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ABSTRACT

Soft tissue defects resulting from trauma, cancer surgery or congenital
abnormalities can occur throughout the body, and are reconstructed with surgical flaps by
plasticsurgeons. Perforatdlaps are the most recent applications of surgical tissue
transfers. These tissue transfers are reliant on a single artery and vein, which perfuse a
portion of tissuavith the bloodrequiredfor survival. As a result of diminishdtap bulk,
minimal donor site morbidityand more donor site choices, perforator$lape
consideredo be an advanced form tésue transfer.

Fifteenthighs obtained from 10 fresh human cadavers were studied. This study
employedhe3Di magi ng software, Materialisedbs I nt
System (MIMICS), to creat8D modelsof the vascular anatomy of the thigh.

In totalthere is an average of &3L6 arterial perforators supplying the integument of the
thigh from nine source arteries.

There is a correlatiobetweerthe average area perfused per perforatad the
diameter 6the potential perforator. Based on this vascular anataiilys af e 6 cahi mi t o
be estimated based on the ratio of perforator diameter and flay heclateral
circumflex femoral artery (LCFA), superficial femoral artery (SFA), and profunda
femoral aréry (PFA) in descending ordewere found to be the most reliable vascular
territories for large flap harvesthis virtual digital dissection techniqyeelds
opportunities for preoperative simulation and can be a valealieationabnd training

tool.
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GLOSSARY

Angiography: Medical imaging technique used to visualize arteries, veins and the heart
chambers.

Angiosome:Threedimensional composite block of tissue supplied by a source vessel.
The conceptorrelates the blood supply to the skin frareource artery with its supply to
the underlying muscles tendons, nerves and bones.

Computed tomography(CT) scanner. Radiologic imaging that uses computer
processing to generate an image of tissue density in slices through the patient's body.
Cutaneousperforator: General term used to define the perforating vessels through
different deep tissue to supply subcutaneous fat and overlying skin.

Direct or axial perforator: Type of perforatothatexclusively pierces the deep fascia en
route to supplying subtaneous fat and overlying skin.

Fasciocutaneous flapSurgical flap consists of deep fascia and skin.

Free flaps: Vascularized tissue transfer, which is detached from the donor site, along
with its blood supply, then reattached at the recipient site.

Hounsfield scale:is a quantitive scale for describing radiensity

Integument: Commonly called skin, is an anatomically and physiologically specialized
boundary lamina essential to life. The integument consists of the epidesupisrficial
layer,and thedermis- the deep moderately dense layer.

Musculocutaneous flap:Surgical flap comprised of muscle and skin.
Musculocutaneous perforator: Type of perforator that courses through muscle and the

deep fascia en route to supplying subcutaneous fat and ogeskin.

Xiv



Pedicled flap: Vascularized tissue transfer, which remains attached to the pedicle of the
donor site

Perforator flap: A skin transfer that relies on a single artery and vein, which perfuse a
portion of tissue.

Posterior thigh: Loosely defined aa subregion bordered by the inferior gluteal fold
superiorly, the iliotibial tract laterally, the posterior border of the gracilis muscle
medially, and a horizontal line along the superior pole of the patella inferiorly.
Septocutaneous perforatorType ofperforator that courses through the intramuscular
septum and the deep fascia en route to suppsabgutaneous fat and overlying skin.
Subcutaneoudissuefat: Adipose tissue located between the overlying dermis layer and
the underlying deep fascia. Geaky considered as part of the skin.

Thigh region: Defined as a regioextending distally from the inguinal ligament line
anteriorly and posteriorly from the gluteal fold to a horizontal line along the superior pole
of the patella.

Three-dimensional compuerized modeling: Technique used to create three

dimensional models of body components using thieeensional scans and specialized

software.
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CHAPTER 1 INTRODUCTION

Anatomical researctelatedto theidentification of innovativeautologous tissue
transfersand characterization of components of known figgssentiato the
advancementf reconstructive surgery. The goal in the reconstruction of complex slefect
resulting from trauma, congenital causedaoge tumor ablation is to restore thermal
anatomy using available donor tissuesfectscan be highly variablevhich necessitates
an extensie knowledgeof the available reconstructiwgptions for tissue transferhis, in
turn, requiresa detailecknowledge of the underlying vascular anatomy of pmttential
donor sitesand recipient areaPerforator flaps have become a popular option for
reconstruction because of their advantages including longer pedicle length, more extensive
donor site optiongeduced donor site morbidity and an increased opportunity to
Acustomi zedo the. reconstructive result
The thigh regions considered the largest donotesavailable for perforator flap
harvest. Bchthigh contributes10.5%of total body surface aréarheintegumenithe skin
and the underlying subcutaneous tigsafaéhis region is supplied bg mixture of
musculocutaneouandseptocutaneoyserforators the majorityof which originatefrom the
profundafemoralartery (PFA)andrelatedprimarybranches the medial circumflex
femoral arter\MCFA) andthe lateral circumflex femoral arte(iCFA).! These vessels
provide versatileeconstructiveoptions thatmaybe utilizedin many surgical scenarios.
The initial quantificationof PFA, MCFA and LCFAperforabrs,* anddescription of
anatomical landmarks used to facilitate flap disseétimveadvanced the field of

perforator flap surgery



The ncreasinguseof perforator flaps based &#+A, LCFA and MCFA perforators
of the thighrequiresdetailedknowledgeof the vascular anatom¥he thighis usedor
both free and pedicled flaps becatlse thigh can beoncealedy clothingand can be
closed primarily? However this regionexhibitsvascular anomalieand vessel disease
especiallyamongWesternsocities® A comprehensive understandiafitheunderlying
vascular anatomy ihereforeessentiato thesafedesignof existing perforatoflaps;it may
also leado theidentificationof other suitable donor site optionst previously described

This study deelopsa digitized interactivevisualmodel ofthe vascular anatonof
the thgh region usinghreedimensional3D) angiography anMat er i al i seds | nt ¢
Medical Image Control Syste(MIMICS) softwareto providemorphological data,
includingdetailedinformation regardinglimensios, localizationand descriptiomf
vasculatterritories.Data collectec@nd subsequent analysis and discussiamtendedo

facilitate theutilization of thigh perforator flaps as reliable and viable surgipébrs.



CHAPTER 2 LITERATURE REVIEW

Anatomical researcimto vascular architectureasexpanded thenderstanding of
blood vessebrientation Vascular aatorrical knowledge underpins effective flap surgery;
detailedunderstanding ahe underlying artéal anatomyinvolved is requiredor safe flap

design

2.1 Overview of the historical development ofvascular anatomical

descriptions

The investigation of blood supply to thegument has maddow progress due to
technicalchallengesn past methodsral availability of human cadaveisistorically,
shortags of cadaverdiavelimited anatomical teaching and reseaamdpromptedllegal
acquisition olhuman cadaverSWhile methods used to assess microvascular anatomy have
improved, lowbodydonationcan still limit anatomical research toddgach new eraf
anatomical researalelevant tareconstructive surgery hagen led byheinnovative
efforts of a few investigator&natomistshave had amtegral role in the advancement of

flap surgery providing surgeonsvith many suitable donor sitésr flap surgery.

2.1.1Pioneeringdescriptions

Early knowledge of vascular anatomy veasinedthroughdissectiorr. Manchot
relying on extensive dissection, provided the first description of skin vasculattkia in
arteries of the human bgd This descriptiondefining 40 vascular territorieegmains the
standard for defining blood supply to the integun{€gure 1) A century laterthe work

of Manchotwas expanded arulblishedunderthe title Thecutaneousarteries of the



human bodywhere the work oManchotwas described splastic s u s missedy 6
opportiunityo

Spalteholanitially documentedwo majortypes ofblood vesset which supplythe
skin (perforators) musculocutaneous arterisspplymuscles, and havdindirecd branches
thatterminate irthe «kin; septacutaneousrteriesperforatefidirectlyo to the skinbetween
thebody tissuesThesevesselshen ana®mose tdorm thecutaneous plexusSalmon
then developed the uséaradiographic agerdnd radiographto study the cutaneous
arteries’ Lead oxide injectiomndtwo-dimensionabngiography(2D) were pioneeretb
assess the vascular anatomyofman integumer(Figure 2).° More than 80 cutaneous
vascularterritories, covering the entire badyere definedThe equilibriumlaw governing
the relationship betweearteriessupplying the sameutaneouserritorywas proposed
Essentially the law states th&thevascularterritory ofone arterys large, theterritory of

theadjacentrteieswill be smalker.®



Figurel: Car | Nesaniptidn oftth@ascular territories of the human body.
(Modified from Morris et af?)



Figure2: Mi c h e | desSripliomaf thaescular territories of theumanbody!!
(Modified from Taylor et atl)



2.1.2The angiosome and perforasome concepts

Thetermfiangiosomeis a compounderm derived fromwo Greekwords,angeion
meaningvessel andomitemeaningsectionof the body? T h e i a n goncepto me 0
anatomicallydescribes the body 8P composite block of tissue supplied bsource
arteries'> This concept correlates the blood supply to the skin from a source artery with its
supply to the underlying muscles tendons, nernesb@nesit was proposed to define the
3D vascular territoriesf primary sourceressels? These angiosomgsonnected through
anastomtic orfi ¢ h o k e Wweresdecurseated from twadimensional angiograms
using herefinedradio-contrastinjection methodology combined with dissection

In addition to the two major types of perforators intially descriedlteholZ a
third type of perforator, which course directly to the integument, was subsequently
proposed to be the primary blood supply toitttegumenin addition tomusculocutaneous
or septocutaneous vess&3his knowledgeed to anexplosionin the applicatiorof
perforator flapsbecominghefundamentabasis offlap surgeryandallowing for the
design ofa flap at any donor site whesa suitableperforatorcould be identifiedFigure3 +
Table 1)312

Subsequentlythefiperforsa o me@r® A per f or adoncepdelimegtheo s 0 me 0
boundaries of cutaneous territories supplied by a perforator by lines drawn through the
anastomotic zone anecting that perforatavi t h adj ac et i dp arl flordd g o
These perforasome are linked together diatchwork quil (Figure4).1* Extrapolation
from asurgica studyperformedon animaimodelsrevealed thg@ossibility of the safe

harvesiof the anatomical territoryfoadially contiguougerfraosome (without their



perforatos), all of which will survive reying on theperforator of theentral
perforapme®41®

Furtherstudy of thearterial anatomyed to improved understandingf the
andaomical basis of perforator flapSutaneous perforators$ the human bodyere
magped with more detaihs a result of research combining cadaver injection studies
tedious dissectioand2D angiography151° represering the most compriaensive studpf
thecutaneous fine arterial anatomy up to dateaddition hese studieslled a
fundamental deficiency in previous studies dpyantfying perforatorsintroducing
dimersional analysigdiameter, pedicle lengtiof perforatorsobtained bydissectionand
descriling thezones of cutaneous blood suppked forflap surgerydesign(Figure5 +

Table 2)11619



Figure3: G. | & descTigtion lofahe dascular territoridfstioe human body! Each
vascular territory supply tareedimensional 8D) composite block itissue (angiosome).
Vascular territories of profundamoralartery (21); lateral circumflex femoral (27);
adductor (profunda) (28); superficial femoral (31) and common femorat{@andified

from Taylor et at?)



Tablel: Several potential perforator flaps of the thigh region based on the classification of
angiosomes by Taylor and Palniér

Sourceartery Major superficial Angiosome Perforator flap
muscle(s)supplied
Profundafemoral Sartorius 21. Profunda PFAPF
Vastus medialis femoral
Rectus femoris
Adductor longus
Lateral circumflex Tensor fascia lata 27. Lateral LCFAPF
femoral Vastus lateralis circumflex femoral
Adductor branch of  Adductor longus 28. Adductor PFAPF
profundafemoral Gracilis (profunda)
Adductor brevis
Adductor magnus
Superficial femoral Adductor longus 31. Superficial SFAPF
Adductor magnus femoral
Adductor brevis
Gracilis
Vastus medialis
Common femoral Sartorius 32. Common CFAPF
Vastus medialis femoral

Rectus femoris
Adducbr longus

The source arteryperforated angdupplied musclesorresponding angiosome and potential
perforator flap name are liste8ee Figure 3 for diagram of angiosomes of the profunda
femoralartery (21)jateral circumiex femoral (27) adductor (profunda) (283uperficial

femoral (31)andcommon femoral (32t

10



Angiosome Territory

ofa
Cutaneous Perforator
Angiosome Skin Territory
ofa
Source Artery

Figure4: Schematic representations of the cutanqmerforasome andngiosome“On the
left, cutaneous perforator angiosonfpserforasone) andon the rightseveralperforasomes
combined to represent the cutaneous territory of a source @tgipsome* (Modified
from Taylor et at?

11



Figure5: Composite diagram showing vascular territories ofrtheanbodythat
correspond to source arterf@d/ascular territories oflescending genicular artery (DGA);
inferior gluteal artery (IGA)lateral circumflex femoral artery (LCFA); lateral superior
genicular artery (LSGA); medial circumflex femoral artery (MCFA); raeguperior
genicular artery (MSGA); popliteal artery (PA); profurfdenoralartery (PFA); superficial
femoral artery (SFA)Modified from Morris et af?)

12



Table2: The abbreviations of vascular territories of the thigit corespond to source
arteries associated with igure5.1°

Source artery Abbreviation
Inferior gluteal artery IGA
Superficial femoral artery SFA
Profundafemoralartery PFA

Medial circumflex femoral artery MCFA
Lateral ércumflex femoral artery LCFA
Pogiteal artery PA
Descending genicular artery DGA

Lateral superior genicular artery LSGA
Medial superior genicular artery MSGA

13



2.1.3Modern three-dimensional (3D) digitized modeling
Technologicahdvancements ihealth biomedical sciencésve provided new
research tools fagxploringhuman anatomyPrevious anatomical studies usediaveric
dissection antivo-dimensional2D) angiographyas the standard for investigating the
vascular supplpf musclesskin and bone§3%1216-19 Thevisudization of microvasular
anatomy of the integumentaslimited by representson in 2D, complicatingthe
interpretation ofhe spatialocatiors of vesselsn relationship to nearby structurés.
Materialisebfs Interacti velMWZ8)daoftwazel | magin
(Materialise, Leuven, Belgiumyas initially developedo provide medical image
segmentation tools for engineerimganatomy, and used the field of orthopedics to
simulate prosthe surgey. In 2008, a pilot study combined 3D angiogrgmf human
cadavers arterially injected with lead oxiuiéxture combinedwith MIMICS software?
Thecreation ofa digitized, interactive, visu8D model of the arterial vascular anatomy
was possiblemarking a significantadvancement ianatomig plastic and reconstructive
surgery research,as it allovs for spatially accuratdepictions othe complex vascular
anatomyof the area ointerest andfacilitatesdata collectionRotatingreconstructed
models resolve ambiguities associated with assesssuylea anatomy i2D permitting
the ability tomeasurectuallength of pediclediameter of pdorators and abetter
understandin@f perforator coursandtype classificationEvaluating the relationship of
perforators to surrounding structuissmpotant todevelopng anatomical landiarks that
can be used clinicallip locatethese vesseldvlany recent anatomical cadaveric studfiés
haveuseal the 3Dmodeling techniquéo study the vascular anatomy\arioussurgical

flaps.
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2.2 Review ofvascular injection methods for angiography

Shortly dter the inventiorof X-rays originally referred to aRoentgen rag; in

1895, Tei c hohpetrol@wsn, mercury and chalkas usedo injectthe upper

limbs ofhuman cadavemarkingthe first attempt taise aradiopaque material to produce

anarterial angiogran®® The ideal radipaque materigor whole body angiographgs well

asisolaed orgarperfusion was believed to have the following characteristics:

(@)

(b)
()

(d)

()

()
(9)

Perfect homogeneity orderto avoidformation ofcoarsegranules, whichvould
block the fine arteriolegand consequently interfere with the completeness of the
perfusion

Adequatelythin, to perfuseinto thefine arterioles

Miscible with formalin and othesolvensto prevent théseparation out” of the
materialafter mixing withformalin, bloodor saline(used for vashing out thélood
contained within vessels prior to injection)

The mas s imearteriesafsenjedion to facilitate subsequent dissection
without oozng and staining

The materiabhould cast a high contrast shadowX-rays.

Perfusion procedure must be performed withoeet

Permiteasy manipulation.

