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Abstract

Introduction and purpose

Botulinum toxin has been used in medicine since the 1970s, although many years earlier it

was known only as a biological weapon. Originally, it was used in medicine to treat

strabismus in children. Over time, it has been used in the treatment of neurological disorders,

excessive sweating of the armpits, wrinkles, and bladder disorders. In recent years, botulinum

toxin has also begun to be used in wound healing. The paralyzing effect of botulinum toxin on

the muscles within the wound eliminates micro-injuries caused by tension in these muscles.

The aim of the article is to summarize information on the effects of botulinum toxin on the

wound, its impact on inflammation, and the type of scar formation.

Materials and methods

The literature included in the PubMed databases is searched through the words such as

botulinum toxin, wounds, and scars.

Description of the state of knowledge:

The literature review shows the breadth of the issue. Scientific studies showing the effect of

using botulinum toxin on wounds emphasize its beneficial effects. However, it should be

remembered that wound healing has a complex, dynamic course supported by numerous

cellular processes that must be closely coordinated to effectively repair damaged tissues.

Determinants influencing the course of wound healing include both local and systemic factors.

Important factors influencing the process of proper wound healing are specialized wound

preparation, pharmacotherapy, and other aspects of therapeutic intervention.

Conclusions
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The range of applications of botulinum toxin is constantly expanding. In addition to reducing

muscle tension within the wound, it also inhibits the production of inflammatory transmitters,

limiting its development, and also reduces the development of microcirculation by preventing

the development of vessels in hypertrophic scars.

Keywords: botulinum toxin, wounds, scars, hypertrophic scars, skin ulcers

1. Introduction

Botulinum toxin (BoNT) – one of the most potent biological toxins in the world, in the past, it

was known as a food safety hazard and a kind of biological weapon, now it is a highly

effective drug in many diseases.[1,2] BoNT has been shown to be effective in neurological

movement disorders, neuropathic pain, urology, dermatology, ophthalmology, otolaryngology,

gynecology, plastic and general surgery.[3,4,5] It has been shown that reducing tension within

the healing wound by denervating the subcutaneous muscle with botulinum toxin results in

faster healing and less scarring and colloid formation.[6,7] Botulinum toxin type A inhibits

the release of acetylcholine (ACh) in the neuromuscular synapse and causes reversible muscle

paralysis. Its administration in the area of the surgical incision induces temporary muscle

relaxation and paralysis, which leads to a reduction in tension. Its administration in the area of

the surgical incision induces temporary muscle relaxation and paralysis, which leads to a

reduction in tension.[7]

2. Objective of the work

The aim of the study is to describe the effects of botulinum toxin and to summarize

information from available medical sources on its effect on wound healing.

3. Description of the state of knowledge

Botulinum toxin

Botulinum toxin (BoNT) is a neurotoxic substance produced by Clostridium botulinum, a

Gram-positive anaerobic bacterium.[8] BoNT is typically identified in 7 serotypes with 40

subtypes. The most commonly used therapeutic drugs are botulinum toxin type A (BoNT-A)

and B (BoNT-B).[1,8]
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Pharmacodynamics of botulinum toxin

The main action of BoNT takes place in the neuromuscular synapse, where the toxin causes

inhibition of the release of acetylcholine from the presynaptic part and muscle and autonomic

paralysis. The entire process occurs in three phases: binding, internalization, and inhibition of

neurotransmitter release.[9,10] The binding process involves the attachment of the heavy

chain (via the receptor-binding domain) to substances on the surface of the nerve cell.

Subsequently, the toxin is internalized by binding to another surface receptor, reaching the

synaptic interior.[1,3,11] In the third stage, BoNT acts on cholinergic presynaptic nerve

terminals by cleaving and deactivating SNARE proteins, which, under physiological

conditions, participate in the exocytosis of acetylcholine vesicles located at nerve terminals by

attaching acetylcholine vesicles to the cell membrane. BoNT thus inhibits the release of

acetylcholine, preventing muscle contractions and resulting in local weakness and

paralysis.[12] The toxin has a reversible paralyzing effect. Paralysis is observed 2-5 days after

BoNT injection, peaking at 5-6 weeks. The effect lasts for approximately 2-3 months.[11,13]

The medical application of botulinum toxin

Injected into muscle tissue, botulinum toxin relaxes muscles through neuromuscular blockade.

