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Abstract | The healing of cutaneous wounds is a fundamental aspect of surgical procedures, with traditional 
suturing being the most common method of closure. However, novel techniques such as Photochemical Tis-
sue Bonding (PTB) have emerged, offering potential improvements in healing outcomes. This study aimed 
to compare the efficacy of PTB, utilizing Rose Bengal dye and monochromatic green light, with that of con-
ventional suturing in a canine model. Twenty mongrel canines were divided into two groups: Group A un-
derwent PTB, and Group B received conventional suturing for closure of ventral midline cutaneous incisions. 
Parameters assessed included healing score, healing time, tensile strength of the healed tissue, and histological 
characteristics. The PTB group demonstrated superior outcomes in several parameters. Tensile strength was 
significantly higher in the PTB group (79.06 ± 2.3) compared to the suturing group (72.22 ± 1.5) (p<0.05). 
Epidermis and dermis thicknesses were also significantly greater in the PTB group (135.2 ± 3.7 µm and 1532 
± 146 µm, respectively) than in the suturing group (p<0.05). Additionally, the PTB group showed a higher 
collagen content percent (85.8 ± 1.8%) and an improved healing score (2.9 ± 0.07) compared to the suturing 
group. Most notably, the healing time was significantly shorter in the PTB group (3.2 ± 0.86 days) versus the 
suturing group (14.3 ±1.91 days) (p<0.05). The findings suggest that PTB is a superior method for cutaneous 
wound closure in canines compared to conventional suturing, evidenced by enhanced tissue integrity, faster 
healing times, and improved histological outcomes.
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Introduction

In routine pathology, incisions present a formidable 
obstacle to resolving clinical issues. Recurrent mor-

bidity and mortality are observed as a result of com-
plications in these lesions, whether they occur early 
or late (Alonso et al., 1996; Natarajan et al., 2000). 
To facilitate healing, the margins of a wound are tra-
ditionally sutured together. Suturing is presumed to 
have higher initial costs due to the necessity of qual-
ified healthcare practitioners and medical materials 
(including sutures, needles, and instruments) (Rose 
and Tuma, 2023). Considerable endeavor has been 
dedicated to the reduction of wound burden and the 
comprehension of the physiology of healing. Further-
more, it highlights the continuous advancements in 
technology and novel therapeutic approaches aimed 
at effectively managing chronic and grievous wounds 
(Ongarora et al., 2022; Tatarusanu et al., 2023). 

The various processes involved in acute tissue res-
toration, which are initiated by tissue injury, can be 
categorized into four distinct time-based phases: (i) 
homeostasis and coagulation come into effect im-
mediately after a lesion; (ii) inflammation develops 
shortly thereafter; (iii) Proliferation, which involves 
the majority of healing processes and commences 
days after the lesion, and (iv) Wound remodeling, 
which may persist for a year or longer and includes 
the formation of scar tissue (Broughton et al., 2006). 
The appropriate approach to wound management 
should efficiently facilitate the healing process and 
can substantially impact the final clinical outcome 
(Kolimi et al., 2022).

Closure of surgical incisions through straightforward, 
expeditious, and non-inflammatory approach is the 
goal of cutaneous surgery; however, achieving the in-
tended outcomes in wound healing has consistently 
proven to be a formidable challenge (Niederstätter et 
al., 2021). This could be the result of numerous ad-
verse effects, including suture marks along the suture 
track caused by epidermal growth if the suture knots 
are held firmly or remain in place for an extended pe-
riod of time. One minor challenge is the compara-
tively laborious nature of suture placement, especially 
when dealing with lengthy wounds. Additionally, su-
tures and staples lack aesthetic appeal and can induce 
complications including foreign-body reactions, scar-
ring, and stenosis (Kamegaya et al., 2005). 

