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The History

This odyssey began at the 5th International Course on
Perforator Flaps, in Gent, Belgium, in 2001. There in the
free paper session, Hallock presented an anatomical study of
above-knee amputation specimens that traced the origin of
the dominant musculocutaneous perforators of the heads of

the gastrocnemius muscle that showed potential for design
of “gastrocnemius perforator-based” flaps.1 This was imme-
diately followed by a similar anatomical study by Cavadas
et al, but in addition summarized the first clinical series of
what with prescience was termed the “medial sural artery
perforator flap” (MSAP) flap.2 One must remember that the
“Gent Consensus” for proper perforator flap nomenclature
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Abstract Rather than just another “review,” this is intended to be an “overview” of the entire
subject of the medial sural artery perforator (MSAP) flap as has been presented in the
reconstructive literature from its inception in 2001 until the present, with any
exceptions not purposefully overlooked. Unfortunately, the pertinent anatomy of
the MSAP flap is always anomalous like most other perforator flaps, and perhaps
even more variable. No schematic exists to facilitate the identification of a dominant
musculocutaneous perforator about which to design the flap, so some adjunctive
technology may be highly valuable for this task. However, if a relatively thin free flap is
desirable for a small or moderate sized defect that requires a long pedicle with larger
caliber vessels, the MSAP flap deserves consideration. Indeed, for many, this has
replaced the radial forearm flap such as for partial tongue reconstruction. Most
consider the donor site deformity, even if only a conspicuous scar on the calf, to be
a contraindication. Yet certainly if used as a local flap for the knee, popliteal fossa, or
proximal leg, or as a free flap for the ipsilateral lower extremity where a significant
recipient site deformity already exists, can anyone really object that this is not a
legitimate indication? As with any perforator flap, advantages and disadvantages exist,
which must be carefully perused before a decision to use the MSAP flap is made.
Perhaps not a “workhorse” flap for general use throughout the body, the MSAP flap in
general may often be a valuable alternative.
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was still being debated at that very meeting.3 In any event,
both these presenters in November of the same year pub-
lished their presentations in respectable plastic surgery
journals.1,2,4 Subsequently, most manuscripts scrutinizing
in more detail the “medial sural artery perforator flap” or
more concisely the “MSAP flap” inevitably and for the most
part correctly have always referred to Cavadas as the MSAP
flap originator.

Alas, as is often the case, a more careful perusal of the
literature will reveal that the MSAP “innovator” has had
many legitimate predecessors. Early on, many MSAP authors
recognized that Taylor and Daniel after their first successful
composite tissue transfer5 had then explored the anatomy of
several other potential free flap donor sites that would be
suitable if their vascular supply could be predictable.6 With
Taylor’s personal persistence (1975), one “possible island
flap supplied by musculocutaneous branches of the medial
and lateral sural vessels” was called the “popliteal flap.”6 By
serendipity, Montegut and Allen, after struggling with gas-
trocnemius musculocutaneous local flaps that sometimes
had restricted reach requiring microvascular extension of
their vascular pedicle,7 instead found the “sural artery
perforator flap” without the muscle to be a simpler and so
a better alternative in clinical cases.8

Yet a true chronicle of the MSAP flap should at the least
begin by recognizing the anatomical observations of the
German medical student Manchot (1889)9 who noted “two
sural arteries … the largest branches of the popliteal artery.
They emerge … at the level of the knee joint, often from a
common stem.”Manchot on occasion in his cadavers discov-
ered the presence of “cutaneous branches from the deep
muscle branches of the gastrocnemius muscles, which
appeared in various positions.”10 Easily also forgotten was
Mathes andVasconez’s11description of a “medial skin-fascial
gastrocnemius flap” that was a so-called random cutaneous
extension allowing reach to the proximal andmiddle third of
the leg, yet relied on the retention of medial gastrocnemius
musculocutaneous perforators. Later, the sural artery flap of
Mathes and Nahai12 was a fasciocutaneous flap that encom-
passed the cutaneous territory from the popliteal fossa to the
midpoint of the leg, and occasionally the vascular basis relied
on its minor pedicle, those same gastrocnemius musculocu-
taneous perforators. Venkataramakrishnan et al13 used “free
style” V-Y advancement flaps based on a calf perforator to
close adjacent wounds, but never performed any intramus-
cular dissection of that perforator. Taylor and Pan14 once
again depicted these MSAPs as germane to their respective
calf angiosome. The island posterior calf fasciocutaneousflap
of Shaw et al15 was used as a local pedicled flap for coverage
of knee and tibial defects as an alternative to the gastrocne-
mius muscle, and occasionally required an intramuscular
dissection of retained gastrocnemius musculocutaneous
perforators for salvage, indeed then being transformed into
a “true” perforator flap.16

Numerous other recent reviews of the MSAP flap due it
the justice it deserves,17–22 but comparatively little effort has
been spent in the utilization of calf fasciocutaneous flaps
based on the lateral sural artery perforators,23–26 primarily

due to the common absence of those perforators altogether
as found in most anatomical studies of this region.1,2,27,28

Thus, to follow Taylor’s admonition that a preferred free flap
donor site has a reasonably predictable vascular supply,6 this
should explainwhy the emphasis presently onlyon theMSAP
flap has caught everyone’s attention, and is the rationale for
this comprehensive overview also.

