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Anatomic Report

Unilateral Upper and Lower Subtotal Maxillectomy Approaches to the Cranial Base:
Microsurgical Anatomy

Tsutomu Hitotsumatsu, M.D., PhIDAlbert L. Rhoton, Jr., M.D.

'Department of Neurological Surgery, University of Florida, Gainesville, Florida

ABSTRACT
OBJECTIVE

The relationship of the maxilla, with its thin walls, to the nasal and oral cavities, the orbit, and the infratempoealgngalatine fossae makes ito
a suitable route for accessing lesions involving both the central and lateral cranial base. In this study, we compagéchlttenaiomy and ©
exposure obtained by two unilateral transmaxillary approaches, one directed through an upper subtotabmmgxdlettthe other through a lower
subtotal maxillectomy.
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METHODS
Cadaveric specimens examined, with 3 to 40x magnification, provided the material for this study.

RESULTS

Both upper and lower maxillectomy approaches open a surgical field extendinghieoipsilateral internal carotid artery to the contralater
Eustachian tube; however, they differ in the direction of the access and the areas exposed. The lower maxillectomy ropierasien aaf the
transmaxillary, transnasal, and transoral routeste-eand intradural lesions of the central cranial base. Performing additional osteotomies o%the
mandibular coronoid process and the sphenoid pterygoid process provides anterolateral access to the lateral cranihjdihgseheinc§
pterygopalatine anchfratemporal fossae, and the parapharyngeal space. The upper maxillectomy opens the transmaxillary and transnasal%[oute
the central cranial base but not the transoral route. The structures exposed in the lateral cranial base, after recwoeimadthed pterygoid
processes, include the pterygopalatine and infratemporal fossae and the parapharyngeal space. Exposure can be extenténhyoealf
craniotomy, which provides access to the anterior and middle cranial fossae and the basal cisterns.
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CONCLUSION

The upper and lower subtotal maxillectomy approaches provide wide but differing access to large parts of the centnall amdniatebase
depending on the site of the osteotomies.
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The maxilla, the largest bone in the facial skeleton, has a unique relationship to the cranial base (Fig. 1). It farmlé giathe floor and lateral >
wall of the nasal cavity, the roof of the oral cavity, the orbital floor, the upper jaw, and the walls of the infratemporal gogaglteiye fossae. The ©
relationship of the maxillary sinus, with its thin walls, to all of the above structures makes it a soitéblr accessing large parts of the central,
and lateral cranial base. Numerous anterior approaches to the cranial base, including those directed through the absaviied, @phenoid §
sinus, mandible, palate, cervical region, and anterior drfnsisa, provide only a limited midline access that is confined to a small part of the central
cranial base(*'21323253 |n contrast, approaches directed through a unilateral maxillectomy provide a wide and direct route to lesions involvin
both te central and lateral cranial base. They also can be flexibly applied to lesions involving a variety of sites by vapygisigatheof the
osteotomies, and in selected patients, these approaches may be combined with a crafidfofh{’{}. This adaptability is one of the main
advantages of these approaches; however, combining the various osteotomies for exposure of a specific lesion requistandingrafethe
complex anatomy of the unilateral maxillectomy approaches.

1416



FIGURE 1.

Osseous relainships.A, anterior view of the facial skeleton. The middle ¢hied of each half of the face is the site of three large cavities. The orbit
and nasal cavities open anteriorly, and the maxillary sinus is enclosed by a thin shell of bone. The orbit and nasatecaeitierated from the
anterior cranial fossa above by a thin roof, and the nasal cavity and maxillary sinus are bounded below, and sepatia¢edr&iocayity by the

hard palate. The orbital rim is formed superiorly by the frontal bone, mediallintambrly by the maxilla, and laterally by the zygomatic bone. The
infraorbital foramen opens below the midpoint of the inferior orbital rim. The supraorbital notch, which may be bridgetd aceade a foramen, is
situated at the junction of the matibnethird and lateral twhirds of the superior orbital rim. The anterior nasal aperture is formed by the nasal
bones above, and the maxillae laterally and below. The nasal cavity is divided sagittally by the nasal septum, and#tenpeths thraigh the
posterior nasal aperture into the nasopharynx. The clivus is observed through the nasal cavity in the area behindpghemasal the middle and
inferior conchaeAnt., anteriorfiss., fissureFor., foramenGr., greateroriz. horizontal|nf., inferior;infratemp.,infratemporall.at., laterall_ess.,
lesserMed.,medialMid., middleOccip.,occipitalPost.,posteriorProc., processSup.,superiorTemp. temporal.
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FIGURE 1.

B, anterolateral view of the left orbit. The orbit communicates wighntiiddle cranial fossa through the superior orbital fissure, with the supras
area through the optic canal, with the anterior cranial fossa by the anterior and posterior ethmoidal foramina, with cheitpabaugh the

nasolacrimal canal, with thefratemporal fossa via the anterolateral part of the inferior orbital fissure, and with the pterygopalatine fossa
posteromedial end of the inferior orbital fissure. The infraorbital groove arises at the junction of the wider anteaanthieaaiay posteromedial

parts of the inferior orbital fissure. The anterolateral edge of the inferior orbital fissure is widest at the inferfathergpbenozygomatic suture, 5
which joins the sphenoid greater wing and the zygomatic frontal process in thé tiedhinnest part of the lateral orbital wall. The lacrimal fossa
accommodates the lacrimal gland, and the trochlear fossa is the site of attachment of the trochlea of the superior oblique.
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FIGURE 1.

C, anterior view of the left half of the sphenoidnte, which has four parts: a body, greater wings, lesser wings, and a pterygoid process§ The
pterygopalatine fossa is located between the pterygoid process and the posterior maxillary wall below the orbital apexnitates with the B
middle cranial fosa through the foramen rotundum, with the region of the foramen lacerum via the pterygoid canal, with the nasopharymgcgby tl
palatovaginal canal, with the infratemporal fossa through the pterygomaxillary fissure, with the nasal cavity via thalafirefaamen, and with o
the oral cavity by the greater and lesser palatine canals.
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FIGURE 1.

D, lateral view of the middle orthird of the facial skeleton. The nasolacrimal groove, in which the lacrimal sac sits, is located in the anterior part o
the medial orbital wall; it is formed anteriorly by the maxillary frontal process and posteriorlyebipdrimal bone. The anterior and posterior
lacrimal crests, which form the anterior and posterior edges of the nasolacrimal groove, are ridges on the maxillargairmbiees, respectively.

The anterior and posterior ethmoidal foramina, which tranginei anterior and posterior ethmoidal branches of the ophthalmic artery and the
nasociliary nerves, are situated in or just above the frontoethmoidal suture at the level of the medially situated pliteiform
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E, lateral view after removadf the lateral wall of both the orbit and maxillary sinus. The medial orbital wall comprises the frontal process
maxilla, the lacrimal bone, and the orbital plate of the ethmoid (lamina papyracea). The pterygopalatine fossa is betiodgdwatite posterior
maxillary wall and posteriorly by the pterygoid process, and it and communicates laterally through the pterygomaxilfarywiiesthe
infratemporal fossa. The medial wall of the maxillary sinus forms much of the lateral wall of theavétyal
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FIGURE 1.

