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With the advent of the Industrial Revolution, traumatic injuries of the upper extremity
increased exponentially. As a result, surgeons began to reevaluate amputation as the
standard of care. Following the Second World War, local and regional pedicled flaps became
common forms of traumatic upper extremity reconstruction. Today, microsurgery offers an
alternative when options lower on the reconstructive ladder have been exhausted or will
not produce a desirable result. In this article, the authors review the use of free tissue
transfer for upper extremity reconstruction. Flaps are categorized as fasciocutaneous,
muscle, and functional tissue transfers. The thin pliable nature of fasciocutaneous flaps
makes them ideal for aesthetically sensitive areas, such as the hand. The radial forearm,
lateral arm, scapula, parascapular, anterolateral thigh, and temporoparietal fascia flaps are
highlighted in this article. Muscle flaps are utilized for their bulk and size; the latissimus dorsi
flap serves as a “workhorse” free muscle flap for upper extremity reconstruction. Other
muscle flaps include the rectus abdominis and serratus anterior. Lastly, functional tissue
transfers are used to restore active range of motion or bony integrity to the upper
extremity. The innervated gracilis can be utilized in the forearm to restore finger flexion or
extension. Transfer of vascularized bone such as the fibula may be used to correct large
defects of the radius or ulna. Finally, replacement of “like with like” is embodied in toe-to-
thumb transfers for reconstruction of digital amputations.

With the arrival of the Industrial Revolution, the frequency of
traumatic upper extremity injuries exploded. Increasingly
common, wounds derived from manned machines placed a
premium on reconstructive options for the hand, forearm,
and arm. This led surgeons to reevaluate amputation as the
primary method of management of upper extremity trauma.
With more sophisticated knowledge of anatomy and with the
advent of antibiotics, reconstruction of the mangled upper
extremity became a reasonable option.! During and after the
Second World War, reconstruction of the hand and arm
became more sophisticated, but remained limited by the
availability of local tissue and ongoing issues with poorly
vascularized pedicled flaps. Refinement in microsurgical
techniques and increasing study of the blood supply to
muscle and skin led to a whole new way to look at recon-
structive tissue transfer. It was not until the 1960s, when the
first toe-to-thumb transfer was performed, that upper extre-
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mity free flap reconstruction was introduced as a technique
to provide tissue coverage and functional restoration.?

Free flaps often offer advantages over local and regional
pedicled flaps. Local and regional flaps may provide better color
and texture matching; however, these flaps may be associated
with increased morbidity to the afflicted limb and are limited by
tissue availability and composition.> Free flaps can be designed
to include multiple tissue types that better reconstruct all parts
of a defect and are not limited by local tissue availability.

Preoperative Care

A thorough history and physical is the first step in operative
planning for all reconstructive patients. Important details
impacting the type of reconstruction include age, occupation,
handedness, mechanism of injury (blast, avulsion, crush, sharp,
etc.), medical comorbidities (peripheral vascular disease,
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diabetes), previous surgical procedures, history of smoking, and
patient motivation.*

Irrigation, removal of foreign material, and debridement
of devitalized tissue after traumatic injury are critical initial
steps in eventual upper extremity reconstruction.”® Aggres-
sive cleansing of the wound should be performed by the most
senior surgeon in the room as more junior surgeons tend to
be reluctant to perform adequate debridement. With the
exception of nerves and blood vessels, all nonviable and
contaminated tissue must be removed in order for any
reconstruction to be successful. Intraoperative photographs
should be taken to document the wound status for future
surgical planning.

