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Abstract
Atrophic and hypertrophic scars can result from various conditions, such as acne, trauma, and surgery. Minoxidil, a 

medication used for the treatment of severe hypertension and hair loss, has been explored as a potential treatment for scars. This 
review aims to evaluate the current evidence regarding the role of minoxidil in the treatment of scars. Previously published reviews 
have primarily focused on the use of minoxidil in hair loss and have only briefly mentioned its potential use for scars. However, 
minoxidil may have a beneficial effect as an antifibrotic agent. Several studies have reported reduced collagen accumulation and 
fibrosis after treatment with minoxidil. The proposed mechanism of action is inhibition of the production of lysyl hydroxylases 
(LHs), which modify and cross-link proteins by converting lysine to hydroxylysine, making collagen more resistant to degradation. 
Minoxidil, as an LH inhibitor, has been shown to potentially benefit wound healing and regeneration in vitro by inhibiting the 
proliferation and migration of fibroblasts. To date, direct studies of the efficacy of minoxidil in treating acne scars have not been 
conducted; however, its inhibitory effects on fibroblast function and antifibrotic outcomes in some in vivo studies suggest that such 
use may be considered.(International Journal of Biomedicine. 2023;13(3):54-58.)
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Introduction
Scars are a common skin condition resulting from 

various causes, such as acne, trauma, or surgery. Scars can be 
classified into two main categories based on the net change in 
collagen content: (1) Atrophic scars, characterized by collagen 
loss, are the most common type in the context of acne scars, 
affecting around 80% to 90% of individuals. Atrophic scars 
cause depressions or indentations on the skin surface, which 
can be both aesthetically and psychologically distressing. On 
the other hand, a smaller percentage of individuals develop 
hypertrophic scars and keloids, which involve an overgrowth 
of collagen. (2) Hypertrophic scars appear as raised, firm, pink 
formations with dense collagen bundles within the boundaries 
of the original injury site.(1)

Several treatment options have been explored to manage 
scars, including laser therapy, chemical peels, and dermal 
fillers. However, these treatments can be expensive and not 
suitable for all patients.(2) Minoxidil is a medication that is 
commonly used in dermatology to treat hair loss. It works 

by dilating blood vessels in the scalp, leading to enhanced 
circulation to the hair follicles and promoting hair growth.(3) 
However, it has also been suggested that minoxidil may have 
a potential role in treating scars. Previous reviews have mainly 
focused on the use of minoxidil for hair loss and have only 
briefly mentioned its potential antifibrotic role.(4,5) 

This review aims to assess the existing evidence 
concerning the utilization of minoxidil in scar treatment. 
The review employs a narrative synthesis methodology and 
extensively searches various databases to identify pertinent 
studies. The inclusion criteria encompass in vitro experimental 
studies, randomized and non-randomized controlled trials, and 
observational studies that report the application of minoxidil 
in the treatment of fibrosis and scars.

The need for a treatment option that is both effective 
and safe for acne scars is significant, as it can significantly 
impact the quality of life of affected individuals.  Scars can 
lead to significant psychological distress, affecting self-esteem 
and confidence.(6) Furthermore, managing acne scars can be 
challenging, with many expensive and invasive treatment 
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options. The potential use of minoxidil in treating scars is a 
promising avenue that warrants further investigation.

Scar pathogenesis
The wound-healing process involves various cells, 

chemical mediators, and extracellular matrix components. 
It advances through three distinct stages: inflammation, the 
formation of granulation tissue, and the remodeling of the 
matrix.(7)

During inflammation, the injury site undergoes 
vasoconstriction for hemostasis, followed by vasodilation 
and erythema. This stage activates various cells, such as 
macrophages, granulocytes, and lymphocytes. These cells 
release inflammatory mediators that prepare the wound site 
for the subsequent formation of granulation tissue,(8) which 
involves the repair of damaged tissues and the formation 
of new capillaries. Fibroblasts are stimulated to produce 
collagen, initially dominated by type III collagen and later 
shifted to type I collagen.(9) 

During matrix remodeling, fibroblasts and keratinocytes 
play a crucial role in producing enzymes that shape the structure 
of the extracellular matrix. The balance between matrix 
metalloproteinases (MMPs) and tissue inhibitors of MMPs is 
essential. An imbalance in this ratio can lead to the formation 
of either atrophic or hypertrophic scars.(10) Atrophic scars 
occur when insufficient collagen factor deposition results in 
depressed areas. On the other hand, hypertrophic scars form 
when the healing response is overly robust, leading to the 
development of raised nodules comprised of fibrotic tissue 
(Table 1).

