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INTRODUCTION
Diabetic wounds comprise a large portion of the patient
population in the podiatric practice. The diabetic population
is increasing in conjunction with the increased incidence of
obesity in the US. According to the US Centers for Disease
Control and Prevention, there are approximately 29.1
million Americans with diabetes mellitus (1). According to
Rowley et al “the prevalence of diabetes (type 2 diabetes
and type 1 diabetes) will increase by 54% to more than
54.9 million Americans between 2015 and 2030”(2). A
report in the Journal of Clinical Investigation found that 15% of
all patients with diabetes will eventually develop an ulcer at
some point in their lifetime (3). If the prevalence of diabetic
wounds remains at 15%, by the year 2030 approximately
8,235,000 Americans will have developed a diabetic ulcer.
The same report in the Journal of Clinical Investigation found that
a wound precedes 84% of all lower extremity amputations
(3). In addition, the Future of Health Care reported in 2013
that patients with diabetes carry a 25% lifetime risk of highrisk chronic wounds with a recurrence rate between 50%
and 70% (4).
With diabetic wounds being a large part of podiatric
health care, an increasing number of diabetics in the US, and
the risk involved with these wounds, the author looked into
different treatment modalities for diabetic wounds. Most
podiatrists understand the role of conservative management
in treating diabetic wounds including debridement,
offloading, negative pressure therapy, skin substitutes,
and hyperbaric oxygen therapy. However, where does a
podiatrist turn when these treatment modalities are not
providing the desired outcomes we all want for our patients?
In this article the author will give an overview of different
skin plasty principles, modalities, and techniques to treat
diabetic wounds. Also, the principles of split-thickness
skin grafts (STSGs) will be discussed, and a review of the
literature of these treatment options and the outcomes in
treating diabetic wounds will be provided.

GRAFT VERSUS FLAP
In regard to graft compared to a flap, graft is referring to
the multiple skin substitutes that are available on the market
for treating diabetic wounds and a flap, by definition, is the
transfer of donor tissue with its own blood supply to the
recipient area. An interesting quote by Gillies states “A graft is
a piece of detached skin which is dead when you put it on and

which may come to life later, a flap is a partly attached piece of
skin which is alive when you put it on and may die later” (5).
The properties of a skin substitute graft show decreased
durability versus that of innate skin due to it being an
autograft versus an allograft. Closure of a diabetic wound
with a skin plasty or flap usually requires a single procedure
compared to multiple applications of skin grafts. Skin
grafts require angiogenesis and proliferation compared to
a flap, which maintains its native bloody supply when done
correctly. Finally the application of grafts is time consuming
and prolongs the duration of closure, which leaves the
patient susceptible to infection of worsening progression.
When an appropriate wound is closed using skin plastic
techniques it is immediate and the duration of postoperative
outcomes is only limited to skin healing, which is usually
2-3 weeks.

PRINCIPLES OF TECHNIQUE
A fundamental understanding of skin properties and
how they change in different areas of the body is crucial
to ensuring good outcomes. When examining the skin
surrounding the wound as well as the location, it is
important to keep in mind the contour lines, lines of
minimal involvement, relaxed skin tension lines, and lines
of maximum extensibility. Contour lines are seen around
prominent structures and can mask surgical scars such as
when a derotational arthroplasty is performed for a fifth
digit adductovarus hammertoe. The greatest movement of
skin is perpendicular to lines of minimal involvement, which
vary slightly from relaxed skin tension lines. The natural
creases and areas of flexion and extension form relaxed skin
tension lines (5). These are formed as a consequence of
the underlying deep tissue structures below the skin. They
provide the greatest ability for skin to be mobilized when
an incision is made perpendicularly, however, they cause the
greatest amount of scarring.
When an incision is made parallel to relaxed skin tension
lines, decreased scar formation occurs. Lines of maximum
extensibility are perpendicular to relaxed skin tension lines
and allow for decreased tension on the incision. When
planning to perform skin flap for closure of a wound, it is
important to consider the nature of the wound, etiology
of the wound, size, and location of the wound. Another
consideration is the confidence of the surgeon performing
the procedure. When performing any skin plasty technique
it is crucial to undermine the skin edges to allow movement
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of the skin while preserving the vascular supply to the skin
and surrounding structures.