Furthermore, non-surgical procedures (e.g., wound 
dressings) and advanced wound closure methods 
(e.g., tissue adhesives, staples, photochemical tissue 
bonding) may be less invasive and have reduced initial 
costs. These techniques function on the premise that 
non-surgical closure of wounds can promote various 
healing modalities, reduce the incidence of infections, 
and enhance aesthetic outcomes (Hu et al., 2023). 
Nonetheless, their efficacy may be influenced by the 
incision’s shape, size, location, and type. Suture-free 
techniques for the management of surgical incisions 
and excisions consist of adhesives, sealants, lesion 
healing strips, and staples. Similar to fibrin-based 
bindings, organic sealants establish long-lasting con-
nections that are both biocompatible and hemostat-
ic. However, these products are difficult to operate, 
costly, and may contribute to the transmission of dis-
ease (Currie et al., 2001). In both emergency rooms 
and residences, enhanced cyanoacrylate adhesives are 
now widely available (Singer et al., 2004). The appli-
cation of these substances to close surgical wounds in 
high-pressure areas, the face, and other visible sites is 
limited as a result of the risk of compromised cosmet-
ics (Bernard et al., 2001). 

Photochemical tissue bonding, in contrast to the 
aforementioned methods, is an auspicious endeavor 
that holds potential for implementation across var-
ious surgical domains (Mulroy et al., 2000). It is a 
technique that employs photosensitizing dye-stained 
photochemical reactions that take place at the in close 
proximity to the tissue interface. The dye absorbs 
photons of visible light radiation, resulting in the for-
mation of robust covalent bonds between molecules 
on the approximated surfaces (Chan et al., 2002). 
Reactive species generated upon light stimulation of 
the dye are capable of interacting with active electron 
donors and acceptors, such as cysteine, tyrosine, and 
tryptophan, which are amino acids found in proteins 
(Andrés et al., 2022).

Photochemical Tissue Bonding involves the applica-
tion of a photosensitizing dye, like Rose Bengal, to 
a wound site followed by exposure to specific wave-
lengths of light, typically green light. Upon light ab-
sorption, the dye interacts with molecular oxygen in 
the tissue, generating reactive oxygen species (ROS) 
(Alqerban, 2021; Silva et al., 2023). These ROS initi-
ate a photochemical reaction, leading to the forma-
tion of covalent bonds between collagen molecules 
and other structural proteins in the tissue, strength-
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ening the tissue matrix and promoting wound clo-
sure. PTB enhances tissue adhesion, tensile strength, 
and healing processes while reducing inflammation 
and scarring compared to traditional methods (Khor-
sandi et al., 2022; La Monika et al., 2024).

Given the current absence of animal studies employ-
ing photochemical tissue bonding (PTB) for skin 
closure, the purpose of this investigation was to assess 
the efficacy and potential of PTB in wound repair 
while also contrasting its performance with that of 
conventional suturing.

Materials and Methods

Materials
A Sigma-Aldrich Rose Bengal dye was acquired from 
the marketplace. A monochromatic green light source 
was also procured.

Experimental animals
Twenty healthy adult mongrel canines, one of each 
sexes, were procured from the approved Government 
contractor and animals’ supplier of University of Ag-
riculture, Faisalabad, and chosen for this objective. All 
animals were consistently and indoorly managed in 
cages of size 10 x 6 x 3 feet dimensions, throughout 
the duration of the research. Every individual animal 
was regarded as a distinct experimental model. The 
animals were classified into two groups, having ten 
animals in each group. One of the groups was treat-
ed with PTB and the other group served as control 
group in which the canines were treated using con-
ventional suturing technique. 

The canines involved in the study were provided with 
a balanced diet comprising commercial feed formu-
lated to meet their nutritional requirements, with 
feeding occurring twice daily to ensure consistent 
nutrient intake and prevent hunger or excessive food 
consumption. Clean and fresh water was available at 
all times to ensure proper hydration, and the canines 
were housed in well-lit indoor facilities with access 
to natural light during the day, following a regular 
day-night cycle. Indoor temperatures were main-
tained at comfortable levels using appropriate tem-
perature control measures. The animals were provided 
with comfortable bedding materials such as straw or 
padded mats to create a cozy resting area, and reg-
ular cleaning of housing facilities and feeding areas 
was conducted to maintain hygiene and prevent the 

spread of diseases. Waste materials were promptly re-
moved, and surfaces were sanitized using alpha guard 
disinfectants to ensure a clean environment for the 
animals throughout the study period.

