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ABSTRACT

Background: Zinc, an essential mineral, has been extensively studied in the field of
dermatology for the treatment of a plethora of skin conditions. However, minimal literature
exists regarding its use for the enhanced healing of wounds after surgery, including following
Mohs micrographic surgery (MMS).

Objective: Evaluate the available literature regarding the utilization of zinc for enhanced
healing of post-surgical wounds in humans.

Methods: A systematic review of studies evaluating the use of zinc for post-surgical
management was conducted via an electronic literature search of the PubMed database.
Clinical trials were searched using ClinicalTrails.gov.

Results: Topical zinc formulations may decrease healing time and post-operative infection
rates, including following MMS of the lower extremity.

Limitations: Currently, there are a limited number of studies available on this topic, with lack of
a standard comparable outcome measure.

Conclusion: Topical zinc oxide may be a beneficial treatment option for post-surgical wound
healing, including after MMS. Further studies are needed to better define the efficacy of zinc
for post-operative wound healing and the optimal treatment regimen.

pigmentary disorders like melasma and

INTRODUCTION

The use of zinc has been studied for the
treatment of many dermatologic conditions
including warts, inflammatory dermatoses
like acne wvulgaris and rosacea, and

neoplasms."” Zinc supplementation also
reduces the risk of bacterial, viral, and fungal
infections.>* Its efficacy has been
demonstrated in the setting of cutaneous
healing following burn injuries®’ and as a
protectant against UV radiation in the form of
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topical zinc oxide. Additionally, zinc
deficiency is associated with impaired wound
healing and existing evidence supports the
use of topical zinc oxide and oral zinc sulfate
for the healing of leg ulcers.?12

Zinc is required for optimal activity of
numerous enzymes and serves a critical role
in the development and proper functioning of
the immune system.2 It contributes to protein
structure and the regulation of gene
expression.® It also influences gene
transcription at several levels through histone
deacetylation reactions and zinc-finger
motifs.

This essential mineral is found in some foods,
including beef, poultry, seafood, and grains.®
Oral formulations are also available as zinc
gluconate, zinc sulfate, and zinc acetate.'
Furthermore, zinc can be administered as an
intravenous zinc chloride solution, generally
as an addition to total parenteral nutrition.'®

Currently, minimal literature exists regarding
the use of zinc for the healing of post-surgical
wounds in humans, especially after
dermatologic surgery. However, the efficacy
of zinc for post-operative healing has been
well documented in animal studies. Studies
with zinc-deficient rats demonstrated delayed
epithelialization of wounds as well as a
decrease in tensile strength of the resultant
scars.'®'” Zinc has also been shown to be
beneficial for zinc-sufficient rats with a
significant increase in re-epithelialization of
surgical sites treated with topical zinc.'819
Bovine studies demonstrated similar results
with a substantially decreased rate of skin
regeneration following surgery in zinc
deficient subjects as well as enhanced re-
epithelialization of partial-thickness wounds
in nutritionally balanced subjects treated with
topical zinc oxide.?%?’

The purpose of this review is to evaluate the
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currently available literature regarding the
utilization of zinc for enhanced post-surgical
wound healing, including after Mohs
Micrographic Surgery (MMS).

METHODS

A systematic review of studies describing the
use of zinc for post-surgical management
was performed. We conducted an electronic
literature search of PubMed database on zinc
and post-surgical management twice—in
May and June 2020. Additionally, clinical
trials were searched using ClinicalTrails.gov.