SKIN FLAPS
There are primarily 3 categories of flap options consisting
of advancement, rotational, and transposition flaps (Figure
1). Each flap has its own characteristics specific to its
purpose. They all are performed for closure of wounds but
their similarities and differences must be considered when
choosing which option to choose depending on the size,
shape, and location of the wound.

Advancement Flaps
Advancement flaps move directly forward, are dependent
on skin elasticity to stretch and fill a defect, usually create
Burrow’s triangles, and are stretched in only a single vector
toward the defect (6). Burrow’s triangles that occur can
be treated with excision of a triangle at the base to allow
advancement, which will be illustrated below. The 3 types
of advancement flaps are unipedicle, bipedicle, and V-to-Y.
A unipedicle flap consists of a primary and secondary
movement. The primary movement consists of the tissue
sliding into the defect while the secondary movement
is created by the tissue around the defect being directed
inward. The excision of Burrow’s triangles allows adequate
coverage and minimum tension for closure (Figure 2) (7).
Bipedicle flaps share the same principles as a unipedicle flap,
however, they allow for larger defect coverage, have 2 force
vectors, and contain less tension at the apex with increased
tension at the central aspect (Figure 3) (7). A V-to-Y
advancement is a viable option when attempting to reduce

A

tension on a contracted scar, when there is a triangle defect
at a donor site, and when there is a need for advancement of
healthy skin over a smaller defect. This is a potential option
for the distal tuft of the toe (Figure 4).

Rotational Flaps
Rotational flaps pivot around a point and move through
an arc. They provide distribution and redirection of
tension from the primary defect to the donor site, and are
frequently used in areas with convex surfaces where tension
lines are curved (6). Rotational flap options are categorized
as single, double, or Satterfield-Jolly. A single rotational
flap is performed when the lesion or wound is excised in
a triangle or oblong wedge shape. The primary movement
occurs with the rotation and advancement of the flap itself
over the defect. The secondary movement is the adjacent
skin in the opposite direction of the flap. The line of greatest
tension is located from the pivot point toward the defect.
The skin from the opposite side of the defect opposite to
the flap moves more so that the flap moves over the defect
(Figure 5) (7).
A double rotation flap is a variation of the standard
fusiform incision for closing circular wounds. An advantage
of the double rotational flap is it disperses the tension
of closure along 3 lines versus just 1 line when a simple
elliptical closure is used and preserves the premorbid and
nonpathologic tissues. When performing a double rotational
flap, 2 arc-like incisions are made tangential to a circular
defect and the radii of the arcs are greater than that of the
original defect. The incisions are made on opposing sides of
the defect and do not need to be of equal length. The sides
of the defect are approximated and sutured in place creating
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Figure 1. Advancement, rotational, and
transposition flaps.
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Figure 2. Unipedicle flap.
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Figure 4. V-to-Y.
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Figure 3. Bipedicle flap (H- or T-plasty).
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Figure 5. Single rotational flap.

the central line of the “Z.” These are the key sutures and
are under the greatest tension. Next, the arc-like incisions
are closed creating the final two lines of the “Z/S” final
appearance (Figure 6 and Figure 7) (7).
A Satterfield-Jolly rotational flap can be used when
excising a plantar ulcer in addition to performing a pan
metatarsal head resection. When removing the ulcer, it is
important that the triangle length is 4- to 5-times longer
versus the width with the apex directed proximally (Figure 8
and Figure 9) (8). It is a full-thickness incision extending 4to 5-times longer than the triangle base width. This is done
to preserve the blood supply and allow enough movement
and rotation due to the inelasticity of the plantar skin of the
foot (8).