Appropriate laboratory and clinical examinations 
were conducted throughout the duration of the study 
to assess the health status of every animal. Through-
out the research period, animals exhibiting any indi-
cation of illness or deviating from the fundamental 
parameters of health, namely temperature, pulse, and 
respiration rate, were systematically excluded from 
the study.

Preparation of the operative site
Surgical site and adjacent liberal area was thoroughly 
washed with antiseptic to conduct aseptic surgery. 

Infliction of surgical wounds
Before undergoing surgery, the animals were kept off 
feed  for approximately 12 hours without food. The 
animals were administered ketamine hydrochloride 
(Ketarol®, Global Pharmaceuticals, Pakistan) at a 
dosage of 20 mg/kg body weight and acepromazin at 
a dosage of 0.02 mg/kg body weight via intramuscular 
anaesthetic injection. They were then placed in a dor-
sal recumbent position. For delineating incision sites, 
permanent markers were employed. On each animal, 
a ventral midline cutaneous incision was performed 
on belly after proper shaving the area. The scalpel was 
used to make the incision of 3-8 cm. The healing pro-
cess was assessed on a daily basis through measure-
ments and observations. After surgical procedure, the 
animals were transferred to the cage. 

After surgery, the animals received immediate post-
operative care, including monitoring vital signs and 
administering pain management as needed. For the 
Photochemical Tissue Bonding (PTB) group, after 
exposure to monochromatic green light following 
Rose Bengal dye application, the surgical site has 
been inspected. Both PTB and suturing groups re-
ceived wound care, ensuring cleanliness and monitor-
ing for signs of inflammation or infection. Addition-
ally, they were provided with postoperative analgesia 
and housed in a quiet, comfortable environment to 
promote recovery. Approximately 02 weeks were giv-
en to complete wound healing.

Treatment protocol
The following treatment protocol was implemented 
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Table 1: Treatment protocols of the groups under study.
Groups No of animals Treatment protocol No  of  wound  per Animal
Group A ( n =10) PTB ( application of RB dye* + exposure of 532nm monochmatic 

green light)
01

Group B ( n = 10 ) Suturing with silk by 01
Interrupted
horizontal mattress
suture pattern

* Freshly prepared 0.1% solution of RB dye in phosphate buffer saline (PBS).

for both groups:

Group A: Wounds were exposed to monochromatic 
green light (532 nm) for a duration of 200 seconds 
subsequent to the application of dye (RB) on the in-
cision plane (Yao et al., 2010).

Group B: Wound closure was achieved using an in-
terrupted horizontal mattress suture pattern with 2/0 
silk suture material (Table 1).

Evaluation parameters
To evaluate wound healing efficacy of PTB as com-
pared to sutures following parameters were recorded.

Healing score: was characterized as: excellent, good 
and fair.
•	 Excellent- minimum inflammation, no exudation, 

no dehiscence, gradual decreasing of width of cut-
ting edges.

•	 Good- minimum inflammation with little exuda-
tion, no dehiscence, gradual decreasing of thick-
ness of cutting edge.

•	 Fair- marked inflammation, presence of infection 
and exudation (Islam et al., 2014).

Healing time: Refers to time (days) duration from 
wound creation to the absolute healing and epi-
thelization. It was approximated by addition of daily 
interpretations till scar is fallen off (Kumar et al., 
2008).

Tensile strength
The tensile strength of a substance denotes the mag-
nitude of tension it can endure prior to structural or 
geometric deformation occurs. The degree of integ-
rity and repair is indicated by the tensile strength of 
the repaired tissue. During absolute repair, the tensile 
strength of the repaired tissue was evaluated utilizing 
Tensometer, a tensile calculation device available in 

the Department of Fiber and Textile Technology. The 
breaking force was calculated using the formulas that 
followed the increase in tensile strength.

