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ABSTRACT 
INTRODUCTION: The process of wound healing is complicated. Despite research, hypertrophic scars still occur and can 
pose functional and aesthetic issues. Improvement for hypertrophic scars has been attained using a variety of treatment 
modalities. The strain from the underlying muscles working on the wound edge throughout the healing process is a critical 

factor in shaping the scar's final appearance. Since botulinum toxin type A (BTA) causes total muscle paralysis, it was 
suggested as a possible treatment. 
OBJECTIVES: To evaluate the effect of BTA injection on the final appearance of the surgical scar. 
MATERIALS AND METHODS: Thirty-six mature male New Zealand rabbits weighing 3.5–4 kg were studied 
experimentally (one year of age). They were divided into two groups: One received BTA injections into the cheek muscles 
surrounding a Y-shaped surgical incision. The other group received no further treatment after the incision. A follow-up was 
performed after 2, 4, and 6 weeks for the assessment of the scar parameters (wound width and Vancouver scar scale (VSS), 
along with clinical photographs). After each period, the sacrifice group of rabbits was done. Samples were prepared for 
histological and histomorphometric analysis by being dissected. 

RESULTS: When compared to the control group, the BTA-treated group showed an improvement in the appearance of 
scars, VSS and a reduced increase in wound width. Histological and histomorphometric results indicate that the BTA group 
had a better layout and less collagen deposition than the control group. 
CONCLUSIONS: BTA injection effectively reduced collagen fibril production and improved hypertrophic scar appearance. 
KEYWORDS: Botulinum toxin, Surgical scars, Wound healing, Muscle paralysis, Rabbit model. 
RUNNING TITLE: Effect of BTA on surgical scar appearance. 
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INTRODUCTION 
Scars on the face or neck can be especially 

upsetting for patients, especially a hypertrophic 

scar (1), which is both aesthetically and 

functionally undesirable (2). 

It is a common and unfavorable consequence of 

surgical incisions (3). 

Several therapy techniques have been 

offered for the treatment of hypertrophic scars; 

however, there is no effective treatment for removing 

scars, likely due to a lack of knowledge of the 

complicated mechanisms underlying the severe 
scarring process (4, 5). 

The wound-healing process consists of 

four interconnected and overlapping phases. 

Numerous factors may affect one or more stages of 

this process, impairing or preventing effective 

wound healing (6). One of these elements is the 

strain that generates at the wound edges during 

healing (7). 

The main distracting tensile force is caused by 

mechanical factors, such as adjacent muscle 

contraction and skin elasticity. Wide hypertrophic 
scars have been an issue, but various solutions have 

been proposed; however, none of them prevent the 

pathologic process that causes wide hypertrophic 

scars, which is the distracting force of muscular 

pull. Since BTA toxin, which is generated by 

Clostridium botulinum, is a powerful neurotoxin that 

causes muscle paralysis by blocking acetylcholine 

release at the neuromuscular junction, it can be 

applied to reduce all tensile stresses coming from a 

surgical wound's underlying muscles (8, 9). 

The objective of the study was to 
investigate the usefulness of BTA using qualitative 

and quantitative measures to confirm its beneficial 

effects on facial scarring. The null hypothesis of 

this study that there was no change in the final 

cosmetic appearance seen between group that 

received Botulinum Toxin type A injections and 

the control group. 
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MATERIALS AND METHODS 
Study design  

This was an experimental study. 
Materials 

Experimental Animals 

After receiving approval from the Research Ethics 

Committee of the Faculty of Dentistry at 

Alexandria University, the study was conducted. 

Thirty-six full-grown adult white male New 

Zealand rabbits weighing 3.5–4 kg were used in the 

study (approximately one year of age). The two 

groups were created by random assignment 

according to the material used for injection. 

Group A (study): received injections of BTA in 
the muscles around the sutured wound on the same 

day of surgery. 

Group B (control): received no further treatment. 