RESULTS

Our search yielded eight studies that have
been performed on human subjects. Two of
these studies focused on the use of zinc
oxide compression dressings for
postoperative  defects following lower
extremity MMS.22.23

Efficacy of Zinc for Post-Operative Healing
In 2006, a randomized, double-blind,
placebo-controlled study compared the use
of 3% zinc oxide mesh with placebo mesh on
the healing of acute open wounds following
pilonidal cyst excision.?* The 3% zinc oxide
mesh provided sustained release of
bioavailable zinc to the wound at
noncytotoxic levels. 2527 The results of this
study demonstrated a trend toward
decreased average healing time compared
with placebo (54 days vs 62 days;) and a
statistically significant decrease in the
occurrence of Staphylococcus aureus in
wounds (p < 0.05). As a result, significantly
fewer zinc-oxide treated patients were
prescribed systemic antibiotics post-
operatively (p = 0.005).2* Importantly, there
were no local or systemic adverse effects
observed in the zinc oxide group.?*
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Administration of oral zinc sulfate has been
shown to enhance the rate of wound healing
in venous leg ulcers,' "2 sickle-cell ulcers,?®
and pressure ulcers.?® One study
investigated the effects of oral zinc sulfate in
the healing of surgical wounds caused by the
removal of pilonidal-sinus tracts.’° Average
wound volume was 32.3 ml in the control
group and 54.4 ml in the treatment group.
Ten participants ingested 220 mg of zinc
sulfate daily while ten controls did not. The
healing rate was significantly increased in the
zinc-medicated group, with wound closure
occurring almost three times faster than the
control group (p < 0.02).3° Aesthetics also
differed between the two groups as it was
noted that the wounds in the zinc-medicated
group appeared cleaner, pinker, and
healthier with less purulent exudate when
compared to the wounds in the control group.
30 No toxic side effects were noted during the
61 days in which the patients were followed.*°

A similar study failed to produce the same
results.3! The authors speculate that varying
results were seen because oral zinc sulfate
may not play a significant role in wound
healing, or possibly, that neither study was
sufficiently controlled to account for
variations among individual patients."

The parenteral administration of zinc
gluconate was analyzed by Faure et. al in a
double-blind, randomized study of 30
patients who underwent major reconstructive
surgery for the treatment of abdominal aorta
atherosclerosis.?? 15 patients received a 30
mg IV drip of zinc gluconate for 3 days, while
the control group received a placebo.?? No
healing complications were reported in the
zinc-medicated group.®? However, 4 of 15
patients in the placebo group experienced
complications including delayed wound
healing, lymphorrhea, and inflammation (p =
0.00771).%2
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Weingert and Stoll compared the efficacy of
topical zinc oxide ointment and
potassium/calcium chloride hydrogel on the
epithelialization of split thickness skin graft
donor sites from which grafts were harvested
for use in oral and maxillofacial surgery.
Donor sites were located on the upper thigh
and demonstrated complete epithelialization
more rapidly when treated with zinc oxide
(8.7 days vs 10.7 days).3®* Furthermore,
patients in the zinc oxide group did not have
any subjective complaints. In contrast,
transient burning was reported in 14 patients
treated with the potassium/calcium chloride
hydrogel. 14 months after grafting, no
aesthetic differences were noted between the
two groups.3

Efficacy of Zinc for Post-Operative Healing
in Mohs Micrographic Surgery

In 2011, Stebbins et al. utilized Unna boots,
a compression dressing consisting of gauze
bandages soaked with zinc oxide, for
postoperative MMS wound care in 10
patients.?? The defect size ranged from 3.6 to
30 cm? and wound depth varied between
subcutaneous fat and muscle. This study
demonstrated significant granulation tissue
development in the first post-operative week
of all subjects and an average time to
complete epithelialization of 7.1 weeks with a
range of 4 to 12 weeks.?? No subjects in this
study developed excess granulation tissue or
post-operative infection, and all patients
reported high satisfaction with this
intervention.?? The occlusion provided by the
Unna boot may enhance wound healing
independently or by augmenting the anti-
bacterial and anti-inflammatory properties of
zinc, as occluded wounds have been shown
to heal four to five times more quickly than
non-occluded wounds.3+37