F, inferior view of the cranial base. The right pterygoid process has been sectioned at its junction with the sphenoidngreatdrbody and
removed to expose the pterygopalatine fossa and the pterygoid and palatovaginal carnatscy@bil canal, which transmits the vidian nerve>
formed by the union of the superficial and deep petrosal nerves, passes above the root of the medial pterygoid platantitrapbninto the <
medial portion of the pterygopalatine fossa and postgriotd the anterolateral aspect of the foramen lacerum. The palatovaginal canal transmlts the
pharyngeal branches of the maxillary nerve and artery. The pterygoid fossa, the site of the attachment of the mediaipttygtad between the @ 3
medial andateral pterygoid plates. The scaphoid fossa, the attachment site of the anterior portion of the tensor veli palatid jsdblateral to o
the root of the medial pterygoid plate, below the pterygoid canal, and medial to the inconstant sphesaig fardmen. The sulcus tubae, which i$
the attachment site of the cartilaginous part of the Eustachian tube to the cranial base, is located on the extramamaltlseri;phenopetrosal&
fissure, anterolateral to the foramen lacerum and the caratal aad posteromedial to the foramina ovale and spinosum, and the sphenoid

The upper and middle thirds of the clivus are bordered laterally by the foramen lacerum and the petroclival fissurer Theubisebordered by <

the occipital condyle anthe hypoglossal canal, which passes above the condyle. The greater and lesser palatine foramina, which transmit tH& gre
and lesser palatine nerves and vessels, open at the posterolateral edge of the hard palate between the maxillargtéuslgranitythe horizontal
plate of the palatine bone medially.
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MATERIALS AND METHODS

Five adult cadaver specimens were dissected using 3 to 40x magnification. Colored silicone was injected into the uataesitstiacilitate their
definition. Thelower subtotal maxillectomy approach examined in this study resembles the approach described by Cocke and Bohettson (
Cocke et al.'f), which they term thextended unilateral maxillectomy/maxillotariihe upper subtotal maxillectomy approach exauhiresembles

the technique described by Arriaga and Janedkangd Janecka et at®¢9 as the facial translocation approach. The goal was not to replicate these
two approaches exactly, but to define the anatomic relationships important in complesagpiproaches. The mobilized segment of the maxilla
was detached from the soft tissues for this study, but in selected patients the maxilla may be mobilized as an ostedlhtastityrhinged to a
cheek or palatal soft tissue flap to preserve the bdopply of the mobilized maxilla.

RESULTS

The maxilla has a body and zygomatic, frontal, alveolar, and palatine processes, and it articulates with the zygommhtethframd, palatine,
sphenoid, and nasal bones, as well as the vomer (Fig. 1). Thehcdses the maxillary sinus, and it is located above the upper teeth, forming nal
of the floor of the orbit. The medial surface surrounds the anterior nasal aperture and forms much of the lateral watiadfcdnety. The posterior
and posterolatat wall of the body forms the anterior wall of the pterygopalatine and infratemporal fossae (Fig. 2). It joins withrttzé kemre to
create an opening through which the nasolacrimal duct descends and serves as the site of inferior nasal conctialatilscthountains canals and =
foramina through which numerous branches of the maxillary nerve pass, including the infraorbital branch, as well assthpesantermiddle
superior, and posterosuperior alveolar nerves. It joins with the palatine booraftete the bony passages for the greater and lesser palatine ner
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FIGURE 2.

Inferior views of an axial section of the cranial basghe infratemporal fossa is surrounded by the maxillary sinus anteriorly, the mandible laterally,
the pterygoid process anteromedially, and the parapharyngeal space posteromedially. It contains the mandibular nemleryaademnadnd their 5
branchesthe medial and lateral pterygoid muscles, and the pterygoid venous plexus. The lower part of the nasal cavity and ﬂyemetmphag
related to the central cranial base, are laterally bounded from front to back by the nasolacrimal duct, the nmasllahe giterygopalatine fossa@
the medial pterygoid plate, and the Eustachian tube. The pharyngeal recess (Rosenmiiller's fossa) projects laterafipSteroldteral corner of LCBI;
the nasopharynx; its deep edge faces the internal carotid artery laterdlithe foramen lacerum above. The posterior nasopharyngeal wal is
separated from the lower clivus and the upper cervical vertebra by the longus capitis muscle, and the nasopharyndsagaioisteke upper
clivus and the posterior part of the spbiE sinus floor.A., arteryAnt., anteriorBr., branchCar., carotidCN, Cranial NerveFiss., fissurefFor.,
foramen(ang.,ganglionGr., greaternf., inferior;Int., internalLat., lateralLess. lessertev., levatorLig., ligamentM., muscleMed., mediatMid.,
middleN., nerveQccip.,occipitalPost.,posteriorProc., processSup. superiorSuperf. superficialTemp. temporalTens. tensory., vein.
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FIGURE 2.
B, enlarged view; note the prand poststyloid compartments of the parapharyngeal shaggighting). The styloid diaphragm, which is formed by g
the anterior part of the carotid sheath, separates the parapharyngeal space amd puststyloid parts. The prestyloid compartment, which is%a
narrow fatcontaining space between the medialygerd and tensor veli palatini, separates the infratemporal fossa from the medially located I@eral
nasopharyngeal region containing the tensor and levator veli palatini and the Eustachian tube. The poststyloid compatnieidcated behind &
the pregyloid part, contains the internal carotid artery, the internal jugular vein, and Cranial Nerves IX through XlI. The platipgofossa is
surrounded by the maxillary sinus anteriorly, the pterygoid process posteriorly, the nasal cavity mediakyirdratemporal fossa laterally.
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FIGURE 2.

C, enlarged view of the poststyloid part of the parapharyngeal space containing the internal carotid artery, the internaifygama Cranial
Nerves IX through Xll descending in the medial part of therviaiebetween the artery and the vein. The styloid diaphragm, which is formed by the
anterior part of the carotid sheath, separates theame poststyloid parts of the parapharyngeal space. The styloid process and facial nerve are
anterolateral and latdrio the internal jugular vein. The internal carotld artery courses lateral to the longus capitis.
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FIGURE 2.
D, the medial pterygoid and part of the lateral pterygoid, some fat in the parapharyngeal space, and the pterygoid vermawe filerasemed.
This exposes the otic ganglion and the mandibular nerve and its branches, including the buccal, deep temporal, nmagsgienierior alveolar,
and auriculotemporal nerves, branches to the pterygoids, and the nervus spinosus, which padstetfocagen spinosum.
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FIGURE 2.

E, the pterygoid process has been removed, further exposing the pterygopalatine fossa containing the terminal part crtharteaxiind its
sphenopalatine, infraorbital, pharyngeal, and greater and lesser phtatiches. The pterygoid canal and the foramen rotundum, which are bourﬁ:led
on the medial side by an extension of the sphenoid sinus, have been opened to expose the vidian and maxillary neoresf tRlesirifoaorbital 3

groove, which is located in theaf of the maxillary sinus, has been removed to expose the infraorbital nerve and artery. The cartilage, which fijls th

lower margin of the foramen lacerum, has been removed to expose the posterior orifice of the pterygoid canal and teratittataly coursing
above the foramen.
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FIGURE 2.