Botulinum Toxin Type A 

Nabota botox (Daewoong Pharmaceutical Co., 

Ltd., Korea) was used, it is a purified botulinum 

toxin type A. Each vial contained 100 units (U) of 

type A Clostridium botulinum neurotoxin. 

Methods 

The experimental procedure was held in an animal 

lab. Rabbits were housed at 22–25 °C in a ventilated 

laboratory throughout the trial. Rabbits were housed 
in cages and fed standardized, suitable food and tap 

water (10). 

Presurgical phase 

Botox preparation 

The syringes used were microfine, 1.0-ml insulin 

syringes with a 30-G needle. The dosages of the 

medications were based on biological activity, which is 

expressed in biological units (U). There were 100 units 

in the vial, that had been reconstituted with 2.0 mL of 

sodium chloride injection solution at 9 mg/mL (0.9%). 

As a result, a transparent liquid containing 100 U of the 
active ingredient was obtained. At a final concentration 

of 1 unit/0.01 ml, the reconstitution was carried out 

following good clinical practice. Particularly 

concerning is sepsis within 15 days of reconstitution 

(11, 12). 

Anesthesia 

All surgical procedures were done under 

general anesthesia, with 0.05 ml of xylazine 

hydrochloride (Xyla-ject) (ADWIA, Egypt) and 0.1 

ml of ketamine hydrochloride (Aneket) (NEON 

Pharmaceutical, UK) administered intramuscularly 

for every 100 grammes of body weight (13). 
Animals preparation 

Before any surgery, the rabbits' cheeks 

were shaved, and to prevent contamination, the 

skin was washed and cleansed with povidone-

iodine (Betadine) (El-Nile Co., Egypt) (14). And 

because maximal precision was mandatory, definite 

dimensions (2 cm in length) were drawn using a 

ruler to determine the outline of the incision. 

Surgical phase 

Using a surgical blade number 10, a y-shaped incision 

of 2 cm was established perpendicular to relaxed skin 

tension lines on the right side of the cheeks of all 

rabbits. Standard surgical methods were used to 

remove the skin and subcutaneous tissue, and the 

masseter muscle was maintained at the defect's base. 

By exerting pressure, hemostasis was achieved, and 
each wound was individually sutured using a 

multiple non-resorbable surgical silk suture (5-0; 

Ethicon silk suture, Johnson & Johnson, USA) in a 

continuous manner (Figure 1). By randomization, 

one group of rabbits was used as the study group 

(Group A), and the other group became the control 

group. (Group B). 

Group (A) Study  

Injection points were determined by a skin 

marker. 

Using an insulin syringe with a 1-ml, 30-

gauge needle, with the needle prick placed roughly 
5 mm from the borders of the wound. 

The mimetic musculature underlying the 

incision was injected under direct vision. Every point 

was injected with 1 unit of Nabota botox in 0.9% 

saline (1 unit = 1 ml), with total 7 point for each 

rabbit. 

There were 126 units used throughout the entire 

study, divided into 42 units for each group of 

rabbits. 

Group (B) control   

Received no further treatment. 
Post-surgical phase (14) 

1. All rabbits received antibiotics in the form of 

ampicillin (Epicocillin, Epico, Cairo, Egypt) 1 g IM 

immediately post-operatively. 

2. Animals were observed to determine whether an 

infection or wound dehiscence was present or not. 

3. On postoperative day 5, all sutures were 

removed. 

Follow-up and wound assessment  

A through follow- up was performed after 2, 4, and 6 

weeks for the assessment of the surgical scar. 

Assessment included measurement of wound width 
and Vancouver scar scale, along with surgical scars 

photographs 

Photographic observation of hypertrophic scar 

appearance 

 Revealed that the overall scar appearance in 

BTA- treated group was better than the control group 

regarding erythema and edema of the surround skin. 

