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A number of studies have recently demonstrated the effectiveness of CO, laser irradiation for the repair and regeneration
of scar tissue from injuries or surgical wounds. However, such studies of the oral mucosa are highly limited. Previous
studies using CO, laser irradiation have indicated that two factors contribute to esthetic healing, namely, artificial scabs,
which are a coagulated and carbonized blood layer formed on the wound surface, and photobiomodulation therapy
(PBMT) for suppressing wound scarring and promoting wound healing.
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| 1. Introduction

During the healing of injuries and surgical wounds with small parenchymal defects in oral soft tissues, scarring (e.g.,
formation of hypertrophic scars, contracture and epithelial concavity) sometimes occurs, affecting esthetic and functional
outcomes. Scarring and associated problems can also occur due to suturing performed to achieve early wound closure
and prevent wound infections 12 and due to the use of a wound dressing B4,

Recently, the effectiveness of CO, lasers (a fractional CO- laser, in particular) for the treatment of epithelial scars from
trauma, surgical wounds and acne was reported in clinical studies using biopsy samples EIBIAEIEA jn studies using a scar

scale or a visual analog scale [LALLLAIIIMAIISILE] and in basic studies using experimental animals [LZL8IL9[20]21]{22](23]
[24]

| 2. Characteristics of CO, Laser

Dental CO, lasers emit long-wavelength light (10.6 mm) that is strongly absorbed by water. Therefore, upon irradiation of
the skin, the thermal energy of a CO, laser is mostly absorbed before reaching a depth of 0.05 mm beneath the skin
surface, causing no impact on the deep tissue 221281271 Similarly, in the irradiation of blood, coagulation and carbonization
occur only at the surface, and blood under the surface layer is unaffected.

However, excessive CO, laser irradiation due to inappropriate conditions (e.g., output, irradiation mode, irradiation time,
irradiation distance) and inappropriate maneuvers can cause irreversible changes and delayed healing.

| 3. Secondary Healing-like Effect Using a CO, Laser

The two factors of artificial scabs and PBMT are involved in achieving secondary healing using a CO, laser. These factors
are explained below.

3.1. Presence of Artificial Scabs

Artificial scabs, formed by coagulation and carbonization of blood at the wound surface by HILT, are necessary for the
repair and regeneration of parenchymal defects associated with injuries and surgical wounds to obtain the original tissue
form [281129[301311[32] These artificial scabs play a role similar to that of wound dressings in dressing therapy (Figure 1b).
They have a “space-making effect” to retain effusion and blood required for repair and regeneration of tissue to its original
form, preserve the moist condition for moist wound healing and protect immature epithelial and granulation tissues from
contamination and infection, thereby facilitating early wound healing. Problems associated with wound dressings, are
absent in the case of artificial scabs: problems (1) and (2) are unlikely because artificial scabs are breathable; problem (3)
is unlikely because they fall off naturally rather than requiring forced removal; and problem (4) is unlikely because laser
soldering of artificial scabs formed over the mobile tissue to the surrounding tissues reduces the risk of peeling 23134,
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Figure 1. Dressing therapy with wound dressing and wound covering with an artificial scab formed using a CO, laser: (a)
wound dressing; (b) artificial scab.

3.2. Preventive Effect of PBMT on Scarring

PBMT is expected to promote wound healing and prevent scar formation. Those who are interested in the promotion of
healing by PBMT are encouraged to refer to studies [281291801 pBMT inhibits differentiation of fibroblasts to myofibroblasts
in granulation tissue and inhibits or improves scarring.

Recently, the effectiveness of PBMT using a CO, laser for inhibiting or improving scar formation associated with trauma,
burns, surgical wounds and acne in skin tissue was demonstrated in clinical studies using a biopsy or a scar scale.
Pathohistological and biochemical examination of wound biopsy samples showed inhibition of collagen fiber production &
(B8 normalization of collagen fiber orientation &, normal regeneration of and increases in dermal collagen with elastic
fibers B thinning in the stratum corneum I and downregulation of expression of TGF-b1 involved in differentiation of
fibroblasts into myofibroblasts BIAE, With respect to appearance, studies of scar healing, such as those using the
Vancouver Scar Scale or ultrasound measurement, have demonstrated improvements in the hardness 29141 thickness
(L1116 and flexibility and elasticity L9M14] of scars. In studies of motor function at scar sites 12, studies using the Patient
Scar Assessment Questionnaire showed improvements in appearance and scar awareness [LA[L1[12][13]14][15][16]

