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Abstract

applications of the technique.
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The standard of care for wound coverage is to use an autologous skin graft. However, large or chronic wounds
become an exceptionally challenging problem especially when donor sites are limited. It is important that the
clinician be aware of various treatment modalities for wound care and incorporate those methods appropriately
in the proper clinical context. This report reviews an alternative to traditional meshed skin grafting for wound
coverage: micrografting. The physiological concept of micrografting, along with historical context, and the
evolution of the technique are discussed, as well as studies needed for micrograft characterization and future

Introduction

The healing of large or chronic wounds is always a
challenging problem for the surgeon. The use of skin
grafts, whether split thickness or full thickness, has
offered the surgeon a reasonable method to address the
problem of wound healing. However, limited donor-site
skin yields another potential problem for surgeons
when encountering complex wounds. Advances such as
engineered artificial skin provide a rapid but temporary
and costly approach to achieve wound coverage when
donor-skin sites are few. Allografts and xenografts also
provide immediate although temporary coverage. An ideal
graft would be one that is immediately available, non-
immunogenic, permanent, and offers low morbidity to

the patient. The micrograft concept achieves the afore-
mentioned traits because it is autologous tissue and
allows wound coverage by utilizing a minimal amount
of donor skin.

Micrograft Concept

In 1869, Jacques-Louis Reverdin' described the first
method of grafting small, full-thickness pieces of skin for
wound healing. Reverdin’s method exploited the concept
of creating skin islands to promote epithelialization of a
wound. Five years later, Karl Thiersch? described another
method of skin grafting, which is now better known as
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the “split-thickness graft.” In 1914, John Staige Davis**
used a modified version of Reverdin’s method of creating
skin grafts which became known as the “pinch graft.”
However, for the next 50 years, the split-thickness graft
had largely become the method of choice for coverage of
wounds, although several authors proposed alternative
micrograft-like methods such as spreading epidermal
particles onto the wound bed.>® Von Mangoldt’s graft
technique became the first known “cultured epidermal
autograft,” albeit in wvivo, in modern clinical practice.
The technique proposed by Von Mangoldt was largely
ignored despite successful results from several authors
such as Reschke-Greifswold” who injected pulverized
epidermis below the surface of granulation tissue and
Billingham and Reynolds® who described an experimental
method of preparing an epidermal cell suspension by
controlled tryptic digestion. The poor mainstream approval
was primarily due to the assumption that the technique
of scraping and pulverizing the cells would cause the
cells to lose their regenerative ability of keratinization.
As the early to mid 1900s became dominated by war,
with the increase in burn wounds being apparent, a new
technique to cover wounds needed to be discovered.
In 1964, James C. Tanner and colleagues’ described their
method of skin graft expansion in which an ordinary
split-thickness graft, when meshed, can cover an area
three to six times (3-6:1) as large as the donor area.
The healing process is completed by the epithelial
migration between the meshed-skin edges. The meshed-
skin graft gave surgeons a method to cover wounds when
limited donor-skin sites were present, although expected
expansion ratios rarely correlated with observed expansion
ratios.!”

The idea that meshed skin can be expanded to cover
wounds larger than the donor site gave new light to
the concept of micrografting skin. By creating smaller
skin islands, the grafted skin has an increased epithelial
surface area that is in contact with the wound bed.
In this regard, the wound coverage occurs by the
epithelial migration between the micrograft skin islands.
The predominant factor governing micrograft healing
is the distance between the micrograft skin islands,
which is directly related to the size of the micrograft
skin islands as described by the equation, where L is the
distance between the micrograft skin islands, x is the
micrograft skin island side length, and Y is the expansion
ratio! For example, if the micrograft skin island size
is doubled, the distance between the skin islands is
doubled as well. Therefore smaller skin island sizes
would decrease the distance between the skin islands,
which would theoretically reduce the time to heal

because of less distance for epithelialization to traverse.
Other factors that potentially impact epithelial migration
include margin advancement, contact inhibition, and the
dressing environment.!! Because of the smaller graft size,
skin micrografting allows expansion of the graft to much
larger ratios than meshed skin grafts could provide.

Micrograft Techniques

The following techniques are summarized in Table 1 for
comparison.