Manyradiopaquemediahave been assessedluding arium saltsbismuth salts,

lead saltsmetallic mercurygalcium saltsand olloids?”?® Leadoxide and barium sulfate

haveemerged athe most reliable ancbnsistentadiopaquematerialsused to date. Tables

3, 4 and 5 present the historical development of contrast media fronr20237
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Barium

Barium, first used by Gouglwasa standardor angiographicstudiesof basic
vascular anatomfor much ofthe past centur/. Three yeas aftertheinitial usg the
bariumtechniquevas modifiedto include sodium bromidevith gelatin as a suspens
medium?® Many scientistsontinued to use bariufor angiographyetweer195061975%%
301n 2013 however,epoxyemerged as suspension mediumandbarium sulfate
resurfaced as mdiopaquegent®
Lead oxide

Lead oxidds themost widely usé materal for visualizing the micro and macro
vascular anatomy for surgical reseatélamin and Merkel pioneered thse of lead oxide
and gelatirin 1907.28 Thirty years latercolophony, ether andhenol as suspending
mediumswere usedo enhance lead oxedperfusionn thestudyof muscle and integument
vascular anatom¥This technique was subsequergigplified by re-employing the gelatin
to harden thenixture after the injectiorin orderto assist irthe subsequendissection'®

Currently, themodified lead oxide injection technique has gaipegularityin
vascular anatomy researdtis techniqué? a refinement of the simplified lead oxide
injection®minimizeslead oxidevolume andmodifiesgelatinquantityin order to
optimize the angiographfy the addition of powdered milksa minor modification the
effectiveness of the mixtudes p e thrfougls theammcrovasculatis improved giving
rise to the technique of miciangiographyMicro-angiography isrecenty developed

techniqueusedfor visualizing microvasculaturdéor example, inthelymphaticvessels?®
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Table3: The development of lead as contrast media for vascular anatomical studies.

Compound Researcher Suspending medium Year
Lead oxide Jamin and Markel Gelatin 1906
Lead chromate Parker N/A 1913
Lead oxide Salmon Qil, colophony,ether, 1936
phenol
Lead phosphate Schlesinger Agar or gelatin 1938
White lead Olovson Acacia 1941
Lead oxide Rees and Taylor Gelatin 1986
Lead oxide Taylor and Palmer Gelatin 1987
Lead oxide Tang et al. Gelatin 2002
Lead Oxide Suami et al. Gelatin andmilk powder 2011

Adopted and modified®

Table4: Thehistoryof barium as contrast media for vascular anatomical studies.

Compound Researcher Suspension medium Year
Barium Gough N/A 1920
Barium and sodium Hinman et al Gelatin 1923
bromide

Barium Lindbom Acacia and gelatin 1950
Barium silver iodide Trueta and Harrison Latex 1953
Barium Shehata Starch 1974
Barium sulfate Bulla et al Epoxy 2013

Adoptedand modifiecf®

Table5: The history of other contrast media for vascular anatomical studies.

Material Researcher Suspension medium Year
Chalk Haschek & Linderthal N/A 1896
Calcium sulfate Dutto N/A 1896
Mercuy Braus N/A 1896
Bismuth Baumgrten N.A 1899
Colloidal silver Frank and Alwens N/A 1910
Strontium bromide  Berberich and Hirsch N/A 1923
Vermillion Ferguson N/A 1924
lodized oils Cadenat N/A 1924

Adopted and modified?
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2.3 History and evolution of perforator flaps

For manydecadesphysicianshave soughtto treatwoundswith tissuetransfer.
Initial flap surgeriesvereusedto reconstructacial defecs mostlyresultingfrom wartime
injury.2* Early flaps weredesignedvith a lack ofanatomial knowledge of blood supply.
Their desigrs weremostly randomwith little consideration of the vascularity in the
transferred flapTheserandomly designetlapshad poor survival rates, emphasizing the
need for better understanding of the underlying vas@anatomyn order to improve
outcoms.

Experimental flapstudies>2® revealedheimportance otonsidering locablood
supplyto the donor tissum the design oflaps. Subsequentseof axial flaps such as the
deltopectoraf and groift®#! flaps, which werebasedon axial blood supplyimproved
survival oftransferred flaps

Later, musculocutaneous flaf’s* became widelysedfor pedicled flap
reconstuction of large defects and wouonlbsure. Theeliablearterial anatompf the
muscle the avaibblebulk to fill large softtissue defects antaintainanaesthetic
appearancat the reconstruction sjtpopularized these flapsusculocutaneoullaps are
still considered asurgical optios for casesnvolving large defect&*’ A classification
system for muscle based on their vascular supply was developed*fi#48 This provided
a standard nomenclature across anatomic and surgical disciplines. Each amascle,
consequentlynusculocutaneous flajs categorizednto oneof five muscle typed**84°
While musculocutaneous flapgve a reliable vascular suppllge volumeprovided by
some such aghelatissimus drsimusculocutaneous flamaybeunnecessariljpulky for

reconstructionleadng to poor aesthetic results. Another disadvantafge
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musculocutaneous flapstheloss of donor sitenusclefunction. Perforator flapshave
subsequently emerged an alternative to musculocutaneous flaps because they have
equally reliable vascular pedislédutavoid theunnecessarlulk and loss of funabn

associated witltheharvest of muscle from the donor site

2.3.1Anatomical knowledgeand perforator flaps

The use of perforator flaps clinically has changkstic surgerypy allowing for
improved options for recostructioAComprehensiveascularanatomical knowledgeas
allowed formorepreciseisolation of vessels supplying tirdegumentand the underlying
subcutaneous fatpnsequentlgparingthe unnecessaryse oftissue. Lack of
comprehensive anatomidatowledge irtheearly ereof perforaor flapslimited flap
design and sirgeonswvere forced tavork within the constraints afontemporary reliable
knowledge oimusclevascular anatomy

Kroll and Rosenfield! andKoshimaand Soed¥ were the first tontroduceflaps
nourished by musculocutaaus perforator arterieandcomposed exclusively of skin and
subcutaneous fatheydissectedhrough muscléo harvest the vessels supplying the
overlying skin positingthatthe exclusion of the passive musdarrier doesot affect the
integrity of the perforatingarteries.

Theperforator flap concepthereforeallowsfor theexclusion of musclas mere
passive vessel carrigfirom the flap design (Figur@). This has contributetb reducel
donor site morbidityas well as decreaddéap bulk Improvedpostoperative recoveisg

anotheradvantagef perforator flapsiue tothe conservatiorof musclein the donor site
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corsequerly, thepreservation oflonor sitefunctionand aesthetic appearanhavebeen
theprimary benefs of perforator flap techique

The tpeforab rii fislthegoefically defined agascularizedgkin and
subcutaneous tisstansfersupplied by musulocutaneousr septocutaneoyserforatos.
Clinically, the termperforatorflap (local, locaeregional, or freejefers tovasalarizedskin
and subcutaneous tissue based oataneous perforatmessel that penetrates the outer
layer ofdeep fascia to reach the sKifhe cutaneous perforator is eitmeusculocutaneous,
septocutaneous, or direct axidhhancements in methods d<e evaluate vascular
territorieshavealsoinduced aevolution in flap surgergand expanded its applicatiom the

transfer of a variety of oth¢issues, such abone and functioning muscté>®

2.3.2 Refinementsn perforator flap surgery and wound dosure

Technology influences research and soeeAdvances in technologyave
thereforeprovided modern toolsequipment, and instrumertts enablehe refinement of
perforator flapuse.
Flap thinning and free flap transfer

Researclinto flap volumeredudion has led to the introduction of several new
surgical techniques:lap thinningis a surgical procedure to mechanicaiynove excess
subcutaneoutissue from the perforator flaphis technique customizes the flap bo#ss
to fit particular surgical @eds.The technique depends on an intimate knowledge of the
detailed microvascular anatomy of individual perforaf8f$There are a number of
different options to close wounds including the local transfer of pedicled flaps and free

tissue transfer, aldmown as free flapsTissues transplanted and reattached with
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microvascular anastomigsofdonor siteartery andsein toreconstruction site akcipient
vesselsCurrent nterest haseconsideredhe thighas apotentialdonor sitefor thesefree
flaps3 The success ohese complicated procedures demand detailed knowledge of the
vascular anatomy in both donor amdipientsitesto assureadequatélood circulationand
provide metabolites and gases requii@dransplanted tissugurvival 6263

In 1973, the era omicrosurgical tissue transfarasborn whenDanieland
Taylor*2®3performecthe first vascularized free tissue trandterskin defect
reconstruabn. This free tissue transfer wpseceded byransplant obrgans such as the
kidney andiver, but the vessels anastomos$edorgan transplantaremuch larger than
thedelicatecutaneougerforatorsOne year after Dani elHamand Tay
et al®*® and Harii andDhmorf’ performed a series of clinical microsurgical stars
several of them frorthe thigh regionSincethese pioneering efforfsnanyfree
microvascular transfers of skin, muscle, bone, nerve, temadonvarious combinations
thereof,have beemperformed and documented.

Thedevelopment ofupermicrosurgey techniqus has further expanded
reconstructivepossibilities. Supemicrosurgeryallows formicrovascular dissection and
anastomosisf vesselof 0.3 to 0.8mm diameter Applications of this technique include
fingertip replantation freeperforatorto-perforatorflap surgeriesand lymphaticevenular
anastomoseis thesurgical treatment for lymphederffaDue to increased anatomical
knowledge, refinement of surgical techniques mmgrovedsurgical instruments, the

transplant tissue survival ratasincreased to 988 percent®
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Reliability of perforator anatomy

Flap surgery generally, involves two sites: the donor site and the reconstruction site.
The main goal of successful flap surgery is the optimal coverage of a defect, leaving
minimal or no donosite morbidity ando obvious scars. Pertaining to free flaps, the
perforators of both donor and recipient sites should be dimensionally compatible in pedicle
length and diameter in order to permit easy manipulation of the flap and facilitate
anastomosigespectively. Regarding pedicled flaps, the perforator pedicle length is the
most importanvariable, because a long pedicle increases the versatility of flap
transpositioning.

The harvest ochdequate dondissuemustbe accomplishediadissectiorthat imits
complicationssuch as tissue necrosisuscle dysfunctioor loss of sensory function.

These complications may occur due to the interference with normal functioning of other
systems at the site, such as, the muscular, nervous and circulatory spstenms.
reconstruction site, successful flap surgery, and subsequent aesthetic appeataifsce

the use of the available tissue for full coverage of the defect. This establishes an intrinsic
blood circulation to ensure survival of the flap as well atoration of vital functions.

Together these factors constitute reliable flap surgery. However, cadaveric research
is limited by the fact that not all of the reliability factors can be investigated anatomically.
Factors that can be investigated on humalaeers are: facilitated dissection, which is
reliant on arterial, innervational, muscular and lymphatic knowledgdethe relevant
guantitative dataf the region; prediction of flap size related to flap surwividh
implementation of safe design ruledrapolated from physiological research on animal

models in ordeto predict flap behaviot**®
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Generally, reliability of any perforator of a particular vascular territory can be
defined by the level of confidence that surgeons possess in the anticgiation

complications during and after flap surgeries based on that perforator.
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Figure6: Anterolateral thigh perforator flap (ALTissectedfter lead oxide injection.
This Figure shows the exclusion of unnecessary muscolaponentThe brightcolor of
the lead oxide facilitates the visibility of the vessels, aiding in the dissection.
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2.4 History of thigh region flaps and perforator anatomy

The thigh region has been extensively use@donor sitefor perforator flps? The
presence of reliable perforasdrom several sarce vessels providesrich vasculardonor
site for manypotential surgicallaps Two seminal clinical reports revolutionized
perforator flap surgery in the regiomd new perforator flaps in thisegion medial and
lateral thigh free flapsivere pioneered in 198@nddocumented oa perforator of the SFA
andthethird lateral perforator ahe PFA respectivel\?® ayear laterthree free flaps
designed on septocutaneous perforatarsew freelap concept were documente®.The
first flap was the anterolateral thigALT) flap nourished by a septocutaneous perforator
of the descending branch of th€FA, the second flap was an anteromedial ti{igkiT)
flap based on a perforatofthefi i n n atebdestending branch of th&CFA, and the
third wasthe posterior thigtflap based on a branch of tR&EA."°

As the princi@l artery in the thigh,ite PFAdiverges from the common femoral
artery(CFA) and then givesff the major lateral branch, the LCFBheascending
transverse and descending branobiethe LCFAsupply the skin overlyinthe
anterolatera{AL) thigh and trochanterisubregions andprovide the vasculdrasis for
both theALT andtensor fascia latel'FL) flaps.”*">Medially, the PFAgives off the medial
circumflexfemoral artery (MCFA}hat supply the superior aspect of gracilismuscle
and the overlying skiand provide the vascular basis for the MCFA or the medial groin
perforator flap’® Then the vesseontinues in the posterithigh tosupply posterior thigh
muscles and the overlying skiprovidingthe vascular basiof posterior thigfilaps/4The

clinical applications of the thigh region flaps are summarized in Table 6.
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2.4.1Anterolateral (AL) thigh
The anterolateral thigh(ALT) perforator flap

The ALT perforator flagsinceits introduction’® has become the most popular flap
in the thigh and one of the most common flaps used to reconstruct various defects
throughout the whole bodyhe increasing interest in this flemouraged further
researchers to +evaluate the course of the potential ves&edtudyfound that 60% of the
potentialperforatoravere musculocutaneougile 40% were septocutaneo{fCurrently,
the ALT perforatorflap is a superb soft tissuftap,’” 8! describecby someas t he i de al
fl1&po.

Despitethe highly variablerterialanatomyin this area®>°2 the main pedicle of this
flap is very consistent ancbmes from the LCFAThe majority of perforators supplying
the areamremusculocutaneoti®’8828%93 wjith a higher incidence of septocutaneous
perforatordowardsproximal areas>The ter m O6muscul oseptocutane
0semi s ept woas popmsatte descsbé septocutaneous vessel, with a short
intramuscular cour§after observation of the tirmmuscular length of the potential
perforator®>*°

With a potentially long pedicle and lardgeameterthat are suitable for anastom®s
this perforatoenhancet h e f | a p (%8*giwing this fepextdnsive favorable
comparisonsvith other fre flapsin the literature’®%*° The harvesof fasciocutaneous,
musculocutaneous, subcutane@es)satéwith the inclusion of the lateral femoral
cutaneous nerve of the thighnd adipofascial flapsasalso been well describ@t®>9°
Thinning the fap, as an added modificatiohasalso been proposgd'°%°lwhile limiting

donor sitemorbidity with the use of the ALT perforator flap, emphasi#éd.
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The Bailout perforator arteryof the ALT perforator flap

The variable vascular anatomy increasesdances of accidental pedicle injury
during flap elevation, emphasizing the importance of adogc&pproach to prevent total
flap damageRecommenrations forusing a proximal perforator in the case of pedicle
damagé®®led to the documentation ah obique branch of the LCFA supplying the ALT
perforatorflap, noting its incidence in 35 percent of ca¥es

Thi s % flapisaversatile reconstructive workhorse that is widely known and
commonly used by surgeons for different reconstructiohs.AL thighis a suitable donor
site to reconstruct defects of the head and neck, upper and lower extremity, abdomen, and
breast7.°' 71,79,80,75,8386,89,96-98,104
The tensor fascia lat§TFL) perforator flap

Theuse of thelFL muscle andheoverlying skinin the trochanterisubregionfor
free flap transfewas pioneered arféund to bereliable in 1978% This reliabilitywas
confirmedwith the use of thenusculocutaneous fldf® However potential drawbacks
includingbulkiness and potential loss of knealslity, havelimited the usef the TFL
musculocutaneoutap.°111To addresshesedisadvantages, some modificatiomsre
made to the this flap desigtt 14 Withoutthe musculacomponentthe TFL flap was
transferred as a free perforator flapNoticing that thecutaneougperforator orientation
was directly toward the sutlermal plexus, micralissectiorwas performedo remove any
unnecessary fam orderto thin the flap:'® The TFL perforator flap including the iliotibial
tract, wassuccessfu transferedfor simutaneous reconstruction of theralles tendon
and an overlying cutaneous def&¢tPrevious clinical application of theedicledTFL

muscleor musculocutaneous flapgas primarily forsoft tissue coverag® inguinal and
27



supratrochanteric defectsabdominal walldefects, trochanteric decubitus ulcarsl ischial
pressure soréd®1?2Recent clinical application considertiee TFL muscle as an
alternative donor for fuctioning muscle transplantatigf®In 2011 the use of this flagvas
extendedor breast recastructionin some unusual situatiof&.