Histological evaluation
Tissue samples of abdominal skin on which incisional 
wounds were made and fixed in 10 % neutral buff-
ered formalin, dehydrated through graded alcohols, 
cleared in chloroform and xylene and were impreg-
nated with paraffin wax. Specimens were stained with 
hematoxylin and eosin and were observed using light 
microscope (Bernard et al., 2001)

Tissue samples for histological evaluation were ob-
tained from the abdominal skin where the incisional 
wounds were made. After the wounds were created, 
the tissue samples were fixed in 10% neutral buffered 
formalin to preserve their structure. Subsequently, the 
samples were dehydrated through graded alcohols, 
cleared in chloroform and xylene to remove water and 
any remaining fixative, and finally impregnated with 
paraffin wax to provide support for thin sectioning. 
Once embedded in paraffin wax blocks, thin sections 
were cut using a microtome and mounted on glass 
slides. These slides were then stained with hematoxy-
lin and eosin (H&E. The stained slides were observed 
under a light microscope, specifically using a Nikon 
Opt iPhoto 2 microscope at 10X magnification. Pho-
tomicrographs were captured for each sample slide 
to document the tissue characteristics. Parameters 
such as collagen percentage, keratinization, thickness 
of dermis and epidermis layers in micrometers, and 
connective tissue type were evaluated for each pho-
tomicrograph. Additionally, collagen content was 
quantified as a percentage using an automated im-
age analysis system, specifically Image J(R). This in-
volved comparing the treated wound samples to con-
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trol group wound samples treated using the suturing 
method, allowing for an objective assessment of col-
lagen content and distribution in the tissue samples.

Histometrical methods
At 10X using Nikon Opt iPhoto 2 microscope, all 
the sample slides were subjected to photomicrogra-
phy. Collagen%, keratinization, thickness of dermis 
and epidermis layers in µm and connective tissue type 
were the characteristics which were considered for 
each photomicrograph.
 
Additionally, the collagen content was measured as a 
percentage in tissue samples using an automated im-
age analysis system. Tissue samples were stained with 
H&E, observed under a light microscope, and analyz-
ed for collagen fibers’ presence and distribution. The 
percentage of collagen content was then calculated 
by comparing treated wound samples to the control 
group wound samples treated using suturing method.

It was achieved by using Image J(R), a fully automated 
image analysis system.

Statistical analysis
Data thus generated were analyzed by ANOVA and 
Chi-square tests using SPSS software version 24.0 
and p-value of 0.05 or less was deemed significant 
(Steel and Torrie, 2004).

Results

Photochemical Tissue Bonding offers a multifaceted 
approach to improving wound healing. Firstly, PTB 
stimulates cellular processes crucial for tissue repair. 
PTB also facilitates increased collagen deposition 
within the wound bed and by stimulating fibroblasts, 
the cells responsible for collagen synthesis, PTB en-
hances the production and organization of collagen 
fibers. This results in a stronger and more organized 
extracellular matrix, contributing to improved tensile 
strength and tissue integrity. PTB is also associated 
with a reduced inflammatory response compared to 
conventional suturing. Furthermore, PTB preserves 
the natural architecture of the tissue by avoiding ther-
mal damage, which can occur with other tissue bond-
ing methods.

Tensile strength
As far as the tensile strength of the healed tissues is 

concerned, a statistically significant difference was 
observed among the treatment groups where the 
wounds treated with photochemical tissue bonding 
attained higher tensile strength (79.06 ± 2.3) com-
pared to suturing group (72.22 ± 1.5).

Epidermis thickness
Regarding thickness of epidermis, it was measured 
in micrometers. The overall epidermis thickness ob-
served in animals subjected to photochemical tissue 
bonding was 135.2 ± 3.7. Whereas, the corresponding 
values for dogs which underwent suturing was 121.82 
± 2.6 (Figure 1 (A,), (B)).