Pinch Graft

Reverdin’s report to the Société Impériale de Chirurgie
on December 8, 1869, regarding the hastening of wound
healing by the use of small detached pieces of skin
caused universal interest. Reverdin called his technique
“epidermic grafting,” where he lifted the epidermis with
a needle point and cut the lifted epidermis with a scalpel
for transplantation to the granulating wound bed.!
Reverdin’s graft method, perhaps the first micrograft, is
now widely known as the “pinch graft” Pinch grafting
involves harvesting small discs of skin and applying
them evenly across an epithelial defect to enable
epithelialization from the wound edge and the skin
islands. John Staige Davis*'?!* expanded on Reverdin’s
concept by proposing that adding dermis along with the
epidermal graft would give a final result that is more
like normal skin compared to a thinner graft. Davis’s
technique, which he called “small deep skin grafts,” was
essentially the same as Reverdin’s technique except that
dermis was included with epidermis to create a full-
thickness microskin graft. Pinch grafts were widely
used for treatment of chronic leg ulcers but soon fell
out of favor with modern plastic surgeons who prefer
excision of the ulcer bed and placement of split-thickness
skin grafts. However, several clinical trials utilizing
pinch grafting yielded acceptable as well as mixed
results—78.3% healed in a series of 113 patients with
173 leg ulcers;'* 91.8% healed in a series of 170 patients
with chronic venous leg ulcers;® 75.7% healed in a series
of 33 patients with chronic venous leg ulcers, 100% healed
in a series of 14 patient with arteriosclerotic leg ulcers,
and 50% healed in a series of 4 patients with arterial leg
ulcers;'® 38% healed in a series of 146 patients with
412 ulcers of various etiologies;” 36% healed in a series
of 145 ulcers of various etiologies;®® 47% healed in a
series of 45 patients with 55 ulcerated limbs® 40% healed
in a series of 20 patients with leg ulcers and rheumatoid
arthritis, with 61.1% of these patients reporting a decrease
in pain® and 60% healed in a series of 85 patients
with 126 leg ulcers.?! These studies support the use of
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pinch grafting as a useful modality for facilitating ulcer
healing.

Several disadvantages are associated with pinch grafting.
For instance, because the donor area is used to harvest
full-thickness skin pieces, the donor site is virtually
removed from future use for grafts. Also, if the grafts
are to be placed close together, a large donor area may
be needed.* Pinch grafting is less reliable on wounds
greater than 4.6 cm? in size.?! Finally, because of the
nonuniform distribution of the grafts, the cosmetic result
is generally poorer compared to conventional methods.

Pinch grafting does, however, offer a simple and
inexpensive alternative for wound healing. Full-thickness
skin offers better resistance to pressure and infection.
The procedure does not rely on complex machinery,
although some technologies have been proposed to
provide efficient and more uniform graft islands such as

the trigger-fired pinch harvester.?? For practical purposes,
a needle point and a scalpel are the only necessary
requirements to perform the procedure.

Patch/Postage Stamp Graft and Scrap Graft

The first report of the patch graft technique was by
Gabarro* in 1943. Gabarro’s main premise for developing
such a technique was that no infected area will heal
unless there is enough room for discharge to escape.
He also wanted to improve on the pinch graft technique
by ensuring that the donor site could be used again.
The technique involves removing a donor piece of skin
that is one-sixth to one-ninth the size of the wound to
be covered and placing the skin, dermis side up, on a
sheet of sticky paper. The paper with the skin is cut into
strips, placed on another piece of paper, and then cut
horizontally into small squares. The strips of paper help
facilitate placing the skin squares onto the wound bed.
This method allowed more uniform skin islands to be