Preoperative planning should account for size of the
defect, contamination/infection, vascular injury, types of
tissue lost, and potential donor sites. Appropriate imaging
should be obtained to evaluate the status of the bone and
vasculature (if in question) within the zone of injury.*

Timing of Reconstruction

The concept of primary reconstruction was first advocated
by Marko Godina in his classic 1986 paper. He noted a
greater than 99% free flap success rate in cases done within
72 hours, with decreased rates of infection and better
outcomes in those patients who had coverage within this
period.” Ninkovic et al described what is now the standard
method for classifying reconstruction based on timing.?
Three classes are defined: primary, delayed primary,
and secondary reconstruction. Free flap coverage during
the first 24 hours is defined as a primary reconstruction;
coverage between 1 and 7 days following injury is
delayed secondary reconstruction.®°

The optimal timing for free flap reconstruction remains
largely inconclusive.'® Primary reconstruction is associated
with decreased length of hospitalization and cost.>%'* In a
more recent review of the literature, Harrison et al demon-
strate no clear relationship between timing of reconstruction
and postoperative complications.® Most surgeons today
would advocate “early” coverage whenever possible, as this
approach decreases infection rates, decreases wound fibrosis,
and allows earlier mobilization of the limb and the patient.

Soft Tissue Coverage

Fascia and Fasciocutaneous Flaps

Soft tissue reconstructive options can generally be categor-
ized into two groups: fascial/fasciocutaneous flaps and
muscle-containing flaps.? Fasciocutaneous flaps are the pre-
ferred method of reconstruction for aesthetically sensitive
areas such as the hand. These flaps can be thinned to provide
defect contouring and are of primary importance in patients
with exposed tendon as they provide a gliding plane for
tendon excursion."!

The radial forearm flap is the primary “workhorse” fas-
ciocutaneous flap.'? Most commonly utilized as a pedicled
flap to the ipsilateral hand, it can also be used as a free flap to
the opposite hand.” Because the radial artery must be
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harvested with this flap, it is important to perform an Allen’s
test to ensure adequate blood flow to the hand via the ulnar
artery as part of preoperative planning.13 Advantages of the
radial forearm free flap include its reliable anatomy, large
feeding vessels, long vascular pedicle, and great versatility to
be molded to the defect. The primary drawback of the radial
forearm free flap is the noncosmetic donor site.'?"'# A skin
graft is required to close all but the smallest donor sites from
this flap.'? In general, the radial forearm free flap is reserved
for coverage of other parts of the body, and we do not
advocate using the contralateral uninjured forearm as a
donor site to cover the injured hand. If, for reasons of
anatomy or due to the type of injury, an ipsilateral pedicled
radial forearm flap cannot be utilized, we would propose that
a different flap be utilized for coverage of the injured hand.

The lateral arm free flap is adaptable in its composition as
a fascial, fasciocutaneous, or composite flap, similar to the
radial forearm flap.'>'® Benefits of this flap include its
dependable anatomy and dedicated blood supply from the
radial collateral artery branching from the profunda brachii
(=Fig. 1). Additionally, the lateral arm flap can frequently be
closed primarily.>'” This flap can be quite thick due to the
pedicle being between the brachialis and triceps, and while
the margins can be thinned, the thickest part of the flap
cannot be thinned without potentially disturbing its blood
supply.”-'® While the vascular pedicle is dependable, the
lateral arm flap is limited somewhat by the short length of its
relatively small pedicle.>'?

The scapular and parascapular free flaps blood supply is
from branches of the subscapular arterial system. These flaps
are arranged transversely and obliquely in relationship to the
midline of the back.??° They can be utilized for large
extremity wounds as they afford readily available soft tis-
sue.229-21 Benefits of the scapular and parascapular free flaps
include their long pedicle and low donor site morbid-
ity.220-23 The donor site is generally closed primarily.?’
Disadvantages include the necessity for lateral intraopera-
tive positioning and a lack of available sensory nerves to be
harvested rendering them insensate.??