This property is utilized in the treatment of dystonia, tics, cerebral palsy, spasticity, tremor

disorders, and motor dysfunctions of the urinary and gastrointestinal tracts. Botulinum toxin

has the ability to reduce sweat, saliva, and tear production when injected into exocrine glands,

which is used in the treatment of hyperhidrosis and sialorrhea.[14] Literature also

demonstrates that BoNT preparations have been applied in the treatment of cancer pain, post-

radiation and postoperative pain, as well as neuropathic pain, diabetic neuralgia, trigeminal

neuralgia, and migraines.[2,3,11] Botulinum toxin is widely used in aesthetic medicine, where

its muscle-relaxing effect can reduce wrinkles caused by muscle overactivity.[14]

Wound healing

The wound-healing process is a crucial physiological mechanism aimed at maintaining the

integrity of the skin after injury. It occurs in 3 phases: hemostasis/inflammation, proliferative

phase, and remodeling phase.[15] Despite innate reparative abilities, many cellular repair

reactions may be compromised, hindering wound closure. This compromise is most often a

result of systemic pathological changes, such as advanced age or uncontrolled diabetes.[16]

Imperfect wound healing can also have local sources, including wound location, prolonged
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inflammation, wound infection, and delayed epithelialization.[17] Non-healing wounds, scars,

and keloids expose patients to significant discomfort, anxiety, and reduce their quality of life.

They contribute to decreased self-esteem and a sense of worth.[18,19] Wound healing

requires the collaboration of various factors, such as professional dressings and modern

wound treatment methods that accelerate the healing process, prevent infection, and reduce

wound hypoxia.[19] Tension exerted perpendicular to the wound by muscles at its base causes

microtrauma, prolonging the inflammatory phase. It leads to increased accumulation of

collagen and glycosaminoglycans, enhanced fibroblast response, poor wound healing, and

increased scarring. Various surgical techniques, such as deep sutures or undermining wound

edges, have been developed to reduce muscle tension.[6,13] None of these methods

completely eliminates muscle tension.[13,17] Review and research studies confirm the

beneficial effects of using botulinum toxin type A (BoNT-A) to induce paralysis, known as

chemoimmobilization. This procedure appears to have benefits in scar prevention, improving

wound healing processes, and alleviating existing scars and keloids.[20].

4. Medical literature review

Kucukkaya D. et al. examining thirty adult female Wistar rats, observed a reduction in the

degree of contraction within the wound area in individuals subjected to BoNT-A injections. It

was found that BoNT-A reduces wound and graft contraction, as well as reduces the number

of sebaceous cells and hair follicles.[21]

Zhou N. et al. investigated the effect of botulinum toxin type A on microcirculation in models

of hypertrophic scars on rabbit ears. They demonstrated that BoNT-A injections immediately

after modeling inhibit the expression of VEGF, reducing angiogenesis and thereby limiting

the formation of hypertrophic scars.[22]

Major challenges in wound treatment include burns, which commonly lead to complications

such as infections, inflammatory reactions, excessive protease expression, and scar formation.

Oryana A. et al. investigated the impact of botulinum toxin type A (BoNT-A) and aprotinin

(AP) separately or in combination on the healing process of burn wounds in rats. Both BoNT-

A and AP significantly reduced the expression of interleukin-1β and transforming growth

factor β1, while increasing the basic fibroblast growth factor.AP proved to be more effective

https://pubmed.ncbi.nlm.nih.gov/?term=Oryan+A&cauthor_id=32146683
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than BoNT-Aby reducing protease production, enhancing tissue organization and maturation,

and improving the cosmetic appearance of wounds. The best results were achieved using a

combination of BoNT-A and AP in the healing of burn wounds. Combined treatment

significantly alleviated inflammation, reduced collagen density, and resulted in minimal scar

formation. [23]

Facial wounds

Gassner HG. et al. conducted a study on the use of chemodenervation induced by botulinum

toxin to improve the quality of scars on the foreheads of primates. Half of the incision was

injected with 7 units of botulinum toxin diluted in 0.9% saline solution, while the other half

was injected with a 0.9% saline solution. The authors reported a significantly better cosmetic

outcome in the toxin-treated group, as well as a significantly lower level of inflammation

observed in histopathological examination.[24]

