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Abstract: An estimated 100 million people per year in developed countries acquire scars

following surgical procedures whether it be elective, therapeutic or reparative. Scarring from

surgery can have a significant physical and psychological impact depending on the colour, relief,

size, body location, surface area or function. Whether a procedure be life-saving such as a

mastectomy, a caesarean, or a mole excision, or aesthetic such as breast reconstruction or laser

treatment, patients are increasingly concerned with having an aesthetic scar outcome. With

improved surgical and technological advances, elective surgery and cosmetic procedures are

becoming safer and easier to perform in both hospitals and outpatient clinics. This means that

more people elect to undergo procedures for an increasing number of indications on varied body

areas including the face, back and limbs but also breasts, ears or genitalia. Therefore, taking the final

scar outcome into consideration both before and after a procedure is becoming particularly

important to ensure that controlled healing occurs with minimal discomfort. As the healing process

varies from one procedure to another, and from one body part to another, each wound requires

specific care. Dermatologists are well placed tomanagewound healing but there remains a need for

them to be involved in wound management and help surgeons better manage the wound healing

process beyond wound closure and infection control. Basic skin care can play a role to protect the

skin barrier function, control inflammation and enhance natural healing. The objective of this

review is to provide recommendations based on published literature for the role basic skin care plays

in supporting continued wound management following invasive procedures.
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Introduction
An estimated three to four people per 1000 population live with one or more wounds.1

100 million people living in developed countries acquire scars following invasive

procedures, elective or trauma surgery2–4 and these patients increasingly value the

aesthetic quality of the scar as being part of a successful outcome.2

Scars form fromany traumatic event that breaks the cutaneous integrity.Commonly, this

occurs following routine surgical procedures, trauma wounds, burns or dermatologic

excisions. Increasingly, cosmetic surgery, cosmetic procedures (laser, dermabrasion, fillers,

microinjections, peelings and micro-needling) are also potential source of scars. Although

most surgical procedures or traumatic injuries produce awound, some cosmetic procedures

create a skin injury that stimulates the body’s natural healing process for the desired effect.

(eg CO2 resurfacing). Furthermore, various pathologies such as infections or dermatitis can

lead to scarring i.e. scleroderma, surgical management of Dupuytren’s contracture.

The psychosocial effects of scarring is well documented.5,6 Patients report having

reduced self-esteem, being stigmatised, and having disrupted daily activities, anxiety and
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depression.7,8 The physical effects of scarring include dryness,

itchiness, stiffness, tenderness and pain. Thus, managing the

healing process is particularly important to ensure wounds are

managed appropriately to heal rapidly, with minimal pain and

with a cosmetically acceptable appearance.

Surgical techniques, postoperative care and management

of patient-specific circumstances have significantly reduced

healing time, wound tension and scar formation.9,10

However, once the wound is clean and closed, approximately

2–3 weeks post-intervention, many surgeons discontinue scar

management, leaving “Mother Nature” to take its course. Yet,

remodelling and scar formation continues for several months,

up to a year after wound closure and may be compromised by

patient specific factors.11 This lack of continued scar manage-

ment and skincare support following skin injury varies

between institutions and practitioners, possibly due to a lack

of evidence concerning non-medical scar management techni-

ques. For example, a recent survey of burn therapists reported

that responders recommended applying moisturisers but were

unable to cite a reference or evidence to support their choice.12

Although dermatologists are well placed tomanage wound

healing, there is need for them to be further involved with

clinicians, surgeons and patients throughout the wound heal-

ing process and to be able to advise on the role basic skin care

that can play to enhance natural healing.12 To our knowledge,

there are no systematic reviews or evidence-based studies to

support using basic skin care in scar prevention and manage-

ment, despite the anecdotal recordings of their use.

The objective of this review is to summarise the evidence

for basic skin care and provide practical recommendations to

minimise scarring following surgical and cosmetic procedures.