Basic studies using experimental animals with artificially formed scar tissue in skin tissue have shown that scar formation
can be alleviated by PBMT through downregulation of TGF-b1 expression LAY \which decreases expression of the
myofibroblast marker a-smooth muscle actin (a-SMA) 2122l decreases the amount and density of excessive collagen
fibers produced in granulation tissue LAMREILIN021]  decreases the disruption of fiber orientation 12129 decreases the
scar elevation index [l decreases the micro-vessel density 28 and thins the fiber layer 9. Also, PBMT induces
downregulation of fibroblast expression in scar tissue L8121 \where basic fibroblast growth factor (bFGF) plays a role.
During the maturation phase of wound healing, a scar forms when many fibroblasts are present in the tissue. Secretion of
bFGF induces apoptosis of fibroblasts, thereby inhibiting and reducing scar tissue formation due to the production of
excessive collagen fibers. On the other hand, during the inflammatory and proliferative phases, bFGF promotes cell
division to increase fibroblasts, thereby promoting repair and regeneration of the wound. During these phases, PBMT
stimulates bFGF secretion to promote repair and regeneration of normal tissue without scarring 23241,

The relationship between PBMT and TGF-b1 has been studied with respect to suppression of scarring and promotion of
wound healing. Laser beams affect mitochondrial cytochrome-C oxidase, thereby influencing the production of adenosine
triphosphate (ATP), which is a major source of energy for cell functions. These responses include the generation of
reactive oxygen species (ROS) that activate nuclear factor-kB, which plays a role in the signaling cascade, including
wound shrinkage, fibroblast differentiation and collagen production. ROS induces extracellular activation of TGF-b1. Also,
downregulation of TGF-b1 signaling enhances the formation of keloids and hypertrophic scars. However, PBMT increases
ATP production, but the level of ROS remains low. As a result, the downregulation of TGF-bl by PBMT affects the
reduction and inhibition of profibrotic gene synthesis and collagen synthesis. These are likely to indicate the suppression
of wound tissue scarring 2328, On the other hand, TGF-b1 is a potent regulator of inflammatory responses and is usually
upregulated in the early phase of wound healing. However, when comparing treatment with and without PBMT,
researchers found no significant differences in TGF-b1 expression in the inflammatory phase but a significant decrease by
PBMT in the proliferative phase of wound healing, indicating a suppressive effect on wound tissue scarring 2211,

After PBMT, TGF-b2, like TGF-b1, is also involved in recruiting fibroblasts and immune cells from the circulation and
wound edges to the wounded area, thereby promoting granulation tissue formation and collagen synthesis B4. On the
other hand, a different study showed the appearance of apoptotic epithelial cells and fibroblasts after PBMT 8. This
phenomenon is likely to show suppression of tissue scarring through a reduction in excessive collagen production
associated with wound healing. In contrast to TGF-bl and TGF-b2, TGF-b3 possibly reduces scarring in adults and



promotes scarless healing in fetuses, but no study has provided evidence on TGF-b3 in relation to PBMT. Basic studies
on PBMT using a CO;, laser and TGF-b are limited, and future studies are awaited.

Taken together, both clinical and basic studies have demonstrated that PBMT is effective in suppressing scar tissue
formation. At present, although suppression of scar formation has been verified, complete healing is difficult solely with
PBMT using a CO, laser. To address this, combination with a laser of a different wavelength or an agent has been studied
to improve the reliability of treatment effectiveness [QILZLEI191[20]121]

As described above, studies of scars in the oral mucosa, are limited compared with those of scars in skin tissue. This can
be explained by the rarity of scar formation in the oral mucosa due to differences in turnover (a few days to 2 weeks for
the oral mucosa vs. approximately 4 weeks for skin tissue). However, depending on the treatment procedures used,
mucosal concavity and recession occur, influencing the esthetic outcomes and motor functions of the tongue, lips and
cheeks. Also, it is important to understand that the lips are complex tissues with a transition between oral mucosa and
skin tissue.

Next, secondary healing achieved in clinical cases by treatment procedures using a CO, laser are described (Figure 2).

g

Figure 2. Cases and surgical methods with artificial scabs formed using a CO, laser: (a—c) removal of a mucocele; (d—f)
treatment of open lip vermillion wounds; (g—i) treatment after tooth extraction; (j—I) treatment of the donor site for a free
gingival graft; (a) preoperative; (b) after removal of the mucocele; (c) an artificial scab formed on the surface of the
resection wound; (d) immediately after open lip vermillion wounds; (e) artificial scab formed in open lip vermillion wound;
(F) 6 months after open lip vermillion wound; (g) the extraction socket fully filled with blood immediately after tooth
extraction; (h) an artificial scab formed on the surface of blood filled in the extraction socket; (i) day 2 after tooth
extraction; (j) preoperative; (k) an artificial scab formed after the donor site of a gingival flap filled with blood clots; (I) 1
month after surgery. Photos by (d—i) co-author Dr. H. Fukuoka and (j—k) Dr. Funakoshi. Consent was obtained from the
patients in all cases. Reproduced from 22! ynder Creative Commons CC BY-NC 4.0.

| 4. Treatment of the Lips Using a CO, Laser

Achieving favorable esthetic outcomes is crucial in the facial area, including the lips, so careful postoperative treatment is
important.

4.1. Mucocele of the Lip

A mucocele of the lip is thought to be caused by impaired outflow of mucus from a minor salivary gland due to damage to
the opening of the minor salivary gland duct present under the labial mucosa.