The Anatomy

Thefirstefforts todeterminethevascularanatomyof theMSAP
flap specifically as a “perforator flap” initially byCavadas et al2

andHallock1havebeen repeatedbymanyothers in an attempt
to find any consistency that would better assure
reliability.27–35 Unfortunately, as is usually the outcome with
investigations of perforatorflaps, thepattern in an individual’s
contralateral side is rarely identical to that of the ipsilateral,36

and often even less so when seeking comparisons with others
—the MSAP flap is no exception to this rule!28

Arterial
Most would agree with Manchot9 that the medial sural
artery (MSA) originates from themiddle third of the popliteal
artery at the level of the femoral condyles, although some-
times from a common stem with the lateral sural artery.1,37

The MSA descends in the popliteal fossa for a few centi-
meters,37where on occasion is itself the origin of themedian
sural artery that is eventually found in the furrow between
the two heads of the gastrocnemius muscle to accompany
the medial sural cutaneous nerve.9 Then proceeding poste-
riorly, theMSA enters the undersurface of themedial head of
the gastrocnemius muscle at the level of the fibular head,
which corresponds to the articulation of the knee joint.
Before or after entering this muscle hilum, Manchot long
ago knew that, sometimes the MSA will “divide into one or
more deep muscular branches.”9 More recently, Thione
et al31 described two such major branches, but others have
rarely discovered the presence of three or more
branches.28,33,37 Dusseldorp et al28 devised a classification
schema for these various branching patterns (►Fig. 1).

The importance of the MSA branching patterns should not
be overlooked, as these ultimately give rise to the musculocu-
taneous perforators that must be included in the MSAP flap.
Thione et al31 stated that two-thirds of such perforators arose
fromthelateral branch,but87%overallwerewithin1 cmof the
midline of the medial gastrocnemius muscle (MGM) itself.
When only two branches were present, according to Wong
et al,33 the lateral branch would be the larger with a typically
straight and relatively superficial intramuscular course away
from the muscle hilum. This opinion is in contradistinction to
that of Dusseldorp et al,28 who found their type IIa (►Fig. 1)
medial branch to be more superficial (0.5�0.2 cm) than the
lateral (1.3�0.4cm), and in type III, all branches were super-
ficial, whereas in type I or type IIb all were deeper.

To further complicatematters, sometimesMSAPsmay not
even exist, yet the number of dominant perforators (i.e.,
subfascial caliber �0.5 cm28,31) could range even up to half a
dozen!25,28,29,32,34 In the absence of an MSAP, Dusseldorp
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et al28 in 9% andWang et al38 in 10% of the time found instead
a suitable median sural artery perforator as an alternative, so
that although a “true” MSAP perforator flap would only be
possible �90% of the time, almost always a satisfactory calf
perforator flap was still possible. Caution here must be
heeded with more distal perforators, as these could arise
directly from the posterior tibial artery, be a musculocuta-
neous perforator of the soleus muscle, or even cross the
midline to reach the lateral sural artery.35

In most of these anatomical studies, a Cartesian coordi-
nate systemwas set up to plot the location of each perforator
on the basis of its distance from the popliteal crease (PC) as
the “y” axis and from the midline of the calf as the “x” axis.
The vertical distance was highly variable, but in general no
perforators were found <6.0 cm from the PC, nor any includ-
ing a second perforator if present >18.0 cm,17 albeit with
many exceptions.2,33 The distance from the midline varied
from 0.5 to 5 cm,29,34 whereas the mean muscle width itself
was only 6.8 cm.1 Understandably, these measurements
would be highly variable, as they are dependent on the
intramuscular branching pattern of the individual. In addi-
tion, Pease et al39 argue that the location of the PC and
midline of the calf should not be valid topographic locations,
although by default they are so commonly used during
physical examination to estimate the perforator location.
Instead, they point out that the head of the fibula would be a
constant point rather than a crease that would vary accord-
ing to body habitus, and the medial head is typically larger
than the lateral head, so the former always would extend not
to but more lateral to the midline.