Figure 1: Histopathological evaluation of wound healed 
with PTB. The photomicrograph showed maximum leu-
cocytic infiltration. More prominent and regular re-ep-
ithelization was seen. Prominent keratinization was 
seen, thickness of epidermis and dermis was more. H 
& E; 10X. (B) Histopathological evaluation of wound 
healed with silk. The silk treated photomicrograph showed 
less thickness of epithelium as compared to PTB. Thickness 
of epidermis and dermis was less. No inflammatory cells 
were seen. H & E; 10X.

Figure 1 (A), Histopathological evaluation of wound 
healed with PTB. The photomicrograph showed 
maximum leucocytic infiltration. More prominent 
and regular re-epithelization was seen. Prominent 
keratinization was seen, thickness of epidermis and 
dermis was more. H & E; 10X. (B) Histopathological 
evaluation of wound healed with silk. The silk treated 
photomicrograph showed less thickness of epitheli-
um as compared to PTB. Thickness of epidermis and 
dermis was less. No inflammatory cells were seen. H 
& E; 10X.

Dermis thickness
The overall thickness of dermis observed in dogs of 
group A which were subjected to photochemical tis-
sue bonding was 1532 ± 146 µm. Whereas, thickness 
of dermis for the animals in group B which under-
went suturing was 1277 ± 66 µm. There was a statis-
tically significant difference in terms of thickness of 
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Table 2: Comparison of different parameters under study.
Parameter Group Mean ± SE p-value
Tensile strength (%) Photochemical tissue bonding 79.06 ± 2.3 0.002*

Suturing 72.22 ± 1.5
Dermis thickness (µm) Photochemical tissue bonding 153.2 ± 14 0.005*

Suturing 127.7 ± 6.6
Collagen content deposition 
(%)

Photochemical tissue bonding 85.8 ± 1.8 0.026*
Suturing 80.3 ± 1.1

Healing time (Days) Photochemical tissue bonding 3.2 ± 0.86 0.001*
Suturing 14.3 ± 1.91

Healing score (1-3) Photochemical tissue bonding 2.9 ± 0.07 0.007*
Suturing 1.7 ± 0 .21

dermis between the treatments where thickness of 
dermis was statistically more in PTB as compared to 
conventional suturing Figure 1 (A, B).

Collagen content percent
The overall collagen content percent for the animals 
subjected to photochemical tissue bonding was 85.8 ± 
1.8 %. Whereas, collagen content percent for the an-
imals of the group B which underwent suturing was 
80.3 ±1.1 (Table 2). There was a statistically consider-
able difference between the two methods for wound 
closure where collagen percent of the animals of PTB 
group was higher than the group of conventional su-
turing Figure 2 (A, B).

Figure 2: Histopathological Evaluation of Wound Heal-
ing Treatments. (A) Treated with PTB, showing loose 
connective tissue with thick collagen fiber deposition at 
10X magnification, H&E stain. (B) Treated with silk, 
displaying dense connective tissue with thin collagen fib-
ers.

Figure 2 (A), Histopathological evaluation of wound 
healed with PTB. The photomicrograph showed 
loose connective tissue containing thick collagen fib-
er deposition and more space was seen between the 
collagen fibers. H & E; 10X. (B): Histopathological 
evaluation of wound healed with silk. The photomi-

crograph showed dense connective tissues containing 
thin collagen fibers. There was less space between col-
lagen fibers. H & E; 10X

Healing score
Regarding healing score, it was graded on a scale 
ranging from 1 to 3. The overall healing score ob-
served in dogs of group A, which were subjected to 
photochemical tissue bonding was 2.9 ± 0.07 where-
as the corresponding values for dogs which under-
went suturing was 1.7 ± 0.21. There was a statistically 
considerable distinction among the two methods for 
wound closure.