The temporoparietal fascial free flap is a pliable flap most
notably used in hand and finger reconstruction in the upper
extremity. When covered with a skin graft, it can provide the
thinnest flap available for hand coverage, and is ideal for
reconstruction of the palm of the hand. It is supplied and
drained via the superficial temporal vessels which provide a
prolific vascular supply to the flap.>2%24-2% |ts uniqueness
stems from its ability to be highly vascularized while also
remaining thin and flexible.? The smooth areolar connective
tissue overlying the temporoparietal fascia may serve as a
surface for tendon gliding.%2%24%° Lastly, the temporopar-
ietal flap has a donor site hidden within the hairline.>2%-24-26
Drawbacks of this flap are that it requires a skin graft for flap
coverage and superficial dissection may lead to iatrogenic
alopecia at the donor site, which can be particularly proble-
matic in males with receding hairlines. It can certainly
provide the thinnest flap available for hand coverage and is
ideal for reconstruction of the palm. Most cutaneous flaps
are too bulky in the palm and make grasp difficult.
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Fig.1 (a) An 18-year-old female with tight first web space after crushing injury. (b) View of lateral arm flap in situ. (c) Flap inset in web space. (d)
Result at 4 months. (e) Donor site at 4 months; note small scar after primary closure.

The anterolateral thigh flap (ALT) is a versatile free flap for
upper extremity reconstruction.®'42%-27-28 |t can be har-
vested as a fascial, fasciocutaneous, or musculocutaneous
flap incorporating the tensor fascia latae or vastus lateralis,
or as a composite flap including the iliac crest.®2927:2% The
ALT is perfused by the descending branch of the lateral
femoral circumflex artery and veins.®'42027-30 |t5 donor

site can be closed primarily in most cases; however, a skin
graft may be needed when the skin paddle measures greater
than 8 cm in width.?”-230 The lateral femoral cutaneous
sensory nerve can be harvested as well to provide a sensate
flap.?8 This flap offers a large piece of skin, and can be taken
with fascia if necessary (=Fig. 2). It has the advantage that
the patient does not have to be turned to harvest the flap and

Fig. 2 (a) View of forearm after crush injury and severe scarring of tendons. (b) Anterolateral thigh flap marked on leg. (c) Flap after vascular
anastomoses and inset. (d) Flap at 6 months with active digital extension.
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it can be harvested while work is done on the hand if this is
appropriate.

Muscle Flaps for Coverage

While cutaneous flaps have come into broad use in hand and
forearm coverage, many still prefer muscle flaps covered
with split-thickness skin grafts. While they are initially
bulky, with time they atrophy and can have a reasonable
cosmetic appearance on the hand and arm. They are indi-
cated in dirty/contaminated wounds as they have been
shown to clear infection and are better in deep wounds
than fasciocutaneous flaps due to their ability to obliterate
dead space.>®20 In general, muscle flaps are simpler to
harvest and inset compared to the fasciocutaneous ﬂaps.8
Here, we will discuss three commonly used muscle free flaps
for upper extremity injuries.

The latissimus dorsi flap is considered a “workhorse flap”
for free muscle transfer because of its reliability, predictable
anatomy, and relatively easy disection.® Based on the thor-
acodorsal vessels, the latissimus flap provides a wide pliable
muscular sheet with impressive versatility.>%3! If required,
the serratus anterior can be raised as well to extend flap length
or total volume.2832 Additionally, the thoracodorsal nerve
which innervates the latissimus dorsi can be harvested to offer
motor function, but the latissimus is not the best choice in
most instances for functional reconstruction.>® Synergistic
muscles at the donor site prevent significant functional deficit
in all except athletes and weight lifters. The most common
complication of this flap is seroma formation at the donor
site.283132 Drawbacks include the necessity for placing the
patient in the lateral decubitus position intraoperatively for
harvest and position change depending on the location of the
defect. For hand and arm coverage, a skin paddle is rarely
utilized and thus a skin graft will be needed to cover the
muscle.?3? The latissimus dorsi is probably the best option for
coverage of exposed tendon and bone in severe degloving
injuries of the forearm and hand. It is the largest muscle
available and can cover most defects in this region.

