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Frequently considered chronic wounds for reconstruction are wounds lacking

healing progress despite good wound care. And those needing microsurgical recon-

struction are chronic wounds that are unable to close by local flap or skin grafts,

wounds with exposed vital structure such as tendon and bones, and wounds that

have prolonged infections such as osteomyelitis and skin necrosis. The reconstruc-

tion for soft tissue defects not only aims to provide coverage but to restore function

and acceptable form as well. Wound preparation prior to microsurgical reconstruc-

tion consists of improving or restoring vascular supply, stabilising skeletal struc-

tures, and obtaining clinically clean wounds. Microsurgery is a surgical discipline

that combines magnification with a advanced microscope, specialised precision

tools, and various operating techniques. Thus microsurgery allows flap to be trans-

ferred far from the donor site restoring form and function to areas of the body that

have lost skin, fat, muscle movement, and/or skeletal support. Microsurgery has

expanded reconstructive surgery’s elements and strategies and is still evolving.

Along with the multidisciplinary approach and good principle of wound care, the

repair and restoration strategies using microsurgery have widened the possibilities

for limb salvage from complex chronic wounds.

1 | INTRODUCTION

As reconstructive surgeons, we are often consulted on diffi-
cult wounds that conservative care may not be enough to
heal. Frequently considered chronic wounds for reconstruc-
tion are wounds lacking healing progress despite good
wound care. And those needing microsurgical reconstruction
are chronic wounds that are unable to close by local flap or
skin grafts, wounds with exposed vital structure such as ten-
don and bones, and wounds that have prolonged infections
such as osteomyelitis and skin necrosis. These chronic ulcers
have become a major challenge to health care professionals
all over the world. Reports show that in the United States
alone, these wounds affect an estimated 2.4-4.5 million peo-
ple.1,2 Chronic leg and foot ulcers occur in many adults with
vascular disease or diabetes and are attributed to chronic
venous insufficiency, arterial disease, prolonged pressure, or

neuropathy.2,3 Thus, chronic wounds can be classified as
vascular ulcers (venous and arterial), diabetic ulcers, and
pressure ulcers.4 These ulcers last on average 12 to
13 months, recur in up to 60% to 70% of patients, can lead
to loss of function and decreased quality of life, and are a
significant cause of morbidity.2,3 Moreover, care for such
conditions has been reported to cost 2% to 3% of the health
care budgets in developed countries.2,3 From the patient per-
spective, the most frightening fact may be that these chronic
ulcers when left untreated or mistreated may lead to amputa-
tion. There are many reasons an amputation may be neces-
sary. The most common is poor circulation because of
damage or narrowing of the arteries, called peripheral arte-
rial disease. Without adequate blood flow, the body's cells
cannot take oxygen and nutrients they need from the blood-
stream. As a result, the affected tissue begins to die and
infection may set in. Causes for amputation other than from
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chronic wounds may include severe injury from trauma, can-
cer, uncontrolled infection, neuroma, uncontrolled chronic
osteomyelitis, and frostbite. Although inevitable amputations
do occur, reconstructive options may lead to limb salvage.5,6