Acne scar types
Atrophic scars
Atrophic scars are a type of skin scarring that occurs 

as a result of loss of tissue during the wound healing process. 
Several types of atrophic scars include icepick, rolling, and 
boxcar scars. Individual scars can have characteristics of 
multiple types, and treatment options may need to be tailored 
to address the specific features of each scar.(11) Types of 
atrophic acne scars are presented in Table 2.(12)

Occasionally, patients may exhibit all three types of 
atrophic scars, making it difficult to distinguish between 
them. As a result, several authors have put forth various 
classifications and scales. One commonly utilized qualitative 

grading system is the one introduced by Goodman and Baron. 
This classification system defines four distinct grades that can 
be employed to characterize an acne scar (Table 3).(13)

Hypertrophic scars 
Hypertrophic and keloidal scars are associated with 

excessive collagen accumulation and reduced collagenase 
activity. Hypertrophic scars are typically present as elevated, 
firm, pink formations with dense collagen bundles confined 
within the boundaries of the initial injury site. The histological 
characteristics of hypertrophic scars resemble those of other 
dermal scars. In contrast, keloids manifest as reddish-purple 
papules and nodules that extend beyond the original wound 
borders. Histologically, keloids display thick bundles of 
acellular collagen arranged in the whorls. These scars are more 
prevalent in individuals with darker skin tones and primarily 
occur on the trunk.(14) 

Treatment of acne scars
Treatment Options for Atrophic Scars
Treatment options for atrophic scars have advanced in 

recent years, and several new and effective treatments have 
emerged. Here are some of the latest updates in the treatment 
of atrophic scars:

Microneedling is a technique that utilizes a device 
equipped with small needles to create tiny punctures in the 
skin. This process stimulates the production of collagen 

Table 1.
The steps involved in the pathogenesis of scars.

Step Description
1. Injury or damage to the skin.
2. Inflammation as part of the normal wound-healing process.
3. Migration of fibroblasts and other cells to the injury site, 

collagen production to form new tissue.
4. Remodeling

Atrophic scars: Decreased number of fibroblasts and collagen 
production, leading to tissue thinning.
Hypertrophic scars: Overexpressed healing reaction, leading 
to the development of raised nodules comprised of fibrotic 
tissue

Table 2.
Atrophic depressed acne scars according to Jacob et al.(12)

Acne Scars
Subtype

Clinical Features and Treatment Options

Ice-pick Narrow (<2 mm), deep, well-defined epithelial 
tracts that extend vertically into the deep dermis or 
subcutaneous tissue. Difficult to treat due to their depth 
and narrowness, but options such as chemical peels 
and laser resurfacing may be effective in reducing 
their appearance.

Rolling Dermal tethering of skin that appears relatively 
normal, with a width typically exceeding 4 to 5 mm. 
Often caused by long-term inflammatory conditions 
such as acne and may respond to treatment options 
such as subcision, microneedling, or dermal fillers.

Boxcar Depressions with round or oval shapes and distinct 
vertical edges, resembling scars from chickenpox 
(varicella). They can be shallow (diameter <3 mm) or 
deep (diameter >3 mm). Boxcar scars are often caused 
by severe acne and may respond to treatment options 
such as chemical peels, laser resurfacing, and dermal 
fillers.