The anatomical descriptions of the vascular anatomy of this flapumav&ow
been confusingzarly,1% andmore recent? studies have describgioe transverse branch
of the LCFA aghe source arteryhe ascending branch has also been described as the
source vesséf®!!l Consequentlyowing to the frequency of anatomic anomalies of
perforators to this donor site, the TFL flap has made slow progress in clinical
applications’?
The Lateral superior genicular arterf{LSGA) perforator flap

From a cadaveric studthe anatomy of the lower posterolatgial) thigh flap
illustrated the blood supply of this flap to be provided by perforators from both popliteal
artery (PA)and LSGA'?’ The anatomical basis perforatorflaps designecbn the LSGA
were documentedind usedo cover skin defects within the knee regtéhFurtherclinical
applications of this flaponfirmedthe reliablearterialanatomy, long vessel pedisjeasy
dissectim and primary donor closure make tfiegp a good optiorfor regional
reconstruction$?® for example irsoft tissue defect coverage after total knee

arthroplasty°
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2.4.2Anteromedial (AM) and medial thigh
The anteromedial thigfAMT) perforator flapand the superficial femoral artery EFA)

The AMT flap nourished by a single perforatoom anunnamedranchof the
SFAwas described in 1983 A year lateranother AMTflap designed oa
septocutaneoygerforator of an innominate branch of LCF#nd bak up
musculocutaneous perforators off the SFA through the gracilis and sartorius muscles were
reported’® Extensive stug of the LCFA systenindicated that the descending branch is
divided into lateral and medial brancigsand i confirmationof earlie researcH® the
septocutaneous perforator to this flaps shown t@risefrom this medial banch and
course throughthe mediaintramusculaseptum between threctus femorisndsartorius
musclest®! Yet three years latethe vascular anatomy to tHiap wasrevised*? as a
synthesiof earlier seemingly contradictory finding%° The revisionrevealed thathe
main perforators are large cutaneous arteries branching off a muscular branch of the SFA
andsupplying the graciliandsartorius muscles.

Observations from® clinical caseprovided aroverviewof the anatomyhatstill
lacked arexact description of thenderlyingvasculaturef the flap'331**Theyindicated
that the vascular anatomy was different in each case and explained thafdreqysrto
this flap couldoriginatefrom eitherthe SFA or from the LCFA®3%34Yet there still
persisted the earlier id€¥athatthe perforator tathis flapprevalentlycourss as a
septocutaneous perforator at the medial bardersectiorof the retus femoris muscle
andthe sartorius musce®®

Several advantages can be achiewdtie clinical use ofhe AMT or the SFA

perforator flap This flap can be combined with other flaps in the medial or anterior,thigh
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thusenabling the reconstruction wide defects in a single maneuv&Compaedto the
AL thigh, the integument of th&M thigh is more pliablghas less hair aralows for more
fat tissue harvesh theareaof the flapdesign®*® In addition, he location of the great
saphenousein alows its inclusionn the flaptherebyincreasingrenous drainage (vein
supercharges¥? The anterior cutaneous branch of the femoral nervalsate included
in the flapif sensory potentidas needed at the reconstruction sife.

Although thebenefits of theAMT flap or SFA perforator flap are numerotisere
are a few disadvantagdbe variable vascular anatopgcludinganatomicairregularities
and relatively short perforator pedicles supplying these,ftapke this flap undesirable in
certainsituations®413¢ the AMT flap is thicker than thaLT flap, abulkinessthatmay
require thinning3® the limited width of this flap makes it usefalcoveing only small to
medium sized defects if primary donor site closure is neettexlelevation oé larger flap
would necessitate skin grafting, which would leave-aesthetic restat*

The introduction of microsurgery has increased the use of the SFA¥#ap®e
clinical use of this flap as a free flap has extended to the covering of disteatsd
cephalically, massive defects within head and neck region have been reconsttdét&s,
and caudally, to reconstruct posttraumatic defects of the¥o'st.

The medial superior genicular arterf{MSGA) perforator flap

This flap has not beestudied or utilized extensively, possibly due to the reluctance
of surgeons in clinical practice to harvest flagsch crossjoints. Clinical applications and
study ofthe anatomical basis of the MSGA fleygre presentedescriting a triangle where
perfarators from theMSGA wereprevalentlyfound ¥’ This flapwas deemed useful for

reconstrudbn of burns over the popliteal fos$3.
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The descending genicular arteffpGA): the saphenous artery perforator flap

The first documented work dhe DGA was the sdnenous branch perforator flap
positioned within the distal third of the thighiso called Acland flap®® The study
elaborated on the advantages of using the matckabf the knee as a potential donor
site*8 which include: limited subcutaneous fagansistent perforator and distinct sensory
nerve supply3°All of these advantages encouraged the acceptance of utilizing this
perforator flap. Howevethe design of the flap based oreaersed flow fromthe medial
inferior genicular arterfMIGA) hasbeen documented®but, the main perforator of this
flap comes from the DGAThis flap hassincebeen useavidely to reconstruct head and
neck defec post hemiglossectomy® and haseenconsidered good optiorfor upper
leg, regional knegpopliteal bssaanddistal posterior thigiheconstructiort*®141 A
cadaveric study was performsdbsequent to the documentatiorttafAclandflap with
presentation of clinical case$ankle and foot reconstructiaf®
The medialcircumflex femoral artery(MCFA) perforator flap

The MCFA perforator flap in the proximal medial thigh an@és been positemsan
ideal flap because it providesreedium to large cutaneous fldpnctioning musclehat
can but need netbeincludedin harvestspecific skin areghatcan be elevatedeliably,
the donor sités easily hidden by clothing artde perforator is consistent tinis location”
The advantages of this flape:this donor site can be clospdmarily and he flap
provides an adiposal flaprhich could be usetb augment subcutaneous bulk aedtore
normal bodycontous after deformities. In addition, the flap can be used as a sensory flap,

and theresuling scar at the donor site é@ncealed at the inner thigft.
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Historically, this concept of superior medibigh as a donor site for flaps had been
first documentedh thetransferof alargemusculocutaneous flap comprised of the gracilis
muscle and overlying skjff* andin reconstrudng local defets14® This flap was widely
known asa musculocutaneous flagependent on a musculocutaneous perforator until 1987,
whentheflap was elevatedn asuprafascibperforatot*® relying on previousinsights*’
which had earliedefinedthe MCFA musculocutaneoyserforators Theseinvestigaions
underpinnedhe initiation of this perforator flamto clinical use Summation of the planar
coordinates of the perforators through the gracilis muscle performed threegtoa
analysisshowedthatthe cutaneous territories of these perforatwaseatransverse
orientation peallel to the medial groin crea$®.These findings contributed to reliability of
the initially describedlaps from thisarea'#41#® In 2009,a published a report of an
anatomical study and clinical refinements of a distally extefffetioadipocutaneso
flap asserted that the main pedicle of the gracilis muscle originates from the MCFA or PFA
while the second pedicle of this muscle is provided by the SFA, and anastomoses with the
descending branch of the main pediéfeTheflap, described as a metlgroin free flap,
wastransferedasa free perforator flagesigned om musculocutaneous perforaféf

Applicatiors of this flap have includedutologous breast reconstructiasinga free
gracilis perforator flagvith complete preservation of the mlest!femoral triangle and
perineal defects closure, using the flap lockify>® The transverse musculocutaneous

gracilis flap has also been reported as fast and reliable for breast reconstpfiction.
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2.4.3Posterior thigh
Descending branch of the fierior gluteal artery(D-IGA)

Theinitial clinical use of the posterior thigthates back to1980, whera massive
defect of the pelvic cavity was coveredthg posterior thigiflap,it he gl ut eal t hi
musculocutaneoutap, based on a perforator of thesdending branch of the inferior
gluteal arteryD-IGA).>° A year latey after successful coverage of perineal and buttock
wounds this flap wasdescribed as reliable and sengate

An anatomic descriptivstudy ofthe free inferior glutedlap designedn a
perforator of the EIGA, based on unembalmed cadayeesealed the perforators to be
septocutaneoli$® To address posterior thigh and popliteal region sensibility loss as a
consequence of elevation of the this f{ps flap was used for breastomstruction)
further studis focused on the anatorofthe posterior femoral cutaneous nerve and the
relationship withthe DIGA.™®” Multiple applications of the posterior thigh flagre
documentedbasedon the DIGA .18
Profundafemoral artery (PFA)

The first documentation of flagsased on a perforating branch of the PFA was the
useof theV-Y advancement technigieafi hamst r i ng muscforl ocut aneou
coverage of ischial sor&$19811%°

Analysis oft h e a n athecextgnsivgltiteugi maximusdpo, led touse of the
ifirst deep f e mogandthe dpoamehtationsaPlifasga latadlagd® e | 0
Within the PLthigh, fasciocutaneous flawith blood supply from the firgf? fithirdo, 94

terminalfourth'®? branckesof the PFAwere eported In 2007 a simplified anatomical
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description of the lateral perforators of fAEA facilitatedthe clinical use of flapbased on
these perforators

Medially, a musculocutaneous perforattire adductor flapyas elevated on the
Afirst nehddbal tink2e0alP Reaentlythis pedicle has been used to design
an elliptical flap inferior to the gluteal creasfor breast reconstructiofi* Sincethen
furtherstudiesto evaluatehe PFA medialperforatorsandfacilitate the locatiomf these
perforatorshave beemperformedhroughclinical trials (preoperative 3D angiograpt{)
and cadaveric study (dissectidf

However, the main issue withe posteriorsubregion as a donor site is that,
repositioning of patients is often requiré defects are located anteriorly. Nevertheless,
flap surgery in the posterior thiglubregion has developed despite the absence of accurate
and thorougldescriptiors of the PFA perforators.
The poplitesposterior thigh perforator flap and thegplited artery (PA)

Thepopliteo-posterior thigh fasciocutaneous island flap on a perforator of the PA
was first used to repagikin defects around the kn¥éA few yeas later, the same

technique wasmployedto raisethis distally based flap to covamputéion stumps and

defects of the knel®
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2.5 Reviewof the literature

Clinical needs were the primary motivation for surgeons and anatomists seeking a
better understanding of the vascular anatomy of the tBiggm though, the findings of
these earlieresearchefs and otherslid not influence surgical practice at the time, they
have ultimately provided the foundation of current flap surgery, understanding of
underlying vascular anatomy, and paved the way for further vascular anatomical research.
Reent studiet®1112149 haye elaborated on compensation mechanisms from vascular
territories adjacent to the donor site following flap harviéstexpanded understanding of
the 400 reliableperforating vessels provideersatile options for reconstruegi surgery*
This has allowed donor site selection to move beyond the limitatioosrofentional
choices in favour of options witteduceddonor site morbidity®

Earlier vascular anatomical studié§®11-12141%had described the vascular
architectwe ofthe thigh using dissection, tadimensional angiography amdtombination
of both, which still did not allow for accurate assesstrof perforators?erforators were
often sacrificed during dissecti@s a result dfiattening the integument for imamy, and it
was difficult to comprehensively document the vascular anathieyertheless, these
illustrations were useful in estimating the horizontal territories o€tit@neous perforators
(Figure7 and8). Further, limitations encountered in the stodyhese small perforators,
inability to measure diameter and pedicle length ugD@ngiographic images of flattened
integument and reliance on dissection alone, have presented an incomplete picture of the
regional vasculature.

Reports from clinicians ahsome anatomical reseat¢t® are limited because they

pertain to specific flaps and lack a general overview of the whole thigh r@dierstudy
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of scattered sites for specific flaps leaves unstudied gaps in between these discgrete sites
and limits a omprehensive knowledge of the region, diminishing possibilitiésieest
new flaps, modify or rescuéaps on adjacent perforatofidis is especially relevant when
an unusual vascular anatomy challenges flap elevatioich may in turndamage the
vasallar pedicle. In depth knowledge of the whole thigh region will allow for a full
exploration of possibilities, and maximize the utilization of the region for flap surgery.
Clinical reports have placed less emphasis on certain flaps due mainly to surgical
expediency, especially when the flap crossésint This neglect has spawned a drought in
research into these anatomical regions. In additiomnilicting debates regarding the
vascularanatomyof certain flapsnecessitatéhe reinvestigationof the vasular supply of
the relevant donor sites

Enhanced knowledge of vascular anatomy and more sophisticated methods to study
the human integument provided a foundation for the use of perforator flaps. The innovation
in, simplification and modification of, anggraphy method$2°223?have aided the
development of perforator flaps and improved insight into vascular anatomy.
The 3D digitized modeling of the arterial vascular anatomy, a novel field of research,
therefore provides useful information for clinicadplementation, preoperative simulation,
and perforator flap design in the field of plastic and reconstructive suffgenydate, there
has beemo publishedvork that uses the adern 3Dcomputerized modeling of the arterial
vascular anatomy to providecamprehensive description of the arterialotdature of the
thigh region.3D capability ensures a more precisgualizationof arterial anastomoses and

orientation of local vascular territorie&.thorough description of this microvascular
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anatomy, usig the best available technology wotitéreforeprovide the infrastructure for
expanded use of perforator flaps in this region.

The quantitative data generatbdoughthe 3D modelindechnique, such as
number of perforators, diameter, pedicle lengthctitaneousngiosome surface, and the
average perforasonoan be subjected to statistical analysis making it possible, for
exampleto estimate the blood provideéby each vascular territory, and hence, the

reliability of perforator anatomy.
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Figure7: Angiosomes of the thh.3 Anterior (left) and posterior (right) views of the thigh
with crosssectiongcenter) at three levels, viewed distally. Each color refers to a particular
angiosomdorange) the common femoral artery, (grethe)lateral circumlex femoral

artery (yellow insection A) inferior gluteal artery, (aquanofundafemoralartery, (blue)
adductor compartment and (yellow in sections B andupgrficial femoral arteryNote the
angiosome territories and their bordgrgach casé(Modified fromPan and TayIG)
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Figure8: Angiogram of thdeft lower extremity integument of a human cadadiesected
with a lateral incisiort The angiogram showsarious vascular territories of the posterio
aspect of the thigh regioWascular territories of inferior gluteal artery (IGA); lateral
circumflex femoral artery (LCFA); lateral superior genicular artery (LSGA); medial
circumflex femoral artery (MCFA); medial superior genicular artery (MSGA); texgdli
artery (PA); profundéemoralartery (PFA); femoral artery (FAjModified from
Ahmadzadetet al?)
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Table6: Summary of the clinidaapplications othighflaps

Sub-region Flaps Source vessel Applications
AL ALT Inferior branch of the  Head and neck
descendindpranch of  Upper and lower extremity
the LCFA Abdomen
Breast
TFL Ascending branch of  Abdomen
the LCFA Trochanteric decubitus ulcers
Ischial pressure sores
Breast
Extremities
Inguinal defects
LSGAP LSGA Knee region
AM AMT SFA Head and an neck
Posttraumatic Foot
MSGAP MSGA Burns; Popliteal fossa
PL Lateral thigh PFA - first branch Ischial and trochanteric
Head and an neck
Extremities
Lateral thigh PFA - second branch Ischial and trochanteric
Head and an neck
Extremities
PFAR4 PFA - fourth branch Lower extremity defect
PMn Gluteal thigh D-IGA Pelvic
Gluteal region
Breast
Poplitec PA Knee region
posterior thigh
PMI Medial groin MCFA Breast
Femoral triangle wounds
Perenniallefects
PAP/ PFA - third branch Breast
Adductor Ischial pressure sores
Lower extremity
Acland DGA (Saphenous) Head and neck

branch

Poplitealfossa
Ankle and foot
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CHAPTER 3 OBJECTIVES AND HYPOTHESES

OBJECTIVES:

Overall ObjectiveTo comprehensivelyocument the vascular anatomy of cutaneous

perforators to the skin of the thigh region asttbwhow thisrelatesto surgical flap

harvest

Specific Objectives

1.

To determinédhow many consistent, clinically important perforat@r0.5mm
external diamedr) occurin the thigh regionand what are thesourcevessel8

To describe theggerforatorédiameter, pedicle length, relevant angiosaines
surface area and average perforasome aredo atedermine if aorrelation exist
between any of the chatadstics that will demonstrate the reliability of their
vascular territories?

To determine the consistency of fhee r f o anatbnoy in ®rder téacilitate the
safe design of perforator flaps in the thigh region?

To determinghe accuracyf virtual dissection versus physical dissection in the
generation of quantitative data on the precise spatial orientation of the thigh
vasculaturgespeciallythe boundaries of the cutaneous territories of thigh
angiosomes and the anastomoses between them?