Table 1.
Comparison of Techniques
Micrograft type Graft size Expansion ratio Advantages Disadvantages
Easy to cut, resists infection well, Donor site cannot be used for future
Pinch graft o_5 mm? 6-7-1 resists pressure better than split-skin grafts, poor cosmetl;: resglt, not useful
graft, can be performed as an for wounds >4.6 cm?, tedious procedure
outpatient procedure, inexpensive for large wounds
Patch/postage 1.27 mm?- . Easy to cut, resists infection we_ll, Poor cosmetic result, tedious procedure,
h 6-9:1 can be performed as an outpatient : . }
stamp graft various . . unpredictable expansion ratio
procedure, inexpensive
Meek 5 . . .
. 1.58 mm 9:1 Quicker graft preparation Need custom dermatome
microdermagraft
Chinese Less contracture formation, use of
intermingled 0.9-2.5 mm? 7-10:1 : ’ Tedious procedure, possibility of rejection
. allograft protective layer
technique
Microskin graft <1 mm? 7-100:1 _Easy _to prepare, cost efficient, resists Qr|entat|on of grafts may be nonu_nlform,
infection well, tolerates trauma well increased scar contracture formation
Microscopic Easy to prepare, can be prepared as
split-skin 40-200 pm? 20-26:1 an outpatient procedure, comparative Random orientation of grafts
(“diced”) graft healing rates to meshed skin
Modified Meek 5 . Gr_oo_d fo_r poor ql.‘la“ty wound_s, un|f_orm More demanding technique, higher costs
. 9 mm 10:1 distribution of skin pieces, orientation )
technique . . of materials
is nonrandom, true expansion rate
Modified postage Less expensive, larger graft size easier
stamp/flypaper 25 mm?2 9:1 to handle and orient, minimal materials | Tedious procedure
graft needed, true expansion ratios obtained
. Viability of skin particles questionable,
Autologous skin 5 . ) ) ;
; 0.4 mm 10:1 Easy to prepare, fast healing rates poor cosmetic outcome, excessive scar
suspension
contracture
Easy to use, good distribution of
Microskin spray 0.04-0.25 mm? 110-150:1 grafts, shorter operating time, less Custom preparation needed
donor skin needed
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prepared in a quick and efficient manner. Variations of
this method have been proposed such as simply cutting
irregular pieces of skin for coverage of wounds® and
placing a split-thickness meshed skin graft on a sheet
of micropore surgical tape and remeshing the sheet to
produce very small postage stamp grafts also known as
‘scrap grafts”** Early studies showed that patch grafts
compared to sheet grafts rapidly facilitated complete
coverage of burn wounds. In a series of 12 patients, 6
patients treated with patch grafts had complete healing
of their wounds at a mean time of 62.1 days compared
to a mean time of 136 days in 6 patients treated with
large sheet grafts.”® However, the patch/postage stamp
methods became overshadowed with the advent of
dermatomes to produce mesh skin grafts.

Iz

Meek Microdermagraft

Perhaps the most important figure in modern micrograft
technique was C. Parker Meek. Meek’s contribution toward
micrografting was the development of a dermatome
that would produce skin pieces as small as 1.58 mm?2.%
The main concepts to his creation were (1) split-thickness
skin grows from the periphery outward; (2) the smaller
the skin piece is, the greater is its surface in relation
to its volume; and (3) the ideal for re-epithelializing
a denuded area in the quickest manner is to provide
the greatest possible growing margin to the area.
Since patch grafts require a tedious procedure to cover
a large burn wound, Meek developed a dermatome,
called the “Meek-Wall Microdermatome,” to quickly
create skin pieces from a small amount of donor skin.
The technique is accomplished by harvesting a thin,
conventional split-thickness skin graft and placing the
graft, dermal side down, on a cork carrier. The cork
carrier with the graft is placed on the cutting block of
the microdermatome. After passing the carrier and graft
through the dermatome, the carrier is rotated 90° and
passed through again to create the microskin grafts.
A thin coating of skin glue is brushed onto the micro-
grafts while on the carrier, and then a prefolded bandage
is used to adhere to the micrografts for transfer to the
wound bed.”? Meek published several case reports
utilizing his technique?2® but no further investigations
would be reported for almost 25 years.

Chinese Intermingled Technique

A precursor to modern microdermagrafting was
experimented with in the 1980s. The technique was
different compared to Meek’s method, however. Skin
autografts combined with an allograft via a procedure
known as “intermingled transplantation” was being used

in the early 1980s by the Chinese to cover burn wounds
when donor sites for autologous skin were limited.3%
This technique involved wrapping a sheet of allograft
around the wound and punching holes about 1 cm apart
within the allograft skin. Autograft skin, taken from the
scalp, would be cut into 0.25 cm? pieces and then placed
into the holes. Yang and associates® studied 12 patients
who received the procedure and documented the
“sandwich phenomenon,” which is when the autograft
skin migrates in between the allograft’s dermis and
epidermis. Eventually, the allograft degenerates via host
rejection, leaving the autograft intact. The allograft
served to protect the autograft during the healing process.
The same authors® also published a larger series of
100 cases who received the intermingled technique,
comparing porcine xenograft to allograft. The authors
concluded that there was no statistically significant
difference (p < .05) between the two groups in terms of
overall mortality; however, rejection was more vigorous
in the xenograft group, especially in the xenodermal-
epidermal junction. Despite a larger rejection reaction
toward the xenograft, the xenograft could remain viable for
1-3 weeks, and the intermingled autograft would continue
to remain viable and exhibit the sandwich phenomenon
with the porcine xenograft. The intermingled technique
has also been tried using parental skin for allograft
coverage.’> No evidence of acute rejection was noted in
any biopsies taken in a series of 10 patients, although
survival of the parental cells was seen on the recipient.