Search Strategy
The search strategy aimed to identify all published litera-

ture concerning wound formation, pathophysiology and

the use of basic skin care in managing scars from a wide

variety of surgical and cosmetic procedures. Reference

lists of all papers selected for full text retrieval were then

hand searched for potential additional citations.

Common Injury Types, Wounds
And Symptoms
Trauma, invasive procedures, elective or cosmetic surgery

affect a vast proportion of the population and around 15% of

these have excessive or unaesthetic scarring. Scarring has

been reported as a major source of dissatisfaction in 91% of

patients who undergo a routine surgical procedure.13

Surgical injury causes a variety of wounds and symp-

toms depending on the type of procedure performed and

the depth of cutaneous injury (Table 1). Although a scar

may seem trivial in comparison to the clinical or aesthetic

benefit gained, they can cause severe itching, tenderness,

pain, as well as other psychosocial sequelae. (Table 2)5

Normal Wound Healing And Scar
Formation
Skin wound healing is an innate immune response to tissue

injury that finishes with wound closure and restores the

skin barrier function to prevent infection. It is a complex

process with three, generally accepted steps, inflammation,

proliferation and remodelling, which depend upon many

cell types and mediators.11 It is necessary that each phase

be correctly regulated to progress from one stage to

another and create a neat scar. Otherwise, prolonged

wound healing or excessive host responses to the injury

prevent the normal process and result in unaesthetic

scarring.11

The initial inflammatory response to injury is well

known.14–16 However, the role the inflammation phase

plays in scar development remains less well known. The

initial inflammatory role is to active the adaptive immune

system to prevent infection at the injury site. Macrophages

(M1) clean up neutrophils, bacteria and cell debris from

the wound site.17–19 Then, they change phenotype to M2

macrophages that begins the healing, proliferative/

Table 1 Types Of Skin Injury Caused By Medical And Aesthetic

Procedures

Skin Injury Procedure

Widespread

injury

Burn wound, electro coagulation, liquid nitrogen,

dermabrasion, micro-needling, Laser CO2

Linear scar Surgical procedure, vaginal mole extraction, actinic

keratosis, wart removal, breast, c-section scars,

auricular scars

Table 2 Symptoms Associated With Wound Healing

Pain

Inflammation

Bruising

Itching

Erythema

Scabs

Dryness - desquamation
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epithelialisation phase, producing anti-inflammatory med-

iators and extracellular matrices.17,20,21 If this phase is

hindered, chronic wounds develop that are slow to close.

Next, the proliferative or epithelialisation phase over-

laps with the inflammatory phase and usually lasts up to

two to three weeks post injury.22 During this phase, wound

closure continues23 as the dermal matrix matures, and

inflammatory processes continue in the reticular dermis.

This makes the reticular dermis particularly sensitive to

wound stress, infection, as well as patient related condi-

tions such as age, sun exposure or genetic profile.24

Deregulation25 in this phase is thought to cause persistent

inflammation and leads to hypertrophic or in certain cases

keloid scars.22

The final, remodelling phase can last for up to a year

post injury.26 During this phase, the wound contracts,

collagen remodelling occurs and the new skin gains in

strength.22

Factors Affecting Wound Healing
Patient specific factors affect different parts of the healing

process. Intrinsic factors include age, ethnic or genetic

profile and external factors such as smoking, sun exposure,

physical activity, concomitant medications, psychological

stress or poor nutrition. Wound location and associated

mechanophysiological conditions particularly influence

the degree of scar formation and progression. Mechanical

stress including skin-stretching stimulates mechanosensi-

tive nociceptors and sensory fibers inducing neurogenic

inflammation.27 Thus those wounds with greater edge ten-

sion such as the deltoid and sternal regions have a higher

risk of severe scarring and keloid development.5

Severe scarring such as keloid lesions often run

in families and in populations of African, Chinese and

Polynesian origin. However, those of Indian and Malaysian

origin and interestingly, African albinos do not seem to form

keloids. People of European origin living in the tropics have

a greater keloidal susceptibility.28 These scars occur sponta-

neously, long after the injury has healed, extend beyond the

injury border and persist for long periods of time. They are

firm, bosselated scars with a shiny surface and may feel

tender, itchy and become hyperpigmented.29 Spontaneous

keloids have been associated with certain genetic and inflam-

matory disorders.25

Hypertrophic scars (HTS) occur earlier, within 4 to 8

weeks following the injury. Mostly, wound infection,

trauma or excess tension prevent effective closure.