Todetermineis af e fl ap design fromcahlbee t hi ghds

simulated using the MIMICS 3D software?
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HYPOTHESES:

Objective 1: To determine how many consistent, clinically important perforators (> 0.5
mm external diameter) occur in the thigregion, and what are their source vessels?

The clnicalimportanceof perforatorss dependenvnthe diameteatthe point of
emergence from the deep fascia. pdrforatorsequalto or greater tha.5 mmin
diameter will berelevant for this studyr'hough, the improved reconstructive possibilities
of supermicrosurgery allows microvascular anastomosis of vessels of 0.3 to 0.8 mm
diamete$? 0.5 mm diametenas been the clinically accepted cut off diameter for surgical
anastomosi&® First the diametr of the perforatorill be measured and the perforator
identified by tracingto the source vesseh generate@D modelsof the thigh vasculature.

A tableof the nine source vessels and the related perforators with their diameters will be
constructed.

Clinical reports, 2D angiography and/or physical dissection slagenthe thigh
regionto besuitable for flap harveshoweverthese processesay underestimatie
number of potential perforators by disrupting or overlookitigersmaller but clinical
relevantperforators Threedimensionabkpatial orientation of the thigh vasculattes the
potential benefit ofevealng more consisterdnd smalleperforabr as it studieghe

vasculature without anghysicaldissectiorthat may disrupt anatomicalationships

Hypothesis 1
There aragnany additionatonsistentlinically importantperforatos from all vascular territories the
thigh regionthan currently reported in the literature.
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Objective 2: To descri be Ilerdgthgetevapter f or at or s o
angiosomesO surface araea amtodeteanneifaage per f or
correlation exists between any of the characteristics that will demonstrate the reliability
of their vascular territories?
In order to establish @mmonset ofquantifiablecharacteristicsheaverage
number of perforaterin each of the nine vascular territorig® averageerforator
diameter(at the point of emergence through the deep fatbi@average pedicle length
(from the deep fascia to the sourcesa), theaverage area perfused by eaealscular
territory (cutaneousngiosomerea) will be calculated:hesequantifiable characteristics
and the relationship between them, if any, would be relemahe predictiorof flap size

andflap survival in dinical applicatiors.

Hypothesis 2
Perforators from vascular territories in tiégh regionare related by commonset ofquantifiable
characteristicirom which the reliability othe vascular territory and the related perforatars be

ascertained.
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Objective 3: To determine the consistency

facilitate the safe design of perforator flaps in the thigh region?

Detailedknowledgeof theregionalanatomyunderpins the safe design of flaps
which inturn, is failitated by predictions regarding flap sit®t consequently lead to
improved survival ratef the flap.In addition to the quantifiable characteristregarding
thearterialperforator anatomyhis studywill focus on, and discus arcgrrelations
between these chacteristics establishing how the correlations miginedict the flap size
to optimize safe flap design

The perforator diameter onsidered an importamariable in effective flap
surgerySal monds equi | i brrthe telatonshep wetwedn arteries at e d
supplying thesamecutaneousegion?® Essentiallythe law states that if theutaneous
territory of one artery is large, therritory of corresponding arteriegll be small® Applied
to angiosomes angerforatorghen,a pertinethpoint of inquiry would be to consider what
factorsmight determine the expansion@ftaneous angiosommer theperforasomes
respectively.

An expandedperforasomdnasa high volume of blood supplied by a perforator
Volume of blood islependentn the dameterandthe cutaneous length tfe perforator
according to thélowing equation:

Volume =y (d%4)l y =3.14, d:diameter, I: cutaneous length

If two vesselof the same lengtare comparedyne with a small diameteaindthe other
with a large diameter the defining variable for volume of blood is the square of the

diameter At the same time with a larger diameter which delivers a larger volume of blood,
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the flow rateQ, which is also dependent on vessel cigssional area and hendameter
makesperforatordiameter a crucialariablein supplying expanded cutaneous territories.
Q=VA Q: flow rate.  v: velocity of flow  A: areaF (d¥4)
So,the expansion size of perforasoméiighly dependent on theesseldiameter
Assumingthatthenumber of perforatons variable from person to persdhen the
cumulative diameter@umber of perforators x average diametéperforators beome
causalin determining that expansion of the cutaneous territofi@sparticulamngiosome.
This point of view is supported @aprevious study based on whole body barium injection
studies that correlated between vesselnditer and cutaneous téoriy.’° The correlation
between theliameter cumulative diameter and the surface areas of the angiosome and
perforasomavill be discussed in the study.

Regarding pedicled flaps, the perforator pedicle length is therpieent variable,
because a longeglicle increases the versatility of flap transpositidme average pedicle
length of the perforators of eaehscular territory will be calculated and overviewed.

Regarding flap size and the related survival rate, cutaneous arterial knowi#dge
be comlinedwith the application of the safe flap design rules to jgtdtie flap size in all

of the thigh vascular territ@s!4*°

Hypothesis 3
Comprehensive arterial anatomical knowledge faiilitate safeflap designbasedon perforatorarteries
fromallofthet hi ghés vascul ar territo
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Objective 4: To determine the accuracy of virtual dissection versus physical dissection in
the generation of quantitative data on the precise spatial orientation of the thigh
vasculature, especially, the boundariektbe cutaneous territories of thigh angiosomes
and the anastomoses between them?

3D angiography obtained from a computed tomography (CT) scanner combined
with MIMICS software creates a digitized, interactive, visual 3D model of the arterial
vascular anatay allows for spatially accurate depictions of the complex vascular anatomy
of the area of interest, and facilitates data collectionrder to accurately evaluate virtual
versusphysical dissectios) a comparisoof number of perforators, diameter, pedi
length, and perforator coursesing both methods will be establish@&tiis will provide an
unambiguous vascular anatomy of the previously known flaps, alternate potential pedicles
to rescue unsuccessful elevated flaps, and yield new donor sites.

In addition, the cutaneousrritories of angiosomeand anastomoses between them
will be delineatedy the extent to which the branchedtwassociategerforators ramify
before anastoosing with adjacent territorie$he delineationwill be basedn

angiayraphic criteia obtained fromwhole body barium injection studié®.

Hypothesis 4
Virtual dissection is superior to physical dissection in the display of the spatial orientation of the ar

and presents a more precise method for visualizing anslumeg vascular anatomy.
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Objective 5: To determine if safe flap desi
simulated using the MIMICS 3D software?
3D angiographys often used to visualize the donor and recipient sites area as part
of preoperave assessmentd. major intentionof this study is to combine both 3D
angiography antMIMICS 3D softwarein order to enable the simulation of safe flap
surgerieghat could be used in fuite agpreoperative assessment. Thenerated
knowledge like flap ige, length of pedicle (in case of pedicled flaps) and the colmpati

of the anasimosed vessé€ln case of free flaps) increase the options for safe surgery.

Hypothesis 5
MIMICS will allow simulation of safe flap design of flaps from all the vasctdaitories of the thigh, ant

present increased future options for safe flap surgery from this region.
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CHAPTER 4 MATERIAL AND METHODS

This study was carried out on human cadawehéch were donated to the Human
Body Donation Program. Thesearch steps includeddaveprocurementcadaver
preparation andystemic arterial injection of the cadavasingthe modifiedlead oxide
technique® scanningusing computedomography (CT)reconstructions a8D modelsof
the arterial system aritle perfused soft tissuganalysis of the 3D models including
quantifying thenumber of perforat@r diameter, pedicle length, angiosome and
perforasome areamdquantitative datanalysisResults will be presented asxeanglus

or minusthe standard devison.

4.1 Human Body donation Program and Research Ehics Board

Approval

Thecadavers werdonated through the Hum&wody DonationProgramof the
Departmenbf Medical Neuroscience®alhousie UniversityThestudy procedures were
performed in accordancetw Dalhousie University Ethical Guidelines. Fithics
Approvalwasobtainedirom the Health Sience HumariResearch Ethics Board of

Dalhousie University.

4.2 Cadaverinspection preparation and data collection
ISFISAD (Inspect, ScanFlush, Inject, Scan Analyzeand Dissect)procedure

4.2.1Cadaver inspection
The appropriate cadaver condition and subsequent preparation before injection
determinethe quality of3D models that facilitate data collection and analysSislusion

criteria include: evidence skvere, extensive surgical scars, scars over the area of interest,
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pressure sores, post mortem body degradation, evidence of skin metastasis or neoplasia,
missing limbs, major joint fusion, disarticulation, prosthesis and anatomical landmark
alteration.There weréel5 thighs(10 male anc female)obtained from 10 fresh human
cadaverg5 male andb female)studied. Due to unsuitable technical maneuvers or
unobserved internal cadaveric conditions resulting in BBanformation in some

specimens, the oth&rthighs were excluded from data analyg¥hile data was collected

from 15 thighs, in this thesis, the anatomutialgramsare from the right thigh of a female

cadaver.

4.2.2Cadaver preparation: scanning, flushing and injection

The steps for cadaver pparationandinjection followeda specificprotocol:

1. Preinjection scannin@f the wholecadaveusingCT scanneaids in the
reconstruction of soft tissue without the interference of radiopaque material.

2. Following the preinjection scanthe arterihsystem wasglushedusingFoley
cathetersTheincisionsto the femoral arterieserecommences proximags
possibleto ensure the integrity ahe vascularity of the regiofoley catheters of
appropriate sizes wenaesertedproximally and distallyn the CFA via a
longitudind arteriotomy. The femoral vein wasnnulated with a standard metallic
embalming cannula thataslarge enough to accommodate the passagegd la
blood clots A 40°C solutionof tap water and potassium acet@®%) was
injected through th€FA under continuous perfusi@ndat 146170 kPa until the

venous outflowwvasclear, after which, the lad oxide mixture was injected.
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3. Thecadavers were injectadrough theCFA with a mixture containind00g of
lead oxide and 5 g of twin per 100 mL ofvater, for a total infusing volume
dependenon the cadaver magapproximately20-30 ml/kg). The gtimalinjectate
formula is listed in @ble7.

4. The injectatemixturewaswarmed to 40C, girredandrapidly injectedwhile
checkingfor strong syringe backpressure as indication of injection completeness
During this step, pressure points were alleviated over bony prominences that may
be otherwise undanjected by floatingthecastae r i n a war m water
helping to increasthe temperature of the integumgartd the subsequent
maintenance of the injectate mixture above its melting point during the injection
Thelead oxide mixturevas thus keptirculating in thevasculatue without
solidifying, and sedimentationithin thesuspensiotherefore preventedrinally,

theintegument wasinsedto remove any deposits of lead oxide.

4.2.3Data collection: scanning, 3D reconstructionsand dissection

After the injectionstep the calaverskept in the same posture as in the pre
injection scansywerescannedgainusinga CT scannerThe cadavers were refrigerated for
24 hours at 4C to allow the injectate tsolidify prior todissectionThe pre and post
injection CT scans were ugded into MIMICS software to reconstri8fd imagesof the
arterial modelsDissectionwasthenperformedn order to test the hypothesis that the

virtual dissection is superior to physical dissection in studying the vascular anatomy.
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Table7: Lead xide preparatiotf®

Component Amount
Lead Oxide (Plkz Oa) 100 g
Gelatin 59

Tap water (4050 e C) 100 ml
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4.3 Computedtomography (CT) scanning

All cadavers underwer8D multi row detectocompuedtomography $iemens
Medical Solutions, Forchheim, Germarefore and afteradiopaquenixtureinjection. It
is crucialthat3D imagingmodalities araised for anatomical research related t
microsurgical applications becaubeyproduce adequate images of the entire confrse
each perforatofTwo factorsdetermind the quality of outcoras achieved the injection
procedureificluding the cadaver conditicaind the perfusion degreandthe scanning
quality (Figure9).

Both pre and poshjection scamshould be performed with tleadaveplaced in
theanatomic position. The ptiejection scanningids in thereconstruction of sotissue
without the inteference ofadiopaque material. The péasjectionscanning provides éh
desired vascular dataquired for3D modeling andanalysisof small perforating vessels
Removal of estrictivesheathing on the cadavers wesessaryo prevent any alteration of
theactualbody shape, the orientation of the cutaneous vasculatuite pravide realistic
locations ofanatomicstructures. The cadavsiouldbe clear from any metallic material to
reduce the chance of creating scanning arsifact

The scanning procegsodu@sslicesat 0.6 mmintervals, generatingver500, 300
and 100ndividualimagesof each specimeontransverse, sagittal and coronal planes
respectivelyTheseémagesareuploadedo a computer andollated byMIM ICS softwae
(Materialise, Leuven, Belgiumhoosing the correct scanner setting is integral to
acheving the best quality imageBhe setting used in this study were recommended by
experiencedadiological technicianfom Queen Elizabeth Il Hospital in Halifakova

Scotia anchre simmarizedn Table8.
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Scanning parameters

1. The radiographic contrast is controllegKiloVoltagePeak(kVp) which is the
maximumvoltage applied through an-baytube.This valuecontrolspenetration othe
X-ray beamor the averagevavelength of the photsnthroughvarioustissues in the
body.

2. The radiographic density is controlled oy liamperesecond (mAs). Milliampere
secondscorrespond to the amount of energy usepgrtmluce aertain amount of
radiation.This setting also pi& an important role in determinidgray penetration in
the presence of different densities.

3. Slice Incremeng determine dege of overlap between successiveges If the
incremens are set to smaller valyekeoverlapbetween images increases.

4. SliceThicknessacomparison between thick and thin slice imagsigsted in Tabled

and Figure 9
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Table8: Computed tomography (CBrannesetting for perforator arteryhree
dimensional 8D) analysis

kVp Width Height Pixel size Slice increment Slice thickness  mAs
(px)) (px)) (mm) (mm) (mm)
120130 512 512 0.4 0.5 0.6 74

Table9: Comparison between thick and thin slice imaging

Thick slice Thin slice
Better low contrast Poor low contrast resdion
Poor edge definition Better edge definition
Poorer high contrast resolution Better high contrast resolution
Partial volume artifacts Less partial volume artifacts

Figure9 (A,B): Comparison between high (A) and low (@)ality scanningThe computed
tomography CT) scannesdtings determine the quality tfie scansindplay a significant

role in termsof theaccurag of the collected information.
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4.4 Using MIMICS softwarein virtual dissection

MIMI CS softwareinteractivelyrecognizesandcollectsCT scanneimporteddata
in the Digital Imaging and Communications in Medicine (DICOM) formateshotling is
a feature in MIMICS software that allowrsatisolation of tissues (e.g., bone, soft tissue,
skin and vesselgjalledmasksaccording to their densitie©nce an area of interest is
isolated it is renderedn 3D, andstereolithographic3D modek (STL) made.STL models
can be visualized iBD for design validation based on the anatogeometry Both data
collection, analysisand simulation for surgical procedures udingsoftwarewere then
performed 3D reconstructios of the vasculatureveregenerated and viewed
stereoscopicallyallowing the demonation of fine details includinthe course of arteries
and treir spatialrelationshipto surrounding structure$he data regarding the artery

diameter, length, source &t areasand branches were also measured usiagoftware.

Steps used toeconstructand analyzestereolithographic 3D modebk

Mimics softwareprocesse€T scanner images in batches cajedjects In this study each

s a mp $can$ vgere processed as an indiviguaject.