The caliber of the MSA ranges from 1 to 4mm at its
origin.29,40 After entering the muscle, this dimension logi-
cally diminishes, as Fu et al37 found that its dimension
decreased 25% after traversing only 2 cm. The length of the
pedicle as measured from the popliteal artery to where the

perforator entered the flap could be as short as 5 cm32 or as
long as 21 cm.34 Again, this would depend on the number of
perforators retained, their location entering any flap, and the
choice of intramuscular branch, if multiple.

Of course, preservation of muscle function is the sine qua
non of perforator flaps, so viability of the MGM must be
assured after any devascularization caused by harvest of the
MSA source vessel. Tsetsonis et al41 have shown in cadaver
studies that communicating bundles or arterioles exist
crossing the raphe from the lateral head that would serve
as a collateral. Secondary venous outflow could be via direct
anastomotic veins in a similar manner, or via the median
sural vein accompanying themedial sural cutaneous nerve.42

In addition, overall circulation could be maintained by
reverse flow via retained musculocutaneous perforators or
branches entering from the underlying soleus muscle.43

Venous
Any islanded perforator flap must by definition have discon-
nected the superficial venous system so that outflow will
depend on the perforator venae comitantes that will then
drain into the intramuscular venae comitantes of the deep
system, ultimately for the MSAP flap reaching the popliteal
fossa along with the MSA. Typically, at least one of these
paired veinswill have a caliber larger than the corresponding
artery, even up to 5mm, and it is not unusual that the other
can be quite diminutive or almost nonexistent. However,
whereas the perforasome of an artery readily interconnects
with its neighbor,44 the same may not be true with the
venous perforasome.45 Taylor et al45 suggest that the line of
necrosis on the venous side can be due to intrinsic or
unpredictable anatomical obstructions such as physiologic
strictures or even the subordinate role of the deep system, so
that outflow does not proceed as expected from the superfi-
cial to the deep systemor fromone venous perforasome to its

Fig. 1 Classification and frequency (%) of branching patterns of the medial sural artery according to Dusseldorp et al.28 Type I: single branch
(31%). Type IIa: dual branches with takeoff superior to tibial plateau (35%). Type IIb: dual branches with takeoff inferior to tibial plateau (24%).
Type III: three or more branches, all with takeoff superior to the tibial plateau (10%).
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neighbor, as has already been shown to occur with the MSAP
flap as a model.46 Perforators near the midline may have the
course of their venous branches diverted toward the median
sural vein and/or lesser saphenous vein, which for the sake of
security should be included with a flap harvested nearby to
ensure drainage of the superficial system.47–50 Branches of
the greater saphenous vein are also always present within
the more anteromedial calf, and can always be kept for the
same reason.38,51

Innervation
No significant clinical series has yet described a sensate
MSAP flap. Although Kao et al40 suggested that the sural
nerve can provide this capability, details of how this would
be possible were not given. In their cadaver dissections
seeking sensate free flap donor sites, Taylor and Daniel in
the diagram of their so-called “popliteal flap” pictured the
posterior cutaneous nerve of the thigh terminating in the
pertinent calf skin territory.6 However, the nerve identified
below that in the figure of the actual cadaver dissection was
identified as the lateral cutaneous nerve of the calf, which
they admitted occasionally replaced the former nerve.6More
medially, sometimes the saphenous nerve can also contrib-
ute to the innervation of this region.6

The Technique

Every surgeon will have their preferential approach to the
actual harvest of theMSAP flap, but many pragmaticmaneu-
vers are found to be common, which is the basis for this
summary of reasonable steps to follow.

Step 1: Perforator Identification
Since the viability of any flap depends on capturing the
requisite source of circulation, for a perforator flap it is
imperative to preoperatively find a reasonable perforator
that will serve that purpose in the optimal donor territory.
Only then can the desired flap boundaries be designed with
some assurance of its survival. Schematics to guide surveil-
lance of the most common location of perforators in the
“workhorse” flaps like the anterolateral thigh (ALT) flap are
well known,52 but are not yet universally accepted for the
MSAP flap (►Fig. 2). Most frequently used has been the
suggestion of Kim et al32 to draw a line from the midpoint of
the PC to the prominence of the medial malleolus. A perfo-
rator may be found within a distal hemi-circle with a radius
of 2 cm centered on the former line 8 cm below the PC32; and
a second perforator, if present, may be in a circle 6 cm in
diameter 15 cmbelow the PC.52 Song et al53 simply expanded
their search at a point “A” located at the midpoint of the line
of Kim et al.32 Thione et al31 even more simply dropped a
vertical line along themidline of theMGM, as in their cadaver
dissections 87% of all desirable perforators werewithin�1.0
cm of that line. Choi et al54 determined that most sizable
perforators were near the midline of the lower leg inside a
triangle outlined by the extent of the MGM between two
lines originating from the midpoint of the PC, with one
extending to the medial calcaneus and the other to the