Although HTS look and itch similar to keloid scars, they

differ in that these scars remain within the injury edges,

grow rapidly for up to 6 months and then gradually regress

to a flat scar.29

It is well known that wound healing is delayed in

healthy older adults (>65 years) and with increasing

age.30 Increasing age is associated with morphological

and structural changes as well as an altered inflammatory

response. So, skin function deteriorates and each stage of

the healing process is affected.24,31 Interestingly, although

the maturation phase is shorter, scar quality is correct in

older individuals.32 Therefore, under optimal wound care

conditions, early wound healing phases may be delayed,

but maturation may be hastened. However, if wound heal-

ing conditions are suboptimal, age-related immunosenes-

cence, delays re-epithelialisation and healing.

Furthermore, concomitant medication may exacerbate

wound healing delay, particularly chemotherapy, glucocor-

ticoids and possibly long-term NSAIDS.24 Glucocorticoids

inhibit wound repair by reducing the inflammatory

response and chemotherapeutic drugs interfere with the

immune response, cell migration and proliferation.33

Comorbid conditions such as diabetes and peripheral

arterial disease33 have also been well documented to be

associated with delayed healing.31,33

Smoking is also well known to hinder wound healing, and

post-operative smokers have reported delayed healing,

increased complications as well as reduced cosmetic

outcome.24 However, the pharmacological influence on

wound healing is complex and neither nicotine or smoking

can explain all the effects of smoking onwound healing.24 The

current theory is that smoking impairs the initial inflammatory

response and bactericidal activity. During the proliferative

phase, fibroblast migration and proliferation are reduced and

epithelial regeneration is hindered.34,35 Smoking cessation

may improve the inflammatory cell response, but the prolif-

erative response remains impaired. Therefore, smokers having

surgery will require specific wound support during the epithe-

lialisation phase to ensure correct wound closure.

Numerous studies have also indicated the role of psy-

chological stress in delayed wound healing. Stress alters

the immune response via the hypothalamic-pituitary-adre-

nal, sympathetic-adrenal medullary axes, and psychologi-

cal response-induced unhealthy behaviours.27

Exposure to ultraviolet radiation has been observed to

increase scar pigmentation,36 worsen clinical appearance

and in some cases, cause wound hyperpigmentation.11,37

Importantly, individuals with pigmented skin are known to

produce more severe scars particularly in African and
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Asian populations, and so are particularly concerned with

the cosmetic appearance of visible scars.38

As intrinsic and extrinsic factors affect different phases

of the healing process, combining them may further

exacerbate delayed wound healing.

An Optimal Microenvironment For
Healing
An ideal microenvironment for wound healing is one

which is clear of debris and infection and where optimal

moisture content is maintained. Moisture creates a water

barrier by occluding and hydrating the stratum corneum

and epidermis.39 After injury, the evaporative water loss

from the wound surface can be up to four times greater

than that of normal skin40 and once healed may take over a

year to regain pre-wound levels.13 Spontaneous healed

scars have a higher TEWL than scars from a skin graft.

Similarly hypertrophic scars have a higher TEWL than

normal scarring and keloid scars, which extend beyond

the border of the injury have an even higher TEWL rate.41

Thus supporting cutaneous hydration is important for opti-

mal healing.