Ziade M. et al. assessed whether early injection of botulinum toxin type A, inducing

temporary muscle paralysis, reduces tension vectors at the wound edges and diminishes

scarring in facial wounds. Thirty patients with facial wounds were enrolled in the study,

randomly assigned to two groups, with or without the injection of BoNT-A within 72 hours

post-surgery. BoNT-A was injected into facial muscles directly or indirectly involved in scar

formation. During the one-year follow-up, observations were made on 24 patients. No

statistically significant differences were found between the two groups in terms of patient scar

assessment scores by the Patient Scar Assessment Scale, the Observer Scar Assessment Scale

and the Vancouver Scar Scale. However, the median the Visual Analogue Scale rating by the

six evaluators was 8.25 for the botulinum toxin-treated group compared to 6.35 for the control

group. The result allows confirming the positive impact of BoNT-A on facial scars. [25]

Kima SH. et al. included forty-five patients with a lacerated forehead wound in the study,

randomly assigning them to 2 groups, with or without BoNT-A injection. Twenty-four

members of the study group received 5 IU/cm BoNT-A injections, while twenty-two patients

from the control group received saline solution. Follow-ups were conducted at 1, 3, and 6

months. In all scar assessment scales (Observer Scar Assessment Scale, Stony Brook Scar

Evaluation Scales, and Visual Analogue Scale), the results changed favorably in both groups,

with greater changes observed in the BoNT-A group compared to the control group.The
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researchers observed improvement in the aesthetic, functional, and emotional aspects of scar

formation in the groups treated with BoNT-A. [26]

Wounds in plastic surgery

Lower eyelid blepharoplasty is a common cosmetic eyelid surgery. In Asian patients, the risk

of hypertrophic and/or widened scars is higher compared to Caucasian patients. Berman B. et

al. evaluated whether simultaneous transcutaneous lower eyelid blepharoplasty and BoNT-A

injections could improve the quality of eyelid scars. This was a prospective, randomized,

double-blind clinical trial involving 40 adults who underwent bilateral transcutaneous lower

eyelid blepharoplasty. Patients were randomly assigned in equal proportions to receive

injections of BoNT-A or saline into the lateral orbicularis oculi muscle immediately after

wound closure. The results on the Vancouver Scar Scale and the Visual Analogue Scale in the

experimental and control groups with a carrier were similar, but the width of scars in the

experimental group at all measured points was significantly narrower than in the control

group. Researchers concluded that scars following transcutaneous lower eyelid blepharoplasty

in Asians can be significantly narrowed through simultaneous BoNT-A injection without

additional complications. [27]

One of the most popular procedures in plastic surgery is breast augmentation surgery.

Disphanurat W. et al. investigated the effectiveness of botulinum toxin type A in improving

the appearance of submammary scar after primary breast augmentation. A prospective,

double-blind, randomized controlled study involving 27 participants who underwent primary

augmentative mammoplasty with subareolar incisions was conducted. Subcutaneous

injections of BoNT-A were administered to the experimental group after skin closure. Scars

were assessed at 3, 6, 9 months using the Patient and Observer Scar Assessment Scale, along

with multispectral imaging analysis. Observations did not reveal significant subjective

differences between the experimental and control groups, except that the experimental group

showed significantly narrower scars at 6 and 9 months (p < 0.001) and better scar surface

texture at 9 months (p = 0.003) compared to the control group. [28]

Wounds in general surgery

Li YH. et al. treated midline scars after sternotomy in 17 patients with botulinum toxin. Each

scar was divided in half, and a randomly selected portion underwent botulinum toxin injection.
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After 6 months of observation, the outcome was assessed using the Vancouver Scar Scale.

The study showed a significant improvement in scar width and patient satisfaction for the

halves of wounds treated with BoNT-A.[29]

Phillips TJ. et al. enrolled 40 patients who underwent total thyroidectomy, hemithyroidectomy,

or parathyroidectomy to assess wound healing after botulinum toxin administration. The study

demonstrated that administering the medication directly at the surgical site immediately after

the operation showed no significant difference in scar extent compared to the control group.