In 2017, a retrospective cohort study
compared standard post-operative wound
care to zinc oxide compression dressings for
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surgical sites on the legs, a particularly
challenging area to manage in the post-
operative period that is often complicated by
delayed healing, dehiscence, hematoma,
and infection.??>23 The average incision length
was 4.35 cm in the group receiving standard
dressing and 6.35 cm in the zinc-oxide
treated group. Standard wound care included
applying petroleum jelly to the post-operative
site followed by nonadherent dressing,
gauze, and paper tape. The patients who
received the standard wound care were
instructed to leave the dressing in place for
48 hours following initial application and then
to clean the wound, apply petroleum jelly,
and change the dressing on a daily basis.
The patients who received the zinc oxide
compression bandage did not perform any
wound care at home but returned to the office
weekly for a bandage change. They were
instructed to return for at least two weeks or
until epithelialization of the wound was
achieved. At 19 days, 91.7% of patients
receiving the zinc oxide compression
bandage were fully healed, whereas only
65.9% of patients receiving standard wound
care were healed (p < 0.001).2% Furthermore,
no complications occurred in the zinc oxide
group; however, 6 complications were noted
in the group receiving standard wound care,
including infection, wound dehiscence,
postoperative bleeding, pain, and excessive
swelling.®

Currently a clinical trial is in progress which
will compare scar outcomes following
dermatologic surgery when treated with
topical zinc oxide versus petrolatum.®® This
split-scar study will treat half of the incision
with zinc oxide and half with petrolatum. This
is the first clinical trial studying the use of zinc
oxide in the post-surgical setting which will
analyze its results through the use of the
Patient and Observer Scar Assessment
Scale (POSAS) scoring system.
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DISCUSSION

Zinc in the Integumentary System

Zinc is a trace element essential for many
aspects of health. It serves as a cofactor for
enzymes required for cellular replication,
protein synthesis and repair systems as well
as transcription factors.?® Specifically, zinc-
finger proteins are a family of over 2,000
transcription factors that interact with DNA
and RNA polymerases to initiate transcription
of key genes for wound healing.3%4° Specific
zinc-finger transcription factors identified in
the skin include basonuclin, an important
mediator of cellular division, and c-Krox, a
vital protein that controls expression of genes
that encode the extracellular matrix (ECM).4°
Zinc is also involved in intracellular signaling
and neurotransmission.3°

In the integumentary system, zinc plays a
role in mitosis, migration and maturation of
keratinocytes. It is found in the form of protein
complexes intracellularly and in the ECM.3°
While zinc is found in both epidermal and
dermal tissues, concentrations in the
epidermis are higher, potentially reflecting
the activity of zinc-dependent RNA and DNA
polymerases in the mitotically active basal
cells.®® Furthermore, an inverse relationship
is observed in the epidermis between the zinc
concentration and the state of maturation and
keratinization of post-mitotic cells.3® For
example, as keratinocytes mature and reach
the corneal layer, zinc levels are lower than
in the mitotically active basal layer.

The Role of Zinc in Wound Healing
Wound healing can be characterized by three
phases: inflammatory phase, proliferative
phase, and remodeling phase. The
inflammatory phase starts within hours of
tissue injury and may last 3-4 days.*' During
the inflammatory phase hemostasis is
achieved by platelets and a fibrin matrix
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Table 1. Studies of Zinc Therapy for Post-Operative Wound Healing

Subject

Informat

Route of Zinc

Comparison
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Conclusion

Enhanced Healing of Surgical
Wounds of the Lower Leg Using

10 patients
6 male, 4 female

Weekly Zinc Oxide LRt Age range: 72-91
Compression Dressings 22
Effect of Postoperative
Dressing on Excisions .
Performed on the Leg: A Retrospective 80 patients
. ) 16 male, 54 female
Comparison Between Zinc Cohort Ace range: 19-89
Oxide Compression Dressings 8 ge:
Versus Standard Wound Care 23
A randomized, double-blind, .
lacebo-controlled multicenter LEhb b,
plac . . . double-blind 64 patients
trial evaluating topical zinc
. placebo- 53 male, 11 female
oxide for acute open wounds
. o . controlled Age range: 17-60
following pilonidal disease .
. trial
excision 4
Acceleration of Wound Healing Randomized 20 patients

