reduced scar formation.>®
Nonetheless, the oral cavity is a remarkable environment in
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which oral mucosal wound healing occurs in warm oral fluid
containing millions of microorganisms.” Oral mucosal healing
encounters great challenge due to the existence of salivary,
periodontal and other oral microbial load, alterations in
mechanical oral forces, changes in oral temperature due to food
intake and movements exerted by mastication.

The existing literature indicate the use of diode lasers could
be an alternative to conventional surgical scalpel technique
with added benefit of improved healing of tissues following
procedures such as biopsy and excision of oral and periodontal
lesions, teeth extractions, frenectomy, gingivectomy etc.®'
However, the available data is variable, scarce and needs more
clarification especially in normal healthy tissues, not associated
or modified by any inflammatory or disease process, which
can potentially influence the healing of oral mucosal wounds.
Considering the scarcity of literature regarding the healing
of oral mucosal wounds in normal healthy tissues following
diode laser and conventional scalpel surgical procedures, our
investigation aimed to study the wound healing and also to
find the best alternative for performing surgical incisions: a
diode laser or a surgical scalpel.

MATERIALS AND MEETHODS

This experimental study was conducted to compare wound
healing of incision made by diode laser and Scalpel on four
male, healthy guinea pigs weighing 400, 400, 445, and 500
grams. The study protocol was as per national guidelines for
animal research and approved by the ethical committee of Qas-

Fig. 1: The Guinea pigs under general anesthesia during
the surgical procedure

Fig. 2: The laser
incision on the top and

sim University College of Dentistry with ethical clearance code
ST/57/2019. No animal was sacrificed during the course of the
study.

The incisions / surgical procedures were performed under
short general anaesthesia (Figure 1). Ketamine (Ketalar inj) at
the dose of 1mg per kg body weight was injected to all the four
guinea pigs. Laser and scalpel incisions were made on the right
buccal mucosa of each guinea pig approximately 5mm deep
and 10 mm in length and both the incisions were placed 10 mm
apart (Figure 2). The scalpel incisions were made using No#11
stainless steel Bard Parker blades whereas the laser incision was
made using a diode laser (640 wavelength). The diode laser in
continuous contact mode with protective eye glasses was used.
The animals were fed with a special pellet diet and were under
observation in animal home. No post-operative medications
were given so as to avoid any influence on the normal healing
process.

On the third day of surgery, punch biopsies were taken from
two Guinea pigs using 8mm stainless steel punch. Identical
biopsies were taken on the remaining two Guinea pigs on the
seventh day of the incisions. The collected tissue samples were
immediately fixed in 10% formalin. The biopsy samples were
analysed histologically using Haematoxylin and Eosin (H&E)
and Masson’s Trichrome staining on 4um thin sections, for
the presence of epithelial proliferation, inflammatory cells,
vascularity and fibrosis. Each histological observation was
recorded as absent, weak, moderate or good.

Fig. 3: Day 1 Day 3

the scalpel incision at
the bottom

The laser incision on
the top and the scalpel
incision at the bottom

Fig. 4: Epithelial proliferation on day 3 (A), inflammatory reaction (B), angiogenesis (C) and Masson’s trichrome stain shows
fibrosis (D).
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Clinical and histological changes were observed and
compared on day 1, 3 and 7 during healing of surgical wound
(Figure 2). The Null hypothesis of this study was stated as
“there is no difference in the oral mucosal wound healing and
tissue response between the incisions made by scalpel or diode
laser”.

Statistical analysis was made using Chi-Square test to
compare the histological findings seen with scalpel incisions
and laser incisions regarding presence or absence of epithelial
proliferation, inflammatory cell infiltration, angiogenesis and
fibrosis at the incision sites.

REesuLts

Clinical Findings: During the surgical procedure, diode
lasers provided bloodless field, whereas the scalpel incisions
were accompanied by bleeding and blocked the surgical field.
Clinical changes in healing wounds on day 1, day 3 and day
7 are shown in Figure 3. On day 3, the laser incision wound
appeared greyish and flat, whereas scalpel incision appeared to
be reddish and raised from surface. On day 7, edges of scalpel
incision were well approximated and the incisions were barely
visible whereas the laser incision was more identifiable and

Fig. 5: laser incision - day 3 No epithelial proliferation (A), no inflammatory reaction, less vascular (B) and Masson’s trichrome

stain shows no fibrosis (C).