Achilles tendon. To take into account variability in height,
Wang et al38 dropped a second line from the medial epi-
condyle of the femur to the prominence of the lateral
malleolus that intersected the line of Kim et al,32 where a
circle with a radius of 4.0 cm centered at that point would
encompass the necessary perforators. Remember that the
meanwidth of the MGMmay be 6.8 cm,1 and as Pease et al39

have reflected, the location of the PC depends on the indi-
vidual’s body contour and the larger MGM head most often
extends lateral to the midline. Also, one cannot forget that
the intramuscular branching pattern leading to these perfo-
rators can be highly variable,28 so a single schematic intui-
tively for these reasons from the outset would not seem
logically to be a universal possibility. To overcome all this
inconsistency, Kao et al30,55 rely on four lines marked with
the patient standing:(1) the PC, (2) from the midpoint of the
PC to the Achilles tendon, (3) along the distal border of the
MGM, and (4) from the medial tibial condyle to the promi-
nence of the medial malleolus. Note these intersect to
essentially outline the entirety of the MGM (►Fig. 2),
through which, of course, any available musculocutaneous
perforator must indeed pass.

The take-home message from the aforementioned sche-
matic choices should be that some technological support
would inevitably be more helpful. The ubiquitous audible
Doppler can be tediously dragged over the entire
MGM,17,55–58 but care must be taken as the audio heard
from the usually very superficial course of the intramuscular
branches may be enhanced, thereby obscuring differentia-
tion from the perforators themselves.59 Computed tomogra-
phy (CT) angiography32,60–63 and color duplex
ultrasound27,32,64 may be beneficial means to show the
course and origin of potential perforators—if available. A
cheaper alternative may be just smartphone thermography
to find “hot spots” after a “cold challenge” (►Fig. 3), allowing
their follow-upwith an audible Doppler to be thereby used in
a more efficient mode.65

Step 2: Flap Design
The dimensions of any chosen flap must be satisfactory to
accomplish the desired coverage. Injection studies byWalton
and Bunkis66 of the vascular plexus of their posterior calf
fasciocutaneous flap indicated that “perfusion beyond the
medial and lateral mid-axial line of the leg is unpredictable,”
and vertically this extended from about the PC to the middle
or lower one-third of the leg. This is consistent with the
extensive microanastomoses interconnecting the angio-
somes surrounding that of the MSA,38 allowing an MSAP
flap 15�20 cm in size reported by Kim et al67 and, the
longest of all, 10�25 cm by Teven et al.68 A flap wider
than 5 cm2,40 or at most 8 cm32 might not allow primary
donor site closure. A “pinch test” may be a more accurate
means to determine an acceptable flap width,69 if primary
donor site closure is essential.

Pedicle length will mostly be determined by the location
of the chosen perforator. Eccentric placement of that perfo-
rator at the proximal end of theflap designwillmaximize the
potential length. Eccentric placement at the distal end of the
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flap will allow proximal tissues to be rotated in a propeller
fashion to also obtain maximum pedicle length, albeit re-
quiring some twist about the perforator.69 Theoretically,
centralizing the perforator will best assure total flap perfu-
sion especially for a narrow flap, but for a very long flap,
retention of a second perforator in themore distalflap design
would be highly desirable to ensure adequate circulation.64

In addition, the axis of the flap should have a longitudinal
and not curved or oblique orientation, so that “choke vessels”
or true anastomoses will best capture adjacent perforator
angiosomes sufficiently.36,44,70

Step 3: Perforator Confirmation
With the patient typically supine after induction of anesthe-
sia, the thigh is abducted and externally rotated at the hip,
and the knee is flexed. A bloodless field simplifies perforator

dissection, so use of a tourniquet, but without limb exsan-
guination so as to maintain venous fill, is preferable. Two
small subfascial incisions at the anterior border of the MGM
will allow passage of retractors and a 4-mm endoscope with
a 30-degree angle for actual visualization of the perfora-
tor.48,59,62,71 As an alternative, a small subfascial exploratory
incision along the proposed anterior border of the flap with
upward traction on the flap might be sufficient to lead to
accurate citing of the perforator where it enters the deep
fascia.55Once confirmed, theflap design should be revised as
necessary. Completion of the anterior flap border incision
can then safely be done, usually retaining proximally a few
centimeters of a subcutaneous vein for later potential super-
charging. Because of the relatively notoriously small perfo-
rators usually encountered in this donor site, a suprafascial
dissection is rarely chosen.64 A subfascial dissection allows a