Microskin Graft

The interest in microskin grafting revived in the 1980s
with more animal and human trials. Zhang and
coworkers®* reported a new technique that incorporates
ideas of patch grafting and the intermingled technique.
A small piece of autograft skin is minced with scissors
into pieces smaller than 1 mm?®. The skin pieces are then
immersed in normal saline to allow floatation of the
skin pieces. The floatation of the skin pieces theoretically
allows the grafts to orient themselves with their
epidermal sides facing upward. The small skin pieces
are dispersed evenly on a silk cloth, and lastly, a sheet of
split-thickness allograft is overlaid on top of the silk
cloth containing the microskin grafts. Interestingly, the
skin pieces are not placed with regard to orientation
of their dermal side in contact with the wound bed.
The combined autologous minced skin and allograft are
allowed to dry for a period of time before transferring
the grafts to the wound. The authors’ observations, in a
series of 12 rabbits, concluded that the minced skin can
incorporate into the wound bed regardless of orientation
and complete wound coverage, although the preferred
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orientation is when the dermis of the microskin graft
is in contact with the wound surface.*® The reason that
the orientation of the minced skin did not matter is
because the skin pieces embedded in granulation tissue
are small enough to have their dermal appendages in
contact with the wound. The minced skin grafts that
are oriented in a lateral or downward direction would
first develop epidermal cysts or columns and then
extend upward to cover the wound surface or meet
with the epidermal layer from other microskin grafts.
As a follow-up to their initial animal study, Zhang and
coworkers performed their technique on 8 extensively
burned human patients, with 7 patients having good
healing within 22 to 45 days,* and in 17 burn patients,
with 45 treated limbs healing within 35 to 55 days.®
Other authors using the technique proposed by Zhang
and coworkers had similar results, with a wound healing
rate ranging from 90% to 95% and an average healing
time ranging from 6 to 7 weeks.**% A study comparing
microskin grafting and the intermingled technique
showed similar healing rates; however, the intermingled
technique had a statistically significant (p < .05) less
contracture formation rate compared to microskin
grafting.* Another study compared microskin grafting
to sheet autografts and also found an increased scar
contraction rate in microskin grafts (43% of the original
size) compared to sheet autografts (72% of the original
size), although the microskin grafts were noted to exhibit
mechanical stability and tolerate trauma well* Another
study noted a 40-fold increase in wound closure rate by
microskin grafting; however, the authors note that the
number of skin pieces had no effect on the rate of re-
epithelialization.*! Svensj6 and colleagues*> compared
minced skin grafts to split-thickness skin grafts and
cultured/noncultured keratinocytes. Their wound model
was fluid-treated with saline and antibiotics. The authors
noted that re-epithelialization of wounds was completed
at a faster rate compared to controls, but no significant
difference was noted when compared to cultured/
noncultured keratinocytes. Also, no significant difference
in wound morphology or differentiation of the epithelium
overlying the granulation tissue was noted. Minced skin
grafting was found to have a dose-dependent inhibition
of contraction which adheres to the principle that the
degree of contraction of a full-thickness wound during
healing correlates inversely to the thickness of the applied
graft’s dermis.*?

Interest in a readily available and economical overlay
for the micrograft skin prompted further experiments
with xenografts,*4> synthetic materials,*~*® and amniotic
membranes.* Lin and associates, using the technique