Evaluation of scar characteristics using VSS and a 

digital caliper 

After the photographs were taken, VSS 

was applied to quantify scar appearance at the 
follow-up phases (2, 4, and 6 weeks). Also a digital 

caliper was used to measure the width of the 

rabbits' forehead wounds (Figure 2). Immediately 

after taking photographs and measurements each 

time, the animals were sacrificed. 

Animal sacrifice 

Rabbits were sacrificed at each of the experimental 

periods (2, 4, and 6 weeks postoperatively; 12 

rabbits each time) by giving them an overdose of the 
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anaesthetic ketamine (NEON Pharmaceutical, UK) 

(15). 

Following successful euthanasia, a scalpel 

(Aesculap, Inc., USA) was used to remove 

representative scar sections, and care was taken to 
involve the deep layers of the skin. All specimens 

were labelled and fixed for one day in 10% neutral 

buffered formalin, after which segments that 

contained the surgical sites were dissected and left 

for five days in the same fixation (16). 

Histological procedures (13)  

Following fixation, specimens were cleaned, 

dehydrated in ethanol solutions with increasing 

ethanol concentrations, cleared with xylene, 

infiltrated, and embedded in paraffin wax. A rotatory 

microtome was used to cut thin sections in serial that 

were 2-5 m thick. The sections were stained with 
Harris hematoxylin and eosin for analysis (H&E) and 

mounted on clear glass slides covered with a thin 

layer of albumin adhesive. 

Histomorphometric evaluation (5)  

Each sample's collagen density in scar tissue was 

measured. For each sample, the area with the highest 

collagen concentration was chosen at low power (40). 

Then, the Image J software quantitatively measured 

the proportion of collagen (NIH, USA). 

Steps for measuring the percentage of the formed 

collagen fiber  
Each sample's collagen density was 

calculated in the two types of scar tissue. For each 

sample, the collagen area with the highest 

concentration was chosen at low power (40). Then 

a camera took a high-power image (400) of this 

area. It was done to make the histological image in 

black and white. Then, using an image J software 

program, by the aid of automated equation in the 

software, a quantitative calculation of the collagen 

proportion was made (NIH, USA). 

Statistical methods  

Data were entered into the computer and analyzed 
using IBM SPSS version 20.0 software. (Armonk, 

New York: IBM Corporation). The Shapiro-Wilk 

test is employed to confirm the distribution's 

normality. Range (minimum and maximum), mean, 

and standard deviation were used to characterize 

quantitative data. The significance threshold of the 

collected results was determined to be 5%. 

The tests used were: 

1.A student t-test was used for normally distributed 

quantitative variables to compare the two studied 

groups.  
2.An ANOVA with repeated measures was used for 

normally distributed quantitative variables to 

compare more than two periods or stages. 

 
Figure (1):  A) A Y-shaped incision with a length 

of 2 cm is made on the cheek. B) Suturing of the 

wound using multiple non-resorbable surgical silk 

sutures (5-0) in a continuous manner. C) 

Determining the injection points using a black skin 
marker. D) One insulin syringe containing 7 units 

of botulinum toxin after reconstitution with 0.9% 

saline. 

 
Figure (2): A) Measuring wound width using a digital 

Vernier caliper. B) VSS. 

 

RESULTS 
All rabbits included in this study were clinically 

healthy and tolerated the surgical procedures well. 
No adverse reactions such as allergies or post-

operative infections were seen after surgery. Also, 

no skin dehiscence was detected. 

Photographic observation of hypertrophic scar 

appearance (Figure 3) 

The following photographs show that the 

scar appearance improved significantly in the study 

group treated with BTA compared to the non-

treated control group by macroscopic observation 

throughout the study. (2, 4, and 6 week intervals) 

Two weeks after surgery, both scars were 
not completely healed, with the appearance of well-

defined areas with erythema and edema of the 

surrounding skin, which was more prominent in the 

control group. 

Four weeks post-surgically, less erythema 

and improved scar quality are seen. In the model 

with botulinum toxin injection, while erythematous 

scarring continues to be problematic in the other 

model without botulinum toxin injection.  