Figure 3: Wound appearance after PTB treatment. Full 
thickness cutaneous incisional wound showing complete 
tissue bonding just after the treatment applied. (B): 
Healing score. Wound appearance healed after 3.2 ±0.86 
days showing no suture marks and no inflammation over 
the incision site held under post-operative care.

In Group A (PTB), out of 10 animals, 70% had excel-
lent healing, 20% had good healing, and 10% had fair 
healing. In Group B (Suturing), out of 10 animals, 
10% had excellent healing, 40% had good healing, 
and 50% had fair healing. 
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Healing time
Healing time was measured in days. The overall heal-
ing time for the animals subjected to photochemical 
tissue bonding was 3.2 ±0.86 days, whereas healing 
time for animals of group B which underwent sutur-
ing was 14.3 ±1.91 days. There was a statistically con-
siderable distinction in terms of healing time between 
the treatments where healing time of PTB was sta-
tistically lower as compared to conventional suturing.

Discussion

In both animals and humans, wounds typically in-
volve the separation of delicate tissue. Wound healing 
is an intricate process involving numerous interrelat-
ed mechanisms that precede a variety of cellular-level 
procedures that are chemically and hormonally linked 
(Chan et al., 2008). 

A combination of chemical energy and light is uti-
lised in a healing process known as photochemical 
tissue bonding. One inherent benefit of employing 
photochemical tissue bonding (PTB) as opposed to 
thermal mechanisms is that PTB is not tempera-
ture-dependent. As a result, the thermal mechanisms 
of tissue repair fail to preserve the denaturation and 
structural association of the tissues in their natu-
ral state. The binding of photosensors to separated 
or wounded tissue components aids in tissue repair, 
which ultimately heals the wound. Electromagnetic 
energy is employed to achieve the objective of tissue 
sealing (Kochevar et al., 2008).

The dogs in group A, which underwent photochem-
ical tissue bonding, achieved an overall healing score 
of 2.9 ± 0.07. In contrast, the dogs in group B, which 
underwent suturing, achieved the same value of 1.7 ± 
0.21. A statistically significant distinction existed be-
tween the two wound closure methods. The results of 
the experiment are consistent with those reported by 
Kamegaya et al. (2005), who observed a higher histo-
logical healing score in PTB as opposed to suturing.
The healing period for animals in group B that un-
derwent suturing was 14.3 ±1.91 days, whereas the 
healing period for animals subjected to photochem-
ical tissue bonding was 3.2 ±0.86 days. A notable 
disparity in healing time was observed between the 
therapies, with PTB exhibiting a significantly shorter 
healing time than conventional suturing. The experi-
mental results are consistent with those reported by 
Capon et al. (2001), which demonstrated that laser 
treatment male hairless rats led to a four-fold reduc-

tion in the time required for healing when compared 
to traditional suturing. This can be attributed to the 
diminished inflammatory response demonstrated by 
laser healing as opposed to conventional suturing, 
which induces a conspicuous inflammatory reaction.

The photochemical tissue bonding-induced animals 
exhibited a collagen content percentage of 85.8 ± 
1.8%. In contrast, the percentage of collagen present 
in group B animals that were sutured was 80.3 ±1.1. A 
statistically significant disparity was observed in the 
percentage of collagen present in the animals of the 
PTB group compared to the group that underwent 
conventional suturing for wound closure. The results 
of the experiment are consistent with those reported 
by Pugliese et al. (2003), who found that laser-healed 
collagen fibres (in rats) had a greater thickness and 
greater collagen content after 2, 3, 5, and 7 days com-
pared to conventional suturing.

The epidermis thickness of animals in group A, which 
underwent photochemical tissue bonding, was meas-
ured to be 135.2 ± 3.7. In contrast, the corresponding 
values for canines that were sutured were 121.82 ± 
2.6. A total dermal thickness of 153.2 ± 14 µm was 
observed in canines belonging to group A that under-
went photochemical tissue bonding. 