Today, the reconstruction for soft tissue defects aims not
only to provide just coverage but to restore function and
acceptable form as well. Once the wound is evaluated to
have good or restored vascular supply, stable skeletal struc-
tures, and a relatively clean wound, soft tissue reconstruction
is then considered. The concept of a reconstructive ladder
was proposed to achieve wounds with adequate closure
using a stepladder approach from simple to complex proce-
dures. Although still valued and widely taught, the
reconstructive ladder comes from the concept of the wound-
closure ladder that dates back beyond the era of modern
reconstructive surgery.7 A skin graft after granulation over
the exposed anterior tibial bone can still provide coverage
but may end in inadequate coverage that can lead to compli-
cations such as additional soft-tissue loss, osteomyelitis,
functional loss, increased medical cost, unstable wounds,
and even amputation. Using a well-vascularised flap,
whether it is a local or a free with adequate padding will pro-
vide superior results in addition to coverage. In addition,
other techniques including tissue expansion, skin stretching,
and negative pressure wound therapy have had a new impact
in approaching reconstructive options.8 A simpler recon-
structive option may not necessarily produce optimal results
especially for lower-extremity coverage. Thus to provide
optimal form and function, we jump up and down the rungs
of the ladder like getting off the elevator at the ideal floor.
Restoring the missing components such as muscle, bone,
and skin using a combined flap with the microsurgery
approach may provide an ideal solution to complex defects.
The reconstructive elevator requires creative thoughts and
consideration of multiple variables to achieve the best form
and function rather than a sequential climb up the ladder.
(Figure 1) This paradigm of thought does not eliminate the
concept of the reconstructive ladder but replaces it with a
ladder of wound closure that makes its mark in the field
where a variety of advanced reconstructive procedures and
techniques is not readily available. Traditionally, upper and
middle one third of the lower leg can be reconstructed with
regional muscles like gastrocnemius and soleus muscles or
by using perforator-based local skin flaps also known as pro-
peller flaps. However, because of the scarcity of available
tissues, the lower third of the leg and the foot may require
reconstruction using tissues distant from the defect when the
defects are moderate or large. It involves using microsur-
gery. Microsurgery is a surgical discipline that combines
magnification with an advanced microscope, specialised pre-
cision tools, and various operating techniques. These tech-
niques are primarily used to anastomose small blood vessels

(arteries and veins) and to coapt nerves. A flap is a piece of
living tissue that carries its own blood supply and is moved
from one area of the body to another. When the blood sup-
ply is cut (pedicle) and transferred far away from the original
site, it becomes a free flap. By anastomosing the vessels
from the flap (pedicle) to the recipient vessels, it restores the
vascular supply to the flap and allows the distant flap to sur-
vive and provide adequate coverage. Flap surgery can
restore form and function to areas of the body that have lost
skin, fat, muscle movement, and/or skeletal support. Micro-
surgery will not only allow wound coverage but can entail
restoration of function and form.

Thus, in chronic wounds where wound is stalling, com-
plex, and challenging, using the microsurgery approach in
conjunction with the multidisciplinary approach can provide
adequate and timely coverage. In this review, we will focus
on patient selection, mutidisciplanary approach, wound
preparation, surgical techniques, and outcomes regarding
microsurgical reconstruction using free flaps.

2 | PATIENT SELECTION,
MULTIDISCIPLINARY APPROACH,
AND THE WOUND PREPARATION

The chronic wounds that are considered for reconstructive
microsurgery may occur from various causes such as dia-
betic foot ulcers with or without ischaemia and infection,
pressure sores, radiation wounds, chronic osteomyelitis,
unstable scar, and poorly managed complex traumatic

Key Messages
• frequently considered chronic wounds for recon-

struction are wounds lacking healing progress
despite good wound care. And those needing
microsurgical reconstruction are chronic wounds
that are unable to close by local flap or skin
grafts, wounds with exposed vital structure such
as tendon and bones, and wounds that have pro-
longed infections such as osteomyelitis and skin
necrosis

• microsurgery allows flap to be transferred far
from the donor site restoring form and function to
areas of the body that have lost skin, fat, muscle
movement, and/or skeletal support

• along with the multidisciplinary approach and
good principle of wound care, the repair and res-
toration strategies using microsurgery have wid-
ened the possibilities for limb salvage from
complex chronic wounds
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wounds. Table 1 shows our experience that needed micro-
surgical reconstruction in the last 7 years. If the wound is
small enough with good regional vascular supply such as
pressure sores for ankle region or a small neuropathic dia-
betic foot ulcers, local flaps may be enough to reconstruct
the defect. However, for large and complex wounds, a
microsurgical approach can provide an efficient solution. In
addition to the wound, the patient has to be ambulating prior
to reconstruction, will likely be able to ambulate after recon-
struction, have reasonable systemic condition to overcome
the challenges of multiple surgeries, psychologically moti-
vated, and have good family support.9