in Man With Zinc Sulfate Given
By Mouth 30

20 male, 0 female

Control Trial Age range: 18-40

Randomized
Control Trial

Lack of Acceleration of Healing
with Zinc Sulfate 31

20 patients
Age range: 19-35

Parenteral Supplementation

with Zinc in Surgical Patients Double-blind,

30 patients

. randomized
Corrects Postoperative stud
Serum-Zinc Drop 32 Y
The epithelialization of split
skin graft donor sites- . 16 patients
Prospective,

6 male, 10 female
Age range: 18-81

a test model for the efficacy of
topical wound therapeutic
agents 33

clinical study

Zinc Oxide Versus Petrolatum
Following Skin Surgery: A
Head-to-head, Prospective,
Split-scar Study 38

Comparative 30 patients

which serve as the initial scaffold for
infiltrating cells.*%4! Before the cessation of
the inflammatory phase, neutrophils and
macrophages phagocytize debris and
debride the tissue.*®*' The proliferative
phase of healing begins 2-10 days after injury
and is characterized by mitotic activity and
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Administration

Topical
zinc oxide
compression
bandage

Topical
zinc oxide
compression
bandage

Topical
zinc oxide mesh

Oral
220 mg zinc sulfate
TID

Oral
220 mg zinc sulfate
TID

Parenteral
IV zinc gluconate

Topical
zinc oxide ointment

Topical
zinc oxide ointment

N/A

Zinc Oxide compression
dressing (n=36)
Vs
Standard dressing
(n=44)

3% Zinc Oxide mesh
(n=33)
Vs
Placebo mesh (n=31)

Control (n=10)
Vs
220 mg zinc sulfate TID
(n=10)

Control (n=10)
Vs
220 mg zinc sulfate TID
(n=10)

IV zinc gluconate
30 mg/day for 3 days
(n=15)

'S
Placebo (n=15)

Zinc Oxide ointment
(n=16)

Vs
Potassium/calcium
chloride hydrogel
(n=16)

Zinc Oxide ointment
(n=30)

Vs
Petrolatum
(n=30)

Average time to complete
epithelialization of 7.1
weeks with a range of 4
to 12 weeks
Zinc oxide compression
dressings resulted in
decreased incidence of
delayed wound healing
with fewer complications
compared to standard
postoperative wound
dressing group
(p<0.001)

Zinc oxide decreased the
average healing time and
decreased the occurrence
of Staphylococcus aureus
in wounds
(p<0.05)
Post-surgical wounds in
the zinc-medicated
patients closed three
times faster compared to
the control group
(p<0.02)

No acceleration of wound
healing was found in
young patients with
granulating wounds
given oral zinc sulfate
versus the control group
Clinical inspection of
wounds following
complicated surgery
revealed that zinc
supplementation was
beneficial even if serum
zinc was normal before
intervention
(p=0.00771)

More rapid
epithelialization was
observed in zinc oxide

group

Study currently in
progress

migration of keratinocytes, blood vessels,
and fibroblasts.#' During this phase, the
keratinocytes at the leading edge of the
wound proliferate and mature.*’ The
remodeling phase begins approximately 3
weeks following tissue injury and can last for
more than one year.*! Matrix
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metalloproteinases (MMPs) have the vital job
of remodeling the scar.404!