Six weeks post-surgically, after complete 

healing in both groups, the scar in the control group 
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had a hypertrophic appearance. The scar in the 

study group, however, was nearly undetectable 

because it was the same color as the surrounding 

skin. A scar was considered normal when the injury 

healed without becoming red, raised, or rigid when 
compared to normal skin. In order to evaluate the 

final appearance of the scar in the study group, the 

head had to be decapitated in order to cut the blood 

supply and see the scar. 

Evaluation of scar characteristics using VSS 

and a digital caliper [Table 1] 

Comparable results were seen in both 

groups at each of the three observational periods, 

according to the data from the study of VSS and 

wound width, with higher total values for the 

control group. An analysis comparing the three 

observational periods revealed that after six weeks, 
the evaluated parameter (VSS), in both the control 

group and the study group decreased significantly 

from the beginning to the end of the study 

(p<0.001).  

Regarding the wound width [Table 2] 

In Table 2, the average wound width was compared 

between the study groups and the control group at 

2, 4, and 6 weeks. An analysis comparing the three 

observational periods revealed that after six weeks, 

the evaluated parameters (wound width) in both the 

control group and the study group decreased 
significantly from the beginning to the end of the 

study. 

Histological results 

Scar tissue histological examination of both the 

control and study groups (injected with BTA) was 

hematoxylin and eosin stained and investigated under 

a light microscope for 6 weeks postoperatively and 

revealed some epidermal and dermal changes.  

The scar underwent examination, which 

revealed mature collagen fibers and bundles with 

no indications of inflammation or continuing 

remodeling. All of the sections examined were 
stained with hematoxylin and eosin and 

investigated under a light microscope. 

Two weeks postoperatively, the epidermal 

layer of both the control and study groups revealed 

normal contours with the normal organization of the 

basal cell layer and proliferation of the rete pegs in their 

normal organizations. The dermis (connective tissue) in 

the control group demonstrated delicate proliferating 

fibroblasts arranged in a disarrayed manner and 

haphazardly distributed subepithelial. While in the 

study group, more organized, proliferating cellular 
fibroblasts and collagen fibers, which are organized in a 

wavy direction and occupy the upper reticular dermis 

layer, were observed (Figure 4). 

At four and six weeks postoperatively, the 

epidermal layer in the control group showed 

flattening of the epithelial layer and loss of rete 

pegs. While the epidermal layer in the study group 

showed its normal contour, with its rete pegs 

arranged in normal orientation and organization 

(Figure 5).  

The dermal connective tissue revealed 

more mature cellular collagen fibers and bundles 

arranged in a defined wavy and loose pattern parallel 
to the scar surface in the study group. While the 

dermal layer in the control group revealed dense, 

unorganized collagen bundles. Also, fibrosis and 

some thick collagen bundles are seen in the deeper 

layers and in between the muscle tissues (Figure 6). 

Histomorphometric results [Table 3] 

Comparable results were found from the 

histomorphometric study of collagen density in 

both groups during the three observational periods, 

with the control group having higher values overall. 

 
Figure (3): A, B) Represent the hypertrophic scar 

in a rabbit model without BTA and with BTA 

injection, respectively, after two weeks post-

surgically. C, D) Represent the hypertrophic scar in 

a rabbit model without BTA and with BTA 
injection, respectively, after four weeks post-

surgically. Improved scar quality and erythema are 

noted in the model with botulinum toxin injection, 

while erythematous scarring continues to be 

problematic in the other model without botulinum 

toxin injection. E) Six weeks after surgery, 

represent the scar in a rabbit model without BTA. 