proposed by Zhang and coworkers, overlaid the
micrografts with a porcine xenograft in studies involving
rabbits and humans## The authors concluded that
xenografts, like allografts, can be used as a successful
temporary coverage for the micrografts. The xenografts,
although less firm than allografts, do not interfere
with the underlying active radial epithelialization of
the microskin grafts, primarily because the xenografts
were able to provide a protective cover-up to 14 days
before ischemic necrosis and eschar formation occurs.
Synthetic materials have been an attractive modality
for wound coverage largely due to their relative lack
of immunogenicity, commercial availability, relative
inexpensiveness, easy storage, and ability to be sterilized.
Although many synthetic materials exist, the only studies
involving microskin grafts utilized Biobrane. Biobrane is a
bilaminate material with a bottom woven nonbiodegra-
dable nylon mesh layer and an outer Silastic coating that
acts as a mechanical barrier to vapor loss and bacterial
ingress.® Lin and associates investigated Biobrane as an
overlay for microskin grafts.*-* The interface between
the nylon mesh of Biobrane and the neo-epithelium was a
cellular mass, which did not interfere with the growth
of the micrografts; however, the longer Biobrane stayed
on the wound, the more likely necrosis of entrapped
tissue would occur. Although Biobrane can be used
as a suitable protective overlay for the micrografts,
allograft skin is still considered the most effective
temporary biologic dressing due to its ability to undergo
vascularization from the recipient within 48 to 72 h
of application. Human amniotic membrane has been
used to facilitate chronic leg ulcer and burn wound
healing by promoting angiogenesis and stimulating
granulation tissue formation. Amniotic membrane
used for micrograft coverage was shown to be effective
in 16 out of 22 patients receiving the technique with
epithelialization completing by 10 days.* The angiogenic
and growth-promoting factors were hypothesized as the
contributing variables for the rapid healing.

Patients with extensive wounds that require debridement
to fascia are faced with a challenging problem. Without
an adequate dermis to graft to, skin grafting on top of
fascia yields a poor functional and aesthetic outcome as
well as chronic ulcer or hypertrophic scar development.
Acellular dermal matrices have often been used to
facilitate coverage of large wounds or fascial defects.
Chen and associates® employed microskin grafts over
an acellular dermal matrix to cover a burn wound on
the knee in a six-year-old boy. The author observed a
thicker, more elastic skin result with less contracture
compared to microskin grafts alone.
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Preparing the micrografts by manually cutting the skin
was thought to be cumbersome. Also, the resulting
skin particles were not uniform in shape and not
placed into the wound bed with regard to orientation.
Adequate healing has been observed, but good cosmetic
appearance was still left to be desired. New techniques
started to evolve to reduce the time for micrograft
preparation and to prepare microskin pieces with more
uniform shape. Lin and Horng®>>® utilized a common
dermatome found in many hospitals and clinics called
the Zimmer Meshgraft II Manual Dermatome. The skin
is placed on the dermacarrier and is run through the
dermatome once. The dermacarrier is then rotated 90°
and then passed through the dermatome once more.
The resulting skin patches are uniform square pieces
measuring approximately 1.2 x 1.2 mm? Even smaller
pieces (<1 mm?) with expansion ratios up to 100:1 were
made by performing the same technique, except the skin
was passed through the mesher four times in different
orientations.>*

Microscopic Spit-Skin (“Diced”) Graft

The attractiveness of skin expansion for wound coverage
led Blair and coworkers® to develop a technique that
allows for expansion ratios up to 26:1. The technique
involves using a histological tissue slicer to prepare
diced grafts that are 200 um? in area. The diced grafts
are spread into the wound bed with a knife and then
covered with an adherent hydrocolloid dressing.
The authors reported no significant difference in healing
rates or time to complete healing between diced and
meshed split-thickness grafts in a series of seven patients
with venous ulcers.®*” However, diced skin grafts were
noted to be simple to prepare and could be performed
in an outpatient setting with only local anesthesia.

Scalp Microdermis Graft

A problem with microskin grafting is applying the skin
pieces with the dermal side facing the wound surface.
Previous attempts of resolving this issue consisted of
suspending the skin pieces in saline and allowing the
skin pieces to “float” to the surface. The skin pieces
theoretically should float to the top with their epidermal
side facing upward; however, some skin pieces were
facing their dermal side upward. Another issue with the
floatation process is that some skin pieces are lost due
to adherence to the bottom or walls of the container.
To reduce the influence of these issues, Lin® proposed
using minced scalp dermis for microskin grafts.
Scalp dermis, composed mainly of hair follicle cells, was
used because it has no orientation requirements. The scalp

dermis was minced into 1.2 x 1.2 mm? square pieces
by using the Zimmer Meshgraft II Manual Dermatome
as previously described.”? Lin performed these grafts
on burn wounds and noted successful healing when
the grafts were placed on granulation tissue or after
fascial excision but not when placed on fat.®