1. 20 newprojects wereestablishedby importing CTscamerimagesof each thigh
into MIMICS softwarein the DICOM formatMIMICS softwareorganize,
gatheed and previewdthese images

2. Theintegrity and sequence of theansvere verified

3. MIMICS softwaré work panel providd reconstruction andditingfunctions to
creat a sharper renditioaof masksof different amtomical structurePifferent

procedures werllowed to reconstructariousstructures withvaryingdensities:
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a) Reconstruction ofvasculature

Large vessels and perforators

Large and princial vesselsabundantly filled with lead oxideverereconstructed
and isolatedrom postinjection CTangiograns by settingthe thresholdng of newmasils
to a high valudi.e.,: 2700307 1hu)according tdHounsfield Rdio-densityscale(Figure 10
+ Table10). Thesetting of thehresholdng of themaskwasmanipulated tmbtain the best
visual image of theasculature the higherthethresholdng wasset,the more vascular
densitywasdisplayed(Figure 11). Using highetthresholdng allowsfor visualization of
large vessels and some large perforatislening the thresiolding allows for
visualization ofsmall perforatcs, and inherentlyncludesbonystructure in reconstruction
(falling within the range of 145069 HU), creatinga composite model of small perforating
vessels and bony structur@sgure 11).
Fine peripheal vasculature

Detection of fine perforators in pestjectionangiogramsequires some technical
knowledge skill, andsomepatiencesincethe density of fine perforators tendts interfere
with bony structuredrurthereditingand manipulatioto remoe unnecessargtructures
from themaskbefore reconstructing the objexg a3D imageis often necessaryhis step
is desirable to obtaidlean images fodetailedexamination of the vascular anatomy

b) Reconstructionmuscles and bones

Musclesand bone wereeasily reconstructed using the fangection scangndpre-
determinedhresholdng values thatverepre-determinedy MIMICS software These
objecs wereexported as steofithographic (STI. modelsand uploadetb the post

injectionproject Thelocation of theSTL modelsis adjustable using XY and Z
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coordinate®n the postnjection projectandwasrequired taachieve accurate placemnief
these imported structuréSigure D).
c) Editing of masks

The purpose of editing thmaskss to clarify the course of source vessels. Editing can be
coarse or fine:

Editing in 3D (Coarse editing)

Coarse editing of theaskin 3D view is a valuable function, because it permits
interactive editing omaskghrough a temporary 3D rendition of thesk(Figurel13). The
highlighted undesired tissues or any unrelated structures to the area of interest were
removed directly from the originahaskand subsequently, from the rendered 3D model.
Multi -slice editing (fine editing)

The multislice editing function is enore selective editing tool; it permitsask
editing (deletion othresholding by highlighting the pixels in a specific part of the slice
(Figure 14). The interpolation function permits dynamic editing, allowing the user to
highlight pixels of several sles between two highlighted spots. The highlighting tool size

is adjustable to fit the editing needs

4. The editednaskswere then generated into 3D models. Smoothing surfaces and
triangle reductions, which are morphological modification options that KA/

software provides to improve the quality of the rendered model, were used.

Following 3D reconstruction, the vasculature was viewed stereoscopically
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After rendering the 3D models, measurement tools available within MIMICS
software were used to agaé the models which were represented in life size scale.
The diameter, direct distance, distance over surfaces, angles, area surfaces and
volumes, in addition to advanced measurements such as density and ellipses can be
quantified. MIMICS calculated thengiosome areas by using 3D models of the skin
overlying the vascular territory of each source vessel. The area of each angiosome
was calculated from reconstructions of the overlying cutaneous tissue.

Recording and developing videos and images to exfmort theprojectunder study
enables sharing morphological information. This provides a medium for the

creation of educational videos useful for teaching of anatomy related to surgery. For
enhanced simulation, these videos can also be viewed as 3D videns o

holograms.

Exporting and importing STL models is a MIMICS software feature that enables to
convert the 3D objects into exchangeable STL format. This allows for transferring
objectsto another MIMICSprojects The purpose is to gather soft tisstrectures

such as bones, muscles and skin as discussed previously.

New 3D printing technology are used to print STL models, providing a physical

anatomical sample.

4 .5 Cadaver dissection

Physical dissection on 6 of the thighs was performed next, maiclympare with the

preliminary digitized outcomes. Confidence increased progressively in the initial

hypothesis that 3D modeling (virtual dissection) outcomes were markedly superior to those

of physical dissection.
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FigurelO: Hounsfield radidensity scale. Thecale shows the mean range of the
radiodensity of different substances.

Tablel0: The mean range tie radialensityof differentsubstancesassociated with
Figure 10.

Substance Radiodensity (HU)
Lead Oxide 30711450

Bone 1450769

Muscle 100-20

Water 0

Fat -100

Air -1024
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Figurell (A-F): Relationship betweemasksandthreedimensional3D) data

A newmaskis being generated using pasfection £anwith three differenthresholding
intervals(A-C). In 10A and D,thethresholdng intervalis adjusted to a highalue, which
is useful to reconstrudarge vessels and some large perforatar$0B and E the
thresholdng interval wasexpan@d Theradiadensites of bons andsmallperforatorsare
similarin postinjectioncomputed tomographyC(T) scansParts of the femuwere
detectedvithin thethresholdng, andhencethe associatethreedimensionamodel. h
10Cand F, the more expanddtireshotling interval helps to detect small perforators and
give the orientation of the cutaneous arterial anatomy
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Figure12 (A,B): Reconstructions from pii@jection scansMuscles skin - ananterolateral
thigh (ALT) perforator flaps shown (11A), boneg(11B) and other soft tissuesn be
reconstructed from the pigjection scans and importéd transferable format (STLp
postinjectionproject. The mainobjective of the prénjection scanss to reduce the
interference caused/tbead oxide after the injection

61



Width:  Height: @ Select () Deselect | Grom iide Type: Width:  Height, ® Select () Deselect | Grow tide | [Remove )
arde  w| 50 | 50 || [¥)Same Width &reioht [tnvert | [ Show | [Separa ose crde | 50 |4 s 7] Same Width &Height (_Invert | [ Show | (Separate) [ Close

Figure13 (A,B): Interactivethreedimensional3D) maskediting. Thethreedimensional

(3D) editing i c 0 a r s 6, enaldes theiighlighting (12A) andomitting (12B) of
unwanted strekureson atemporary3D model Theomittedareas willthenbe deletedrbm

the originalmaskdirectly. This gives the ability to manipulate and rotate the region that is
being edited.

Figurel4 (A,B): Precisemulti-slice maskediting. The nulti-slice editingi f i ne ,edi t i ng
enables the highlighting (13A) and omitting (13B) of unwanted structurésansvers
slices of theeditedmask
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CHAPTER 5 RESULTS

Usingthemodifiedlead oxide gelatin injectiomethod,3D angiographyand
MIMICS software thorough anatomicahodelsof thearterial anatomwf the thigh region
were obtaied This study investigated the thigh as it extends distally from the inguinal
ligament line anteriorly, and posteriorly fraime gluteal fold to a horiantal line along the
supeior pole of the patella (FigurEs). Basedon thesenteractivedigitalizedmodels
measurements arahalysiswereundertaker{Figure16). A mixture ofmusculocutaneous
and septocutaneoperforatos originate fromnine mainsoure@ arterieswhich are all
branches of th€FA supplyng the integument athis region Largeperforatos are
prevalent in th&&FA, MCFA andLCFA territories.The posterior thigh has large, distinct
perforatorsthe majority of which come from the PFBaseal on the analysis of (n=15)
thighs obtained from 10 cadavers,aerage of 8& 16 arterial perforators suppllye
integument okachthigh.

Theresultsarepresentedbased onthe sourcevesselsand the related perforators
Tablell1 summarizesherestts of the thigh region and provides a detailed analysis of the
number, diametepedicle lengtland area of the perforatdi each source artery
(cutaneous angiosome areden, thethigh was divided for descriptiyeurposes into five
subregionstwo antriorly and thregosteriorly.Perforators supplying the overlyirgkin

of eachsubregionwill be presented
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Inguinal ligament ' Gluteal fold
Pubic tubercle .

Superior pole of the patella |

Figurel5 (A,B): Boundaries of the thigregion.Anterior (15A), andPosterior (15B) views
of a3D model of the ght thigh of a female cadaveientify the boundariesf the thigh
region.The thigh regiorextends distally from the inguinal ligament line anteriorly, and
posteriorly fromthe gluteal fold to a horizontal line along the superior pole of the patella
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Figurel6 (A-D): Threedimensional3D) modelsof thearterialvasculature ofhe thigh

Anterior (16A) andPosterior (L6B) views ofthreedimensional 3D) modek of the arterial
vasculaturef the right thigh of a female cadavejected with lead oxide and gelatin

solution and scanned usirgpmputed tomographyC(T) scannerVascular territories of
descending genicular artery (green); descending branch of the inferior gluteal artery (light
blue); lateral circumflex femoral arterygik blue); lateral superior genicular artery (pink);
medial circumflex femoral artery (orange); medial superior genicular artery (brown);
popliteal artery (red); profundamoralartery (yellow); superficial femoral artery (purple).
This 3DFigure shows th relationship between the vascular territories of the arteries
supplying the thigh region.
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Figures16Cand16D showthe Lateral(C) andMedial (D) views of threedimensional

(3D) models of the arterial vasculatwgthe right thigh of a female cadavajected with

lead oxide and gelatin solutipand scanned using computed tomography (CT) scanner.
Vascular territories of descending genicular artery (green); descending branch of the
inferior gluteal artery (light blue); lateral circumflex femoral art@lgrk blue); lateral

superior genicular artery (pink); medial circumflex femoral artery (orange); medial superior
genicular artery (brown); popliteal artery (red); profufetaoralartery (yellow);

superficial femoral artery (purple). €e3D Figures shav the relationship between the
vascular territories of the arteries supplying the thigh region.
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Tablell Summary ofmeasuredjuantitative data for the cutaneous vascular territories of
the thighregion(n=15).

Number of Diameter Pedicle length Angiosome area
Angiosome perforator (cm?)
(mm) (mm)

D-IGA 3.3£2.6 0.8+0.3 116+ 50 45+ 37
SFA 20+ 9 0.8+0.3 69+ 31 350+ 137
PFA 21+9 1+05 120+ 42 375+ 81

MCAF 4+2 1+0.4 93+ 38 48+ 27

LCFA 11+ 4 1+0.7 99+ 61 271+ 76
DGA 8+4 0.8+0.2 76+ 42 97+ 38

PA 8+3 1.0+0.7 83+ 33 99+ 27

LSGA 5+3 0.9+ 0.3 66+ 38 60+ 29

MSGA 3+25 0.7+ 0.2 88+ 46 31+ 17

All data aremeansplus or minus the standard deviation for the number, diameter, length
andsurface areas perfuséttheangio®me,in thighs(n=15) obtained from @ cadavers

This data wasbtained fronthreedimensional §D) models produced frotnuman

cadavers usingD angiographyAbbreviation of angiosomes; descending genicular artery
(DGA); descending branch inferior gluteal arteryl®A); lateral circumflex femoral

artery (LCFA); lateral superior genicular artery (LSGA); medial circumflex femoral artery
(MCFA); medial superior genicular artery (MSGA); popliteal artery (PA); profunda
femoralartery (PFA); superficial femoral artery (SFA).
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5.1 Descending branch of inferior gluteal artery (D-1GA)

The inferior gluteal artery emerges from the anterior divisif the internal iliac
artery ancenters the gluteal region from the greatertscfaramenadjacent to the lower
border ofthe piriformis and medial sciatic nerve. TBelGA (Figurel7), dividesinto
medial and lateral branchesith adescendinghird branch accompatng the posterior
cutaneous nerve of the thiginddescenuhg into the posterior thigh to supply the skin
below the tuteal fold.

In this study(n=15), the DIGA territory in the proximalposterior thigh
anastomoseaterally with the firsbranch of PFAandmedially withthedeep and
cutaneous territggs of the MCFA. The average cutaneous area perfused by tl@Awas
45 + 37 cn?, representing 3% of the total thigh surface apeafused by an average of 3.3
+ 2.6 perforatos with pedicle length 116 50 mm from the descending branchtbi
inferior glutealartery. Theirappropriate average diame@8+ 0.3 mm would allow the
anastomosiwvith recipient vases, andprovide a reliable arterial supply of flaps harvested

below the gluteal fold.

5.2 Superficialfemoral artery (SFA)

The external iliac artery becoméi® CFA as it enters the femoral triangle. At the
superior aspect of the femoral triangle, the vessel gives off the PFA branch and before
entering the adductor canal ( Hu nFEramrtieere, canal
as the SFA, itoursegleep to the sartorius muscle and passes inferomedially through the
adductor hiatusvhere it becomes the P&igure18). The SFAsuppiesthe majority of the

medial andAM thigh.
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In this study(n=15), the SFA supplies an averagataneousrea of 35@ 137cn?
in the medial andM thigh, constituting 2%o of the thigh regioiiFigure19). An average
of 20+ 9 perforators were found with 0£#80.3 mm in diameter and @931mm as an
average pedicle length. Septocutaneous perforators in the mediabtigmody
musculocutaneous perforators in tid thigh, provide reliable arterial supply of many

flaps in he twosubregions.

5.3 Profundafemoral artery (PFA)
The trunk of the PFA begins as it emerges from the posterahieill) and

sometimes Plaspect of ta CFA in the femoral triangle and terminates as a fourth

perforating branchin this study, the PFA has a deep inferomedial course and supplies the

majority of the posterior thigh. Oof the 15 samples studied, 13 of them haat fmain

branchesand5 branches in the other 2amples, suppigg majority ofthe muscles of the

posteriorthigh, overlying subcutaneous fat and sKkihe first and second branches of PFA

anastomose with the descending branch of the inferior gluteal artery and run alongside the

poderior femoral cutaneous nerve on the posterior aspect of the main trunk.
Thecutaneousrea supplied by PFA is 32581 cnt (n=15), equivalent to 2% of

the thigh regionthrough long pedicles with an averdgagthof 120+ 42 mm, large

average diametaf 1 + 0.5mm, and composed mosthf 21 + 9 septocutaneous

perforatorgFigure20). From an anatomical point of viewaps could be based on

perforators from all four branchd2erforators from the first branch were consistently

found inferior and laterdb the gluteal fold. The second and third did not show consistency

in the bifurcation pattern from the PF main truRkom observation in the studiye
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second branch supplies the area under the first perforator, while the third branch perforates
the PMI thigh subregion to supply the overlying subcutaneous areas. The fourth and final

branch provides perforators to the distal portiothefPL thigh.

5.4 Medial circumflex femoral artery (MCFA)
The MCFA branches from the PFA near its origin in@#A anddescends

inferomedially. Its branches exhibit considerable anatomic variation, with MCFA branches
sometimeemanatingas independent trunks from the SFA.
In this study (n=15)1 + 0.4 mm was the average diameter of the MCFA
perforators, with an averageantity of4 + 2, andanaverage pedicle lengtf 48 + 27
mm. the MCFA perforators courseostly through the gracilis muscle to supply the medial
superior thigh and the overlying skKiRigure21). Perforatorsf the MCFA are the main
arterial supplyto the skinandsubcutaneous fatverlying the superior portions of the
gracilis muscle an&MI thigh. The averageutaneouserritory supplied by this vessel

(n=15)is 93+ 38 cnt, which is 4% of the integument surfaufkthe thigh region.

5.5 Lateral circumflex femoral artery (LCFA)
The lateral branch off the PFA trunk is the LCFA. The LCFA usually branches into

three; ascending, descending and transvarghis study, lhe branching pattesrof the
LCFA (Figure22) and its three main branchagpeared to ba matter of anatomic
variation- LCFA branches sometim@soseas independent trunks from the SFA. All three

of these arteries give perforators to supply the integument overlyifg_ttigigh and
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trochantericsubregiors. The ascending branch supplies stken overlying theTFL muscle
with large diameter consistent perforatdh® descending branch has medial and lateral
branches; the lateral branch is the main supply of the skin overlying the vastus lateralis
muscle In this studythe majority of perfaators were from thdescendindpranch.
Superiorly, arterial territories of the ascending branch anastomose with inferior
gluteal artery territories and first branch of the PFA lateral territofies descending
branch anastomose over the iliotibial trauth the first and second branches frima PFA
laterally. Medially perforators from the medial branch of the descending LCFA
anastomose with perforators frahe SFA over thanidline of anterior thighDistally, the
descending branch vascular territor@emstomose with ascending territories of the LSGA.
In this studythe integumenof the AL thigh and trochanterisubregiorsis
supplied by approximately 1.4 perforatorgn=15)with an average diameter of10.7
mm and pedicle length 361 mm. Ths vessel supplies a large cutaneous territory+271
76 cnt over the distal posterior aspect of the thigh, representing 20% of the integument

surface areaf the thigh region.

5.6 Descendingyenicular artery (DGA)
The DGA originates from the medial aspetthe SFA before it passes through the

adductor hiatuso become the PAOut of the 15 samples studjeélde DGA intwo thighs
originatedfrom the PA, i.e.after the SFAadpassedhroughthe adductor hiatus. The
vessel divides into three branchédsemusculoarticulgrosteoarticulaand the saphenous
brancles. The musculoarticular braneims anteriorly to supply the distal part of the vastus

medialis, sartorius muscles and the overlying skin through small diameter adjacent
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perforators. The sapheno{ilsgure23) branch emerges from the main trunk after it
bifurcates off the SFA between the vastus medialis and adductor meaghuss
superficiallyalongsidethe saphenous nerve and vesappying the medial aspect of the
knee The osteoarticular bran&@merges from the saphenous brametd runs medially to
the medial femoral epicondylandthenanteromediallyanastomasg with the MSGA.
The saphenous branch provides reliable perforators with long pedicles faadlaps
documented in the literature

In this study (n=15),ie location of the DGAllowsfor this vessel territory to
anastomoswith adjacenterritories superiorly with the SFA, anteriorly with the LSGA,
and posteriorly with the PFA and tRé\. The DGA provides an average ot &
perforatas with an average diameter of @8.2 mm that supply an average of938
cn? of theintegument and subcutaneousdaerlying the medial and distal psdf the
AM thigh, representing 7% of tietegument surface of thirigh. The average pedicle

lengh was 76t 42 mm.