F, the arterial structures in the pterygopalatine fossa have been removed to expose the neural relationships. The peygogidatis situated
medial to the maxillary nerve and is connected to it bygianic branches. The right half of the sphenoid sinus has been opened, and the petrous
carotid has been exposed by removing petrous bone underlying the carotid canal. The Eustachian tube, which has beethelixadedfits
cartilaginous part, isitsiated immediately anterolateral to the petrous carotid. The clivus is bounded laterally by the external surface aflived petr

fissure, in which the inferior petroclival vein courses.
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FIGURE 2.

G, enlarged view of the neural structures in the pterygopalatine and infratemporal fossa and the pterygoid canal. Theiniagalresmanating
from the pterygopalatine ganglion include the greater and lesser palatine, sphenopalatine, vidian, arehpharyes.
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Our results are arranged in the following stages: 1) the facial stage, which includes the skin and soft tissue intigosigel@jal stage, which
focuses on the site of the maxillary and other osteotomies; 3) the retromaxillary wtage, includes exposure of the infratemporal and
pterygopalatine fossae and the parapharyngeal space; 4) the central craniocervical stage, which includes accessirandheralasalities,
pharynx,ethmoid and sphenoid sinuses, orbit, clivus, upperiearvertebra, and pituitary gland and adjacent part of the cavernous
sinus; and 5) the intracranial stage, which includes exposure of the anterior and middle cranial fossae, basal cistienas veaid

of the cavernous sinus (Fig. 3).

FIGURE 3.
Badc and extended units for completing the upper and lower subtotal maxillectémtas. lower maxillectomy is performed by ag
combination of osteotomies through the maxillary body, hard palate, and pterygomaxillary junction and can be extendgahgy rémo
the coronoid and pterygoid processBsthe upper maxillectomy is accomplished by performing osteotomies through the maxi@ary
body above the alveolar process, lower orbital rim, and zygomatic arch and can be extended by removing the pterygcvididmdSCoro
processes. The procedure can be combined with a frontotemporal craniotomy and removal of the floor of the middle arahial tgss
osteotomy in the medial orbital wall is optional for anterior midline access.

rontotemporal Craniotomy

umoq

Q Orbital Wall

oronoid Process oy
Pterygoid Process . \ Pterygoid Process

Facial stage
Both approaches examined hig study were performed through a Webergusson facial skin incision, although the lower subto
maxillectomy may be completed using a degloving technique, in which the incisions are concealed within the nose ahd mouth
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Lower maxillectomy
The lowe maxillectomy began with an incision extending vertically from the vermilion border of the upper lip, along the pfiﬂtral
ridge, around the nasal ala, and upward to the medial canthal region (Fig. 4). After the vertical incision, an incisadeviasien o
apex of the gingivobuccal gutter extending through the mucoperiosteum from the midline to the tuberosity of the maidlla,g'\,whi(
provided access to the posterolateral maxillary wall. In the lower maxillectomy technique, an infraorbital incision is eede
infrequently, and the medial palpebral ligament, nasolacrimal duct, and infraorbital nerve usually are preserved becadiltaryhe %1
osteotomy is located below the infraorbital foramen. If required, however, the incision can be extended horizonttdlyhedoeser %
eyelid to the lateral canthus, curving slightly downward to the root of the zygomatic arch; care must be taken to syvmdhejur
anterior filaments of the temporal branch of the facial nerve. Ectropion and lymphedema, which are assthctagetiorizontal skin g
incision on the cheek below the lower eyelid, can be avoided with the use of a conjunctival incision through the inf&ridhéor ¢
cheek flap is elevated by subperiosteal dissection, exposing the anterior and lateral raaallliandhzygomatic bones, anterior nas@
aperture, and the masseter muscle. The cheek flap contains the maxillary and zygomatic periostea and the facial mn$elesbifehe <
nerve and vessels emerge on the face via the infraorbital foramen, whishdopetward and medially between the maxillary attachments%f
the levator labii superioris above and the levator anguli oris below. The infraorbital resuwlav&undle is usually preserved, but infrequentl§y’
may be divided if wider lateral exposure is riegd. If divided, it can be reapproximated at the conclusion of the operation. To expose the oral
surface of the hard palate, its mucoperiosteum is incised in an anteroposterior direction lateral to the planned ptlatg| estka palatal flap is
elevated. The greater palatine artery descends through its canal at the junction of the maxilla laterally and the palataébpnemnerges on the
palate's oral surface, and runs forward near the alveolar border of the hard palate.
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FIGURE 4.

Lower subttal maxillectomy approachh, the incision crosses the upper lip and the paranasal, infraorbital, and buccogingival areas. The cheek fla
has been reflected laterally by subperiosteal dissection, exposing the maxilla and zygomatic bone and the uptres edgseter. The infraorbital

nerve and artery have been divided to gain the widest exposure. The approach is commonly completed using only theotaresairbision
without the lateral infraorbital extension, or by a degloving technique withoimicasion on the face or transection of the infraorbital nerve, which
may be reapproximated at the conclusion of the procedurarteryAccess.accessonA.l.C.A.,anteroinferior cerebellar arteAnt., anteriorAsc.,
ascendingAtlanto-occip., atlanteoccipitalBr., branchCar., carotidCav., cavernousN, Cranial NerveFiss., fissurefFor., foramenGang.,
ganglionGr., greaternf., inferior;Int., internaljntercav., intercavernousntracav., intracavernousat., lateralless.; lesserev., levatorLig.,
ligamentM., muscleMed., medialMid., middleN., nerveP.l.C.A., posteroinferior cerebellar arteBgst., posteriorProc., processS.C.A.,superior
cerebellar artenBup. superiorSuperf. superficialTemp. temporalTens. tensorTM, temporomandiblar,V., vein.

Zy Bone

> :
Ant. Nasal‘———-él— = - Infraorbital N. & A.

Aperture Edge p - !
. y — —= Maxilla

Masseter M.
~ —

FIGURE 4.

B, the masseter has been detached from the zygoma and retracted laterally, and the inferior part of the zygoma has beererposedte
coronoid process and the temporalis attachment.

Zygomatic Bone

Temporalis M.

.—/
Infraorbital N. & A ~¢‘

Maxilla—t —

Coronoid Proc.

Lat. Pterygoid M.

Masseter M.

FIGURE 4.

C, the coronoid process and the lower part of the temporalis have been removed to expose the maxillary artery and thenfesied|Earygoids
in the infratemporal fossa. The temporalis attachment and coronoid process can be retracted and realtaatwttlasion of the procedure. A
mucosal flap has been elevated from the lower palatal surface using subperiosteal dissection.

infraorbital N. & A—————<—
»

Deep Temp. A.

Maxillary A.
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FIGURE 4.

D, anterolateral view of the infratemporal fossa. The pterygoid segment of the maxillary artery passes lateral to the lmfehddatbral
pterygoid, which arises from the lateral surface of the lateral pterygoid plate and attaches to the neclndyldrepcocess and the capsule of the
temporomandibular joint. The superficial head of the medial pterygoid arises from the maxillary tuberosity and the yaatidal process and
descends superficial to the lower head of the lateral pterygoid wiatadhes to the medial surface of the mandibular angle. The upper head of the
lateral pterygoid arises from the region of the infratemporal crest and the adjacent part of the greater wing of the sphenoid
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Med. Pterygoid M.——
Superf. Head

FIGURE 4.