Table 3.
Acne Scar Grading System (Goodman and Baron).(13)

Grade Clinical Features
I Macular or erythematous scars
II Mild atrophic scars with decreased skin texture
III Moderate atrophic scars with a visible depression
IV Severe atrophic scars with deep depressions and sharp 

edges
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and elastin, improving the appearance of atrophic scars. 
A systematic review and meta-analysis of 16 randomized 
controlled trials conducted in 2021 demonstrated the efficacy 
of microneedling as a treatment for atrophic acne scars, with 
minimal adverse effects reported.(15)

Platelet-rich plasma (PRP) therapy involves injecting 
the patient’s own PRP into the affected area. Platelets contain 
growth factors that aid in tissue repair and regeneration. A 
review article from 2020, encompassing 13 studies, indicated 
that PRP therapy shows promise as a treatment for atrophic 
acne scars. However, further research is required to establish 
the optimal treatment protocol.(16)

Fractional laser resurfacing employs laser technology 
to create skin micro-wounds, stimulating collagen and elastin 
production. A systematic review and meta-analysis of 33 
randomized controlled trials conducted in 2018 concluded 
that fractional laser resurfacing is an effective treatment for 
atrophic acne scars with a low risk of adverse effects.(17)

Chemical peels involve the application of a chemical 
solution to the skin, resulting in the exfoliation of the top layer 
and promoting the growth of new skin cells. A systematic 
review and meta-analysis of 24 randomized controlled trials 
conducted in 2019 established the effectiveness of chemical 
peels in treating atrophic acne scars. However, the optimal type 
and concentration of the chemical solution varied depending 
on the specific type of scar.(18)

Treatment Options for Hypertrophic Scars
Silicone gel is a transparent, quick-drying solution 

commonly used to prevent and treat hypertrophic acne scars. Its 
mechanism of action is not fully understood, but it is believed 
to increase hydration, protect the scar, and potentially affect 
the immune system. Clinical studies have shown a decreased 
scar thickness from 40% to 50%. Treatment duration varies 
depending on whether it is for existing scars or prevention.(19)

Intralesional steroid therapy involves injecting steroids 
directly into the scar tissue to reduce scar volume, thickness, 
and texture, as well as relieve itching and discomfort. The exact 
mechanisms are not fully understood, but they include anti-
inflammatory properties and inhibition of collagen production. 
Steroid injections are usually preceded by anesthetic creams, 
and cryotherapy may be used to enhance drug dispersion. 
Adverse reactions may occur, such as hypopigmentation, skin 
atrophy, and infections.(20)

Cryotherapy using liquid nitrogen has the potential to 
greatly enhance the appearance of hypertrophic scars and 
keloids, possibly leading to their complete regression. By 
subjecting the affected area to low temperatures, cryotherapy 
slows down blood flow and induces thrombus formation, 
resulting in tissue necrosis. Cryotherapy can be combined with 
steroid injections to enhance effectiveness. Adverse reactions 
may include changes in pigmentation, skin atrophy, and pain.(21)

Pulsed dye laser (PDL) has shown promising outcomes 
in treating hypertrophic and keloidal scars. It reduces fibroblast 
proliferation, loosens collagen fibers, and decreases collagen 
type III deposition. PDL flattens and reduces scar volume, 
improves texture, and alleviates itching and pain. Multiple 
treatments may be necessary, and common side effects include 
temporary purpura and changes in pigmentation. PDL is more 

effective for patients with lighter skin types.(22)

Surgery options for hypertrophic scars include W-plasty 
to disrupt scar patterns and autologous skin grafts to close 
wounds with minimal tension. In facial defects requiring skin 
grafts, the retro- and preauricular areas, and the neck, are 
preferred as donor sites.(23)

Other treatment approaches may be considered, such 
as intralesional injection of 5-fluorouracil, radiotherapy, 
imiquimod, interferon, elastic compression, and bleomycin. 
However, their effectiveness is limited or impractical for 
various reasons, such as lack of clinical experience, high costs, 
or inefficacy. These approaches are generally more suitable for 
hypertrophic scars not caused by acne.(14)

Minoxidil as antifibrotic agent
Minoxidil was first introduced as an oral medication 

for the treatment of severe and recalcitrant hypertension in 
the 1970s.(24) Hypertrichosis was discovered as a side effect 
of chronic use of oral minoxidil in about one-fifth of patients. 
This observation prompted the development of a topical 
formulation to stimulate hair growth.(25) Topical minoxidil was 
FDA-approved specifically for androgenic alopecia (AGA) in 
1988 as a first-line treatment for men with mild-to-moderate 
AGA,(26,27) subsequently for females. Topical minoxidil 
is used in both 2% and 5% foam and liquid solutions with 
varying efficacies for AGA in men and women.(28.29) Minoxidil 
downregulates the expression of the procollagen-lysine and 
2-oxoglutarate 5-dioxygenases (PLODs) genes and their 
encoded catalyze lysyl hydroxylase (LH) proteins.(30) It was 
reported to reduce lysyl hydroxylase activity by decreasing 
the LH1 mRNA level.(31,32) Because the LHs modify and cross-
link proteins by converting lysine to hydroxylysine, they make 
collagen more resistant to degradation.(33,34) Thus, limiting 
the supply of hydroxylysines for hydroxyallysine cross-link 
formation, minoxidil leads to antifibrotic effects.(32)