The scar appears to be erythematous. F) After head 

decapitation, the black arrow indicates the scar in a 

rabbit model with BTA injection after six weeks, 

represented as a normal scar. 
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Fig. (4): A) A photomicrograph of a scar tissue 

(control group) after two weeks showing the 

regular and normal organization of the basal cell 

layer which is correlated with the presence of rete 

pegs and normal contour of the epidermal layer 
(H&E x 200). B) A photomicrograph of another 

case from the control group after two weeks 

showed the scanty, unorganized, delicately 

proliferating fibroblasts and collagen fibers. (H&E 

x 100). C) A photomicrograph of a study group 

(injected with botulinum toxin) after two weeks 

shows loose, delicately proliferating cellular 

fibroblasts. (H&E X 100). D) A higher 

magnification of a section of the previous slide 

shows the loose and wavy arrangement of the 

collagen fibers. (H&E x 200). 

 
Figure (5): A) A four-week photomicrograph of a 

control group demonstrating straightening of the 

lining epithelium and the absence of rete pegs. 

Note that some scattered, diffuse, chronic 

inflammatory cells are distributed subepithelially. 

(H&E x 200). B) A photomicrograph of a study 

group (injected with botulinum toxin) after four 

weeks shows the normal contour of the epithelial 

layer and mature collagen fibers and bundles 

subepithelial (H&E x 100). C) A photomicrograph 

of a control group after six weeks, showing 
straightening of the lining epithelium and absence 

of the rete pegs. Note the subepithelial chronic 

inflammatory cells. (H&E x 200). D) A 

photomicrograph of a study group injected with 

botulinum toxin after six weeks, showing the 

normal contour of the epidermal cell layer, the 

presence of rete pegs, and the normal organization 

of the basal cell layer. (H&E x 100). 

 

Figure (6): A) A photo micrograph of a control 

group after six weeks showing dense collagen 

bundles and fibrosis (H&E x100). B) Another 

section of the previous slide showing the formation 

of dense collagen fibers and bundles occupying a 
deeper layer between muscle tissue. (black arrow). 

(H&E x200). C) A photomicrograph of another 

case of a study group injected with botulinum toxin 

after six weeks shows the loose orientation of the 

collagen bundles in the deeper layer of the dermis. 

(H&E x 100). D) A higher magnification of the 

previous slide, showing the loose deposition of 

mature collagen fibers in a wavy pattern. (H&E x 

200). 
 

Table (1):  Comparison between the two studied 

groups according to VSS through the three 

observation period and between the two studied 

groups from the beginning to the end of the study. 

VSS 
Study 

(n = 6) 

Control 

(n = 6) 
t p 

2weeks     

Min. – Max. 6.0 – 

9.0 

7.0 – 

10.0 
1.414 0.188 

Mean ± SD. 7.50 ± 

1.05 

8.50 ± 

1.38 

4weeks     

Min. – Max. 2.0 – 

5.0 
4.0 – 8.0 

3.162* 0.010* 
Mean ± SD. 3.50 ± 

1.05 

5.83 ± 

1.47 

6weeks     

Min. – Max. 0.39 – 
0.53 

0.12 – 
0.21 

11.743* <0.001* 
Mean ± SD. 0.47 ± 

0.05 

0.17 ± 

0.04 

Decrease 

2weeks / 6 

weeks 

    

Min. – Max. 5.51 – 

8.53 

6.79 – 

9.88 

1.811 0.100 Mean ± SD. 
7.03 ± 

1.08 

8.34 ± 

1.40 

SD: Standard deviation t: Student t-test 

p: p value for comparing between the two studied 

groups 

*: Statistically significant at p ≤ 0.05 
 

Table (2): Comparison between the two studied 

groups according to wound width through the three 

observation period and between the two studied 

groups from the beginning to the end of the study.  
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Wound width 
Study 
(n = 6) 