E, the lateral pterygoid has been m@red to expose the deep part of the pterygoid venous plexus, which connects with the cavernous sinu
emissary veins passing through the foramina ovale and spinosum, and occasionally through the inconstant sphenoidalr@amésawhich if
presenis located medial to the foramen ovale. The lingual and inferior alveolar nerves descend through the pterygoid vesious plexu

y tl

Condylar Proc.
Pterygoid Plexus
Post. Sup. Alveolar A-

Lat. Pterygoid Plate

y A.

Maxilla Post. Wall— Inf. Alveolar N.

Med. Pterygoid M;—L

Superf. Head =

Lingual N.

Med. Pterygoid M.
Deep Head

FIGURE 4.

F, the pterygoid plexus has been removed to expose the otic ganglion, as well as the mandibular nerve and, itefdingualveolar,
auriculotemporal, buccal, medial pterygoid, deep temporal, and masseteric branches. The chorda tympani nerve passethenedidl¢o
meningeal artery and the auriculotemporal and inferior alveolar nerves, and joins the lingeiab rer distributed to the tongue and the subllngual
and submandibular glands. The middle meningeal artery ascends between the two rootlets of the auriculotemporal nertieetéoraamn 8
spinosum, and an accessory meningeal artery ascends medial ltegtial and inferior alveolar nerves to pass through the foramen ovale. Ehe
anterior portion of the parapharyngeal space, a narreeofgtining space bounded by the fascia covering the opposing surfaces of the tenson veli
palatini and medial pterygoidseparates the infratemporal fossa from the medially situated lateral nasopharyngeal region, which conta?ms tr
Eustachian tube and the tensor and levator veli palatini. The anterior portion of the parapharyngeal space has bemmpadiaily exposthe
tensor veli palatini, which hides the Eustachian tube located on its posteromedial surface.
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FIGURE 4.

G, anterolateral view before maxillectomy. The infratemporal fossa has been exposed through the space gained by remowimidtipecoess
and m@rt of the zygoma. The lateral and medial pterygoids have been removed. The mucosal flap on the lower palatal sugacand tefigcted
to the opposite side. The fascial walls of the parapharyngeal space have been removed to expose the teasor \egld galatini. The medial
pterygoid nerve descends lateral to the tensor veli palatini.

Infraorbital N. & A: P0r Kl
. For. Spinosum
Med. Pterygoid N. 74 — Sphenoid Spine
Tens. Veli Palatini M—————— - =1 > Masseter M.
Lat. Prerygoid Plate Mid. Meningeal A.
B " R A7 Mandible
Maxillary Tuberosity A = _ Pharyngobasilar Fascia

Sup. Pharyngeal

Palatal Mucosal Flap Constrictor M.

FIGURE 4.

H, the lower subtotal maxillectomy has been completed to expose the lateral wall of the nasal cavity and the retromaaillafheegiucosal
lateral wall and floor of the nasal cavity remain intact. The pterygoid process and plates block accesstraltheacé@l base. The greater palatin
nerve and artery arise in the pterygopalatine fossa and descend in front of the sphenoid pterygoid process. The aefbpatatdiviided for this
maxillectomy; however, the maxilla may be hinged to a soft ppkdecle and folded down into the mouth to preserve the maxillary blood supply,
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Infraorbital N. & A.
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Lingual N.

Lat. Pterygoid Plate
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Soft Palate & Sup. Pharyngeal

b : . Constrictor M.

FIGURE 4.

I, enlarged view. The lateral pterygoid plate has been removed to expose the tensor veli palatini, which descends mexiatioulae nerve on
the anterolatetaside of the Eustachian tube and lateral to the medial pterygoid plate and the levator veli palatini. The tendon of titens
palatini loops medially around the pterygoid hamulus on the lower edge of the medial pterygoid plate to insert intpalaesdthe foramen ovale ®
is located posterolateral to the base of the lateral pterygoid plate.
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FIGURE 4.

J, the pterygoid process, medial pterygoid plate, and tensor veli palatini have been removed to expose the Eustachidartubk plahedinj and
the lateral nasopharyngeal wall, which blends anteriorly into the lateral nasal wall.
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FIGURE 4.

K, the lateral membranous portion of the Eustachian tube has been exposed and the lateral wall of the nasopharynx atydhzessbéeavdopened. 5
The lateral apex of the pharyngeal recess, which is covered only by the pharyngobasilar fascia, is lovateditmhind the levator veli palatini 8
and superior to the upper border of the superior pharyngeal constrictor. The cervical carotid, surrounded by the daraigtshda lateral to the 5
pharyngeal recess. Part of the mandible has been removed &edkposphenomandibular ligament, a fibrous band extending from the sphegoid
spine to the lingula of the mandible. This is located at the medial aspect of the mandibular foramen where the inflariorealeeand artery enter. g
The structures located beten the ligament and the mandible include the mandibular segment of the maxillary artery, the middle and ac&esso
meningeal and inferior alveolar arteries, and the auriculotemporal and inferior alveolar nerves.
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FIGURE 4.

L, inferolateral view of the ferygopalatine fossa and its neural contents, including the pterygopalatine ganglion and the maxillary, spheno
and greater palatine nerves. The root of the pterygoid process has been drilled to expose the pterygoid and palatalsgitetitaansmit the
vidian nerve and the pharyngeal branch of the maxillary nerve, respectively.
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FIGURE 4.

M, the ipsilateral pharyngeal wall between the Eustachian tube and the stylopharyngeus muscle has been retracted to sitedppogi@se the
anteror arch of C1 and the longus colli and capitis. Retracting the longus capitis exposes the attachment of the longhs aatiétiot tubercle of
C1.
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FIGURE 4.

N, the clivus has been exposed by dividing the Eustachian tube and retracting the gagephapof to the opposite side. Division of th
stylopharyngeus permits retraction of the lower part of the lateral pharyngeal wall to the opposite side and aids irthexjasinl carotid and
ascending pharyngeal arteries lateral to the longutsap
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FIGURE 4.

0, the longus capitis and colli have been retracted laterally to expose the clivus, the anterior arch of C1, and the dignsf &#1 bo
V3
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FIGURE 4.

P, the middle and lower thirds of the clivus and the anterior aspect of the foramen magnum have been removed and the darexppseetie
medulla, the pons, and the basilar and vertebral arteries.
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FIGURE 4.

Q, the anterior wall of the sphenoid sintise posterior part of the nasal septum, and the base of the medial pterygoid plate have been remgved
expose a welpneumatized sphenoid sinus and the anterior sellar wall.
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FIGURE 4.

>
R, the sellar floor and adjacent sinus wall have been removectsexhe pituitary gland, intracavernous carotid arteries, optic nerves, ophthafnic
arteries, and intercavernous sinuses. The posterior wall of the sphenoid sinus, which forms the anterior surface dflihesupperbeen removed g
to expose the pons dithe basilar and superior cerebellar arteries. The short segment of the internal carotidrest@rglfove the Eustachian tubed
courses on the cartilage of the lower aspect of the foramen lacerum and at this point turns upward to form the pdstdrgggveent of the &
intracavernous carotid. This segment of the internal carotid artery defines the lateral limit of clival exposure.
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FIGURE 4.