Zinc and zinc-containing proteins are
involved in nearly every aspect of cutaneous
wound repair. Metallothioneins (MTs) bind
approximately 20% of intracellular zinc and
are responsible for transporting zinc to
enzymes and gene-regulatory molecules
important for wound healing.3°4° MTs can be
thought of as surrogate markers for zinc.
Spectrometry and immunohistochemical
techniques have been utilized to demonstrate
that MTs are expressed at higher rates in
healing wounds than in normal skin.3940
Treatment of keratinocytes in vitro with zinc
chelators has been shown to inhibit
upregulation of MTs and cellular
proliferation.*® Conversely, MT upregulation
can be induced in vivo by exposure to zinc.4°
Collectively, these findings show that the
requirement for zinc is higher in skin during
times of healing and that zinc induces the
expression of MTs that serve an important
role in its storage and transportation.

MMPs are a diverse group of zinc-dependent
enzymes that play an important role in wound
healing. MMPs are up-regulated following
injury and are crucial for wound debridement,
cell migration, and reconstitution of the
ECM.3242 This has been demonstrated by the
fact that synthetic MMP inhibitors result in
impaired keratinocyte migration and wound
contraction.3%4344 MMPs with notable action
in wound healing include MMP-1, MMP-9,
MMP-14, and MMP-2. MMP-1 has a primary
role in initiating tissue repair and
epithelization.?® Elevated levels have been
demonstrated in 24-hour human fibroblasts
and in migrating epidermal cells during the
acute phase of healing.3®434 MMP-9 and
MMP-14 are likely involved in keratinocyte
migration while MMP-2 is persistent in
fibroblasts and endothelial cells throughout
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the wound healing process and is primarily
involved in ECM remodeling.3®

Keratinocyte migration is also modulated by
zinc through the expression of integrins. In
healthy skin, integrins are expressed
primarily in the basal layer and promote
intercellular and cell to basement membrane
adhesion.®® Supplementary zinc during
wound healing promotes induction of key
integrin subunits that enhance keratinocyte
motility.394°

As well as acting on specific proteins
important for wound healing, zinc enhances
intracellular mitogenic signaling pathways to
up-regulate endogenous growth factors that
can contribute to  epithelialization.®®
Furthermore, zinc plays a significant role in
inflammation reduction.*? Alkaline
phosphatase (AP) is one zinc-dependent
enzyme that regulates inflammation.*® AP is
released from the surface of epithelial cells
and dephosphorylates adenosine
monophosphate (AMP) to make adenosine,
which has anti-inflammatory action and helps
to curtail the initial inflammatory phase of
wound healing.°

Practical Implications for the Utilization of
Zinc in the Post-Operative Period

Most studies evaluating the efficacy of zinc in
wound healing have been conducted on
patients with chronic wounds. These studies
have failed to show a statistically significant
benefit for oral zinc supplementation, unless
there is clinical evidence of low serum
zinc.3%46 Furthermore, a recent review of
dietary  supplements in  dermatology
demonstrated that there is not enough
evidence at this time to justify the use of oral
zinc supplementation for the purpose of
wound healing.#” This, combined with
potential adverse events associated with oral
zinc  supplementation, most  notably
gastrointestinal discomfort, may suggest that
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topical zinc therapy is better suited to
augment healing in the post-operative
period.39:48

When choosing a topical zinc formulation, it
is important to consider bioavailability and
potential adverse effects. Soluble salts may
be irritating, while less soluble options like
zinc oxide are not. Zinc oxide formulations
have been used for a wide array of
dermatologic manifestations for many years
with an excellent safety profile, and have
been shown to effectively augment wound
healing.®222340 While it may occasionally
cause burning, stinging, itching, and tingling
when utilized on inflamed tissues,
hypersensitivity to topical zinc oxide is rare,
and a clinical picture of contact allergy should
cause the physician to evaluate components
of the zinc delivery method.3%34

Zinc oxide hydrolyzes on the acidic skin
surface to release the biologically active Zn?*.
Agren demonstrated that zinc oxide in a
rosin-based occlusive dressing applied to
normal human skin lead to accumulation of
zinc in the corneal layer and deeper layers
after longer exposure,*® however, zinc oxide
penetration has not been proven by occlusive
hydrocolloid adhesive dressings or microfine
zinc oxide.*%%0 Despite these findings, recent
studies have demonstrated enhanced
healing of surgical wounds with use of zinc
oxide compression dressings.?223

This information, coupled with beneficial
properties of compression for wound healing,
may make zinc oxide compression dressings
an alternative treatment option for standard
wound care in the post-operative setting,
particularly for high-risk regions such as
lower extremities. For patients who do not
require compression but would benefit from
enhanced wound healing and decreased risk
of infection, zinc oxide ointment may
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represent a convenient and affordable
alternative to commonly used petroleum jelly.