Zuurmond et al.(35) demonstrated that minoxidil 
treatment of cultured fibroblasts reduces LH1>>LH2b>LH3 
mRNA levels depending on dose and time but has essentially 
no effect on the total number of pyridinoline ross-links in 
the collagen matrix. However, the collagen produced in the 
presence of minoxidil displayed some remarkable features: the 
hydroxylation of triple helical lysine residues was reduced to 
50%, and lysylpyridinoline cross-linking was increased at the 
expense of hydroxylysylpyridinoline cross-linking, pointing 
out that the LH1 mRNA levels were the most sensitive to 
minoxidil treatment, and LH1 has a preference for triple 
helical lysine residues as substrate. The authors concluded 
that minoxidil is unlikely to serve as an antifibrotic agent, but 
confers characteristic features to the collagen matrix. 

Shao et al.(36) found that the effects of minoxidil appear 
to be mediated at least partly through the TGF-β1/Smad3 and 
the MMPs/TIMPs pathways, resulting in reduced levels of 
lysylpyridinoline and hydroxylysylpyridinoline, resulting in a 
decrease in collagen biosynthesis.

In a study by Priestley et al.,(37) the effects of minoxidil 
in vitro were researched using fibroblasts grown from the 
lesional skin of patients with lichen sclerosus and morphea, 
and from the normal skin of healthy individuals. The 
proliferation of all fibroblast lines over 3 days was inhibited in 
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proportion to the concentration of minoxidil, being 20% or less 
of controls at 1mM. At 5mM, there was usually a net loss of 
cells. Secretion of glycosaminoglycans by normal fibroblasts 
showed a concentration-dependent reduction, being 25±6% of 
that of untreated cultures with 1mM minoxidil. In contrast, 
minoxidil at 0.1-1mM stimulated the proliferation of foreskin 
keratinocytes by up to 130%. The range of inhibitory effects 
of minoxidil on both normal and abnormal skin fibroblasts in 
vitro and stimulation of skin epithelial cells led the authors to 
conclude that minoxidil may provide proper topical treatment 
for keloids and other fibrosis.

Knitlova et al.(38) assessed the in vitro antifibrotic effects of 
minoxidil on clubfoot-derived cells. Minoxidil concentrations of 
0.25 mM, 0.5 mM, and 0.75 mM inhibited cell proliferation in 
a concentration-dependent manner without causing a cytotoxic 
effect. Minoxidil in concentrations of ≥0.5 mM decreased 
collagen type I accumulation after 8 and 21 days in culture, 
demonstrating the potential antifibrotic effects in vivo. 

A study by Freiha et al.(39) evaluated the effects of 
topical minoxidil 5% cream on full-thickness thermal 
skin burns in a Wistar rat model. The results showed that 
minoxidil reduced necrosis and increased wound contraction 
rates, resulting in positive results after one week of treatment 
regarding local antioxidant protection, keratinocyte 
migration, neo-capillarization, chronic inflammation, and 
fibrosis rate. However, after two weeks, the opposite results 
were observed.

Polo et al.(40) studied the capability of minoxidil to 
inhibit various fibroblast functions in vivo using an established 
animal model of wound contraction. Standardized cutaneous 
wounds were created on the dorsum of Sprague-Dawley rats. 
Minoxidil did not demonstrate significant inhibition of wound 
contraction rates that do not support the proposed use of 
minoxidil as an antifibrotic agent.

In conclusion, minoxidil has been shown to benefit 
wound healing and regeneration in vitro by inhibiting the 
proliferation and migration of fibroblasts. However, its 
potential as an antifibrotic agent for therapeutic use is still not 
demonstrated. It requires additional studies involving more 
study groups and more extended follow-up periods.
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