5.7 Poplitealartery (PA)

As the main arterial supply of the leg and foot, Bi#eis the distal continuation of
the SFA as it passes through the adductor hiatus of the adductor magnus ima#iclé.
sample studied, theA (Figure24) provides several consistent perforators that ascend from
the popliteal fossa and anastomose with PFA perforagarsntributen supplying the
inferior posteromedia(PMn) thigh.In 2 cases his vessetlearlydemonstra®S al mon 6 s
equilibrium law?® the PA perforatorsanastomoseih the PL thigh with perforators from the

corresponding’FA to supplythe overlying subcutaneous fat and integumalso in the
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PMI thigh subregion, PA perforators anastomosed vapérforators from the SFfo
supply the subcaneous fat and the overlying skin of thigzregion. In this study (n=15),
the PAsuppliesapproximately7% of the thigh integument (average®97 cnf) with 8+

3 perforators. The average diameter for these perforatoss @7lmm and the average

pedcle length is 8% 33 mm.

5.8 Lateral superior genicular artery (LSGA)
The LSGA(Figure25), originaing from the lateral aspect of tifA, runs over the

lateralepicondyle to supply the supéateral aspect of the patella. The location of this
vessel dbws for the superficial anastomoses between many adjacent vascular territories
superiorly withtheinferior branch of the LCFAnferiorly with other genicular arteries and
posteriorly withthe PFA.

In this study (n=15) e area supplied by the LSGA fogators(5 = 3 in number)
to the lateral side of the sup@atellarareais approximately 6@ 29 cnt, which is 4% of
the thigh integumerdurfacearea. The average diameter of these perforators @3

mm and the average pedicle length istGB mm

5.9 Medial superior genicular artery (MSGA)
Out of the 15 samples studied, in 14 samples MSGA(Figure26) emerges from

the medial aspect of tH®A. In 1 sample howeveit emerged from the DGA. The MSGA

constitutes the smallest vascular territdrgttnourishes a limiteareaover the
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superanedial aspect of the supgatellar integument in addition to the DGA. It also

anastomoses with osteoaricular and musculoariculartbgenedial femoral epicondyle.
The MSGA has 3 2.5(n=15)perforators witran average of 0. 0.2 mm

diameterand supplies a small area of 817 cnt representing% of theintegument

surface area of thdigh region The average length of these perforators was 88 mm.

74



Figurel7 (A,B): Threedimensionamodel(3D) of thedescnding branch of the inferior
gluteal arteryD-IGA). Figure 17A shows thegsterior viewof a threedimensional (3D)
model ofthe descending branch of the inferior gluteal artByGA) in the posterior thigh
subregion of the right thigh of a female cadavejected with lead oxide and gelatin
solution and scanned using computed tomography (CT) scannearéagerfused by the
D-IGA vascular territory and relevant perforators (blue dots) are shother soft tissues
wereomittedfrom theFigure to clarify thecourseof theD-IGA, therelevantbranches and

perforators.
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Descending branch of inferior gluteal artery
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Figure 17B shows theogterior viewof athreedimensional (3D)nodel of thedescending
branch of the inferior gluteal arterp{IGA) in the postaor thigh subregionof the right
thigh of a female cadavetjected with lead oxide and gelatin solutiand scanned using
computed tomographyC(T) scannerThe D-IGA vascularterritory and relevant perforators
(blue dotslare shownOther soft tissues eve omitted from th&igure to clarify the course
of the DIGA, therelevantbranches and perforators.
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Common femoral artery

Bifurcation point of PFA

Superficial femoral artery

Locatlon of adductor hiatus

ici
Popliteal artery

Figurel8 (A,B): Thecourseof thecommon femoral arterfCFA), superficial femoral
artery(SFA) andpopliteal arteryPA). The Rgures18A anteriorand 18Bposterior views
of threedimensional (3D)nodelsshow the course dhe common femoral artergreer),
superficial femoral arteryofange and popliteal arteryy€llow). (from the ight thigh of a
female cadaver).
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Figure19 (A,B): Threedimensional §D) model of thesuperficial femoral arter{SFA).
Figure 19A shows thenderomedial viewof athreedimensional 8D) model of the
superficial femoral artery§FA) in theanteromedialAM) and medial tlgh subregionsof
the right thigh of a female cadavajected with lead oxide and gelatin solutiamd
scanned usingomputed tomographyC(I) scannerThearea perfused b$FA vascular
territory and relevant perforatofgellow dots)are shownOther sdt tissues were omitted
from theFigure to clarify the course of the SFA, tleevantbranches and perforators.
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Superficial femoral artery
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Figure 19B shows the medwkew of athreedimensional 8D) model of thesuperficial
femoral artery(SFA) in theanteromedialAM) and medibathigh subregionsof the right
thigh of a female cadavetjected with lead oxide and gelatin solutiand scanned using
computed tomographyC(T) scannerTheSFA vascular territory and relevant perforators
(yellow dots)are shownQOther soft tissues we omitted from théigure to clarify the
course of the SFA, thelevantbranches and perforators.
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Figure20 (A,B): Threedimensional D) model of theprofunda femoral arteryPFA).

Figure 20A shows thegsterior viewof athree-dimensioal 8D) model of theprofunda
femoral arteryPFA) in the posterior thiglsulbregionof the right thigh of a female cadaver
injected with lead oxide and gelatin solutiand scanned usirgpmputed tomography

(CT) scanner. Tharea perfused byFA vascular teitory and relevant perforators (green
dots)are shownOther soft tissues were omitted from figure to clarify the course of the
PFA, therelevantbranches and perforators.
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Profunda femoral artery

Figure 20B:In thisFigurethe posterior viewof athreedimensonal 3D) model of the
profunda femoral arteryPFA) in the posterior thiglsubregion ofthe right thigh of a
female cadavanjected with lead oxide and gelatin solutiand scanned usirgpmputed
tomography CT) scannerThe PFAvascular territory ancelevant perforator@reen dots)
are shownOther soft tissues were omitted from thgure to clarify the course of the PFA,
therelevantbranches and perforators.
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Figure21 (A-C): Threedimensiml (3D) model of themedial cicumflex femoral artery
(MCFA). PosteromediglPMI) view (21A) of athreedimensional 8D) model of the
medial circumflex femoral arteryCFA) in the medial thiglsubregionof the right thigh
of a female cadavenjected with lead oxide and gelatin sotutiand scanned using
computed tomographyC(T) scanner. The area perfusedM€FA vascular territory and
relevant perforators (pink dots) are showrther soft tissues were omitted from tigure
to clarify the course of the MCFA, thmelevantbranches ah perforators.

82



Profunda femoral artery

Superficial femoral artery

Medial circumflex femoral artery

Figure 21B showthe posterior view of threedimensional D) model of themedial
circumflex femoral arteryMICFA) in the medial thiglsubregionof the right thigh of a
female cadavanjected with lead oxide and gelatin soluti@andscanned usingomputed
tomography CT) scanner. Th#MCFA vascular territory and relevant perforat{usk
dots)are shownOther soft tissues were omitted from thgure to clarify the course of the
MCFA, therelevantbranches and perforators.
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Profunda femoral artery

Superficial femoral artery

Medial circumflex femoral artery

Figure Z.C shows the edial viewof athreedimensional 8D) model of themedial
circumflex femoral arteryM|/CFA) in the medial thigtsubregion ofthe right thigh of a
female cadavanjected with lead oxide and gelatin solution gschnned usingomputed
tomogmaphy CT) scannerThearea perfused byICFA vascular territory and relevant
perforatorgpink dots)are shownOther soft tissues were omitted from thgure to clarify
the course of the MCFA, theelevantbranches and perforators.
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Figure22 (A,B): Threedimensional D) model of thdateral circumflex femoral artery
(LCFA). Anterior view(22A) of athreedimensional D) model of thdateral circumflex
femoral artery(CFA) in theanterolateralAL) thigh and trochanterisub-regionsof the
right thigh of a female cadaviajected with lead oxide and gelatin solutiand scanned
usingcomputed tomographyC({T) scannerThearea perfused by tHaCFA vascular
territory and relevant perforatofdark yellow dotsare shownOther soft tissues were
omitted from therigure to clarify the course of the LCFA, trievantbranches and
perforators.
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Ascending lateral circumflex

Transverse lateral circumife...

Descending lateral circumflex

Figure 22B shows the anterior vi@fzathreedimensional D) model of thdateral
circumflex femoral arteryl(CFA) in theanterolateal (AL) thigh and trochanterisub
regionsof the right thigh of a female cadavafected with lead oxide and gelatin solution
and scanned usin@T scannerTheLCFA vascular territory and relevant perforat¢aark
yellow dots)are shownOther soft tssues were omitted from tkeyure to clarify the
course of the LCFA, theelevantbranches and perforators.
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Figure23 (A,B): Threedimensional D) model of thedescending genicular artelGA).
Figure23A shows thersteromedhl (AM) view of athreedimensional D) model of the
descending genicular arte®GA) in theanteromedialAM) and medial thiglsubregions
of the right thigh of a female cadavajected with lead oxide and gelatin solutiamd
scanned usingomputedomography(CT) scanner. Tharea perfused b9 GA vascular
territory and relevant perforators (green dots) are sh@ther soft tissues were omitted
from theFigure to clarify the course of the DGA, threevantbranches and perforators.
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Popliteal artery

Descending genicular artery

Saphenous artery

Figure 23B show the nedial viewof athreedimensional 83D) model of thedescending
genicular arteryGA) in theanteromedialAM) and medial thiglsub-regionsof the right
thigh of a female cadavetjected with lead oxide and gelatin solutiand scanned using
compued tomographyCT) scannerTheDGA vascular territory and relevant perforators
(green dotsare shownOther soft tissues were omitted from tigure to clarify the
course of the DGA, theelevantbranches and perforators.
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Figure24 (A,B): Threedimensional D) model of thepopliteal arteryRA). Figure 24A
shows the psterior viewof athreedimensional §D) model of thepopliteal arteryRA) in
the posterior thiglsubregionof the right thigh of a female cadavejectedwith lead
oxide and gelatin solutigmnd scanned usirgpmputed tomographyC{T) scannerThe
area perfused byé PA vascular territory and relevant perforat@sange dotsare shown.
Other soft tissues were omitted from thgure to clarify the couesof the PA, theelevant
branches and perforators.
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Popliteal artery

Figure 24B shows the edlial viewof athreedimensional 83D) model of thepopliteal
artery PA) in the posterior thigsubregionof the right thigh of a female cadavajected
with lead oxide and gelia solution and scanned usirgmputed tomographyc()
scannerThePA vascular territory and relevant perforatmsange dotsare shownOther
soft tissues were omitted from tRegure to clarify the course of the PA, tredevant
branches and perfdmas.
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Figure25 (A-C): Threedimensional D) model of thdateral superior genicular artery
(LSGA). Figure 25A shows theateral viewof athreedimensional §D) model ofthe
lateral superior genicular artely§GA) in the anteolateral(AL) thigh subregionof the
right thigh of a female cadavejected with lead oxide and gelatin solutiand scanned
usingcomputed tomographyC({T) scannerThearea perfused blySGA vascular territory
and relevant perforato(ight bluedotg are shownOQOther soft tissues were omitted from
theFigure to clarify the course of the LSGA, ttedevantbranches and perforators.
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Popliteal artery

Lateral superior genicular artery

Figure 25B shows theogterior viewof athreedimensional 3D) model of thdateral
superior genicular artery §GA) in the anterolatergdAL) thigh sulbregionof the right
thigh of a female cadavetjected with lead oxide and gelatin solutiand scanned using
computed tomographCT) scannerThearea perfused by SGA vascular territory and
relevant perforatorfight blue dots)yare shownOther soft tissues were omitted from the
Figure to clarify the course of the LSGA, ttedevantbranches and perforators.
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Popliteal artery

Lateral superior genicular artery

Figure 25C shows theopterolatera(PL) view of athreedimensional D) model of the
lateral superior genidar artery LSGA) in theanterdateral(AL) thigh subregionof the
right thigh of a female cadavarjected with lead oxide and gelatin solutiamd scanned
usingcomputed tomograph§CT) scannerThe LSGA vascular territory and relevant
perforatorqlight blue dotspare shownOther soft tissues were omitted from tigure to
clarify the course of the LSGA, thielevantbranches and perforators.
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Figure26 (A-D): Threedimensional 83D) model of themedial superior geniculartery
(MSGA). Figure 26A shows thenéeromedialiew of athreedimensional D) model of
themedial superior genicular artefyiSGA) in theanteromedialAM) and medial thigh
subregionsof the right thigh of a female cadaviejected with lead oxide ahgelatin
solution and scanned usirgpmputed tomograph§CT) scanner. Thareaperfusedoy the
MSGA vascular territory and relevant perforatOshite dots)are shownOther soft tissues
were omitted from th&igure to clarify the course of the MSGA, ttedevantbranches and
perforators.
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Popliteal artery

Medial superior genicular artery
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Figure 26B shows the edlial viewof athreedimensional 8D) model of themedial
superior genicular arterySGA) in theanteromedialAM) and medial thiglsubregions
of the right thigh of a female cadavajected wth lead oxide and gelatin soluticand
scanned usingomputed tomograph§CT) scannerThearea perfused by ttHdSGA
vascular territory and relevant perforatmite dots)are shownOther soft tissues were
omitted from the~igure to clarify the coursef the MSGA, thaelevantbranches and
perforators.
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Medial superior genicular artery

Popliteal artery

Figure 26C shows thefierioposterior viewof athreedimensional D) model of the
medial superior genicular artedyISGA) in theanteromedialAM) and medial thiglsub
regionsof the right thigh of demale cadavenjected with lead oxide and gelatin solution
and scanned usirgpmputed tomograph§CT) scannerThearea perfused IISGA
vascular territory and relevant perforat@nite dots)are shownOther soft tissues were
omitted from the~igureto clarify the course of the MSGA, thelevantbranches and
perforators.
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Medial superior genicular artery

Popliteal artery

Figure 26D shows thgosteranedial (PMI) view of athreedimensional 8D) model of the
medial superior genicular artetISGA) in theanteromedialAM) and medial thiglsub
regionsof the right thigh of a female cadavajected with lead oxide and gelatin solution
and scanned usir@pmputed tomographyC() scannerTheMSGA vascular territory and
relevant perforator@vhite dots)are shownOther soft tissues were omitted from tigure
to clarify the course of the MSGA, thelevantbranches and perforators.
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CHAPTER 6 DISCUSSION

6.1 Review ofmain findings

6.1.1Consistent, clinically important perforators existfrom all source vessels the
thigh region

Theintegument bthe thigh region is suppliday mixture ofperforators from nine
vascularterritories (BIGA, SFA, PFA, MCFA, LCFA, PA, DGA, LSGA and MSGAyith
88 + 16 (n=15)perforatorgerfusing an averaghigh skinsurface area of 1376 énThese
numbers are highéhan what has been reportecpievious studies *16precisely because
3D spatial orientation of the thigh vasculature revealed more consistent perforators than
studies utilizing 20angiographyand/or dissection, which often sacrific®r were
obliviousto other perforators the region

The study was performed on 15 thighHO male and 5 femaleobtained from 10
fresh human cadavers (5 male and 5 female). Though not a specific objective of this study,
the analysis included a visual comparison ofvagcular architecture of male and female
samples. In this study no obvious differences were observed regarding the branching
pattern, location of source vessetangiosomes location between the male and female.

Two source vessels SFA and the PFA witresarage of 44 perforato(s=15)
accounfor 25% and 2% respectively of all perforators in the thigh region. A third source
vessel the LCFA@&ounts forl3% of perforators in the region making PFA, SFA and the

LCFA supplying an average total 2% of pefforators inthe thigh(Figure 27).
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With regard to areaghe majority of the thigh integument is perfused by PFA, SFA
and LCFAcovering27%, 26% and 20%espectivelyFigure28). The ratio ofpercent

perforators tgercentarea perfuseth the thigh is1:0.9 (Tablel2).
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Figure27: Compositionof perforatosin the thighaccording tolie source vesséh=15)
The descending genicular artery (DGA); descending branch of the inferior gluteal artery

(D-1GA); lateral circumflex feroral artery (LCFA); lateral superior genicular artery
(LSGA); medial circumflex femoral artery (MCFA); medial superior genicular artery
(MSGA); popliteal artery (PA); profunda femoral artery (PFA); superficial femoral artery
(SFA).