Fig. 6: Salpel incision day 7 complete epithelization (A), mild inflammatory reaction and angiogenesis (B) and Masson’s

trichrome stain shows extensive fibrosis (C).

Fig. 7: Laser incision day 7 - mild epithelial proliferation on edges (A), mild inflammatory reaction and angiogenesis (B) and

Masson’s trichrome stain (C).
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reddish.

Histological findings: On the day 3, all the 4 samples of
scalpel incision showed epithelial proliferation with weak in
75% (n=3) and moderate in 25% (n=1). Epithelial proliferation
was not evident (0.00%, n=0) in any of the section with diode
laser incision. Inflammatory cell infiltration was seen in all
sections of scalpel and laser incisions. In scalpel incision, the
inflammation was weak in 25% of samples (n=1), moderate
in 50% (n=2) and good in 25% (n=1) whereas it was weak in
50% (n=2) samples and moderate in 50% (n=2) with diode laser
incision. Angiogenesis was moderate in 25% of samples (n=1)
and good in the 75% (n=3) with scalpel incision where as 75%
(n=3) and 25% (n=1) were moderate and good respectively with
diode incision. Weak fibrosis was observed in 75% (n=3) and
moderate in 25% (n=1) in both scalpel and diode laser incisions.

Table 1: Comparison Between Scalpel and Laser on Day 3

Figures 4 and 5 shows the histological changes on day 3 in
scalpel and diode laser incisions respectively.

On 7th day, all the samples (100%, n=4) with scalpel
incisions showed good epithelial proliferation while it was
absent in 75% (n=3) and weak in 25% (n=1) with diode laser
incisions. Inflammatory reaction was weak in both scalpel and
diode laser incisions. Angiogenesis was moderate in 75% (n=3)
and good in 25% (n=1) with scalpel incisions whereas weak
in 75% (n=3) and moderate in 25% (n=1) with laser incisions.
Scalpel incision showed weak fibrosis in 25% (n=1), moderate
in 25% (n=1) and good amount of fibrosis in 50% (n=2) while
all 4 samples (100%) with laser incision showed weak fibrosis.
The histological changes observed on day 7 are shown in figure
6and?7.

The statistical comparison of histological parameters on day
3 and 7 are presented in table 1 and 2 respectively. There was

Type
Day 3 Scalpel Laser Total p value
No % No % No %
Absent 0 0.0% 4 100.0% 4 50.0% 0.018*
Efgiﬂ?ﬁ:ﬁm Weak 3 75.0% 0 0.0% 3 37.5%
Moderate 1 25.0% 0 0.0% 1 12.5%
Weak 1 25.0% 2 50.0% 3 37.5% 0.513
Inflammatory Cells Moderate 2 50.0% 2 50.0% 4 50.0%
Good 1 25.0% 0 0.0% 1 12.5%
Angiogenesis Moderate 1 25.0% 3 75.0% 4 50.0% 0.157
Good 3 75.0% 1 25.0% 4 50.0%
Weak 3 75.0% 3 75.0% 6 75.0% 1
Fibrosis
Moderate 1 25.0% 1 25.0% 2 25.0%
*Significant at p<0.05
Table 2: Comparison Between Scalpel and Laser on Day 7
Type
Day 7 Scalpel Laser Total P value
No % No % No Y%
o Absent 0 0.0% 3 75.0% 3 37.5%
Ef;{ﬂzlrl:tllon Weak 0 0.0% 1 25.0% 1 12.5% 0.018*
Good 4 100.0% 0 0.0% 4 50.0%
Inflammatory Cells Weak 4 100.0% 4 100.0% 8 100.0%
Weak 0 0.0% 3 75.0% 3 37.5%
Angiogenesis Moderate 3 75.0% 1 25.0% 4 50.0% 0.082
Good 1 25.0% 0 0.0% 1 12.5%
Weak 1 25.0% 4 100.0% 5 62.5%
Fibrosis Moderate 1 25.0% 0 0.0% 1 12.5% 0.091
Good 2 50.0% 0 0.0% 2 25.0%
* Significant at p<0.05
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no significant difference in inflammation, angiogenesis and
fibrosis between scalpel and diode laser incisions on both day
3 and 7 except for the epithelization which was comparatively
early and better in scalpel wounds than the diode laser wounds.