When considering these patients for microsurgical recon-
struction, a holistic/multidisciplinary approach for the patient

must commence concurrently with wound management.6,10,11

Without controlling the underlying factors involved in the
pathology of the ulcer, it will have higher chance for compli-
cations. For example, diabetic patients will need to address
the issues to control their hyperglycaemia, renal insuffi-
ciency, nutrition, and other associated medical comorbidities
that may adversely affect the healing requiring close collabo-
ration with endocrinologist.12,13 Vascular interventionist or
vascular surgeons needs to be involved to evaluate and
improve the vascular status. One must maximise the circula-
tion of the leg for reconstruction.6,14,15 The exact roles of
endovascular and open bypass procedures are still evolving,
but are primarily determined by arterial anatomy, wound
severity, and patient comorbidities.15,16 Whatever the
method, it is imperative to restore as much blood flow as pos-
sible to the foot so it can be adequately used as a recipient
vessel.17,18 The orthopaedic surgeons or podiatrists need to
be involved to evaluate the skeletal status of the lower leg or
foot when indicated. With multiple departments involving,
the clinical nurse specialist plays a central role in maintaining
clear communication and efficient treatment solution in the
front line of management. An algorithm to consider wounds
for the microsurgical approach is shown in Figure 2.

Controlling infection is also an important factor to
address. Poorly controlled infection may cause late stage
flap failures often leading to amputations.19–21 When skin
tissue is not clearly demarcated, the use of hyperbaric oxy-
gen therapy can be helpful to achieve demarcation of the
necrotic and viable tissue. In cases where bone infection is
suspected, complete excision of the bone at the time of cov-
erage is essential followed by antibiotic use.22,23 Bone gaps
can be filled by temporary cement mixed with antibiotics to

Reconstructive Ladder

Complex

Simple

Direct closure

Secondary intension

Skin grafts

Local flaps

Distant flaps

Free flaps

Reconstructive Elevator

Complex

Simple

Direct closure

Secondary intension

Negative Pressure Wound Therapy

Skin grafts

Local flaps

Distant flaps

Free flaps

Tissue expansion

FIGURE 1 Reconstructive approach is shown comparing the classical reconstructive ladder to reconstructive elevator. The reconstructive
elevator requires creative thoughts and consideration of multiple variables to achieve the best form and function rather than a sequential climb up the
ladder

TABLE 1 Chronic wounds that underwent microsurgical
reconstruction

Diagnosis N %

Burger’s disease 3 0.69

COM 125 28.60

Diabetic foot 214 48.97

Exposed femoral artery graft 1 0.23

Foreign body leg Rt 1 0.23

Pressure sore 3 0.69

Post traumatic/burn scar contracture 18 4.12

Pyoderma gangrenosum 1 0.23

Radiation ulcer 5 1.14

Unstable scar 66 15.10

Total 437 100.00

Abbreviation: COM, chronic osteomyeltis.
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occupy the space and the flap coverage performed. After the
eradication of the infected bone, the cement can be removed
during the second stage surgery replacing it with bone grafts
or flaps. When considered for microsurgical reconstruction,
the wound preparation process may easily be overlooked.
However, preparing the wound adequately addressing vascu-
larity, infection, dead space, and stability of the skeletal
structure will lead to a better outcome.24,25

3 | SURGICAL TECHNIQUES

The first surgical step of treatment for chronic wound is to
evaluate, debride, and treat infection.26 Optimal management
of chronic wound and especially diabetic foot infection can
potentially reduce incidence of major limb amputations and
other related morbidities. All non-viable and infected soft
tissue and bone should be excised during debridement.
Milking along the proximal tendon can be helpful to identify
and limit ascending infection especially for diabetic foot
wounds. Tissue culture should be sent and antibiotics used
accordingly. Sufficient irrigation should follow after
debridement to reduce bacterial count.27 The use of a hydro-
surgery system may allow us to efficiently debride large
extensive wounds by preserving viable tissues and irrigating
simultaneously.28 The understanding of vascular distribution
of the foot, angiosome, helps to plan not only reconstruction
but debridement especially in legs with limited vascularity.29

Performing debridement according to the angiosome terri-
tory, one may enhance flap survival by increasing the chance
for marginal vascularisation from healthy surrounding
angiosome territory.18 Repetitive debridement should be per-
formed as part of wound preparation for reconstruction while
monitoring c-reactive protein for possible hidden infections
and using it as an index for possible infection after

reconstruction. In chronic wounds, thorough debridement
may lead to what it seems like an irreparable wound that
may warrant amputation. Microsurgical procedures, includ-
ing soft tissue and bone flaps, and vessel and nerve grafting,
can be used to reconsider problems such as defects with
replaceable parts.