In contrast, the dermal thickness of the sutur-
ing-treated animals in group B was measured to be 
127.7 ± 6.6 µm. Simhon et al. (2004) observed a sta-
tistically significant disparity between the two treat-
ments regarding the thickness of the epidermis and 
dermis in animals. Specifically, the PTB group exhib-
ited a significantly greater thickness of the epidermis 
in comparison to the conventional suturing group. 
This difference can be attributed to the infiltration of 
granulation tissues, which produce a coagulum that 
functions as a protective coating subsequent to tis-
sue healing. With regard to the tensile strength of 
the repaired tissues, a notable disparity was identi-
fied between the treatment groups: lesions subjected 
to photochemical tissue bonding achieved a signifi-
cantly higher tensile strength (79.06 ± 2.3) than those 
treated with suturing (72.22 ± 1.5). The experimental 
results are consistent with those reported by Capon et 
al. (2001), who observed that tissues repaired using la-
ser technology exhibited greater tensile strength than 
those repaired using suturing. The increased thickness 
of collagen fibers and collagen content in the healed 
tissue, which may be the consequence of a reduced 



March 2025 | Volume 41 | Issue 1 | Page 29

Sarhad Journal of Agriculture
inflammatory response, could account for this.

Photochemical Tissue Bonding (PTB) enhances the 
infiltration of granulation tissue by stimulating cellu-
lar processes crucial for tissue repair, promoting in-
creased collagen deposition, inducing angiogenesis, 
and reducing inflammation. These effects create a fa-
vorable microenvironment for the formation of gran-
ulation tissue, essential for wound healing (Su et al., 
2019).

Throughout history, Rose Bengal has been utilized 
for its safe properties as both a topical ophthalmic 
and systemic hepatic diagnostic agent (Delpart et al., 
1924). The combined application of 532 nm laser ra-
diation and Rose Bengal had not previously resulted 
in cutaneous toxicity or phototoxicity in rabbit skin, 
with the exception of instances where high irradianc-
es induced thermal injury (Wachter et al., 2003). Our 
research findings corroborate the aforementioned ob-
servation regarding toxicity, as the application of PTB 
did not induce erythema and did not demonstrate 
any indication of delayed harm when the sites were 
cooled throughout the irradiation process. Under cer-
tain clinical circumstances, PTB has demonstrated 
superiority to alternative sutures. PTB distinguishes 
itself from alternative sutures by consistently adher-
ing to tissue surfaces at the molecular level, whereas 
other sutures bind to the epidermis at various points. 
Furthermore, PTB prevents foreign body reactions 
and tissue injuries during the healing process of skin 
tissues, whereas sutures increase the likelihood of such 
events and tissue injuries due to the constant passage 
of the needle and tying of the knot. Scarring of the 
skin is an adverse consequence of suture use, as it dis-
rupts the passage of blood through capillaries and in-
creases the risk of infection.

In our study, PTB demonstrated superior collagen 
deposition compared to suturing, likely due to its 
stimulation of fibroblast activity and migration, in-
duction of angiogenesis, reduction of inflammation, 
and preservation of tissue architecture. These factors 
collectively promote collagen synthesis and deposi-
tion at the wound site, leading to enhanced wound 
healing outcomes with PTB.

Conclusions and Recommendations

Based on the findings, it can be concluded that PTB 
is a more effective alternative to suturing for wound 
healing. PTB results in a shorter healing time, an ex-

cellent healing score, and increased collagen deposi-
tion in the underlying tissues, increased thickness of 
the epidermis and dermis, and greater breaking vigor 
in the healed tissue. No wound complications such as 
dehiscence, inflammation, or infection were observed 
in animals treated with PTB, and no adverse effects 
were observed on their health. Therefore, PTB is con-
sidered to be a more effective technique in compari-
son to conventional suturing. Prior to clinical applica-
tion, additional trials should be devised to account for 
tissue toxicity of the dyes, temperature fluctuations in 
the tissues, and damage to adjacent tissues.
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