However, scars were smaller in individuals with a history of severe scarring.[30]

Chen S. et al. assessed how local injection of botulinum toxin type A prevents the

development of postoperative scars. The analysis was conducted on 267 patients enrolled in

the study and randomly assigned to the group receiving local injections of BoNT-A (184

patients) and placebo (182 patients). The review provided preliminary evidence confirming

the efficacy and safety of BoNT-A in preventing postoperative scars.[31]

The beneficial impact of BoNT on wound healing has also been demonstrated in patients

undergoing surgical reconstruction after Mohs micrographic surgery for skin cancer by Flynn

TC. Periodic muscle relaxation associated with BoNT facilitated a more effective healing

process by immobilizing the target area. BoNT-A and -B have been shown to yield equally

effective results.[32]

Cleft lip

The scar formed after surgical treatment of a cleft lip constitutes an aesthetically undesirable

complication of the procedure. The functional orbicularis oris muscle beneath the scar

maintains a zone of dynamic tension, leading to the stretching of the scar. Sonane'a J. et al.

conducted a prospective, randomized controlled trial involving 28 infants with unilateral cleft

lip undergoing primary lip correction. The infants were randomly assigned to a group

receiving intraoperative injection of BoNT-A or saline (control group). The substances were

administered into the adjacent orbicularis oris muscle immediately after completing the cleft

lip repair surgery. Experts reassessed the scar after 6 months using a visual analog scale, the

Vancouver Scar Scale, and photographic measurements of scar width.Children in the BoNT-A

group demonstrated a statistically significantly better outcome on the visual analog scale and
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a smaller scar width compared to the control group. However, the difference in the Vancouver

Scar Scale score between the two groups was not statistically significant. When comparing

patients with cleft lip only to those with cleft lip and palate, no statistically significant

differences were found in the scales used and scar width. No complications associated with

the use of botulinum toxin A were observed. Researchers concluded that the injection of

botulinum toxin type A is a safe and effective adjunct in improving the appearance of scars

after cleft lip surgery. The use of BoNT-A improved scar appearance in terms of width, but no

improvement in scar pigmentation was observed. [33]

Chang CS. et al. utilized botulinum toxin to improve outcomes in the treatment of cleft lip in

60 patients with unilateral cleft lip undergoing primary cheiloplasty. Six months after

injecting BoNT into the adjacent orbicularis oris muscle, scars appeared better and narrower,

but no additional benefits were observed regarding scar pigmentation, vascularity, elasticity,

or growth.[34]

Skin ulcers

Currently, some sources have mentioned the use of botulinum toxin in the treatment of

chronic skin ulcers. It appears to support wound healing by inhibiting the release of

norepinephrine and various neurotransmitters that restrain vessel constriction and increase

blood flow.[32,35,36] Zhong J. et al. described four different cases of chronic skin ulcer

treatment using botulinum toxin. The procedure involved local, multipoint, cyclic, evenly

spaced subcutaneous injections of BoNT-A at a depth of 6-8 mm. The ulcerated area was

significantly reduced, and the ulceration was healed within 20 to 48 days.[35]

Shenavandeh S. et al. investigated the clinical benefits, changes in capillaroscopy, and cost-

effectiveness of local injection of botulinum toxin A and intravenous analogs of

prostaglandins (iloprost/alprostadil) in patients with systemic sclerosis and treatment-resistant

finger ulcers. In the clinical study, 26 patients with treatment-resistant finger ulcers were

assessed. Before treatment and one month after treatment, visual analog scales for pain and

Raynaud's phenomenon, skin color, ulcer type, and capillaroscopy were evaluated. Both

BoNT-A and prostaglandins aided in the healing and pain control of finger ulcers.