S, the anterior arch of C1 and the dens have been removed to expose the lower medulla, the upper cervical spinal coedtedmal tuedvanterior
spinal arteries.
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Upper maxillectomy 5
For the upper maxillectomy, the Wekbegrgusson lateral rhinotomy is@n is combined with lower conjunctival, transverse temporal, hemicoronal,
and preauricular incisions, as needed (Fig. 5). The cheek flap, which contains the facial muscles, branches of thefahijpaeotid gland, and <
the masseter fascia, is lefted as far as the maxillary attachment of the buccinator inferiorly, the level of the hard palate anteriorly, arlddhe tg.m
the facial nerve exiting the stylomastoid foramen posteriorly. The temporal branch of the facial nerve runs within tlopasetpbfascia, a =

(]
continuation of the galeal layer that is usually thin, loose, and mixed with the adipose tissue around the zygomatti@ptibs ithe frontalis, f
corrugator supercilii, and orbicularis oculi. An upper lip split, gingivobuccal intisiand palatal mucoperiosteal incisions are performed only whgn
a hard palate osteotomy is required. §

N

5%
FIGURE 5. >

Upper subtotal maxillectomyA, this approach uses paranasal, lower conjunctival, transverse temporal, and preauricular incisions. In thé& usu
approach, the cheek flap is elevated as a single layer using subperiosteal dissection. In this dissection, each kyeeloflépewas dissected R
separately to illustrate the structures in the flap. This exposes the facial muscles, the facialamehespbeand the parotid gland. The tempor
branch of the facial nerve, which is divided in completing the temporal incision, is tagged in preparation for reappmoaintisure A.,
arteryAccess., accessonAnt., anteriorBr., branchCav., cavernousgN, Cranial NerveFor.,, foramenGang., ganglionGr., greaternf.,
inferior;Infratemp., infratemporalint., internallat., lateralLess., lesserev., levatorLig., ligamentM., muscleMed., medialMid., middleN.,
nervePost.,posteriorProc., processSup.,superiorSuperf. superficialTemp. temporalTens. tensorT M, temporomandibulafransv. transverse/.,
vein.
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FIGURE 5.

B, the parotid gland has been removed to expose the facial nerve at the stylomastoid foramen. The infraorbital pdricafatie or
oculi has been removed to expose the underlying muscles. The infraorbital nerve and vessels exit the infraorbital fetmémeben
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FIGURE 5.

C, the hemicoronal incision and reflection of the frontotemporal scalp flap expose the lateral orbital rim, frontal bone,
temporalis muscle. The cheek flap, containing the facial muscles, branches of the facial nerve, the parotid gland, ssgkthe
fascia has been reflected inferiorly to the level of the maxillary attachment of the buccinator muscle.
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FIGURE 5.

D, the masseter has been detached from the zygoma and retracted downward to expose the maxillary tuberosity and tempc
attachmentd the coronoid process. The upper edge of the buccinator attaches to the maxilla.
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FIGURE 5.

E, the periorbita has been elevated from the orbital floor. The infraorbital nerve and artery proceed across the orbita fl
lacrimal sac has been exposdabve the orbital opening of the nasolacrimal canal.
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FIGURE 5.
F, the orbital, maxillary, and zygomatic osteotomies have been compiled and the lower half of the orbital rim, the antiaticanched
lateral walls of the maxillary body, and the zygomatic arch have been removed. The lower horizontal cut, located htédveeF-0
extends above the apical roots and hard palate, along the inferior nasal meatus medially, and above the maxillary afttiehment
buccinator laterally. The maxillectomy does not include the posterior maxillary wall or cross the greatssangdktine canals.

The lateral nasal mucosa wall was included with the maxillectomy, which exposed the nasal cavity. The infraorbital neeve may
preserved for reconstruction when this exposure is closed.
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FIGURE 5.

G, the posterior sinus wall has lmeeemoved to expose the pterygopalatine fossa and the greater and lesser palatine ner\f{es 3
arteries. The base of the coronoid process was divided, and the temporalis was reflected downward to expose the irfiasampgral
The lateral pterygoid has tweeads: an upper head arising from the greater sphenoid wing along the infratemporal crest, and @Iow
head arising from the lateral pterygoid plate. The buccal nerve passes between the upper and lower heads. The nmnﬂlhi&art@

in this case ascendorward lateral to the lateral pterygoid, may also pass medial to this muscle.
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FIGURE 5.

H, the maxillary artery has been divided distal to the origin of the deep temporal arteries that supply the temporalisalThe late
pterygoid has been removeddrpose the deep head of the medial pterygoid, which arises from the opposing surfaces of the medi
and lateral pterygoid plates facing the pterygoid fossa. Removal of the lateral pterygoid also exposes the mandibutar nerve
branches below the foramewate and the mlddle menlngeal artery below the foramen spinosum.
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FIGURE 5.
I, the lateral pterygoid plate has been removed to expose the origin of the deep head of the medial pterygoid. The amad:ulcgemp
nerve usually splits into two roots that enlgrthe middle meningeal artery. The chorda tympani exits the temporal bone, enters the
infratemporal fossa on the medial side of the sphenoid spine, and descends medial to the middle meningeal artery elnelstioé b@n
the mandibular nerve to join the dinal nerve coursing anterior to the inferior alveolar nerve. The medial pterygoid nerve arisessfrom
the medial surface of the mandibular nerve near the otic ganglion and descends on the lateral surface of the tensartoaieaela
the deep surfacef the medial pterygoid. The upper part of the parapharyngeal space extends into thecthitafaing plane
between the medial pterygoid and the tensor veli palatini.
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FIGURE 5.

J, the medial pterygoid has been removed to expose the tensor and Veligtatatini and the medial pterygoid plate. The tensor veli
palatini has a long narrow origin, which extends backward from the scaphoid fossa at the root of the medial pterygudwpdiala

to the foramina ovale and spinosum and the sphenoid Sgiedateral wall of the pharyngeal recess (Rosenmiller's fossa), which is
covered by the pharyngobasilar fascia, is a lateral extension of the nasopharynx behind the Eustachian tube and ték levator
palatini.
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FIGURE 5.

K, the tensor veli palatini and the medial pterygoid plate have been removed to expose the Eustachian tube. The leatiar igeli
situated below and behind the Eustachian tube. The pharyngeal orifice of the Eustachian tube hugs the posteribe edgdiaif t
pterygoid plate. The internal carotid ascends lateral to the pharyngobasilar fascia covering the pharyngeal recess.
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FIGURE 5.
L, a frontotemporal craniotomy has been completed.
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FIGURE 5.
M, the removal of the greater sphenoid wing has lexéended medially to open the lateral orbit, the superior orbital fissure, andzthe
foramina ovale and rotundum. The periorbita has been opened to expose the lacrimal gland and extraocular musclesafEnal cantral
Eustachian orifice and pharyngeal reca®sexposed behind the nasal septum.
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FIGURE 5.

N, the removal of the floor of the middle fossa formed by the greater sphenoid wing opens the foramina rotundum, ovale, &
spinosum, and the pterygoid canal. The pterygoid canal, through which the vidian nerve courses, crosses the base bf the m
pterygad plate and extends from the anterolateral edge of the foramen lacerum posteriorly to the pterygopalatine fossalemnteriorly.
anterior end is situated medial to and below the foramen rotundum.
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FIGURE 5.
0, the left half of the posterior nasopharynigeall and the levator veli palatini have been removed to expose the retrophary
region, where the longus capitis ascends in front of the anterior arch of the atlas and attaches above to the clivitsaldeeatit

ascends behind the Eustachiapetand lateral to the longus capitis.
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FIGURE 5.
P, the longus capitis has been removed to expose the clivus and the anterior arch of C1.
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FIGURE5.