Fig. 2 Existing schematics intended to facilitate the preoperative identification of the location of amedial sural artery perforator (see text for details): Kim
et al32: within hemi-circle 8 cmbelow thepopliteal crease (PC) on line drawn frommidpoint of PC to prominence of themedialmalleolus (MM). Song et al53:
search begins at midpoint of line of Kim; Thione et al31: found� 1.0 cm from the vertical midline of themedial gastrocnemius muscle (MGM); Choi et al54:
insidethetriangle formedbytheextentof theMGMbetween lines fromthemidpointof thePCtotheAchilles tendonand themedial calcaneus;Wanget al38:
within the circle centered at the intersection of line from themedial epicondyle of the femur to the prominence of the lateralmalleolus with the line of Kim;
Kao et al30: region encompassed superiorly by the PC, line from themidpoint of the PC to the Achilles tendon, the distal border of theMGM, and the fourth
line from the medial tibial condyle to the prominence of the MM.
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rapid posterior retraction of the flap above a bloodless
subfascial plane, except where the perforator is located. Be
careful of the corkscrew path of the perforator, as it may exit
theMGM at a point even a few centimeters away fromwhere
it perforates the deep fascia. Towels placed on the operating
room table under the flap as it falls backward will serve as a
cushion that will prevent excessive tension on the perforator
during the next steps.72

Step 4: Pedicle Dissection
Muscle fibers should first be gently spread apart above and
below the chosen perforator. Often, its origin from a superfi-
cial intramuscular branch will then rapidly be seen. De-
roofing of that branch proximally should proceed by spread-
ing apart the usually longitudinally oriented muscle fibers.
This stops once the desired pedicle length or vessel caliber
has been reached, which can extend through the hilum as far

Fig. 3 (A) Failed right ankle pilon fracture reduction, with open lateral malleolus wound extending into ankle joint. (B) Using a thermography
camera, the second “hotspot” seen marked on the medial calf as was the spot “X” above. (C) Medial sural artery perforator (MSAP) flap designed
on the medial calf to potentially include both perforator sites “X” as determined by thermography. (D) Chimeric MSAP flap in situ, with
perforators (P) found exactly at predicted points “X,” vascular clamp on the greater saphenous vein branch (V) available for supercharging,
course of the medial sural artery superficial intramuscular source branch (proximal yellow arrow), continuation of this branch (distal yellow
arrow) past the second perforator origin to independently supply a small portion of the medial gastrocnemius muscle (MG) that will be inset into
the cavity entering the ankle joint, harvest site of the MG (black arrow), rent through the MG for pedicle harvest (inferior to dotted line). (E) Free
chimeric MSAP flap, predicted perforator sites “X” (black arrows) corresponded to their actual location (P [yellow arrows follow course of medial
sural pedicle]). (F) Right lateral ankle status 5 weeks posttransfer prior to fusion. (G) Typical final calf donor site scar.
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back to the vascular origin from the popliteal vessels. Cir-
cumferential freeing of the pedicle from other muscular
branches is next done, being careful using available means
for hemostasis. Any motor nerve encountered should be
meticulously separated away from the MSA. Once all has
been completed, the muscle branch distal to the perforator
origin can be ligated if the usual orthograde flow to the
perforator is to be maintained.

Step 5: Flap Harvest
Only after completion of the skeletonization of the vascular
pedicle should the posterior border of theflap be incised also
through the deep fascia, being careful to ensure that the
perforator has been retained. If that border is near or crosses
the midline, inclusion of the lesser saphenous vein or its
branches may be advisable also for potential supercharg-
ing.48 From distal to proximal, the deep fascia of the flap is
teased away from the intrinsic MGM fascia to make this a
true island flap. At this point, the tourniquetmay be deflated,
and vascular perfusion to the flap assessed and managed, as
well as control of any hemorrhage. The flap is then ready for
transfer as per the original overall surgical plans.

Technical Variations

Patient Position
The location of the recipient site will determine what should
be the most efficient intraoperative position that will still
allowunimpededMSAP flap harvest. Not only can a supine or
lateral decubitus position be acceptable, but also the MSAP
flap is actually an “ideal” donor site when the prone position
is used,67 because as such few other perforator flaps with a
long vascular pedicle are available.50

Propeller
AnyMSAP can serve as the hub for a propeller flap. If the hub
is located proximally, following rotation about that hub,
distal calf tissues can be transferred to a more proximal
defect. Similarly, if the hub is located distally, more proximal
calf tissues can be transferred even more distally. Using the
latter design, if the MSAP intramuscular pedicle itself is
dissected somewhatmore proximally, Tee et al69 have shown
that this as a “pedicled propeller flap”will reach the anterior
middle third of the leg. If the same pedicle were divided and
then based on a distal pedicle with retrograde flow, reach to
the distal leg is possible, but caution is advised as Tee et al69

had complications in every case so reported. If a second
MSAP perforator exists, that can similarly be used separately
as a retrograde perfused propeller flap to facilitate direct
closure of the donor site.63