CONCLUSION

While there is a paucity of data regarding
topical zinc for post-operative wound healing
in the field of dermatology, studies to date
have demonstrated promising results for its
use in the healing of post-operative
wounds.??2433 The use of zinc may be
considered for patients after MMS to help
facilitate wound healing and decrease risk of
infection. Topical zinc may be a safe and
affordable therapy in the post-operative
period, with subsequent dressing, including
after flaps, grafts, and secondary intention
healing. We encourage further randomized
studies to assess the utility of zinc
formulations on wounds after MMS.

Conflict of Interest Disclosures: This research was
supported by HCA and/or an HCA affiliated entity. The
views expressed in this publication represent those of
the author(s) and do not necessarily represent the
official views of HCA or any of its affiliated entities.

Funding: None

Corresponding Author:

Nicole Levin, BS

777 Glades Road BC-71

Boca Raton, FL 33431

Email: nlevin2019@health.fau.edu

References:

1. Gupta M, Mahajan VK, Mehta KS, Chauhan PS.
Zinc therapy in dermatology: a review. Dermatol
Res Pract. 2014;2014:709152.

2. Gammoh NZ, Rink L. Zinc in Infection and
Inflammation. Nutrients. 2017;9(6).

3. Read SA, Obeid S, Ahlenstiel C, Ahlenstiel G.
The Role of Zinc in Antiviral Immunity. Adv Nutr.
2019;10(4):696-710.

4. Xie J,Zhu L, Zhu T, et al. Zinc supplementation
reduces Candida infections in pediatric intensive
care unit: a randomized placebo-controlled
clinical trial. J Clin Biochem Nutr. 2019;64(2):170-
173.

September 2020 Volume 4 Issue 5

Copyright 2020 The National Society for Cutaneous Medicine 401



10.

11.

12.

13.

14.

15.

16.

17.

18.

Kurmis R, Greenwood J, Aromataris E. Trace
Element Supplementation Following Severe Burn
Injury: A Systematic Review and Meta-Analysis. J
Burn Care Res. 2016;37(3):143-159.

Adjepong M, Agbenorku P, Brown P, Oduro I.
The role of antioxidant micronutrients in the rate
of recovery of burn patients: a systematic review.
Burns Trauma. 2016;4:18.

Berger MM, Baines M, Raffoul W, et al. Trace
element supplementation after major burns
modulates antioxidant status and clinical course
by way of increased tissue trace element
concentrations. Am J Clin Nutr. 2007;85(5):1293-
1300.

Saper RB, Rash R. Zinc: an essential
micronutrient. Am Fam Physician.
2009;79(9):768-772.

Stromberg HE, Agren MS. Topical zinc oxide
treatment improves arterial and venous leg
ulcers. Br J Dermatol. 1984;111(4):461-468.
Rittenhouse T. The management of lower-
extremity ulcers with zinc-saline wet dressings
versus normal saline wet dressings. Adv Ther.
1996;13(2):88-94.

Greaves MW, Skillen AW. Effects of long-
continued ingestion of zinc sulfate in patients with
venous leg ulceration. Lancet. 1970;2(7679):889-
891.

Hallbook T, Lanner E. Serum-zinc and healing of
venous leg ulcers. Lancet. 1972;2(7781):780-
782.

Prasad AS. Zinc in human health: effect of zinc
on immune cells. Mol Med. 2008;14(5-6):353-
357.