Q, the temporal lobe has been elevated, and the dura covering the frontal and temporal lobes andllatethe cavernous sinus

has been opened.
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FIGURE 5.
R, magnified view of the structures passing through the cavernous sinus, superior orbital fissure, and the foramina rotundum
ovale. The oculomotor, trochlear, and ophthalmic nerves are expogskd lateral wall of the cavernous sinus. The supraclinoid

portion of the internal carotid artery is exposed above the tentorial edge.
r
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FIGURE 5.

S, the lateral wall of the sphenoid sinus between the ophthalmic and maxillary nerves, and above and below the antetiar p%t of
vidian nerve, has been opened to expose apmelimatized sphenoid sinus. The greater and lesser petrosal nerves (the fgrme
behind) cross the upper surface of the petrous temporal bone. The vidian nerve, formed at the edge of the foramen tlaeeru\in b
union of the greater and deep petrosal nerves, runs forward through the pterygoid canal in the base of pterygoid @eciceke to%r

pterygopalatine ganglion in the pterygopalatine fossa
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As the temporal incision in a patient is completed, an attempt is made to identify the temporal branch of the facidbreeivesbe
transected in preparation for reapproximation duringwle, although the small size of this branch may make its identification and
reapproximation difficult or impossible. The remaining branches of the facial nerve are contained in the cheek flapesehard.p

A lower conjunctival incision is incorpord to achieve a better cosmetic result than that obtained with a transverse incision across tf
upper cheek. The infraorbital nerve, which is crossed in elevating the cheek flap, is marked for reconstruction in letosing. T
hemicoronal incision exposes tlaeral orbital rim and the temporalis. After reflection of the frontotemporal scalp flap, the masseter
is detached from the zygoma and retracted inferiorly to expose the maxillary tuberosity and the mandibular coronoidmnalticess

temporalis is eleated from the temporal squama.

If access to the medial orbit or ethmoid sinus is needed, the vertical limb of the paranasal incision can be extendafdajpvasard

UMOC

curvilinear manner to the inferomedial edge of the eyebrow, just medial to the palpablebsighraaich or foramen, as for a Iateral%

rhinotomy or medial maxillectomy approach (Fig. 6). The medial orbit is exposed by detaching the medial palpebral Ilgamer

mobilizing the lacrimal sac from the nasolacrimal groove, and displacing the periorbitdlyatThe medial palpebral ligament is3
separated into two leaves, anterior and posterior, by the lacrimal sac. The anterior leaf, a strong tendinous bamdironisfabe =

lacrimal sac and attaches to the maxillary frontal process in front offd@acrimal groove (Fig. 6). This ligament is transected a
tagged so that it can be reapproximated precisely at the time of closure, preserving canthal balance. The thinnezgidetexied |

(2]
&d
O
Q

behind the lacrimal sac is weakly attached to the la¢timiae, together with the lacrimal part of the orbicularis oculi and the mecﬁal
check ligament. Laterally, the medial palpebral ligament divides into upper and lower parts, each attached to the roédlie erd

corresponding tarsus.

FIGURE 6.

Exposure aing the medial maxilla and orbi, the left paranasal incision extends to the lower edge of the eyebrow. The flap hassbeer
reflected using subperiosteal dissection to expose the maxillary frontal process and the attachment of the mediaigzatpsbral
A., arteryA.l.C.A., anteroinferior cerebellar arteAnt., anteriorBr., branchCar., carotidfor.,
greatennf., inferior;Intracav., intracavernoug;at., laterallig., ligamentM., muscleMed., medialMid., middleN.,

posteriorProc., processsup.,superior.

FIGURE 6.

B, the medial palpebral ligament has been divided and retracted laterally to expose the lacrimal canaliculi and the waaterigin
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FIGURE 6.

C, the anteromedial maxilla has been opened to show the relationship among the nasal cavity, maxillary sinus, and nagotacrimal «

The part of the maxillary frontal process to which the medial palpebral ligament attaches has been preserved. T¢tenaifarisra

bone that projects medially and inferiorly from the maxilla. The majority of the maxillary sinus is situated lateralnfertbe i

meatus; however, the sinus opens into the middle meatus.
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FIGURE 6.

D, the medial wall of the orbit, which f®rmed by the lacrimal and ethmoid bones, has been exposed. Dividing the lacrimal
nasolacrimal duct and the anterior and posterior ethmoidal arteries and nerves allows lateral retraction of the onliétéab exptese

the medial orbital wall afar posterior as the orbital apex and optic canal.
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FIGURE 6.

E, the medial part of the posterior maxillary wall has been removed to expose the pterygopalatine ganglion, which is lowhted beh
the sinus in the medial part of the pterygopalatine fossairafrdnt of the sphenoid pterygoid process and pterygoid canal. The
maxillary nerve enters the pterygopalatine fossa through the foramen rotundum, which is located lateral and supetenytwitie p
canal, and it communicates with the pterygopalatiaegion by ganglionic branches. The pterygopalatine ganglion and related
branches, including the sphenopalatine, greater and lesser palatine, orbital, and pharyngeal branches, usually ateniddheed be
maxillary artery, which has been retracted dowrvahe greater palatine canal descends along the posteromedial wall of the maxilla
in the groove between the maxilla and the palatine perpendicular plate. The pharyngeal orifice of the Eustachian tutbéshugs ar
attached to the posterior edge of the rakgierygoid plate. The maxillary artery enters the pterygopalatine fossa by passing thr%ugh
the pterygomaxillary fissure. It gives rise to numerous branches, including the infraorbital, posterosuperior alvead@alaphen g
greater and lesser palatjrand vidian arteries, which usually are located in front of the pterygopalatine ganglion and its branches Tk
medial and inferomedial orbital walls also have been removed to expose the posterior ethmoid air cells and the araedor mce
ostium of the phenoid sinus.
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FIGURE 6.

F, the approach has been redirected toward the midline to expose the posterior nasopharyngeal wall. The anterior faemaifithe3sph
sinus has been opened to expose several septa within the sinus. Access to the centhelseramiihited bilaterally by the pterygoid<

processes and the Eustachian openings into the nasopharynx along the posterior edge of the medial pterygoid pI es.
sphenopalatine artery sends branches across the face of the sphenoid, which may neasbiesorhe bleeding when the face of th
sphenoid is opened.
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FIGURE 6.

G, the sphenoid septi and the anterior sellar wall have been removed to expose the pituitary gland. The nasopharyngea mucos
been opened in the midline, and the longus capitactaments to the lower half of the clivus have been reflected laterally in
preparation for clival opening.

FIGURE 6.