The free rectus abdominis muscle flap is smaller than the
latissimus dorsi and ideally suited for moderate to large deep
wounds in need of bulky coverage.®-3? It is supplied by the deep
inferior epigastric vascular pedicle.>®323> While the bulky
nature of the flap at initial inset may be worrisome, Horch and
Stark demonstrated that over a time period of months the flap
atrophies, becoming more flush with the surrounding tissue.>*
Disadvantages of its use relate mostly to donor site morbidity,
with abdominal hernia and bulge formation being seen infre-
quently.> Despite the wide choice of skin flaps available, the
rectus remains an excellent choice for smaller defects, and has
the advantage that the patient does not need to be turned to
harvest the muscle. The serratus anterior muscle flap is
generally used for smaller defects of the upper extremity.2-32-3°
The serratus anterior muscle originates from the first nine ribs
and inserts to the medial border of the scapula. Only the three
most inferior muscular slips, supplied by the serratus branch
of thoracodorsal artery, are harvested for this flap. The lateral
thoracic artery supplies the superior two-thirds of the mus-
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cle.>8:323637 The primary benefit of this flap is its ability to
serve as a small muscle flap with a long, dependable pedicle,
making it ideal for patients with hand wounds without
adjacent recipient vessels.3” A branch of the long thoracic
nerve can be transferred with the flap to power motor func-
tion, but this is rarely utilized.>*?-3¢-37 Disadvantages includes
the need for lateral decubitus intraoperative positioning and
difficulty of dissection of the serratus branch of the thoraco-
dorsal artery from the long thoracic nerve to avoid winged
scapula.>?3236-39 Donor site morbidity is minimal assuming
that the long thoracic nerve remains uninjured.>’~3°

Functional Tissue Transfer

Functional muscle transfer for restoration of upper extremity
flexion/extension of the fingers, wrist, or elbow can be accom-
plished by transfer of an innervated latissimus or gracilis.*%4'
The gracilis flap has a width and length similar in size to the
flexor and extensor muscles of the forearm. Its tendinous distal
third is ideal for attachment to flexor and extensor tendons of
the digits. These characteristics make this flap a workhorse for
restoration of finger function. This flap is indicated in the
setting of significant tissue loss with functional deficit and for
reconstruction in cases of muscle necrosis (Volkmann’s con-
tracture). The gracilis flap’s primary pedicle is a branch of the
profunda femoris which penetrates the muscle at its deep
surface 6 to 12 cm from its origin at the pubis.” The primary
pedicle length is typically 5 to 6 cm and its width is 1 to 2 mm.?
The anterior branch of the obturator nerve enters the muscle
proximally with the pedicle and supplies motor function.
There is minimal functional donor site deficit. The gracilis
offers an ideal muscle for reconstruction of the flexor muscles
of the forearm, with an adequate pedicle and a single nerve.
This operation is a complex one, but can offer excellent results
in cases of loss of the flexors (~Fig. 3).

Composite tissue transfer offers the ability to reconstruct
deficits of multiple tissue types by incorporating bone, joint,
nerve, muscle, and skin.>3? Bony deficits of the upper
extremity, including those that are greater than 6 cm in
length, resulting from tumor extirpation in an irradiated
field, or in a contaminated bed may best be managed with
vascularized bone transfer.

The vascularized fibula free flap is indicated for long bony
defects of the radius, ulna, and humerus.*?* It is similar in
shape and length to the diaphysis of the radius and ulna,
making it ideal for reconstruction.*>** The vascular supply of
the fibula is from the peroneal artery which branches from the
tibioperoneal trunk distal to the takeoff of the anterior tibial
artery. It travels along the deep surface of the fibula until
reaching the ankle. The vessel sends a rich blood supply to the
medullary canal and periosteum as well as septocutaneous
and musculocutaneous perforators to the overlying skin. The
pedicle length is short but can be extended by taking more
bone than needed proximally and dissecting the artery from
the extra bone, effectively lengthening the pedicle.>*>~4° The
neckof the fibulais in close proximity to the common peroneal
nerve and the distal bone is the lateral malleolus of the ankle
joint. To avoid damage to the nerve, osteotomies should be
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Fig. 3 (a) View of a 7-year-old boy with Volkmann’s contracture after exploration of the forearm. (b) Gracilis muscle beside forearm after
harvest. (c) 1-year post-operative extension. (d) 1-year post-operative flexion.