Modified Meek Technique

Kreis and colleagues®®® published a modified version of
Meek’s original technique. The procedure follows Meek’s
version, however, prefolded synthetic gauze is placed over
the micrograft pieces and is then removed after five days
and replaced with meshed allograft. Other modifications
include a dermatome that runs on compressed air, cork
cutting squares, and carrier enlargement to allow larger
pieces of autograft to be expanded. The authors performed
the modified Meek technique on nine patients and reported
a 92% take rate and a 90% epithelialization rate within
five weeks with no clinical graft failures.* The modified
technique allowed proper orientation of the skin pieces
upon transplantation as well as increased efficiency in
performance of the procedure. Another advantage of
the modified technique was that the procedure was
well suited for granulating wounds of poor quality.*®
A larger clinical trial consisting of 103 grafting procedures
reported a mean take rate of 91% with epithelialization
completing after 3-5 weeks.®! The authors noted several
advantages of the modified Meek technique compared
to traditional mesh grafting: (1) a true expansion ratio is
achieved, (2) small graft remnants can be used, (3) grafting
of 70% to 75% total burn surface area can be accomplished
with one harvest of the donor site, (4) the reliability of
the graft is equal or better than standard mesh grafting,
and (5) the skin pieces combined with cultured epithelial
autografts (CEA) provides a timely and durable wound
closure and avoids the problems associated with grafting
CEA on fascia. The disadvantages of the modified
Meek technique, however, include costly materials and
more personnel required to perform the procedure in
a timely manner. Several authors found similar results,
with 93% take rate and epithelialization completing by
three weeks® and 90% take rate and epithelialization
completing by 4-5 weeks,** depending on the expansion
ratio used. However, the authors noted subjectively better
aesthetic results when micrografts were used for wound
coverage. The functional results of the micrografts were
noted to be comparable to, or better than, traditional mesh
grafts. The incidence of infection was not significantly
greater between micrografts and mesh grafts, but the
authors observed that the micrografts seemed to be
less compromised in the event of infection. Hsieh and
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colleagues treated 37 burn victims with 68 grafting
procedures over a term of five years and noted a 90% to
95% take rate with complete epithelialization occurring
within 1-4 weeks, depending on the expansion ratio.t*
No overlay to protect the micrografts was used.
Satisfactory aesthetic and functional outcomes were noted,
although a small number of cases were noted to have
scar contracture and hypertrophic scar formation.
Another study investigated the modified Meek technique
on six burn wounds, which resulted in a >85% take
rate after 10 days with complete epithelialization within
3-5 weeks, depending on the expansion ratio used.®
The authors noted that the patients who received modified
Meek micrografts had a higher Baux score (age + total
burn surface area)®® but the procedure had no effect
on length of stay or number of operations needed. Also,
the authors in this study did not use any temporary
coverage for the micrografts and note that there is no
indication to do so.

A variation of the modified Meek technique involved
using Integra to form a neodermis and then using
micrografts to cover the neodermis.”” Integra is a bio-
degradable bilayer membrane with an outer silicone layer
and an inner porous layer made of bovine collagen and
glycosaminoglycans from shark cartilage. The Integra
allows a softer scar to form compared to standard split-
thickness skin grafts; however, a second-stage operation
is needed to cover the neodermis. Integra is also on-
demand, which is of use when facilities do not have skin
banking capabilities. Although micrografts have been
extensively used in burn wounds, Kopp and associates®
applied the Integra with modified Meek graft on a
patient with a giant congenital melanocytic nevus.
The skin of the entire back was removed and then
covered with Integra. The top silicone layer of Integra
was removed after 20 days, and micrograft was placed
on top of the remaining Integra. The authors noted
subjectively acceptable cosmetic outcome and excellent
biomechanical integrity of the healed outcome.

Modified Postage Stamp Graft (Flypaper Technique)

The postage stamp grafts were revisited with clinical
trial data in the early 1990s. Chang and Yang® reported
a nearly 100% success rate using the traditional technique
described by Gabarro, with a slight modification via a
nitrofurazone gauze to orient the skin pieces. The use of
scissors to cut the donor skin into square pieces was
a tedious process. Also, the original postage stamp
method had an unpredictable expansion ratio because
of the irregularly distributed skin. To address the
shortcomings of the original postage stamp method,