Perforator Plus
Any flap maintaining a dual blood supply that includes a
dissected perforator would be a “perforator plus” flap.73 A
peninsular flapwith an intact base (either proximal or distal
based) where an encountered MSAP is dissected as far as
necessary so as not to impede rotation of the flap may

provide some security in assuring superior circulation to
the entire flap. An MSAP “perforator plus” flap could also be
completely islanded on its medial sural vascular pedicle,
with a second source of circulation included such as the
retention of the lesser saphenous vein and/or the medial
sural cutaneous nerve with the accompanying median sural
vessels, as Kim et al67 deemed necessarywhen the donor site
consisted of burned skin to better ensure both inflow and
outflow.

Adipofascial
If primary closure of the MSAP flap donor site is essential, or
bulk need be minimized, the subcutaneous layer along with
the usually retained deep fascia only need be transferred
without the overlying integument as an adipofascial
flap.74,75

Chimeric
A chimeric flap is a combination of flaps that each have an
independent vascular supply, and are independent of any
physical interconnection except where linked to a common
source vessel.76,77 If two or more dominant MSAPs are
present, two narrow MSAP flaps can be harvested only
with a common medial sural vascular pedicle, which Sano
et al78 have shown allowsgreater surface area coverage at the
recipient site while obeying the “kiss” principle of Zhang
et al79with the specific advantage of allowing primary donor
site closure that would not havebeen possible if a singlewide
flap had been used. In addition, if one flap were buried,
monitoring would be possible by externalizing the second.71

Of course, since theMSAP flap is a “true” perforator flap,16

the requisite musculocutaneous perforator is intimately
attached to MGM branches so that a portion if not all of
that muscle could be combined as a chimeric flap. If the
intramuscular branching pattern were type II or III (►Fig. 1),
Lee et al62 have shown that the MSAP flap could arise from
the lateral branch while the medial branch independently
supplies the muscle, or vice versa. Another option is to keep
the continuation of the intramuscular branch distal to the
perforator origin (or any other reasonably large muscle
branch) to serve the muscle portion separately (►Fig. 3).
Whether utilized as a pedicled local flap24,62,75,80 or free
flap,53,62,78,81 the more malleable muscle component can
readily fill deep spaces or provide additional bulk, while the
perforator flap simultaneously provides cutaneous or muco-
sal coverage.

An even simpler chimeric flap alternative would be the
traditional transfer of a medial gastrocnemius musculocuta-
neous flap, where the skin paddle were isolated on its
perforator enough only to allow its rotation in any direction
so as to better fit a given skin defect, as Innocenti et al82 have
done for knee defects. Some would call this variation a
“chimeric propeller flap.”83

Composite Tissues
The subfascial elevation of the MSAP flap readily allows
access to other tissue donor sites. Vascularized muscle, as
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just described, could be a part of a chimeric flap. The medial
sural cutaneous nerve that runs in the furrow between the
heads of the gastrocnemius muscle could even be a vascu-
larized nerve transfer if a mesentery of the muscle is kept
wrapped about it as Kashiwa et al26 have shown, corrobo-
rating Al Qaatan84,85 who found that this maneuver also
maintains circulation to extend the more proximal skin
territory of a distal-based sural flap. This region is also a
source of nearby nonvascularized grafts such as the saphe-
nous nerve, plantaris tendon, and the lesser saphenous
vein.17,20,21

The Versatility

As with any flap, enthusiastic use of the MSAP flap anywhere
in the body will be eventually tempered by recognition of its
true advantages (►Table 1) and disadvantages (►Table 2).
Appropriate selectionmust consider all inherent qualities and
also known risks. For example, in contrast to the rest of the
body, in general the MSAP flap is markedly thinner (►Fig. 4),
ranging from 4 to 8mm in Asian series.17,30 Many have
therefore chosen this over the radial forearm flap so as to
preserve the radial artery and minimize risk of hand function
morbidity while allowing immediate donor site rehabilita-
tion.40,48,53,56,86 Doğan et al87 compared this attribute with
the ALT flap, which on average was much thicker, and con-
cluded that in general the actual MSAP flap thickness is
directly proportional to gender and body mass index (BMI),
the latter perhaps explaining why in theWestern cultures this
may not be so thin as would be desirable (►Fig. 5). Color and
texture should also be concerns, as the match is poor when
used to resurface exposed defects (►Fig. 6).