Control 
(n = 6) 

t p 

2weeks     
Min. – Max. 0.37 – 

0.50 
0.57 – 
0.67 

6.825* <0.001* 
Mean ± SD. 0.43 ± 

0.05 
0.61 ± 
0.03 

4weeks     
Min. – Max. 0.20 – 

0.38 
0.47 – 
0.58 

7.860* <0.001* 
Mean ± SD. 0.27 ± 

0.07 
0.52 ± 
0.04 

6weeks     
Min. – Max. 0.12 – 

0.21 
0.39 – 
0.53 

11.743* <0.001* 
Mean ± SD. 0.17 ± 

0.04 
0.47 ± 
0.05 

Decrease 2weeks 

/ 6 weeks 
    

Min. – Max. 0.16 – 
0.37 

0.07 – 
0.28 

2.920* 0.015* 
Mean ± SD. 0.27 ± 

0.07 
0.14 ± 
0.08 

SD: Standard deviation t: Student t-test 

p: p value for comparing between the two studied 

groups 

*: Statistically significant at p ≤ 0.05 

 

Table (3):  Comparison between the two studied 

groups regarding the collagen density through the 

three observation period and between the two 

studied groups from the beginning to the end of the 

study.  

Area fraction of 
collagen density 

Study 
(n = 6) 

Control 
(n = 6) 

t p 

2weeks     
Min. – Max. 17.05 – 

19.63 
28.57 – 
32.21 

17.604* <0.001* 
Mean ± SD. 18.75 ± 

0.99 
30.36 ± 

1.28 

4weeks     

Min. – Max. 17.54 – 
25.16 

32.57 – 
36.05 

11.781* <0.001* 
Mean ± SD. 19.77 ± 

2.74 
34.58 ± 

1.40 

6weeks     
Min. – Max. 17.54 – 

25.87 
37.87 – 
41.22 

14.491* <0.001* 
Mean ± SD. 19.89 ± 

3.02 
39.31 ± 

1.28 

Increase 2weeks 
/ 6 weeks 

    

Min. – Max. -0.01 – 
6.35 

5.66 – 
12.65 

5.522* <0.001* 
Mean ± SD. 1.14 ± 

2.56 
8.96 ± 
2.34 

SD: Standard deviation t: Student t-test 

p: p value for comparing between the two studied 

groups 

*: Statistically significant at p ≤ 0.05 

 

DISCUSSION 
Hypertrophic scars are caused by benign 

hyperproliferative dermal collagen growth. Major 
physical and psychological issues are frequently 

experienced by patients with hypertrophic scars. The 

treatment of hypertrophic scars has always been a 

source of contention because the etiology of their 

formation has not been fully identified (2, 17). 

Numerous techniques have been proposed 

over the years to improve scars (18). Reducing the 

amount of reactive suture material, executing a high-

quality closure, utilizing occlusive or semi-occlusive 

dressings, minimizing sun exposure, and using 

various scar care products are routinely employed 
measures to promote favorable healing. Reducing 

strain on the wound margins is more important than 

the modalities indicated above (11). 

A fundamental therapeutic idea in wound 

healing is immobilization. Different methods are 

used to lessen excessive tension on incisions. 

However, these techniques minimize the stress 

impacting the healing wound, but not completely. A 

novel method to ease the strain on the healing 

wound's edges is to temporarily paralyze the muscle 

underneath the wound, which can be achieved by 

botulinum toxin injection (7). 
Clostridium botulinum produces BTA, a 

potent neurotoxin. It causes striated muscle flaccid 

paralysis by inhibiting acetylcholine secretion at the 

nerve terminals (19). 

The benefits of BTA may result in 

temporary denervation and may be effective in 

producing the intended result of reducing muscle 

pulls. Some studies indicated that the mechanism by 

which BTA treated hypertrophic scars involved 

releasing the tension brought on by nearby muscles 

(20). Also, some researchers found that BTA may 
inhibit neuromuscular junction release and reduce 

muscular tension (21). 

In this study, to ascertain the botulinum 

toxin's effects other than muscle paralysis, we 

investigated its effect on collagen deposition during 

the healing of a surgical scar, which affects its 

width and degree of hyperplasia. 