100



D-IGA

PFA
27%

Figure28: Area perfused by the various source vessels (cutaneous angiosomes area) in the
thigh (n=15) The descending genicular artery (DGA); descending branch of the inferior
gluteal artery (BIGA); lateral circumflex femoral artery (LCFA); lateralgerior genicular

artery (LSGA); medial circumflex femoral artery (MCFA); medial superior genicular artery
(MSGA); popliteal artery (PA); profunda femoral artery (PFA); superficial femoral artery
(SFA).
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Tablel2 Theratio of pecent perforators to percent area perfused in the {high5)

Source Perforators % PerfusedSurface Ratio of
artery area %
(P) (SA) (P:SA)
D-IGA 4 3 1:0.75
SFA 24 26 1:1.08
PFA 25 27 1:1.08
MCFA 4 4 1.1
LCFA 13 20 1:1.54
DGA 10 7 1.0.7
PA 10 7 1:0.7
LSGA 6 4 1:.0.67
MSGA 4 2 1:.0.5
Average 1:0.9

The descending genicular artery (DGA); descending branch of the inferior gluteal artery
(D-1GA); lateral circumflex femoral artery (LCFA); lateral superior genicular artery
(LSGA); medial circumflex feroral artery (MCFA); medial superior genicular artery
(MSGA); popliteal artery (PA); profunda femoral artery (PFA); superficial femoral artery
(SFA).
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6.1.2Correlation s betweenthe number of perforators, perforator diameter, and
angiosome cutanegs area

Having established a set of quantifiable charactesisotheipertinent
characteristics werealculated in ordeto determinecorrelatiors between these
characterists. The quotient of thaverage cutaneous asesupplied by eachngiosome
andthenumberof associated perforators yields tneerage perforasome aréasblel3).
According to the calculated average perforasome areaarigibsomegn=15) the LCFA
(24.6cmP), PFA(17.9cm?) and SFA(17.5¢cm?) emergedwith the largesperforasomes
providingperforatorsoriented with low enough distribution densityyield large size
perforasomesompared to otheangiosomesvith average area raimg from (10.3-13.6
cn?). By plotting area perfused against the number of perforatoraline of bestfit
scatter plo{Figure 29) a positivesloperevealed groportional relationship between the
number ofperforatos and theperfusedcutaneous angiosome ardae slope of this plot
(19.54cn?) represents the average perforasome area.

The cumulative thmeter was obtained as a producthafaveragenumber of
perforatorandaverage diametdirable13). By dividing each average cutaneausa of
angiosomeby the cumulative diameters of the relevant perforatmstage aregperfused
permm perforatordiameterwere obtainedAccording to the calculated average area
perfusedber mm perforator diametef all source vessel®=15), the LCFA (24.6 cn?),
SFA(21.9 cn?), PFA(17.9¢cn?) andD-IGA (17.3 cn?) emerged asupplyingthelargest
area per mm perfortor diameterpy providing perforators oriented with low enough
distribution density to yield large sizéetritoriescompared to other angiosomes with

average area ranging frorti2¢15.2 cné). By plotting area perfused against the cumulative
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diameter of pdorators ora line of besfit scatterplot (Hgure 30), a positive slope
revealed a proportional relationship between the cumulative diameter of perforators and the
perfused cutaneowgiosomerea. The slope of this plot (20.743mepresents the
averge area perfused per mm perforator diameter.

No correlations have been established regarding pedicle length and other measured
or calculated characteristics, but discussion of the usefulness of the pedicle length
regarding pedicled flaps is discussedhe hext sectiorOverview ofaveragepedicle

length of the perforators of the thigh vascuéritories ispresented inigure 31.

104



Tablel1l3: Summary of measured amdlculated quantitativdata for the cutaneous vasar
territories of the thigh regiofn=15).

Angios Mean Mean Cumulative Mean Mean Mean Mean
-ome number of diameter Diameter Pedicle Angiosome Perforat- Area
perforator (mm) length area some area Perfused by
(mm) (cm?) (cm?) cumulative
diameter
(P) (D) (PxD) (K) (KIP) (K/(PxD))
D-IGA 33+x26 0.8%x0.3 2.6 116+ 50 45+ 37 13.6 17.3
SFA 20+ 9 0.8£0.3 16 69+31 350+ 137 17.5 21.9
PFA 21+9 1+05 21 120+42 375+81 17.9 17.9
MCAF 4+2 1+04 4 93+ 38 48+ 27 12 12
LCFA 11+4 1+0.7 11 99+61 271+ 76 24.6 24.6
DGA 8+4 0.8£0.2 6.4 76+ 42 97+ 38 12.1 15.2
PA 8+3 1.0+£0.7 8 83+ 33 99+ 27 12.4 12.4
LSGA 5+3 0.9+0.3 4.5 66+ 38 60+ 29 12 13.3
MSGA 3+25 0.7+0.2 2.1 88+ 46 31+ 17 10.3 14.8

Abbreviation of angpsomes;he descending genicular artery (DGA); descending branch of

the inferior gluteal artery (BGA); lateral circumflex femoral artery (LCFA); lateral
superior genicular artery (LSGA); medial circumflex femoral artery (MCFA); medial
superior geniculaartery (MSGA); popliteal artery (PA); profunda femoral artery (PFA);
superficial femoral artery (SFA).
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Area perfused by angiosomes per perforator.
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Figure29: Relationship between the number of perforators and the perfused cutaneous
angiosome are@=15) The positiveslopeshowsa proportional relationship between the
number of perforators and the perfused cutaneous angiosome area. Thealsle(d®.54
cm2) represents the average perforasomeiauttée thigh region
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Area perfused by angiosomes per mm of
perforator diameter.
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Figure30: Relatiorship between the cumulative diameter of perforators and the perfused
cutaneous angiosome ar@s15) Thepositive slopeshowsa proportional relationship
between the cumulative diameter of perforators and the perfused cutaneous angiosome

area. The slopealue(20.74 cm2) represents the average area perfused per mm perforator
diametetin the thigh region
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Mean pedicle length. = Pedicle
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Figure31: Meanpedicle length of the thigh perforators according to the source vessel
(n=15) The descending genicular astdDGA); descending branch of the inferior gluteal
artery (DIGA); lateral circumflex femoral artery (LCFA); lateral superior genicular artery
(LSGA); medial circumflex femoral artery (MCFA); medial superior genicular artery
(MSGA); popliteal artery (PA)profunda femoral artery (PFA); superficial femoral artery
(SFA).
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6.13Pr edi cti ons about the per foomofthetsafedesignr el i ab
of perforator flaps in the thigh region

Reliability of perforator anatomwas establishely certainquantifiable
characteristics anestablisimg correlations that can be usedtheprediction of flap
selection and flap siz&he purpose is to improviap survival attenuate the morbidity of
the donor siteVirtual dissection has enabled testablishment of a correlation on the one
hand, and the safe design of perforator flaps on the other.

The LCFA @4.6cnv), PFA (17.9 crf) and SFA (17.5 cf) are the largest
perforasomégn=15), providing perforators oriented with low enough distributiamsid to
yield large sizegherforasome&ompared to other angiosomes with average area ranging
from (10.313.6 cnf). The LCFA (24.6 crf), SFA (21.9 crf), PFA (17.9 crf) and BIGA
(17.3 cnf) supply the largest areas per mm perforator diameter, by providifaygtors
oriented with low enough distribution density to yield large sized territories compared to
other angiosomes with average area ranging frori 812 cn?).

Cormackand Lamberty°ar gue t hat #@dfor practical pur
ofanatoni cal territories is of no valwue in dete
This statements quite problematic given that sied by Tayloret al**and Morris and
Taylor*® propose thathe easy and safe harvest of the primary zone of a perforasiomg
with capturing the adjaceperforasomédrom the neighboring source vessélhis
necessitates a comprehensive knowledge of perforator sppatitiecture However,

Cormackand Lamberty agree théihe dimensions of anatomical areas of supply neaeh

relevance in defining minimum dimensions for skin islands carried on mastes
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Knowledge of pdicle length, the preminent variable in pedicled flapsphances
the versatility of flagoositioning The longest pedicleengths of thigh perforatorsexe

found in proximal vascular territories.

6.1.4Superiority of virtual dissection over physical dissection simulation of safe flap
design

Challenges encountered in physical disseatioriresh cdaversinclude difficulty
of manipulation othethigh regon during the dissectioifhe cadavers often needed to be
repositionedo expose differergubregion of the thighOther challenges encountered in
physical dissectioarethe timeandcadaver deterioration fac®iThe duration of adaver
usefulnesss limited by the onset of deterioration, giving limited time for dissection and
documentation of results. Pedissection cremation of the cadavers makes it impossible to
re-evaluate the results if and when neededgMfication toa were alsonecessary for
tedious dissectionf perforatorsin contrastdata accessibilitgained bythe ability of
MIMICS to simulateseparabn andstoragebody partsvhile maintaining the spatial
orientationin different filesenables easyisualization dissectiorand analys of area of
interest

Sinceknowledge of perforator anatomy of the thigh integument is fundamental to
flap surgerythe present study has attempted to add to the current state of knowledge
through a reevaluation of the arterial anatomy of thigh regionl she relevant flaps
MIMICS providesa precise3D visualization ofthe arterial anatomy of certain flaps and
hasprovided a clear determination pbtential donor sites that have been neglected in the

literature and clinicgbractice.The following is adiscussion othe arterial anatomgnd
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simulatedfisafed flap harvest othigh perforatorflaps (the prediction of thesize anddesign
of the simulated flapaerebased ometailed understandiraf thecutaneousascular
anatomywith implementation of safdesign rule¥ 19, andobservations regarding the
anastomoses between the cutaneous territories of the thigh angiasonesve
anatomicakubregions: anteromedigfAM) thigh, anterolateralAL) thigh and
trochanteric, posterolateral (Pthigh, poseromediar(PMn) thigh, and posteromedial

(PMI) and mediathigh.

Anterior thigh

6.15 Anterolateral (AL) thigh sub-region

The AL thigh subregion is roughly defined from the anterior midline to the
posterior border of the iliotibial tract. Timaid portian of theAL thigh subregion has a
history of providing reliable perforat®originating from the inferior branch of the
descending branch of the LCFRotential flaps in thisubregion are shown in Figure 32.

Observations from this studg=15)confirmedthat the overlying skin of the AL
thigh is supplied by LCFA and LSGA, and also showed thersgion to be mainly
perfused by perforators from the ascending, descending and transverse branches of the
LCFA. This study observed that the ascending LE&BAsantly provides cutaneous
perforators through thEFL muscle to supply the overlying skin. The mid portion of the
AL thigh originating from the inferior branch of the descending branch of the LEFA
supplied mostly by musculocutaneous perforators. Peofsraerfusing the proximal thigh

were found to be predominantly musculocutaneous. Multiple and variant in diameter,
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perforators from the LSGA anastomose with terminal territories of the descending LCFA to
supply the distal third of the ALT.
The anterolateal thigh perforator flap

Although this flap has a highly variable arterial anatét?regarding fine details
such as perforator location and course, the main reliable pedicle of this flap comes from the
LCFA. The majority of perforators supplying the @rgere musculocutaneo(fg882:93.89
with a higher incidence of septocutaneous to proximal &feas.

Observations from this study (n=15) showed that the 89 mm tortuous musular
or musculoseptocutaneocsurse (as Lakhiarmt al® havedescribeddf the potential
perforator of this flap emerged close to ihieamusculaseptum. Thisinpredictable
coursemay be responsible for the challengethia harvest of this &% -%distracting
from the popularity of the ALT flagFigure 32)!"* However, t is well known that this a
very reliable flap donor site in experienced haftds.
The anterolateral thigh perforator flapThe kailout perforator artery

Unusual vascular anatomy may challenge flap elevatiomiskdamage tahe
vascular pedicl€® Recomnendations for salvage include elevation of adjacent flaps such
as AMT flap, TFL flap, contralateral thigh flap, or use dfegstyletechnique®104.89.91
The ability to produce chimeric flaps to reconstruct complicated composite resections
61101103172173 has popularized the use of the ALT.

In this study (n=15), the area supplied by the LCFA was assessed for consitency
proximalperforators that could be utilized to salvage the ALT flap if the main perforator
was damagedr not presentluring theflap elevation. At least one perforator was found

emerging at thareaof interest in all samples, with an average 8f21.8 perforators per
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thigh. Mean pedicle length was 1#120 mm. Average dimeter at deep fascia was %.1
0.3 mm.The \essel coursef the perforatowas mostly musculocutaneous (90%).
Perforators from the asading (25%), oblique branch (32%) or descending branctoj43
of the LCFA in all cases. The 6ébail out bra
ascending branch of the LCFA, anlighe branch with origin in the transverse branch of
the LCFA, or a descendingdnch with origin in the LCFA.
The TFL perforator flap

Clinical applications of th&FL flap have made slow progress, due to anatomic
anomalies of the perforators to this dosite’? and contradictory descriptions of the of the
vascular anatomy of this flapphe anatomical descriptions of the vascular anatomy of this
flap have been confusing. Earlier, Hill et'4P. and more recently, Lin et df3 described
the transverse bnch of the LCFA as the sae artery. Other publicatiolt$!!! indicated
that the ascending branch is the source vessel. This study however, observed that the
ascending LCFAonstantlyprovides cutaneous perforators throughTké muscle to
supply the gerlying skin(Figure 32).
The LSGA perforator flap

Observations from this studg=15)showed that the distal third of the AL sub
region is supplied by multiple perforators with variant diameters that emerge from the
LSGA and anastomose with terminal awaus territories of the descending LCFA. This
part of the present study was geared towards the confirmation of the current knowledge of
the vascul ar anat o%oadawefic study of the anadtcang of thelaviert u n g 6
PL thigh flap showed the bbd supply to this flap to be provided by perforators from either

the PA or the LSGA. Withregatdo Lai tungdés documentation of
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perforators to design low@&i thigh flaps, this study (n=15) observed the location of the
LSGA perforators to @rsist within the distal third of the AL thigh, and ascending to
anastomose proximally with the LCFA. The study also observed that thePavtieigh is
perfused by the PA, andoreoften by perforators from the fourth branch of the PFA

As an added advaage to the proximal ascent of the cutaneous territories of the
LSGA perforators, the design of flaps based on these perforators can be extended to
include the anastomosed distal territory of the descending branch of the LCFA.
Curiously, this donor site witreliable perforators of suitable diameter has been
infrequently used in reconstruction of stfisue defects around the knee, or for free flaps,
despite the excellent aesthetic outcomes.

Observations regarding the cutaneous territories and their origiaa that could
facilitate flap design in thissub-region

All the cutaneouserritories of thd.CFA three branchelsave a lateral orientation
andanastomose with each other within the proximad-thirds of thissubregion
Laterally, hecutaneous tertry of the LCFA anastomosesth the cutaneous territory of
the PFA anddistally, with thecutaneous territoriesf the LSGA The LSGA cutaneous
territory isorientedsuper@nteriorly, and anastomosegth thecutaneous territory of the
DGA over the antéor midline of the thigh.

Thecutaneous territorgf the medial descending branch of ti&FA anastomose
with the cutaneous territory of ti&-A superiorly with thecutaneous territory of the SFA

in the middleand with thecutaneous territory of the DGAnferiorly.
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6.16 Anteromedial (AM) thigh sub-region
The AM thighsubregionis roughly defined from the anterior midline of the thigh
to the midline of gracilis muscle. The arterial anatomy of the overlying skin of the AM
thigh comprises several vasauterritories from different soureesselsPotential flaps in
this subregion are shown in Figure 33.
Observations from this study showed the-sedpon to be mainly perfused by the
SFA. Musculocutaneous perforators from the SFA, and less frequemtiyCliF@\, in the
proximalarea, provide 55%f the blood supplied to the integument overlying the
proximal two thirds of this subegion while 45% was supplied by septocutaneous
perforators. These perforators have relatively long superficial pedicle |[€6§thS81
mm); their cutaneous territories are oriented inferiorly to their point of emergence from the
deep fascia. The distal third of this stdgion is supplied mainly by perforators from the
musculoarticular branch of the DGA with a few contributingg@tors from the MSGA.
The Anteromedial thigh flap or superficial femoral perforator flap
This study observed that musculocutaneous perforators are the main blood supply if the
flap is designed within the borders of fr@ximal AM thigh. When the flap dsign
proceeds towards the different boundaries ofghisregion, however, there is a likelihood
of different source vessels providing perforators:
1. If the flap design proceeds laterally toward the anterior midline of the thigh then
there is the probadlity of the incidence of septocutaneous perforators from the
medial branch of the LCFA, because the area over the midline is perfused by LCFA

vascular territory and heneeould be alifferent flap(described by Song al.).”
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2. If the flap design proceeasedially toward the mid line of thgracilismuscle, the
incidence of septocutaneous perforators from the @#Ariorly) or
musculocutaneoyserforators from the MCFAsuperiorly) is likely.