Transposition Flaps
Transposition flaps share many characteristics with rotational
flaps except the flaps are tongue-like in shape and generally
have narrower bases and the surface area of and covers a

Figure 6. Double rotational flap (O-to-Z, S-plasty, biwinged flap).
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Figure 7. Double rotational flap.
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Figure 8. Satterfield-Jolly rotational flap.
Figure 9. Satterfield-Jolly rotational flap.
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Figure 11. Single lobe flap.
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Figure 10. Rhomboid flap (Limberg flap).

defect of similar size (6). They are also more likely to require
a STSG to close donor sites, especially in the plantar arch.
Finally, transposition flaps are more capable of covering
large wounds in the plantar hind foot while the coverage of
the donor site with a STSG augments the total surface area.
Different transposition flaps include rhomboid, single lobe,
bilobed, Z-plasy, and rhomboid Z-plasty.
A rhomboid flap closes larger circular defects and the
excision of the lesion is performed in a rhomboid shape. The
flap itself covers 100% of the defect but only 50% of the total
defect. The remaining 50% is closed primarily (Figure 10). A
single lobe flap is used to close circular, oval, or semicircular
defects. When closing a circular defect, a flap-shaped lobe
is first created with the rounded end of the radius made
smaller than the circular defect. The flap is designed to be
smaller in size than the original defect with the base placed
at a 90-degree angle to the defect. The length to width ratio
is typically 3:1. When an oval defect is to be closed, the base

flap is placed at a 60-degree angle to the defect (Figure 11).
A bilobed transposition flap contains 2 flaps separated
by an angle and shares a common pedicle. The design
allows the option to move more skin over a larger distance
compared to a single lobe. This is more beneficial when
working in areas with limited skin mobility. They are viable
option to close defects 1-3 cm in diameter on the plantar
foot. (4) The advantage of the bilobed flap is the ability to
recruit large amounts of tissue by borrowing from different
areas and opposing directions; however, it requires longer
and varying directions of the incisions used (Figure 12).
Z-plasty contains 2 triangular flaps that are transposed
using a Z-shaped incision. They are useful for lengthening
of a linear scar contracture, dispersal of a scar by breaking of
the scar, and realigning a scar within the line of maximum
extensibility (Figure 13). To perform a rhomboid Z-plasty,
2 parallel lines are drawn in the direction of the relaxed skin
tension lines that will enclose the defect. A second set of
parallel lines are drawn to complete a 60- and 120-degree
rhombus. Two Z-plasties are then drawn on opposing sides
of the rhombus with the central lines being a continuation
of the original parallel lines of the rhombus previously
created. The flaps are then transposed in a similar fashion as
a Z-plasty resulting in an incision shaped like two Zs endto-end (Figure 14 and Figure 15).
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Figure 13. Z-plasty.

Figure 12. Bilobed flap.
Figure 15. Rhomboid Z-plasty.

Figure 14. Rhomboid Z-plasty.

STSGS
STSGs contain 100% of the epidermis and a portion of the
dermis. The amount of dermis removed when harvesting
a STSG determines if it is a thin, medium, or thick graft
(Figure 16). Medium thickness grafts are the most viable
option when choosing a graft in terms of healing both
the donor site as well as the recipient site. The 4 phases
of “take” when considering a STSG are fibrin adhesion,
plasmatic imbibition, revascularization, and remodeling.
Indications for STSG are post-traumatic wounds, postoperative wounds, pathologic processes such as diabetic or
venous ulcers, and burns. Contraindications to performing
a STSG on a wound include avascular recipient sites such
as cortical bone without periosteum, cartilage without
perichondrium, or tendon with paratenon. Also, infection
with heavy drainage and discharge or infection caused by
beta hemolytic strep is an absolute contraindication.
When assessing graft healing postoperatively, the graft is