Microhemorrhages significantly decreased in both groups in capillaroscopy. However, the
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cost of outpatient treatment with botulinum toxin was considerably lower, allowing for greater

time and cost savings. [37]

Acne scars

Common acne is a prevalent skin condition, especially among adolescents, affecting 95–100%

of boys and 83–85% of girls. Persistent complications of acne include scars, which occur in

95% of affected individuals, resulting from the destruction of collagen fibers and

subcutaneous fat. [38] Treatment of atrophic acne scars includes chemical peels,

dermabrasion, needling, and lasers. However, each method has its limitations, and ultimately,

the improvement in results is not satisfactory when considering the costs, time involved, and

potential complications. [39] Ibrahim AM. et al.conducted a study among 30 patients with

inflammatory acne to compare the clinical effectiveness and safety of a long-pulsed Nd:YAG

laser with a wavelength of 1064 nm to botulinum toxin type A in the treatment of

inflammatory acne. Researchers observed that both the long-pulsed Nd:YAG laser (1064 nm)

and BoNT-A injections are safe and effective in acne therapy. Nd:YAG laser exhibits longer

efficacy and lower recurrence rates compared to the use of BoNT-A. [40]

Hypertrophic scars

The application of botulinum toxin has been extended to the treatment of hypertrophic scars.

[13] In pathological wounds, the inflammatory phase is prolonged, leading to the formation of

hypertrophic scars and keloids. These scars are characterized by expanded, itchy, reddish

elevations above the skin. [20] The pathophysiology of keloid and hypertrophic scars is not

yet fully understood. Their formation is associated with various cytokines, including

interleukin 6, 8, and 10, as well as various growth factors, such as transforming growth factor

beta and platelet-derived growth factor. Treatment methods for keloid and hypertrophic scars

encompass both conventional therapies, such as occlusive dressings, compression therapy,

and steroids; surgical and cryosurgical therapies; as well as adjuvant and novel therapies,

including radiotherapy, interferon, 5-fluorouracil, tacrolimus, sirolimus, bleomycin,

doxorubicin, transforming growth factor beta, epidermal growth factor, verapamil, retinoic

acid, tamoxifen, botulinum toxin A, and hydrogel scaffold. [41] Botulinum toxin, by

inhibiting neurotransmitters such as glutamate and substance P, reduces the release of

inflammatory mediators: bradykinin, prostaglandins, and serotonin. [13]

https://pubmed.ncbi.nlm.nih.gov/?term=Ibrahim+AM&cauthor_id=36468835
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Xiao et al. injected botulinum toxin type A into hypertrophic scars (an average of 35 units of

botulinum toxin type A once a month for three months). They demonstrated improvement in

redness, itching sensation, and elasticity assessment in treated patients. Limitations of this

study include the absence of a control group and a relatively short observation period.[42]

Elshahed AR. et al conducted a randomized, double-blind, controlled study to assess the

safety and efficacy of botulinum toxin type A injections in hypertrophic scars. Thirty patients

with old scars (1–15 years) were treated, with sides randomly assigned to receive either

BoNT-A or a 0.9% saline solution once a month for three consecutive months. Scars were

evaluated using the Vancouver Scar Scale along with standardization of digital photography.

The average Vancouver Scar Scale score for scars treated with BoNT-A decreased from 7.29

± 2.327 before injections to 5.33 ± 2.41 after injections, which was highly significant (p

= 0.01). In the control group, the decrease was minimal, from 7.29 ± 2.327 before saline

injection to 7.10 ± 2.234 after injection (p = 0.104). The BoNT-A treated group showed

significant clinical and cosmetic improvement. [43]

5. Summary

Thousands of years of evolution have made our skin a multifunctional organ that protects us

from the daily onslaught of chemicals, physical, and ultraviolet radiation. In elderly or

diabetic patients, the skin's regenerative capacity weakens, resulting in a poorly healing

wound. These wounds represent a significant socio-economic burden due to their high

incidence and recurrence. Therefore, there is an urgent need to improve the biological and

clinical understanding of the mechanisms underlying wound repair and to explore potential

methods to improve the wound healing process. Botulinum toxin injections, still a novelty in

the medical world for this purpose, represent one such method. The future holds great promise

for the development of innovative therapeutic strategies in advanced wound care. Botulinum

toxin, through its paralyzing action on the muscles in the wound area, prevents the expansion

of the wound and the formation of scars. Additionally, in numerous scientific publications, it

has been documented that botulinum toxin exhibits anti-inflammatory, antioxidant properties

and inhibits angiogenesis within the wound area.Thanks to its use in the wound healing

process, we will be able to obtain a narrower, more aesthetic scar.
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