Lee and coworkers™ proposed a modified version of the
postage stamp technique that also was less expensive
than the modified Meek technique and did not require
the need for extra materials such as prefolded gauze or
cork squares. The modified technique involved placing
the donor skin on manufactured “quick cutting plates”.
A cutting wheel is used to slice the skin into squares
measuring 0.5 x 0.5 cm. Next, the squares are placed
onto a chessboard-like diagram to achieve a desired
expansion ratio. Petroleum gauze is then placed over the
skin squares for transfer to the wound bed. The authors
coined the term “flypaper” to describe the adherence of
the skin squares to the petroleum gauze, thus calling
their technique the “flypaper technique.””! Using the
flypaper technique, Lee and asociates” reported a healing
time of 272 days for 6:1 expansion ratios and 34 days
for 9:1 expansion ratios. A further modification of the
flypaper technique is known as the “shift to right flypaper
technique,” which positions the skin squares so that the
largest distances between the skin squares are shortened.
Using this modification, the authors reported a take rate
of approximately 90% and a mean healing time of 26 days
in five burn patients.

Fine-Particle Graft (Autologous Skin Suspension)

A controversial technique of historical interest is the
autologous skin suspension. Just as micrografts were
conceived to achieve wide expansion ratios, autologous
skin suspensions were created to achieve theoretically
very large expansion ratios. The technique was originally
described by Najarian and McCorkle?”* where a sheet of
split-thickness skin was made into small skin pieces
using a conventional kitchen blender. The skin suspension
was applied to 40 rabbits, with 92.5% of rabbits showing
complete epithelialization by three weeks. The rate of
epithelialization was the same regardless if the suspension
was placed on granulation tissue, fascia, or denuded
skin; however, marked contraction and a hyperplastic,
hyperkeratotic epidermis was noted. Similar observations
were noted by Cox and Nichol” especially with
regard to scar contracture formation—up to 10% of the
original scar size by four weeks. Poor functional and
cosmetic results left the method abandoned, although
Rissin and colleagues™ used a modified version of the
skin suspension technique by pulse blending sheets of
split-thickness skin and then spreading the particles
over a synthetic fenestrated sheet (Telfa). The modified
suspension technique failed to reveal a statistically
significant (p > .05) healing rate compared to controls.
The resulting skin had a thin epithelial layer and was
without papillae; however, the dermis was markedly
thicker and less organized.
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Micrograft Spray

An innovative method involving spraying the micrografts
onto the wound bed has been investigated in a published
report.”” In this method, the donor skin is cut into pieces
measuring 0.2 to 0.5 mm in size. The resulting expansion
ratios ranged from 110-150:1. The authors reported a
statistically significant (p < .05) decrease in average
wound healing time (29.7 days) compared to conventional
microskin grafting (37.3 days) in their study. Other
advantages noted include well-distributed grafts, simpler
use, less donor skin needed, and shorter operating time.

Discussion: Future of Micrografting

Micrografting offers an alternative method to traditional
split-thickness skin grafting for coverage of wounds.
Currently, the most accepted indication for its use is
for large burn wounds when donor sites are limited.
The overwhelming majority of published reports have
studied micrograft application to burn wounds, but
few other types of wounds have been examined using
micrograft techniques. With the exception of several
early reports of pinch grafting for chronic ulcer healing,
no studies utilizing micrograft techniques on diabetic
ulcers or pressure ulcers have been published. Moreover,
only a few randomized trials that investigate micro-
grafting versus traditional mesh grafting and/or tissue-
engineered skin exist in the literature. It would seem
appropriate to perform a large, prospective, multicenter
trial to fully investigate if micrografting has a role in the
wound healing armamentarium.

The lack of popularity with micrografting is partly due
to increased scar contracture formation. Quantification of
wound healing mediators and proteins at different stages
of the healing process when using micrografts has not been
investigated. Previous studies have demonstrated that
cytokines and growth factors such as platelet-derived
growth factor (PDGF), transforming growth factor-f
(TGF-p), basic fibroblast growth factor, and epidermal
growth factor (EGF) promote fibroblast chemotactic
migration in vitro.”®%° It would be interesting to see if
there is an upregulation or downregulation of these
cytokines and growth factors at different phases of
wound healing to better understand the healing process
of micrografts compared to standard mesh grafts, if any.
Protein (collagen I and III, fibronectin, procollagens)
and enzyme expression (matrix metalloproteinases and
tissue inhibitors of metalloproteinases) involved with
extracellular matrix changes at different stages of wound
healing would also need to be investigated as to why
excessive contracture formation occurs.