Once an adequate debridement and reasonable vascular
perfusion is achieved, for extensive and complex defects,
microsurgical reconstruction is considered. The biggest
challenge in reconstructive microsurgery for chronic
wounds especially diabetic foot is finding the recipient
vessel. Even with an adequate flow to the foot, atheroscle-
rosis of the artery may make anastomosis very difficult. If
a named artery will be used as recipient, one must try to
find a small segment spared from calcification.6 One must
remember, especially for the ischaemic limb, that it was
the initial poor vascular supply that caused the wound for-
mation and thus all efforts should be made to preserve the
distal flow to the foot. Microsurgical techniques such as
end-to-side anastomosis, T-style flow through or end-to-
end on a branch of a major artery will minimise the steal
phenomenon where flow may be diverted to the low-
resistance vascular bed of the new flap.30,31 Another chal-
lenge for chronic conditions with inflammation like
chronic osteomyelitis or radiation wounds is the scarring
of the tissues. It can make the dissection for the recipient
vessels very difficult. Thus, searching the recipient vessel
out of the zone of injury or inflammation may make the
search easier and reliable.

After debridement and recipient vessels secured, one
can estimate the flap pedicle length and proceed to flap
selection. The flap for reconstruction of chronic wounds
has to provide a well-vascularised tissue to control infec-
tion, allow adequate contour for footwear, be durable, and
provide solid anchorage to resist shearing forces. In cases

FIGURE 2 Algorithm for
reconstruction is presented
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with large dead spaces, a flap should be selected to pro-
vide obliteration of the dead space as well. Controversy
still remains that flap, whether muscle flaps with skin grafts,
fasciocutanous flaps, and recently added perforator flaps,
offers the optimal solution to reconstruct the wound especially
the weight-bearing foot. However, as long as the large defect
is covered with any well-vascularised tissue, it will provide an
independent and well-nourished vascular supply to eradicate
infection, increase local oxygen tension, enhancing antibiotics
activity, and neovascularisation to the adjacent ischaemic tis-
sue.6,32,33 One of the basic elements of plastic surgery is to
replace like with like. Thus for defects with skin defects, we
are shifting towards using perforator flaps such as
anterolateral thigh (ALT) perforator flap, thoracodarsal artery
perforator (TDAP) flap, and superficial circumflex iliac perfo-
rator (SCIP) flap as it provides, a thin flap to minimise shear-
ing, can take only the superficial fat to imitate the fibrous
septa of the sole to adhere tightly, enhance neovascularisation
of the subdermal plexus with adjacent tissue, and provide ade-
quate blood supply to fight infection.5,6,17,18,24,34 The eleva-
tion technique of each individual flap is described in detail in
the referenced articles.

After the flap is elevated, the small artery and vein(s) are
anastomosed under a microscope or a high loupe magnifica-
tion. Nylon 9-0 or 10-0 sutures can be used to anastomose
vessels of 1 to 2 mm diameters. Recently, a new technique
called supermicrosurgery is being used to anastomose ves-
sels at a perforator level.17,18,35–38 The concept of super-
microsurgery introduced by Koshima et al has increased the
popularity of perforator flaps and lymphatic surgery anasto-
mosing vessels ranging from 0.3 to 0.8 mm in diameter.37,38

The value of supermicrosurgery especially in diabetic foot
reconstruction is further increased by allowing anastomosis
in collateral vessels. The collateral vessels usually develop
over the ischaemic transition period allowing alternative cir-
culation of the skin of the distal leg and foot.39 These collat-
eral vessels will often originate from the adjacent angiosome
territory and when this formation of collateral is not enough,
the skin will start to deteriorate as oxygen supply slowly
diminishes.18 The reconstruction by perforator flap using the
supermicrosurgery approach provides well-vascularised tis-
sue that covers diabetic foot defect without being dependent
on major vessels.