According to some previous studies, 

botulinum toxin type A injections are most efficient 

in the early stages of wound healing (22); So, in 

this study, we chose to inject botulinum toxin 

immediately following primary closure. 
Our attempt at early injection of botulinum 

toxin was consistent with a number of studies, as 

suggested by Sheta et al. (9) who suggested that 

injection of botulinum toxin in the first 5 days after 

wound closure could improve forehead scar 

appearance. Additionally, Kim et al. (23) reported 

successful results for thyroidectomy scars after 6 

days of injection of botulinum toxin type A. 

Because the healing procedure in rabbits is 

physiologically similar to a person's, this study 

used a rabbit as a model (24). There are obvious 
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ethical and practical reasons to test the safety and 

efficacy of the obtained results before applying 

them to humans, in addition to closely simulating 

the influence of muscle activity on facial skin 

wounds in humans. Animal models are exceptional 
for comparative studies because of the 

predetermination of treatment time concerning the 

wound healing process. For this reason, clinical 

research involving human subjects has traditionally 

been thought to require the use of animal 

experimental models. All the rabbits in the current 

study were male to exclude any variations that 

might be caused by female hormonal changes (5, 

13). 

Surprisingly, BTA improved scar 

appearance in the three phases of follow-up, the 

discoloration, texture, and wound width were found 
to be better in the study group (injected with 

botulinum toxin) when compared to the control 

group. 

Our results were consistent with a number of 

studies by Gassner et al., who discovered that BTA 

could lessen scarring's proliferation and enhance its 

appearance (7). Also, in some clinical trials, injections 

of BTA into dermal tissue to reduce hypertrophic 

scarring have yielded promising results (25). 

Furthermore, another author determined 

the usage of botulinum toxin to treat a group of 
patients who were at high risk of experiencing 

complications from slowed wound healing. These 

patients had undergone blepharoplasty and 

experienced no complications as a result of the 

procedure (8). 

Zimbler et al. (26) discovered that laser skin 

resurfacing in the face had a longer-lasting impact 

when the affected skin was made immobile with 

botulinum toxin. 

The findings of this study showed that the 

parameters of wound assessment were different 

between the botulinum toxin group and the control 
group, which were significantly superior in the group 

treated with BTA. The results were based on 

assessment measures (VSS score and wound width) 

and the results of the histological healing process, 

which demonstrated that the scars in the group 

receiving botulinum toxin were always smaller than 

those of the control group. 

Our findings supported several studies, 

including Ziade et al.(2013) (27) reports’ of 

comparable outcomes for the treatment of facial 

wounds with BTA. Wilson (28) discovered that the 
results of BTA injection during revision surgery for 

facial scars were highly satisfactory in terms of 

surgical scars.  

When Chang et al. (29) and Li et al. (30) 

examined scar width information, they discovered 

that the outcomes in the BTA and control groups 

differed statistically significantly. 

Other papers reported that individuals with 

hypertrophic scars also scored highly on the 

outcomes related to appearance. 90% of patients, 

according to Wilson (28), were pleased with the 

reduced scarring. 

Some researchers discovered that the 

width was not significantly better than the patient's 
features before surgery (30). 

Chang et al. (29) also discovered that 

botulinum toxin type A injections produced more 

beautiful and narrower cheiloplasty scars at the 6-

month follow-up assessment. 

The use of botulinum toxin improved scar 

pigmentation, as evidenced by a considerable drop 

in the overall VSS score in comparison with the 

control group. 

Many significant cellular mediators in the 

inflammatory response to cutaneous injuries have a 

variety of effects on melanocytes and 
melanogenesis: During an inflammatory response, 

nitric oxide, histamine, p53, and transforming 

growth factor 1 (TGF-1) are all released, and they 

are all known to promote melanogenesis and skin 

discoloration (32).  

Our findings were in line with several 

studies, such as those by Lee et al. (33), who found 

that BTA reduced inflammation-related cell 

invasions, fibrosis, and TGF-b1 expression in a rat 

model of a surgical wound compared to controls. 