H, the clivus and dura have been opened to expose the anterior pontine and medullary surfaces and the basilar arteryeTibe
limited bilaterally by the intracavernous carotid arteries, the pterygopalatine ganglion, the medial pterygoid plateEuatatitian
tubes. Further posteriorly, if the pterygoid process and the medial part of the Eustachian tube are resected r¢his déirptesii by
the cervical carotid arteries, the jugular foramen, and the hypoglossal canals.
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The lacrimal drainage pathway includes the superior and The hard palate osteotomy begins with a vertical cut in the
inferior lacrimal canaliculi, the lacrimal sac, and the alveolar ridge between the central and lateral incisors, then
nasolacrimal duct. Theuperior and inferior lacrimal canaliculi  proceeds backward in a parasagittal plane on the ipsilateral side
begin at the puncta in the eyelids and open into the lateral wallof the nasal septum, parallel to the intermaxillary and
of the lacrimal sac beneath the anterior leaf of the medial interpalatine sutures to the posterior edge of the hard palate.
palpebral ligament. The lacrimal sac lies in the nasolacrimal Avoiding division of the soft palate allows the maxilla to be
groove, formed anteriorlgy the thick maxillary frontal process  hinged to a pedicle, which preserves some blood supply to the
and posteriorly by the thin lacrimal bone (Fig. 6, B and C). The maxilla. The osteotomy is completed with a horizontal ¢
anterior lacrimal crest, located at the anterior margin of the through the lgeral maxillary wall and a vertical cut extendings
nasolacrimal groove, is palpable as a small tubercle that servesacross the front of the posterior maxillary wall and through t@e
as a guide to the laanal sac (Fig. 1, B, D, and E). The closed retromolar region, reaching the medial maxillary wall and the
upper end of the lacrimal sac is situated below the perpendicular plate of the palatine bone, which is wedged irito
frontomaxillary and frontolacrimal sutures. The nasolacrimal the lateral nasawall between the maxilla and the sphenoi%
duct descends from the lacrimal sac through the nasolacrimalpterygoid process. The bone cut continues forward through the
canal and opens in the inferior nasalatus under the inferior  inferior or middle nasal meatus to the anterior nasal apertue,
nasal concha (Fig. 6, B and C). Transecting the lacrimal sac atpossibly leaving a shell of posterior maxillary wall attached
its lower end, and ligating the anterior and posterior ethmoidal the pterygoid proces3he posterior wall of the maxillary sinuss
arteries just proximal to the anterior and posterior ethmoidal is thin, difficult to cut precisely, and easily fractured, WhiC@
canals, allows displacement of the aabitontents laterally for creates the possibility of leaving some of it in place as tlge
exposure of the medial orbital apex (Fig. 6D). The nasolacrimal maxilla is mobilized.

duct and lacrimal sac may be reconstructed at the conclusion of
the procedure. The greater palatine canal, which is approximately 10 mm Ionz;

is bounded laterally by the posteromedial maxillary wall arEi
medially by the palatine perpendicular plate. It transmits tﬁe
corresponding nerve and vessels, which descend from ﬂle
pterygopalatine fossa to reach the oral surface of the hard pa@te

For both the upper and lower maxillectomy, the anterior and & the geater palatine foramen medial to the molar tootfy,
lateral aspets of the maxilla, part of the zygoma, and the @PProximately 6 to 7 mm in front of the pterygomaxnlaryé;
anterior nasal aperture are exposed; however, the approacheSuture (Figs. 1, C and F, and 4l). The greater palatine arter;gls
differ in that the lower maxillectomy requires exposure of the S€ctioned during the last osteotomy, unless the artery is freed
oral surface of the hard palate, whereas the upper maxillectomyfom the bony canalor unless the retromolar osteotomy =
requires exposure dhe orbital floor and the zygomatic arch  through the pterygomaxillary suture, is situated in front of t"@

(Figs. 35). Before completion of the osteotomy, miniplate sites ¢anal- Brisk bleeding from the artery may be controlled Hy
are carefully marked for restoration of skeletal contour and Occlusion of the maxillary artery at the pterygomaxillary f'SS“rE

occlusion during closure. or by preoperative embolizati. <C

Inau/w

Skeletal stage

The osteotomy may extend behind the posterior maxillary w%l,

in which case the posterior limit of the exposure is t@
Lower maxillectomy pterygopalatine fossa located between the maxilla aﬁd
pterygoid process, or it can be extended behind the
pterygopalatine fossa andirbugh the pterygoid process if3
necessary. The lower maxilla can be hinged to a pedicle of é@ft
palate to preserve some of the maxilla's blood supply, butfin
this study the maxilla was completely detached to provideda
better display of the anatomic det#ifter mobilizing the lower S
maxilla, the reachable areas include the nasal and oral cavit%s,
the ore and nasopharynx, and the anterior part of the

To perform the lower maxillectomy, the wpplevel of the
osteotomy is extended just beneath the infraorbital foramen
anteriorly, which disconnects the lower tthrds, including
the hard palate and alveolar ridge, from the uppertioing,
leaving the orbital floor formed by the roof of the milaxy
sinus and the zygomatic arch intact. The anterior portion of the
masseter is detached from the zygoma. Partial removal of the

mfenqr edge of _the zygomatic body then EXPOSES the infratemporal fossa, which at this stage is covered by the buceal
mandibular coronoid process and the pterygomaxillary area for fat pad underlying the cheek and may leeyvprominent (Fig.
proximal exposure of the maxillary artery and control of 4H)

bleeding from its more distal branches during the osteotomy
(Fig. 4, A and B). The coronoid process and temporalis may be
divided to provide wider access to the maxillary artery in the
infratemporal fossa (Bi 4C).

020z A
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Upper maxillectomy to the medial wall of the maxillary sinus, and continues
obliquely to the anterior nasal aperture at the level of the
inferior nasal meatus. If access to the ethmoid sinus and medial
orbit is reqired after the above cuts, an osteoplastic flap
consisting of the nasal bone and maxillary frontal process can
be elevated. If the oblique cut along the anterior maxillary wall
is directed more horizontally to a higher point on the anterior
nasal aperturéat the level of the middle nasal meatus betwegpw
the middle and inferior nasal conchae), the nasolacrimal dggct
must be divided during the osteotomy. a

To perform the upper maxillectomy, the upper osteotomy is
extended through the orbital rim and floor, and the lower cut is
directed above the level of the alveolar process along the
inferior meatus medially andust above the maxillary
attachment of the buccinator laterally, leaving the hard palate
intact (Fig. 5F). It includes a cut in the orbital floor behind and
parallel to the inferior orbital rim, extending from the
anterolateral edge of the inferior orbithssure toward the
medial and lateral orbital walls, after the infraorbital nerve is
unroofed and elevated from the floor with the orbital contents After transecting the lacrimal sac at the entrance to the canal,
(Fig. 5E). The infraorbital nerve, which is a branch of the the osteotomy can be extended up the nheaflaital wall as =
maxillary nerve, enters the orbit through theerior orbital high as the suture with the frontal bone (Fig. 6D). The anter@r
fissure and passes forward successively in the infraorbital border of the medial orbital wall, formed by the anteriof
groove, canal, and foramen to reach the cheek. Thelacrimal crest of the maxillary frontal process, joins posterior%
anterolateral end of the inferior orbital fissure, which usually is with the lacrimal bone to complete the nasofaalti groove. =
wider than the medial part, provides communication between The posterosuperior part of the nasolacrimal groove faces the
the orbit and the anterosuperior aspect of the infratemporal anterior ethmoid sinus, and the anteroinferior part is relatgéd
fossa, and is covered posteriorly by the most anterior part of themedially to the middle nasal meatus. The medial orbital
temporalis (Figs. 1, A and B, and 2). Reflection of a osteotomy, if it is necessary, should be performed below the
frontotemporal scalp flap allows the temporalis to be detached frontoethmoidal suture line at the site of the anterior agd
from the antgor part of the temporal fossa, exposing the lateral posterior ethmoidal canals, which are located lateral to andzat

wgy pep

orbital rim for osteotomy. the level of the intracranial surface of the cribriform plate (Fig%;