NIH. Zinc Fact Sheet for Health Professionals.
https://ods.od.nih.gov/factsheets/%20Zinc-
HealthProfessional/. Published 2020, March 6.
Accessed.

NIH. ZINC- zinc chloride injection, solution.
https://dailymed.nim.nih.gov/dailymed/lookup.cfm
?setid=9a1914a0-e195-4233-c1be-
bc2075580eb8. Published 2019, November 28.
Accessed.

Sandstead HH, Shepard GH. The effect of zinc
deficiency on the tensile strength of healing
surgical incisions in the integument of the rat.
Proc Soc Exp Biol Med. 1968;128(3):687-689.
Agren MS, Franzen L. Influence of zinc
deficiency on breaking strength of 3-week-old
skin incisions in the rat. Acta Chir Scand.
1990;156(10):667-670.

Hallmans G, Lasek J. The effect of topical zinc
absorption from wounds on growth and the
wound healing process in zinc-deficient rats.
Scand J Plast Reconstr Surg. 1985;19(2):119-
125.

Copyright 2020 The National Society for Cutaneous Medicine

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

SKIN

Lansdown AB. Influence of zinc oxide in the
closure of open skin wounds. Int J Cosmet Sci.
1993;15(2):83-85.

Miller WJ, Morton JD, Pitts WJ, Clifton CM. Effect
of Zinc Deficiency and Restricted Feeding on
Wound Healing in the Bovine. Proc Soc Exp Biol
Med. 1965;118:427-430.

Agren MS, Chvapil M, Franzen L. Enhancement
of re-epithelialization with topical zinc oxide in
porcine partial-thickness wounds. J Surg Res.
1991;50(2):101-105.

Stebbins WG, Hanke CW, Petersen J. Enhanced
healing of surgical wounds of the lower leg using
weekly zinc oxide compression dressings.
Dermatol Surg. 2011;37(2):158-165.

Thompson CB, Wiemken TL, Brown TS. Effect of
Postoperative Dressing on Excisions Performed
on the Leg: A Comparison Between Zinc Oxide
Compression Dressings Versus Standard Wound
Care. Dermatol Surg. 2017;43(11):1379-1384.
Agren MS, Ostenfeld U, Kallehave F, et al. A
randomized, double-blind, placebo-controlled
multicenter trial evaluating topical zinc oxide for
acute open wounds following pilonidal disease
excision. Wound Repair Regen. 2006;14(5):526-
535.

Sunzel B, Soderberg TA, Reuterving CO,
Hallmans G, Holm SE, Hanstrom L. Neutralizing
effect of zinc oxide on dehydroabietic acid-
induced toxicity on human polymorphonuclear
leukocytes. Biol Trace Elem Res. 1991;31(1):33-
42.

Agren MS, Mirastschijski U. The release of zinc
ions from and cytocompatibility of two zinc oxide
dressings. J Wound Care. 2004;13(9):367-369.
Agren MS, Krusell M, Franzen L. Release and
absorption of zinc from zinc oxide and zinc
sulfate in open wounds. Acta Derm Venereol.
1991;71(4):330-333.

Serjeant GR, Galloway RE, Gueri MC. Oral zinc
sulfate in sickle-cell ulcers. Lancet.
1970;2(7679):891-892.

Cohen C. Zinc sulfate and bedsores. Br Med J.
1968;2(5604):561.

Pories WJ, Henzel JH, Rob CG, Strain WH.
Acceleration of wound healing in man with zinc
sulfate given by mouth. Lancet.
1967;1(7482):121-124.

Barcia PJ. Lack of acceleration of healing with
zinc sulfate. Ann Surg. 1970;172(6):1048-1050.
Faure H, Peyrin JC, Richard MJ, Favier A.
Parenteral supplementation with zinc in surgical
patients corrects postoperative serum-zinc drop.
Biol Trace Elem Res. 1991;30(1):37-45.
Weingart D, Stoll, P. The epithelialization of spilit
skin graft donor sites —a test model for the

September 2020 Volume 4 Issue 5

402



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

efficacy of topical wound therapeutic agents. Eur
J Plast Surg. 1993;16:22-25.