In conventional mucocele removal, infiltration anesthesia is applied to the area around the mucocele, and an incision is
made on the normal mucosa without damaging the mucocele using a scalpel. Then, the lesion is fully enucleated from the
surrounding tissue using a surgical scalpel, mucosal elevator or mosquito forceps, and lastly, suturing is performed
(Figure 3a—e) 22,

Figure 3. Removal of mucocele using a CO, laser: (a) before removal of mucocele; (b—e) conventional surgical method;
(f—k) surgical method using CO, laser; (b) designing a spindle incision line over the mucocele along a lip wrinkle and
making a submucosal incision; (c) removing a mucocele without damaging it; (d) hemostatic suturing; (e) high likelihood
of formation of a linear scar and a mucosal concavity along the sutured wound edges; (f) making an incision in the shape
of the mucocele using a CO,, laser; (g) removing a mucocele as in (c); (h) letting blood accumulate in the shape of the
resection wound, and forming an artificial scab on the surface; (i) sagittal cross section of (h); (j) performing PBMT; (k)
high likelihood of healing without scar formation.

On the other hand, in mucocele removal using a CO,, laser, tissues are cut and vaporized by a CO, laser instead of being
cut by a scalpel, and basically, no suturing is required. The most important point of this method is to retain blood in the
space generated after mucocele removal and along the lip morphology and to form an artificial scab on the surface. Then,
artificial scabs are strongly soldered to the surrounding tissues to avoid detachment 2l34] and PBMT is subsequently
applied several times before the end of the procedure (Figure 2a—c and Figure 3a,f—k). This method frees surgeons from
suturing and also frees patients from pain associated with suturing and uncomfortable symptoms such as tension and
contracture of the lip. The surgical procedure for hemangioma resection is basically the same as that described above 49,

Recently, clinical studies have shown that this treatment procedure can reduce bleeding and pain, requires a short time
and is associated with almost no or no recurrence 4142 However, findings regarding esthetic and motor function
outcomes associated with scar formation in treated tissue have not yet been reported in detail.

Clinical studies using lasers of other wavelengths have also been reported #3144l byt no studies using biopsy have yet
been reported. Also, there are specific problems associated with the use of lasers. For example, when a laser tip is in
direct contact with the skin for vaporization and cutting in treatment using a laser that penetrates tissue (e.g., a diode
laser), bleeding during the treatment is reduced, but heating of the surrounding tissue induces protein coagulation, which
is associated with a risk of delayed wound healing and some scar formation 4348l Compared with CO, lasers, when
Er.YAG (erbium-yttrium-aluminum-garnet) lasers, which are absorbed at the surface, are used, more bleeding is expected,
albeit without the effect of heating the surrounding tissue during treatment [27[45](47],

4.2. Open Lip Vermillion Wounds

The lips are the part of the face most prone to injury. Treatment of open lip vermillion wounds includes thorough
debridement of contaminated tissue at the injured site and then advanced suturing (e.g., V-Y advancement flap [12)) that



achieves esthetic and functional reconstruction of the lips. Although debridement is necessary, it must be kept to a
minimum when treating tissues (e.g., the face) where favorable esthetic outcomes are particularly important. It is highly
likely that forceful reefing results in scar formation along the wound edges that are closed and consequent interruption of
the vermillion border (Figure 4a—e). Similar findings were shown in suturing in the surgery of the cleft lip 28129 Also,
because the lips are highly mobile, wound dehiscence and the formation of dead space in the deep part beneath the
wound may occur.

Figure 4. Treatment of open lip vermillion wounds using a CO, laser: (a—c) procedures common to both hemostatic
suturing and treatment with a CO, laser; (d,e) treatment with hemostatic suturing only; (f-k) treatment using CO,, laser;
(a) immediately after injury; (b) after debridement; (c) before hemostatic suturing; (d) suturing with prioritization of wound
closure but without consideration of esthetic outcomes of the lip; (e) an interrupted inferior vermillion border of the upper
lip, with a high possibility of healing with a linear scar; (f) minimum suturing to make an uninterrupted inferior vermillion
border of the upper lip; (g) letting blood accumulate in the shape of a parenchymal defect in the tissue; (h) sagittal cross
section of (g); (i) forming an artificial scab on the blood at the wound surface; (j) performing PBMT; (k) high likelihood of
healing without mucosal scars. A dotted line indicates the inferior vermillion border of the lip.

On the other hand, in treatment using a CO, laser, debridement and artificial scab formation are accomplished. In this
procedure, after minimum vaporization of contaminated tissue by the laser, blood is allowed to accumulate in the dead
space formed at the site of the tissue defect and along the lip morphology, and artificial scabs are formed on the blood
surface and strongly soldered to the surrounding tissues 23134, Then, PBMT is performed several times (Figure 2d—f and
Figure 4a—c,f—k). It should be noted that the formation of artificial scabs without careful consideration results in irregular
closure of the lip wound edges, potentially causing concavity, unevenness and hypertrophic scar formation. Thus, it is
important to align and close the lip wound edges by light suturing and then to form artificial scabs 22,
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