avoided near the fibular neck and 6 cm of bone stock should be
preserved distally to avoid instability of the ankle. If a paddle of
skin is harvested with the flap, a small cuff of muscles should
be taken to avoid damage to perforators wrapping deep to
superficial around the bone. Functional deficits postopera-
tively are rare, with the most common morbidity being ankle
pain.*>46 The fibula is an ideal piece of vascularized bone to
reconstruct long defects of the arm and forearm.

The medial femoral condyle can be used to correct non-
union or avascular necrosis of the carpal bones, primarily the
scaphoid.*>#7~4° This flap receives its vascular supply from
the descending genicular artery and superomedial genicular
artery.*>47-50 Advantages of this flap include its large com-
ponent of vascularized cancellous bone and dependable
pedicle.*>47°0 These characteristics in conjunction with its
small size make it very useful for the treatment of scaphoid
nonunion.*® Risks of donor site knee pain and seroma for-
mation are the primary morbidites.*’ Postoperatively,
patients regain full mobility within 6 weeks.*°

The plastic surgery principle to “replace like with like” is
embodied by toe transfer for digital reconstruction. Transfers
range from pulp only (~Fig. 4) to harvest of the entire great
toe. The great toe and second toe are both acceptable
methods for thumb reconstruction. The vascular pedicle of
either flap is usually based on the dorsalis pedis and dorsal
metatarsal arterial systems. The dorsal superficial veins of

the foot provide drainage. The proper plantar digital nerves
and the deep peroneal nerves are also included in the flap for
sensation. The flexor and extensor tendons are dissected
with the flap for recipient site coaptation.?>'->3

The great toe usually provides better functionality and
cosmesis in the hand in adults; however, the donor site can
be aesthetically unappealing.®'~>* The second toe is often
chosen in children as it has lower donor site morbidity and it
matches a child’s thumb better than the great toe. Donor site
morbidity for thumb reconstruction is generally low; how-
ever, Sosin et al demonstrated gate disturbance to be highest
in patients who underwent great toe transfer.>® In amputa-
tions distal to the interphalangeal joint, a pulp-only transfer
is a good option for reconstruction,>* and for injuries distal to
the mid proximal phalanx, a great toe wrap-around transfer
can be performed. This procedure reduces morbidity at the
donor site, and although it does not reconstruct the inter-
phalangeal joint of the thumb, it provides the best aesthetic
match of the normal thumb. Reconstruction of total thumb
amputation requires entire great toe transfer. The primary
disadvantage of this procedure is its complexity.?

It is important to note that while toe-to-thumb transfer
help patients recover functionality of the hand, full strength
and sensation is not regained.”'>3=>° If two toes are required
for reconstruction of the “metacarpal hand,” the second toe
of each feet should be utilized to lower donor site morbidity.
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Fig.4 (a)View of thrice-recurrent hemangioma on ulnar pulp of thumb. (b) Area resected and resulting defect. (c) Markings for toe pulp transfer

based on dorsal circulation. (d) Toe pulp after inset into thumb.

Conclusion

Upper extremity reconstruction is an evolving field with
numerous free flap options available. This discussion serves
as a brief introduction to free flap reconstruction of the
upper extremity. Workhorse flaps were of primary focus
with the goal of providing reconstructive options to the most
common upper extremity deficits requiring free flap recon-
struction. Further reading and self-education is necessary to
become an expert in this complex field.
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