Discussion

A dental surgeon faces a lot of changes during various
dental procedures due to difficult access, vascular oral tissues
with high potential for bleeding and abundant oral microflora.
These challenges demand the need for equipment and thera-
peutic modalities that aid dental surgeons in easy functioning
without hampering the wound healing. One such dental tech-
nological advancement is the use of diode lasers. Lasers are
gaining popularity in dentistry for variety of procedures like
surgical excision of benign lesions, frenectomy, operculectomy
etc and also for vascular lesions and facial and gingival depig-
mentation.! Nonetheless, these technological advancements
should not be at the cost of wound healing and patients’ com-
fort. Therefore, researchers have compared healing between
diode laser and scalpel made oral mucosal wounds.

In our study, the healing response to diode laser and scalpel
incisions was studied on guinea pigs. Guinea pigs have many
biological similarities to humans with the similarity of their
immune systems to those of humans.”” In our animal study,
bloodless field and better surgical site visibility was observed
with diode laser incisions. Similar findings were reported by
Shalawae et al., who also found lesser aesthetic dose require-
ments and minimal post-operative complications with diode
lasers.'® Less post-operative complications and lower dose of
anaesthesia associated with the diode laser incisions were also
reported by Shahnaz et al. and Kaur et al. in their randomized
clinical trials.””'® Nonetheless, lasers need a learning period for
the operators and the cost of the equipment is high as com-
pared to a simple surgical blade and the laser light is hazardous
for eyes along with unpleasant odour during the procedure.'
In the present study, the dose of anaesthesia could not be com-
pared as both the incisions were done on same animal in single
sitting.

In our study, the scalpel wound clinically appeared
healed with well approximated wound edge than the laser
wounds which were looking raw even on the 7th day which
corresponded with the histological fast and better epithelisation
in scalpel wound. This can be due to the epithelial down
growth in the diode laser wounds as a result of laser-induced
thermal necrosis of the wound margin and formation of a firm
eschar that impedes epithelialization.?

Histological analysis in our study revealed more
vascularity, inflammatory cells and budding capillaries in
scalpel incision wound than diode laser wound which might
have also contributed to the better epithelisation of scalpel
incision wound. However, these changes weren’t statistically
significant except for the epithelisation. Also, histologically
scalpel incisions showed more fibrosis adjacent to the incision
than with the laser incisions but clinical wound contraction
was not evident. This might be due to the fact that although
fibroblast of oral mucosa produces more amount of collagen
fibers as compared to the dermal fibroblast, they do not possess
much contractile potency.?

Findings of our study were in similarity with the finding
of a randomized controlled trial by Jonnalagadda et al. which

reported no significant difference in the wound healing
between the diode laser and conventional scalpel surgery in
periodontitis patients.”® A study by Kaur et al., showed better
would healing with scalpel technique than diode lasers for
second stage implant surgery.’® However, our findings were
in contradiction to the findings of a study by Arcangelo et
al., which showed diode laser surgical procedure is able to
guarantee a good healing.?’ Another study by Musaa et al.,
suggested that diode lasers can be effectively used in excision
of chronic inflammatory gingival enlargements due to better
clinical healing than the scalpel surgery.' Majority of these
researches have studied the effect of diode lasers and scalpel in
relation to wound healing in inflamed and/or diseased tissues
unlike our study that investigated in healthy oral mucosal
tissues of guinea pigs. Though inflammation is normal part
of wound healing process, existing inflammation can prolong
healing due to increased elevation of pro-inflammatory
cytokines such as IL-1 and TNF-a induced by oral bacteria
and their endotoxins.”? Furthermore, components of oral
biofilms and products produced by bacteria stimulate chronic
inflammation which leads to persistently elevated levels of
molecular components like proteases and reactive oxygen
species that kill wound cells and damage proteins essential for
healing.”

The limitation of our study is relative smaller sample
size. Hence, further studies with larger sample size are
recommended to support our study findings.

CONCLUSION

Diode lasers provide bloodless surgical field with better
visibility than scalpel without any difference in oral mucosal
wound healing except for the faster epithelisation and early tis-
sue approximation. Diode lasers could be a superior alternative
to conventional scalpel technique considering clinical ease and
benefits.
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