Additionally, according to Ward et al. (34) studies, 
BTA injection significantly reduced the invasion of 

CD4 T cells and dermal dendritic cells in a KC- 

Tie2 mouse model, resulting in significantly 

reduced skin inflammation.  

Histological evaluation in the present 

study was carried out at two-, three-, and six-week 

intervals. The results revealed increased cellularity, 

fibroblasts, and deposition of collagen bundles in 

the control group compared to the botulinum toxin 

group. While collagen in the botulinum toxin group 

was observed to be thinner and more orderly 

arranged.  
Reduced blood vessel density and apoptosis 

in both fibroblasts and myofibroblasts during the 

regeneration phase of wound healing both contribute 

to the development of scar tissue. Therefore, mature 

scar tissue hardly has any fibroblasts. But in 

pathological settings like hypertrophic scars, 

myofibroblasts continue to exist. This may be because 

extracellular matrix synthesis by fibroblasts is 

excessive and extracellular matrix breakdown by 

collagenases, proteoglycanases, and proteases is 

reduced. 
Recently, it was discovered that botulinum 

toxin suppresses TGF-1 expression, cell division, 

and fibroblast proliferation (35). 

Our results were in agreement with previous 

published literature. We went over a few of them to 

clarify the reasons behind how BTA affects 

collagen fiber bundles. The BTA-induced reduction 

in tension alters the functional state of local 

fibroblasts over time by causing them to proliferate 
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slowly and create less extracellular matrix, 

including collagen. 

Furthermore, fibroblasts that are under 

weak tension secrete fewer biologically active 

mediators, which prevents them from rapidly 
proliferating and producing a lot of extracellular 

matrix. These factors led to enhanced hypertrophic 

scars (20). 

Using a representation of a rabbit's ear, Xiao 

and Qu (2) investigated the impact of BTA on 

fibroblasts derived from hypertrophic scars. And they 

discovered that using BTA might reduce tension, 

prevent collagen deposition, and improve collagen 

fiber arrangement. Furthermore, TGF-1 protein 

expression in hypertrophic scar fibroblasts could be 

inhibited by BTA in vitro experiments (36).  

In addition to controlling collagen 
deposition, TGF-1 has been recognized as a 

significant cytokine that is intimately linked to the 

development and hypertrophic scar formation. These 

findings led to the hypothesis that BTA's effects on 

the collagen of hypertrophic scars were caused by 

its suppression of TGF-1 secretion in vivo (2). 

Unlike Haubner et al. (37) whose reports 

contradicted our findings. He concluded that BTA 

provided no discernible therapeutic benefit to 

fibroblasts or skin wound healing. 

Other studies disproved the BTA's 
advantageous effects on excessive scarring. 

According to Gauglitz et al. (4), the keloid tissue 

showed no clinical improvement. TGF-, collagen 

synthesis, and the other ECM markers were 

comparable to the control group. Additionally, 

fibroblast proliferation and metabolism were 

unaffected. 

However, favorable outcomes were 

reported in our study. BTA injections into areas 

close to suture sites improve the wound healing 

procedure. Also, it is stated to be efficient in 

inhibiting collagen deposition in hypertrophic scars 
and enhancing the cosmetic appearance of surgical 

scars. 

This research may have some limitations. 

There was no immediate feedback on the extent of 

the resulting muscle paralysis, where treatment side 

effects can include neurotoxin diffusion to adjacent 

muscle groups. Also, there was no specific 

determination of collagen type, whether it was type 

I or type III. 

 

CONCLUSION 
The purpose of this study was to evaluate the effect 

of BTA injection on the overall cosmetic 

appearance of surgical scars. We concluded that, 

after wound closure, the group of rabbits which 

received BTA injections in the underlying muscles 

around a performed surgical incision, showed 

better scar discoloration and overall appearance. 

Also, better qualitative measures regarding VSS 

and wound width were noted in the BTA-treated 

group. The histological results of the study group 

demonstrated less fibroblast production and 

collagen synthesis compared to the control group. 
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