initially white then turns pink. Lymphatic drainage ceases by
day 6 followed by collaged replacement from day 7 to week
8, which is followed by vascular remodeling for months. With
every STSG, contraction of the graft will occur, which is
almost immediate due to elastic recoil properties of the graft
and skin. Approximately 20% of the graft will recoil in medium
thickness and approximately 10% in thin thickness grafts.
When performing a STSG it is important that the
wound bed be healthy with granular tissue. Meticulous
technique is required for the best chance of graft survival.
When using the dermatome to harvest the graft, the ideal
thickness is 0.018 inches. When setting the dermatome,
a 10 blade may be used to assess the dermatome setting.
The bevel of a 10 blade should slide in but not go past
the bevel, if it does the setting is too large, and if it has
resistance, the thickness is too small. When handling the
graft after harvesting, it is paramount to use atraumatic
technique. The graft is then meshed to increase surface area
and decrease the chances of graft failure due to seroma or
hematoma formation. Meshing allows for fluid to freely
escape the wound bed preventing it from dispersing from
the wound bed. As stated previously, the donor site wound
bed must be well vascularized but hemostasis is required to
prevent graft failure.
The graft is then immobilized using suture or staples
and a bolster dressing is applied. It must be noted that
no proximal constricting bands are applied to the graft
site. Reasons a STSG could fail include malnutrition,
sepsis, uncontrolled diabetes, peripheral vascular disease,
and medications such as steroids, antineoplastics, and
vasoconstrictors such as nicotine.
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SKIN FLAP AND STSG VIABILITY IN
TREATING DIABETIC WOUNDS
When the author reviewed the literature on using skin
flaps and STSGs to address and treat diabetic wounds, the
overall results showed promising outcomes in applying these
treatment modalities. A study by Akhtar et al looked at 75
patients with diabetic foot ulcers with 37% undergoing skin
grafting, 52% had local pedicle flaps, and 11% had free flaps
to treat their diabetic foot ulcer. A total of 91% of the patients
achieved wound healing and avoided amputation. One
patient had the ulcer reoccur and 6 patients of 75 underwent
amputation, (3 in the skin graft group, 2 in the local flap
group, and 1 in the free flap group). The authors of the study
reported that radical debridement and soft-tissue coverage in
the form of skin grafts and flaps were an effective method in
the management of diabetic foot ulcers (9).
Sanniec et al studied 41 patients with 43 surgical sites
comparing hemoglobin A1c levels and STSG success in the
treatment of diabetic foot and ankle wounds. A total of 63% of
the patients healed with >90% graft take, and 37% failed. The
authors did not find a correlation between the patient having
an elevated hemoglobin A1c and graft failure when analyzing
the failures. They concluded that a patient with an elevated
hemoglobin was not a contraindication to performing a STSG
for treatment of diabetic foot and ankle wounds and found
that the benefits of early wound closure outweighed the risks
of the procedure due to the minimally invasive nature and low
risk of serious complications when further assessing STSGs as
a treatment for diabetic ulcers (10).
Ramanujam et al studied 203 patients undergoing
STSG. The patients were divided into 3 subsets, nondiabetic
(69 patients), diabetic without comorbidities (44 patients),
and diabetic with comorbidities (90 patients). Comorbidities
were defined as age, peripheral vascular disease, coronary
artery disease, retinopathy, and nephropathy. The authors
were looking to assess healing, postoperative infection, and
revisional surgery. The study showed that comorbidities
had a greater influence on surgical outcomes compared to
having diabetes alone. The nondiabetic group had a mean ±
SD time to heal of 3.75 ± 1.91 weeks, the diabetic without
comorbidities group healed a mean ± SD time of 3.45 ± 0.79
weeks, and the diabetic with comorbidities group healed at
a time of mean ± SD 6.86 ± 2.54 weeks. They showed that
diabetes alone is not a significant factor in STSG rejection,
and comorbidities (especially those that were vascular in
nature) were a greater risk factor for graft failure (11).

DISCUSSION
When treating diabetic ulcers, this author believes it is
important to provide our patients with every available
treatment option that shows promising results for the

most optimum outcome and healing potential. When
conservative management modalities fail or plateau, the
next step could be considering closing the wound primarily
with skin flap techniques or secondarily with STSGs, given
that the patient is an optimal candidate. The wound bed
must be healthy in nature with granular tissue, noninfected,
good vascular status, and a fundamental understanding of
the different skin plasty options is important when treating
these patients. The literature shows local skin flaps are viable
option for difficult to treat diabetic ulcers in all areas of the
foot and ankle.
In summary, advancement, rotational, and transposition
flaps can be considered in different areas of the foot
depending on the size, location, and shape of the wound.
Finally, STSG are an ideal treatment option for healing
diabetic ulcers, and optimization of the patient and of the
wound bed are paramount for success of graft take and
healing. However, the literature shows that hemoglobin
A1c is just one factor to consider and not an absolute
contraindication when considering performing a STSG.
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