The absence of a MSAP clearly does not allow harvest of
this flap,30 but so too in the dysvascular patient should this
donor site be avoided as that perforatormay be important for

contributing to more distal lower limb collateral circula-
tion.88Many have in addition arbitrarily condemned thisflap
choice solely on the basis of the donor site sequela (►Fig. 3).
A flapwider than 5 to 9mm2,32,40,50 may require a skin graft
on the calf that will be obvious, and just not acceptable to
most women.4 Tissue stretching64 or tissue expansion89

techniques to allow primary closure will still leave a con-
spicuous scar that might be just as unacceptable. Under-
standing all these detriments by the surgeon is essential, so
that selection of the MSAP flap will provide an unequaled
benefit, as has been suggested by the following references
from head to toe.

External Head and Neck
TheMSAP flapmay be a thin flap to resurface the cheek, neck,
or even scalpwith a long vascular pedicle of reasonable caliber
needed to reach available recipient sites.20,21,30,54,59,90 Con-
tour andappearanceherewill beobvious, so thiswill alwaysbe
an unavoidable concern ►Fig. 6.

Table 1 Attributes of the medial sural artery perforator flap

1. Function preservation

2. Donor territory rarely unavailable

3. Accessible with the patient supine, ipsilateral decubitus, or prone

4. Lengthy vascular pedicle

5. Pedicle caliber does not require super-microsurgery

6. Usually facile pedicle harvest, with superficial intramuscular location

7. Spinal anesthesia sometimes possible

8. Concurrent approach by multiple teams for head and neck, upper extremity, or trunk reconstruction

9. Relatively thin, regardless of body mass index

10. Contour often permits as substitute for radial forearm flap

11. Local flap alternative for the gastrocnemius muscle

12. Legitimate free flap option for oral cavity and ipsilateral lower extremity

13. Numerous chimeric flap options

14. Synchronous harvest of multiple composite tissues, e.g., muscle, tendon, nerve, vein

Table 2 Detriments of the medial sural artery perforator flap

1. Nonaesthetic appearance of donor site skin graft
or scar

2. Medial sural artery perforator may be absent

3. Nonexistence of schematic for reliable preoperative
perforator site identification

4. Even dominant perforator caliber relatively small

5. Corkscrew subfascial perforator path could skew flap
design

6. Potential for coverage of only small to moderate
surface area
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Internal Head and Neck
A meta-analysis of the literature stated that to date the
oropharynx was one of the commonest sites where use of
theMSAP flap had been reported.18 The thin, relatively pliable
small-volumeMSAPflap is often ideally suited as a solution for
reconstruction of the oral cavity.56,91,92 This is most appropri-
ate for the two-dimensional surfaces of the floor of
mouth30,48,56,59,93 and buccal mucosa,30,48,56 and also rarely
for thehard56andsoft palate30andretromolar trigone.48Many
consider this thebest solution for partial tonguedefectswhere
the anterolateral flap would just be too bulky, thereby better
allowing maximal tongue movement for the purposes of
speech and swallowing, and, sometimes if a small portion of
the MGM is included as a chimeric flap, providing sufficient
bulk for deglutition.30,48,56,59,60,81,86,93,94 Since this donor site
is well away from the intended recipient site of the head and
neck, a simultaneous two-team approach will be another
advantage.92

Upper Extremity and Hand
The thinness of the MSAP flap that has a gliding fascial
undersurface may be sufficient reason for resurfacing the
hand or elsewhere in the upper extremity where there is
exposed bone or tendon.20,21,38,58,90,95–99 This donor site
simultaneously allows access to tendon and nerve grafts,
which often are secondary requirements.20,58,99

Genitalia
Although this is a popular topic today in reconstructive
surgery, only a single manuscript regarding use of the
MSAP flap in this region was found. That was a free flap by
Teven et al,68where in the absence of local thigh-based flaps,
this was used to resurface the groin and pubis while creating
a neo-scrotum for a buried testicle.

Leg
The oft-quoted original paper by Cavadas et al2 included six
cases where five were a free flap and the other a local
pedicled flap, all for varied lower extremity reconstructions.
Typical problems of exposed bone that required a small to
moderate-sized free flap were reasonable candidates for an
MSAP flap,20,90,100 but this has also been used in the pres-
ence of chronic osteomyelitis.61 Many who would not select
this flap since they are intimidated by the donor site mor-
bidity may find this to be one of the few body regions where
there would be a legitimate indication for its selection, as
deformities secondary to the recipient site already exist.101

Montegut and Allen were the first to report a pedicled
version of the MSAP flap as “an alternative for the gastrocne-
mius myocutaneous flap.”8 The more extended reach of the
islandMSAPflapcomparedwith theMGMbetter permitsknee
coverage of small to moderate-sized traumatic wounds, on-
cologic resections, or prosthesis exposures.47,57,64,80,102,103 A
chimeric version that includes a portion of themoremalleable
muscle will allow the latter to concomitantly fill deeper
recesses.24,75,82 Prophylactic para-patellar soft-tissue aug-
mentation especially for secondary knee surgery such as a
repeat totalkneeprosthesiscanprevent later untowardwound
healing issues leading to loss of the prosthesis.104,105