3. If the flap design proceeds proximally, the incidence oftgherforators from the
CFAis likely.

These findings correspondth the documentation of back up musculocutaneous
perforatorg’ throughthe gracilis andartorius muscles arttierevision of the vascular
anatomy to this flap3? which revealed that th@ain perforators are large cutaneous
arteries branching off a musculaahch of the SFA supplying tharsorius and gracilis
musclesinitial arterial anatomic knowledge of this flap had describedpedicle as a
septocutaneoyserforator of arinnominae’® orthe medial*® branchof thedescending
LCFA. This point of view has persisted even until relsettf whenit was recognized that
the main perforator for this flap (AMT) was septocutaneouscantti be identified at the
medial border of the rectusrhoris with the sartorius muscles intersection.

The medial superior genicular artery perforator flap

Observations from this study showed that the distal third of the AM thigh sub
region is supplied mainly by perforators from the musculoarticular brartie @GA with
a few contributing perforators from the MSGA, the smallest vascular territory in the thigh.
Surprisingly, no perforator flaps based on the musculoarticular branch of the DGA
perforators have been documented in the literature, a fact thatenatyibuted to the
challenging coursef the perforators which makes dissection through muscle, and flap
harvestingdifficult, However those few MSGA perforators documented in the literature in

1990 are suitable to base flaps on, and have been usecetckoee defects in flap
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surgery*” This flap has not been studied or utilized extensively, possibly due to the
reluctance of surgeons in clinical practice to harvest fidpsh crossarticular areas or
which are based on small inconsistent perforators.

Observations that could facilitate flap design in thssib-region regarding the cutaneous
territories and their orientation

The SFA cutaneous territory anastomoses superiorly with the cutaneous territories
of theCFA, and supenmedially, with MCFA territores. Posterior to the posterior border of
the mid portion of the gracilis muscle, the SFA cutaneous territory anastomoses with the
cutaneous territory of the third branch of the PFA. ioféy, the cutaneous territogf the
SFA anastomose with the cutaunsterritory of the DGA, whichanastomoseanteriorly
with the cutaneous territory of the medial branch of the descending LCFA and the
cutaneous territory of the LSGAver the mid line of the thighnferiorly the cutaneous
territory of the DGA aastomoss with thecutaneous territory of the MSGA, posteriorly
with both the cutaneousttitories of the third PFA aridferior to the DGAPFA

anastomosis, with the cutaneous territory of the PA

Posterior thigh

The posterior thiglsubregion is definedrbm theposterior border of the iliotibial
tract to the midline of the gracilis musclkhis study (n=15) confirmed earlier findings that
the PFA supplies the majority of the posterior thigh muscles and overlying skin.
However, the current descriptions of thefpeators of the PFA are based on clinical
landmarksof discrete perforators.iEse descriptions do not provide a clear picture of the

arterial anatomy of the perforatarsed for flap elevation. It was observed in 8iisdythat
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becomes problematic ®imply reference the perforators as first lateral, first mesdedond
lateral,secondmedialor third lateral A’ t hor ough anatomi cal descri
branches, the relevant perforator orientations and the perfused areas are missing from the
current literature.

Many confusing descriptive terms have been used to name posterior thigh flaps as a
result of the complexity of the regional anatofihis complexity can be attributed to the
presence of the different branches of the PFA and their \@badnching patterns. This
study however, confirmed the presence of perforators with large diameters and suitable
pedicle lengths for vascular anastomoses from this source vessel in the postersrithigh
region, making it an attractive area for flapgany.

Prior to this study, the most comprehensive descriptidhednatomical landmarks
used to facilitate flap dissectionthelateralPFA perforators in thPL thigh was by
Ahmadzadeh et &lwho proposed an approach to locate the PFA perforatoiearsdong
an obligue line extending from the ischium to the lateral femoral condyle. Further
anatomical and clinical investigations to locate and better understand the PFA anatomy
within the posterior thigh have been carried §8t®°

Thefindings fromthe posterior thiglregion demonstratinat the use of this 3D
angography technique and digitalodeling and analysis are superior to dissection, and
enable accurate tracing of musculocutaneous perforators to their source vessels, which had
been challengig using dissection. In this discussion, the PFA perforators have been
grouped according to their source branch and the supplied areas: first, second, third and

fourth branches. Despite the variations in the branching pattern and the number of
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perforatorgrovided, the cutaneous vascular territories of the PFA were constant for all 15

samples.

6.1.7 Posterolateral (PL) thigh sub-region
The clinical uses of PFA perforators within the PL thigh have been documented in
the literatureMaruyamaet al'®'repore d t he use of the Afirst pe
Ramirezetal’®document ed a fl ap based on a perfora
per f or at.Bael®and Emmtall®designed free flaps from thisibregion based
on what theiyr d ap e refdo it & e usd of thd termimakfouthmbranch
of the PFA for lower limb reconstruction has also been documétited.
Observations from this study (n=15) confirmed that the PL thigh is completely
supplied by perforators of the PKRigure34). Well defined, large diameter
septocutaneous perforators from the first branch of the PFA supply the proximal third of
this subregion. Within the middle third of the PL thiglibregion perforators from the
second branch of the PFA were frequeotigerved. The distal third of thesibregion was
perfused by perforators from the fourth branch of the F&gardinghe documentation of
Baek® and Songet al’® of the use operforators of the third branch of the PFA to design
free flaps, this studgbserved the location of the fourth branch of PFA perforators to
persist within the distal third of the PL thigind the perforatodocumentedctually
originatedfrom the fourth branch of the PEA
Observations regarding the cutaneous territories and thaiientation that could

facilitate flap design in thissub-region
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While the cutaneous territories of the first, second and fourth lateral branches of the
PFA anastomose with each other, the cutaneous territories of the perforators of the first and
seconddranches have transverse major lateral and minor medial orientations. The
perforators of the first and second branches anastomose with the cutaneous territory of the
LCFA laterally.All the lateral anastomosis of the cutaneous territory of the PFA and LCFA
branches are over the iliotibial trabtedially, the cutaneous territory of the first branch of
the PFA anastomoses with the cutaneous territory of @A) while the cutaneous
territory of the second and third branches of the BR&stomose with eadther.The
cutaneous territory of the fourth branch anastomoses with the cutaneous territory of the

LSGA laterally, and with the cutaneous territory of the PA medially.

6.18 Posteromedian(PMn) thigh sub-region
Flaps from the proximal and middle portiapfsthis subregion have been variously
named The area below the gluteal fold is known for providing flaps based on the PFA or
the D-IGA; terms such as gluteal flap, inferior gluteal musculocutarteopssterior thigh
flap musculocutaneouap®”*>® and more recently, profundamoralperforator flap
(PAP)%* have been used to describe these flaps. The middle portion of thisgsoib has
been reliable for flap harvest based on the PFA; Angrigiani*ét ééscribed what they
called theofhadedwuated doéhap@p muscul ocutaneous
brancho of t he PFAsubregitndasaa gseatalihicalthistory; d of t hi
Maruyamaand lwahiradescribed a technique using@ppteo-posterior thigh

fasciocutaneous island fido repair skin defects around the kA¥el he first,second and
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fourth branchesf PFAare oriented laterally unlike the third branch that is oriented
medialy. Potential flaps in thisubregion are shown in Figure 35.

Observationgrom this study confmed thathe blood supply of the integument
overlying the proximal third of PMsubregionis provided by perforators of the-LEA
with contributions from the perforators of the third branch PFA below the gluteal fold. The
area below the gluteal creasetefore provides reliable perforators for flap surgery from
both theD-IGA and PFA, leaving the resultirdpnor site scar hiddan the gluteal fold.
The middle third of the PMsubregion is supplied completely by perforators of the third
branch of the PA, clarifying that the origin of the perforator of the adductor ¥éjs the
third branch of PFALarge diameter perforators of the PA, emerging and ascending from
the popliteal fossa within the distal PMubregion, anastomose with the PFA
septocutanaus perforators to supply the distal third of therPMbregion.These PA
perforators are suitable for basing potential new free perforator flaps.

Observations regarding the cutaneous territories and their orientation that could
facilitate flap design inthis sub-region

Continuing from the lower buttock, the cutaneous territory of tH&B, at the area
below the gluteal crease, anastomoses laterally with the cutaneous territory of the first
branch of the PFA, and medially, with the cutaneous territotlyeoMCFA.As the
cutaneous territory of the third branch of the PFA perfuses the majority of the middle of the
subregion, it anastomoses laterally with the cutaneous territory otttand branch of the
PFA, supermedially with the cutaneous territory thle MCFA and medially and infero

medially with the cutaneous territory of the SFA.
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The superiorly oriented cutaneous territory of the ascending perforators of the PA
anastomose laterally with the cutaneous territory of the fourth branch of the PFA.
Supeiorly, it anastomoses with thikird branch of the PFA, supenedially with the
cutaneous territory of the SFA and infenedially, with the cutaneous territooy the

DGA.

6.1.9 Posteromedia(PMI) and medial thigh sub-regions

Observatios from this stualy indicatethat the blood supply to this area is provided
by the MCFA, SFA, PFA, DGA and PA. The superior areas oPtfleand mediathigh
subregiors are supplied by musculocutaneous perforators from the M&iekthethird
branch of the PFAhrough thegracilis andadductor magnus musseleespectivelyWithin
themiddlethird of the PM and medial thigh subegions septocutaneous perforators, and
less frequently, musculocutaneous perforators from the SFA, with contributions of
perforators from the thirdranch of the PFA supply tlewerlying skin. Perforatorsom
the third branch of the PFA, and from the PA, supply the skin oveligted PMI thigh.
Perforators with long pedicle length from the DGA are the main supply to cutaneous
tissues of the distalortion of the medial thighPotential flaps in thisubregion are shown
in Figure36.
MCFA perforator flap or gracilis muscle perforator flap in the medial thigh

This flap has been widely known as dependerd orusculocutaneous perforator
since it washnitially utilized by Orticoched?** and McCrawet al'*’ In 1987, Wang et al.
elevated this flap on a septocutaneous perforatbhore recently, Hallock used a

musculocutaneous perforator to redesign this flap for femoral triangle wound ¢f3sure.
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This study (n=15) observed the MCFA perforators to be predominawitdgulocutaneous

through thesuperior portiorgracilismuscle When the flap design proceeds towards the

different boundaries of thsubregion, however, there is a likelihood of differepurce

vessels providing perforators:

1. If the flap design proceeds anteriodgyondthe anterior border of thgracilis then
there is the probability of the incidence of perforators from the. SFA

2. If the flap design proceeds posteriookyyondthe poserior border of thgracilis
muscle, the incidence of perforators from the third branch of PFA is likely.

3. If the flap design proceeds ditgathe incidence of perforators from a muscular
branch of the SFA is likely

4. Continuing from the perineunthe cutaneous territoried theinternalpudendal
arterysupplythearea ovetheuppermedial boundary of the thigh.the design of
the MCFA perforator flapproceeds proximally asuperoposteriorlythenthe
incidence of perforatorfsom theinternalpudendal arterySingapore flapy#is
likely.

The DGA; the saphenous artenA¢land) perforator flap in the distal medial thigh
The study confirmethe advantages of using the mea@igdaof the knee as a

potential donor site, which include: limited subagaus fat, a consistent perforator and

distinct sensory nerve supply.

Observations regarding the cutaneous territories and their orientation that could

facilitate flap design in thissub-region
Knowledge of the arterial anatomy of the gracilis muscle yst&einderstanding

the cutaneous arterial anatomy of the medial thigh. The skin overlying the proximal, mid
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and distal portions of the gracilis muscle is completely supplied by perforators of the
MCFA, SFA and DGA, respectively.

The cutaneous territorie$ musculocutaneous perforators from the MCFA
(through the gracilis muscle) and of the third branch of the PFA (through adductor magnus)
are all oriented transversely, and anastomose to supply the skin in the superior area of the
PMI thigh.

The cutaneousetritories of musculocutaneous perforators through the gracilis
muscleof the MCFA, andseptocutaneoyserforatorsof the SFA, both with a
posteranferior orientation, anastomose and supply the middle portion ¢tlhend
medial thighOver the distaPMI thigh, the cutaneous territories of the DGA and PA

anastomose with each other.
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Ascending lateral circumfle z

Descending lateral circumflex - 2

Inferior branch of descending lateral circum

Figure32 (A-E): Threedimensional 8D) reconstructions of potentiflaps in the
anterolateralAL) thighsubregion Figure32A: the Rgureshows hree perforator flaps
reconstructed within thanterolateral AL ) thigh subregion The peach color flap is a
tensor fascia lata (TFL) flap designed on a perforator of the ascending branch of the lateral
circumflex femoral artery (LCFA). Other pot@ldtperforatordrom this source vessel are
indicated with yellowgreen dots .The yellow flap is an anterolateral thigh flap (ALT)
designed on a perforator of the inferior branch of the descending LCFA. Other potential
perforatordrom this source vessetaindicated with yellonwgreen dots. Note the
perforators located within the intersection of the TFL and ALT flaps, of the transverse
branch of the LCFA, can be used as bail out perforators for the ALT flap. The light blue
flap is a lateral superior geniew artery (LSGA) perforator flap designed on a perforator of
the LSGA. Other potential perforators from the LSGA are indicated with light blue dots.
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Ascending lateral circumflex

Descending lateral circumflex

Lateral superior genicular artery

Figure32B: the Rgureshows hree perforator flapseconstructed within thanterolatral
(AL) thigh sub-region The peach color flap is a tensor fascia lata (TFL) flap designed on a
perforator of the ascending branch of the lateral circumflex femoral artery (LCFA). Other
potential perforatorfom this source vessel are indicated with yeHgmeen dots .Té
yellow flap is an anterolatergiigh flap (ALT) designed on a perforator of the inferior
branch of the descending LCFA. Other potential perfordtons this source vessel are
indicated with yellowgreen dots. Note the perforators located within thergeiction othe
TFL and ALTflaps of thetransverse branch of the LCFéan be used as bail out
perforators for the ALT flap. The light blue flap is a lateral superior genicular artery
(LSGA) perforator flap designed on a perforator of the LSGA. Othtempial perforators
from the LSGA are indicated with light blue dots.
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Ascending lateral circumflex

Figure32C: the Rgureshowsatensor fascia latalEL) perforator flap reconstructed

within theanterolateral AL ) thighsubregion ThisTFL flap is designed on a perforator of
theascending branch of thateral circumflex femoral artery. CFA). Other potential
perforatordrom this source vessel are indicated with yellgieen dots.
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Descending lateral circumflex

Inferior branch of descending lateral circumflex

Figure32D: the Rgureshowsan anterolatral thighilap (ALT), reconstructed within the
anterolagral (AL) thighsubregion This ALT flapis designed on a perforator of the
inferior branch of the descendifggeral circumflex femoral artery.CFA). Other potential
perforatordrom this source vessel are indicated with yelgmeen dots.
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Lateral superior genicular artery

Figure32E: the Fgureshowsa lateral superior genicular artetlySGA) perforator flap
recostructeavithin theanterolatral AL) thigh subregion ThisLSGA perforator flaps
designed on a perforator of the LSGA. Other potential perforators from the LSGA are

indicated with light blue dots.
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Figure33 (A-E): Threedimensional 8D) reconstructions of potential flaps in the
anteromedialAM) thigh subregion Figure33A: the kgure showstwo perforator flaps
reconstructed within thanteranedial @M) thigh subregion The purple color flaps an
anteromedial thigh flapXMT) - or superficial femoral arterySFA) perforator flap-
designed on a musculocutaneous perforafttine SFA Other potential perforatofsom
the SFA are indicated wityellow dotes. The yellow color flap &medial superior
genicular arteryNISGA) perforator flapdesigned on a perforatof the MSGA Other
potential perforatoriom the MSGA are indicated with grey dots.
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