The Role Of Basic Skin Care To
Optimise Healing (Table 3)
Basic skin care may provide a barrier and maintains a moist

microenvironment required for optimal healing, however there

is a lack of comparative data between the various forms of post

surgical care. Basic skin care seems to have a key role during

the remodelling phase of wound repair and throughoutmatura-

tion. Although silicone-sheets and gels42 are considered the

gold standard for preventing excessive scarring with a good

level of evidence, a recent comparative study showed that

a hydrating cream provided equivalent occluding and

hydrating properties to silicone products. This suggests that

hydrating creams could be an alternative to silicones in scar

prevention.43,44 Despite the limited evidence for the role of

hydrating creams, the current scar management guidelines

nevertheless highlight the importance of hydrating creams

and silicone products to provide occlusion and hydration to

support an optimal healing environment.11,13,44

Emollients and humectants, such as urea, alpha-hydro-

xyacid (AHA) and hyaluronic acid,45 retain moisture in the

stratum corneum. This helps to maintain skin hydration to

preserve skin barrier function which reduces itching and

discomfort associated with scars and enhances wound

healing.13 One recent systematic review about the effec-

tiveness of moisturisers in the management of burn scars

found evidence for the use of emollients, but concluded

that there was insufficient evidence to inform on optimal

choice.12

Also, a rather large comparative study confirmed that reha-

bilitationmassage effectively improved pain, pruritus, and scar

characteristics in hypertrophic scars after burn injury.46

Although the evidence regarding the effect of solar UV

irradiation is scarce, the current international guidelines

suggest photoprotection with a maximum sun protection

factor >50 until the scar has matured.13,47

Certain thermal spring waters have also been shown to

have anti-inflammatory and immunomodulatory effects

which induce accelerated skin healing and reduce itching in

scar formation and dermatoses. One case study showed that

balneotherapy with thermal spring water from La Roche-

Posay in France softened the inflammatory appearance of

Table 3 Supportive Measures For Managing Scars For An Optimal Outcome

Objective Basic Skin Care Role In Scar Management

Wound Cleaning Thermal spring water Anti-inflammatory, immunomodulatory and anti-itch48

Gentle adapted cleanser Reduce infection, debriding, prevent crust formation

Disinfectant wash Prevent infection

Optimise Healing Silicone sheet Occlusive healing, maintain skin hydration10

Silicon gels

Emollient with advanced hydrating properties eg, hyaluronic

acid with formulations adapted for massage*

Maintain skin hydration during early healing phase and

through to maturation.13

Soften scar tissue and prevent adhesions46

Photoprotection and

Camouflage

Photoprotection SPF 50+* Prevent hyperpigmentation caused by UV radiation.13

Corrective makeup49* Protect healing skin and improve quality of life during

scar formation.

Notes: *These solutions can be combined in the same product.
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scars, reduced itching, facilitated elimination of crusts, and

prevented formation of new crusts, thereby offering a non-

traumatic method of preventing wound infection with fre-

quent washing.48 Also, corrective cosmetic make up has been

shown to improve quality of life with a significant mean

DLQI score drop from 9.90 ± 0.73 to 3.49 ± 0.40

(P >0.0001) for people with disfiguring dermatoses such as

scars, melasma or vitiligo.49

Recommendations
This review has identified the main patient and wound

factors that influence normal scar formation, and the role

of basic skin care in supporting scar management, post

wound closure.

General recommendations suggest that clinicians

should consider optimal scar management for any patient

considering or following an intervention and particularly

for those whom are likely to form a hypertrophic or keloid

scar.11,44 Patients at risk of delayed healing, hypertrophic

or keloid scars should consider a post intervention wound

care plan and scar management choices should be tailored

to individual patient requirements. Patients should be

encouraged to take an active role in the management of

their scar.10 The type of scar management measures needs

to be applied to a given wound according to the level of

excessive scar risk, wound shape and location and

patient’s concern about the scar’s appearance. Early con-

sultation with a dermatologist may be warranted in some

cases, as scars are easier to prevent than to treat.50

Optimal scar support with basic skin care should start

as soon as the wound is closed and sutures are taken

out.11,44 Scars should be re-evaluated at 4–8 weeks after

surgery to determine whether a hypertrophic scar is form-

ing and medical management is required.13

Scars continue remodelling from 6–12 weeks post-sur-

gery so occlusive therapy and sun protection should con-

tinue during this time.
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