The popliteal space such as following a knee scar flexion
contracture can also be resurfacedwith a pedicledMSAP flap
to avoid a skin graft that might recontract.67 V-Y advance-
ment island flaps requiring minimal perforator intramuscu-
lar dissection can reach other adjacent calf defects.13,106 The
same perforators can be the hub of a propeller flap that can
cover the anterior middle third of the leg.69 If the pedicle of
an island flap is ligated proximally with then reverse flow to
the perforator, even themore distal leg can be reached, albeit
with an increased risk of complications due to insufficient
perfusion.69,107

Foot
Any flap chosen to cover any of the zones of the foot and
anklewhile adhering to the subunit principle108must be thin
and pliable enough to permit normal fitting of shoewear.74

The MSAP free flap, depending on the proper patient body
habitus and when only a small to moderate sized flap is
required, can be used successfully for all zones.49,101,109

Much like use of the archival cross-leg flap to cover the
foot, a contralateral MSAP free flap could be used in a single
stage as an immediate cross-leg flap without the need for a
microanastomosis—but beware of that technical exercise, as
it is far better today to use the ipsilateral version to restrict
morbidity to only a single lower extremity!110 Plantar re-
construction remains our nemesis, as any flap choice must

Fig. 4 “Pinch test” donor site comparison in another individual with
deep inferior epigastric perforator (DIEP), anterolateral thigh (ALT),
and medial sural artery perforator (MSAP)—proving typically to be the
thinnest.

Fig. 5 This medial sural artery perforator (MSAP) flap thickness as
measured in situ was 2.0 cm. The same flap used for►Fig. 3was used
here.

Archives of Plastic Surgery Vol. 49 No. 2/2022 © 2022. The Korean Society of Plastic and Reconstructive Surgeons. All rights reserved.

Medial Sural Artery Perforator Flap Hallock248



withstand constant weight-bearing pressures and shear
forces, which some say must include protective sensation.
Kim et al111 found that plantar resurfacedMSAP flaps proved
adequate and regained relatively good protective sensation
within 12 months.

Recipient Site
Just as importantasknowledgeof theMSAPflapasadonorflap
is an understanding of its vascular supply that could also serve
as a recipient site for another free flap. For large para-patellar
defects, this could avoid use of lower limb source vessels that
may be difficult to access or may be compromised in some
other way. The medial sural vessels can be dissected in ortho-
grade fashion from their popliteal vessel origin to theirmuscle
hilum to provide a more accessible vascular leash for micro-
anastomosis with the patient in almost any position112—
prone,113 lateral decubitus,37,114 or supine.43,115 Another op-
tion would be a retrograde intramuscular dissection of the
medial sural vessels as done by Trapero et al116 after a prior
medial gastrocnemius flap, but even safer if anMSAP could be
followed until the caliber and length of its source branchwere
sufficient to match that needed.117

The Workhorse

If anything can be gleaned from this overview and from
previous studies by many others,17–22 the anatomy of the

MSAP flap can be obstinate, as there is no consistency that
permits use of a schematic based on anatomical landmarks
that would quickly lead to finding the perforator around
which the necessary flap can be accurately designed. Instead,
as is the case with most perforator flaps, this may be an
adventure even using available technology—but worth the
effort as long as an adequate perforator can be found. If not
available or if the first MSAP flap is unsalvageable,21 perhaps
the contralateral calf would be more receptive; or one must
remember that the medial gastrocnemius muscle usually
remains virtually unharmed and can always be an alternative
local flap.118

If a thin and pliable flap of small or moderate size with a
pedicle of moderate length is needed anywhere in the body,
the MSAP flap could be the ideal choice as there are many
legitimate attributes (►Table 1), such as allowing exquisite
partial tongue repair with minimal donor site morbidi-
ty.56,86,94 However, many object to any MSAP indication—
finding the donor site appearance of even a longitudinal scar
to be unacceptable.4 Yet its use as a pedicle flap for the
knee,64,75,80,103,105 popliteal space,67 or even proximal third
of the leg,69 or even as a free flap for an ipsilateral lower
extremity challenge101 should all be legitimate reasons for
acceptance of this as the best cutaneous flap option, since
donor site sequela probably would be less than that already
existing at the recipient site. It behooves the reconstructive
microsurgeon to be knowledgeable of the versatile

Fig. 6 The medial sural artery perforator (MSAP) free flap for resurfacing the lower lip provided coverage, but obliterated subunit contour with a
color differential from the rest of the face that would be aesthetically unacceptable.
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possibilities and alternatives for this MSAP flap, so that the
benefits when selected will always supersede the detriments.
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