Vigilant postoperative care is needed after microsurgical
reconstruction as flows to the flap can be suddenly impaired
because of multiple reasons including mechanical compres-
sion to the pedicle, faulty anastomosis, and low systolic
blood pressure to name a few. However, usually after 2 days
of uneventful monitoring, one can expect a relatively good
outcome as most of thrombosis occurs within the first
2 days.40,41

3.1 | Case examples

3.1.1 | Case 1

A 56-year-old male diabetic patient visited the clinic with
chronic osteomyelitis of his right foot. The third and the
fourth toes were previously amputated and healed but a
small diabetic ulcer recurred, which led to osteomyelitis of
the fourth metatarsal bone (Figure 3A). The pulses were
weak on the dorsalis pedis artery and angioplasty was car-
ried out opening the narrow femoral artery segment improv-
ing the flow to the leg (Figure 3B). The blood sugar was
stable prior to surgery and antibiotics started accordingly.
After wide debridement of the bone and soft tissue, recipient
vessels were dissected and showed adequate pulse and flow
(Figure 3C). An ALT perforator flap was elevated and then
the pedicle was anastomosed to the dorsalis artery (end to
side) and vein (end to end) (Figure 3D,E). The follow-up at
2 years shows good contour and the patient with good gait
(Figure 3F-H).

3.1.2 | Case 2

A 53-year old female patient is shown with an unstable scar
with chronic ulceration on the distal end of the right foot.
After trauma, the patient underwent skin graft that led to
bone to skin coverage (Figure 4A,B). Severe pain and recur-
rent ulcers were noted and thus warranted microsurgical
reconstruction using an SCIP flap. After removal of the scar
tissues of the distal foot, it was reconstructed with the
15 × 6 cm flap (Figure 4C,D). At postoperative 12 months,
the symptoms were alleviated without recurrence of ulcers
(Figure 4E,F).

3.2 | Outcomes

The spectrum of treatment for chronic wounds can be wide:
Addressing systemic issues like blood sugar control and
nutrition, family support, good standard of care, providing
advanced care such as negative pressure wound therapy,
hyperbaric oxygen, and cell therapy, to surgical options.
Without the ability to have reconstruction in the treatment
options, the spectrum of care is not optimal. Conversely,
without a team with multidisciplinary offerings, the care
would not be complete. No services can provide the care that
is needed, which are all interconnected. With the introduc-
tion of the multidisciplinary approach, the goal and trend of
management has shifted away from major amputation
towards limb salvage for complex chronic wounds.11

Addressing the issues of perfusion, infection, wound treat-
ment, skeletal stability, and biomechanics, now we are able
to increase the salvage rate. Examples of such multi-
disciplinary approaches have shown to reduce major
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(A) (B)

(D) (E)

(F) (G) (H)

(C)

FIGURE 3 A 56-year old male diabetic is shown with chronic osteomyelitis of his right foot (A). The pulses were weak on the dorsalis pedis
artery and angioplasty was carried out opening the narrow femoral artery segment improving the flow to the leg (B). After wide debridement of the
bone and soft tissue, recipient vessels were dissected and showed adequate pulse and flow (C). An anterolateral thigh (ALT) perforator flap was
elevated and then the pedicle was anastomosed to the dorsalis artery (end to side) and vein (end to end) (D,E). The follow up at 2 years shows good
contour and the patient with good gait (F-H)

(A)

(D) (E) (F)

(B) (C)