Genetic engineering strategies to enhance in vivo
cutaneous regeneration and wound healing have been
investigated.®-# Using deoxyribonucleic acid delivery
techniques to modify gene expression such as EGEF3*#
PDGE® TGF-B° and keratinocyte growth factor”
could be applied to micrografts to further clarify the
molecular mechanisms involved with micrograft healing.
These molecular details of micrograft wound healing could
potentially yield new ideas and technologies designed
to decrease scar contracture formation.

A wide range of adjunctive clinical possibilities to
enhance micrograft efficiency needs to be investigated.
For example, mechanical pressure therapy has been
demonstrated to be effective in causing regression of
hypertrophic scarring in 60-85% of patients.”> Mechanical
pressure itself rather than simple scar occlusion by the
pressure dressing has been shown to be necessary for scar
reduction in a comparison of low versus normal pressure
therapy.”® In fact, several studies have reported that
pressures >25 mm Hg decreases scar edema, vascularity,
mucopolysaccharide production, mast cell degranulation,
oxygen saturation, myofibroblast proliferation, and increases
collagen bundle rearrangement.”>*** During micrograft
healing, pressure therapy could potentially help reduce
scar formation, especially during the early phases of
wound healing, as it is widely recognized that pressure
therapy is most effective at the early stages of graft and
scar contracture formation.”*?’

Negative pressure wound therapy (NPWT) using vacuum-
assisted devices have been used extensively with skin
grafts, and NPWT's role in the healing of complex wounds
has been documented with increased graft take due
to total immobilization of the graft, thereby limiting
shear forces, elimination of fluid collections, bridging of
the graft, and decreasing bacterial contamination.?-102
Enhanced quality of wound appearance has been noted
using NPWT with skin grafts.!® However, NPWT has
not been evaluated with micrografts. Characterization
of micrograft adherence and mechanical stability with
NPWT would need to be studied.

Combination therapy with micrografting and CEA has
been investigated by several groups.®1% The use of CEA
holds promise in creating less scar within the wound,
because a greater wound area has to be re-epithelialized.*?
The healing rate may be enhanced with CEA, because
cells with high proliferative capacity can be selected
during culture. Also, the culture conditions can be
manipulated and controlled to enhance viability and
proliferative potential.
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An avenue of potential interest is the use of biodegradable
scaffolds combined with a micrograft overlay. The use
of Integra as a dermal regeneration template prior to
micrograft application has been previously described.®8
Many biologic, bioartificial, and synthetic scaffolds are
used in wound healing for their extracellular matrix-
mimicking properties.!%1% Cadaveric acellular dermis
has been used extensively for facilitating wound and
soft-tissue defect coverage, with one report used with
micrografting>' Hydrogel therapy is another extracellular
matrix-like modality that offers several advantages
because it is easy to use, nonadherent, and virtually
painless on application.!””1® Hydrogels have an added
advantage in that they can be injected or preprepared
with medications and antibiotics. Also, hydrogels provide
graft immunologic protection in the host that could be
of interest in micrografting of allogenic skin. Micrograft
immersion in a hydrogel with proper permeability that
allows diffusion and transport of oxygen, essential
nutrients, metabolic waste, and secretory products could
provide an easily applicable protective scaffold for the
micrografts to communicate in.

Finally, efficient harvesting, preparation, and delivery
techniques need to be developed for mainstream micrograft
use. Specialized dermatomes and cutting surfaces are being
used for the creation of micrografts, but the procedures
require more personnel and operating time compared
to standard mesh-graft techniques. Delivery methods
such as a spray have been introduced; however, other
methods such as gel immersion or macroencapsulation
are being investigated in our lab.

Micrografting is a conceptually appealing strategy for
wound coverage; however, appropriate studies to identify
its true potentials and pitfalls are severely lacking.
Complex wounds such as diabetic ulcers may benefit
from micrografting techniques because of smaller donor
sites needed to cover a larger wound area; however, the
various micrograft techniques may need to be compared
for a wide range of wounds to discern which technique
is clinically beneficial for the particular type of wound.
Experimental studies are also needed to characterize the
micrografts’ physiological and biomechanical behavior
compared to standard mesh grafting both in vitro and
in vivo. For now, however, the simplicity of the approach,
true expansion ratio, and applicability when donor sites
are limited make micrografting a useful tool for surgeons
to use on large or complex wounds.
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