Soderberg T, Agren M, Tengrup I, Hallmans G,
Banck G. The effects of an occlusive zinc
medicated dressing on the bacterial flora in
excised wounds in the rat. Infection.
1989;17(2):81-85.

Fox CL, Jr., Rao TN, Azmeth R, Gandhi SS,
Modak S. Comparative evaluation of zinc
sulfadiazine and silver sulfadiazine in burn wound
infection. J Burn Care Rehabil. 1990;11(2):112-
117.

Baldwin S, Odio MR, Haines SL, O'Connor RJ,
Englehart JS, Lane AT. Skin benefits from
continuous topical administration of a zinc
oxide/petrolatum formulation by a novel
disposable diaper. J Eur Acad Dermatol
Venereol. 2001;15 Suppl 1:5-11.

Nemeth AJ, Eaglstein WH, Taylor JR, Peerson
LJ, Falanga V. Faster healing and less pain in
skin biopsy sites treated with an occlusive
dressing. Arch Dermatol. 1991;127(11):1679-
1683.

Zinc Oxide Versus Petrolatum Following Skin
Surgery. In:
https://ClinicalTrials.gov/show/NCT03561376.
Lansdown AB, Mirastschijski U, Stubbs N,
Scanlon E, Agren MS. Zinc in wound healing:
theoretical, experimental, and clinical aspects.
Wound Repair Regen. 2007;15(1):2-16.
Schwartz JR, Marsh RG, Draelos ZD. Zinc and
skin health: overview of physiology and
pharmacology. Dermatol Surg. 2005;31(7 Pt
2):837-847; discussion 847.

Gurtner GC, Werner S, Barrandon Y, Longaker
MT. Wound repair and regeneration. Nature.
2008;453(7193):314-321.

Ravanti L, Kahari VM. Matrix metalloproteinases
in wound repair (review). Int J Mol Med.
2000;6(4):391-407.

Mirastschijski U, Impola U, Jahkola T, Karlsmark
T, MS AG, Saarialho-Kere U. Ectopic localization
of matrix metalloproteinase-9 in chronic
cutaneous wounds. Hum Pathol. 2002;33(3):355-
364.

Mirastschijski U, Haaksma CJ, Tomasek JJ,
Agren MS. Matrix metalloproteinase inhibitor GM
6001 attenuates keratinocyte migration,
contraction and myofibroblast formation in skin
wounds. Exp Cell Res. 2004;299(2):465-475.
Tenaud I, Leroy S, Chebassier N, Dreno B. Zinc,
copper and manganese enhanced keratinocyte
migration through a functional modulation of
keratinocyte integrins. Exp Dermatol.
2000;9(6):407-416.

Copyright 2020 The National Society for Cutaneous Medicine

46.

47.

48.

49.

50.

SKIN

Wilkinson EA, Hawke CI. Does oral zinc aid the
healing of chronic leg ulcers? A systematic
literature review. Arch Dermatol.
1998;134(12):1556-1560.

Thompson KG, Kim N. Dietary supplements in
dermatology: a review of the evidence for zinc,
biotin, vitamin D, nicotinamide, and polypodium. J
Am Acad Dermatol. 2020.

Collins N. Zinc supplementation: yea or nay? Adv
Skin Wound Care. 2003;16(5):226-230.

Agren MS. Percutaneous absorption of zinc from
zinc oxide applied topically to intact skin in man.
Dermatologica. 1990;180(1):36-39.

Gamer AO, Leibold E, van Ravenzwaay B. The in
vitro absorption of microfine zinc oxide and
titanium dioxide through porcine skin. Toxicol In
Vitro. 2006;20(3):301-307.

September 2020 Volume 4 Issue 5

403