FIGURE 4 A 53 year old female patient is shown with an unstable scar with chronic ulceration on the distal end of the right foot. After
trauma the patient underwent skin graft which led to bone to skin coverage (A,B). Severe pain and recurrent ulcers were noted and thus warranted
microsurgical reconstruction using an superficial circumflex iliac perforator (SCIP) flap. After removal of the scar tissues of the distal foot it was
reconstructed with the 15 × 6 cm flap (C,D). At postoperative 12 months, the symptoms were alleviated without recurrence of ulcers (E,F)
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amputation at 3% to 4% in diabetic foot as we have seen at
our centre.42,43 We must have good clinical judgement
whether to amputate or not weighing against clinical situa-
tions with systemic sepsis, major tissue loss, significant
comorbid factors, poor patient compliance, and non-
reconstructable peripheral vascular disease. A non-healing
ulcer itself should not be considered an indication for ampu-
tation but be systemically approached by various disciplines
of medicine.44,45 The majority of reconstruction that needs
microsurgical reconstruction are complex defects from dia-
betic foot, unstable scars, radiation ulcers, and chronic osteo-
myelitis as shown in Table 1.

The general success rate for these patients was the same
as that for the patients with other chronic wounds whereas
the diabetic foot had a slightly lower success rate. However,
limb salvage from diabetic foot using the microsurgical
approach showed success comparable to non-diabetic
patients.9,34,46–49 Meta-analysis of a systematic review of
free tissue transfer in 528 diabetes patients in 18 studies
showed that flap survival was 92% and the limb salvage rate
was 83.4% over a 28 months average follow-up period. This
study indicates that free tissue transfer in the management of
non-traumatic lower-extremity wounds in patients with dia-
betes may avoid amputations.9 In our previous study, we
showed similar findings using microsurgery, which achieved
an overall flap survival rate of 91.7%, a limb salvage rate of
84.9%, and 5-year-survival of 86.8%.5 Now with the intro-
duction of supermicrosurgery, we are able to use small ves-
sels to perform reconstruction even on the patients with poor
vascular status. In our recent publication of 95 cases that
used the supermicrosurgery approach, we noted 9 total loss
and 12 cases of minor complication.18 Thirty-four patients
had one or less major artery after intervention but only had
four cases of total failure. The lack of major vessels was not
a significant risk for failure thus supporting our approach of
using collateral vessels for recipients. Overall in this series,
the flap survival rate was 90.5% and the overall limb salvage
rate was 93.7%.18 This approach extends the possibility for
reconstruction in patients with severe ischaemic diabetic
foot.

In chronic osteomyelitis, our experience of microsurgical
reconstruction using perforator flaps showed a flap survival
of 95.8%.24 The treatment has similar principles that require
aggressive surgical debridement removing all fibrotic and
ischaemic bone and soft tissue surrounding the wound that
impedes antibiotic delivery followed by definitive recon-
struction with the objective of restoring ambulatory func-
tion.26 In the last three decades, major surgical
advancements to provide vascularised coverage to infected
bone had brought recurrence rates in chronic osteomyelitis
down from 30% to 10%-15%.50,51 Reconstruction can be
complex applying combine flaps to obliterate the dead space,

reconstruct the bone defect, and resurface the skin defect.
With a multidisciplinary approach using proper antibiotics
and a surgical approach, the recurrence rate after reconstruc-
tion was 8.3%, the primary remission rate was 91.6%, the
secondary remission rate was 98.3%, and the amputation rate
was 1% in our series.24 Significant predictors of recurrence
were peripheral vascular disease and major vessel compro-
mise, which had 5.1 times higher odds of recurrence.24

Unstable scars frequently go through a wax and wane
progress of healing for ulcers. It may also cause severe con-
tracture as the scars mature during healing. It hinders the
daily activities of the patient as epithelialisation can easily
breakdown despite minimal stimuli. This occurs because of
the lack of padding and durability of normal cutaneous struc-
ture. In the cases of severe contracture, there is an absolute
lack of normal skin after release. When there is extensive
defect after removal of unstable scar, microsurgical recon-
struction is required. The principle of aggressive debride-
ment followed by definitive surgery is applied and this
problem can be overcome. The same can be said for
radiation-induced scars. The outcome may be similar to any
non-diabetic microsurgical reconstruction.

4 | CONCLUSION

Microsurgery has expanded reconstructive surgery's ele-
ments and strategies and is still evolving. Along with the
multidisciplinary approach and good principle of wounds
care, the repair and restoration strategies using microsurgery
have widened the possibilities for limb salvage from com-
plex chronic wounds.
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