_ _ 6, D and E). 2
The lateral orbital osteotomy begins at the anterolateral edge of o
the inferior orbital fissure, extends upward along the lateral )
wall near the suture between the orbital stefaf the greater . ;T
sphenoid wing and the zygomatic frontal process, where the R€tromaxillary stage 2
wall is thinnest, and finally turns anteriorly to cross the lateral Tp¢ retromaxillary area access during lower and upper%

orbital rim. After a cut of the zygomatic arch, osteotomy is maxillectomy includes the infratemporal and pterygopalatinsg
performed at the posterior wall of the maxillarynus. fossae and the parapharyngeal space (Fig. 2). The differencg in

Pterygomaxillary separation in the retromolar region is not exposure with the two approaches will be discussed after
necessary for the upper maxillectomy; thus, the neurovascularreviewing the anatomy of these areas. N

contents of the greater palatine canal and the osseous

connection between the hard palate, posterior maxilla, and

pterygoid proess are preserved. At this point, the exposure

includes the nasal cavity by opening the lateral nasal wall, and Infratemporal fossa (

the periorbita covering the lower and lateral orbit. The posterior Figs. 1F;Fig. 2;Fig. 4, BG; and Fig. 5, 6K)

pharyngeal wall facing the clivs is visible through the nasal

cavity from theanterior midline; however, the exposure is Removal of the lateral part of the posterior maxillary walg

limited laterally by the pterygoid process and below by the hard Which is performed in both the upper and lower maxillectomf,

palate. Lateral access to the infratemporal fossa is still blockedexposes the anterior part of the infratemporal fossa.

by the mandible and the temporalis. Visualization of the nfratemporal fossa is improved byg
dividing the coronoid process above the level of the mandibutar

The lacrimal apparatus is not transecte@ssimedial orbital or  foramen, at the site where the inferior alveolar nerve and arté&y

ethmoidal dissection is required (Fig. 6). The anterior and enter the mandibular canal. The mandibular foramen or canafis

lateral walls of the nasolacrimal canal are formed by the not violated if the cut at throot of the coronoid process iss

maxilla and the posteromedial wall by the lacrimal bone |ocated above a line extending obliquely downward from the
superiorly and the inferior nasal concha inferiorly. Therksit mandibular incisura. N

N
wall of the nasolacrimal canal is formed by the most anterior °
part of the medial wall of the maxillary sinus. To preserve the The osseous boundaries of the infratemporal fossa are the
entire nasolacrimal canal and duct, the osteotomy along theposterolateral maxillary surface anteriorly, the lateral pterygoid
orbital floor extends laterally to the upper opening of the plate anteromedily, the mandibular ramus laterally, and the
nasohcrimal canal, then crosses the lower orbital rim laterally tympanic part of the temporal bone and the styloid process
posteriorly. The fossa is domed anteriorly by the infratemporal
1444
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surface of the greater sphenoid wing, at the site of the foraminapassing through the pterygomaxijldissure. Its branching will
ovale and spinosum, drposteriorly by the squamous part of be described with the pterygopalatine fossa.

the temporal bone (Figs. 1F and 2, F and G). The inferior,
posteromedial, and superolateral aspects are open without bon
walls.

Jhe pterygoid venous plexus is located in the infratemporal
fossa and has two parts: a superficial part located between the
temporalis and lateral pterygoid, and a deep part situated
The lateral pterygoid muscle crosses the upper part of thebetween the lateral and medial pterygoids anteriorly and
infratemporal fossa taking g@in from upper and lower heads: between the latal pterygoid and the parapharyngeal space
the upper head arises from the infratemporal surface andposteriorly (Figs. 2, AC, and 4E). The deep part is more
infratemporal crest of the greater sphenoid wing, and the lower prominent and connects with the cavernous sinus by emissfgry
originates from the lateral surface of the lateral pterygoid plate veins passing through the foramina ovale and spinosum dhd
(Fig. 2;Fig. 4, C and D; and Fig. 53GBoth heads pass occasionally through the sphenoidalmissary foramen 3
posterolaterally, inserting on the neck of the mandibular (foramen of Vesalius) (Fig. 1F). The main drainage of the
condylar process and the articular disc of the pterygoid plexus is through the maxillary vein to the internal
temporomandibular joint. The medial pterygoid muscle crosses jugular vein.

the lower part of the infratemporal fossa and arises with
superficial @ad deep heads; the superficial head arises from the
lateral aspect of the palatine pyramidal process and the
maxillary tuberosity, and it passes superficial to the lower head
of the lateral pterygoid. The deep head originates from the
medial surface of théateral pterygoid plate and the pterygoid i ; X 2
fossa between the two pterygoid plates, and it passes deep tGNterior trunk gives rise to the deep temporal and nesset 5
the lower head of the lateral pterygoid (Fig. 2, A and B:Fig. 4, "€rves, which supply the temporalis and the masseter,
C-F; and Fig. 5, GI). Both heads descend backward and respectively, and the nerve to the lateral pterygoid, all of wh@w
laterally to attach to the meddisurface of the mandibular ramus ~ "UN anterolaterally to reach these muscles. The buccal nerye,
below the mandibular foramen. The anterior part of the lower WhiCh conveys sensory fibers, passes anterolaterally betwgen

head of the lateral pterygoid is situated between the anteriorthe twoheads of the lateral pterygoid and descends Iateralgo
part of the two heads of the medial pterygoid. The the lower head to reach the buccinator and the buccal mucgsa.

. . . Q
sphenomandibular ligament, located mediallyht® mandibular The nerve to the lateral pterygoid occasionally runs with the

condylar process, descends from the sphenoid spine to attach t§Uccal nerve. The posterior trunk gives off the lingual, inferiG}
the lingula of the mandibular foramen. The structures located or alveolar,and auriculotemporal nerves, which descend medial 1o

passing between the sphenomandibular ligament and thethe lateral pterygoid. These nerves are predominantly sensgry

mandible are the lateral pterygoid and the auriculoteaipor With the exception of the mylohyoid nerve, which arises froff
nerve superiorly, and the inferior alveolar nerve, the parotid the inferior alveolar nerve above the mandibular foramen aiid

gland, the maxillary artery, and its inferior alveolar branch SuPPlies the antent belly of the digastric and the mylohyoid. &

inferiorly (Figs. 2C, and 4, K and N). The lingual and inferior alveolar nerves, the former coursirg
anterior to the latter, pass between the lateral and meﬁal

mandibular, pterygoid, and pterygdgiine (Figs. 4D and 5G). pter.ygoids. T.he auricylotemporal nerve usually splits @
The mandibular segment arises from the external carotid artery€Ncircle the middle meningeatery and passes posterolaterallys

near the posterior border of the condylar process, passed€tween the mandibular ramus and the sphenomandibilar
between the process and the sphenomandibular ligament along92ment. The chorda tympani nerve, which contains the taste
the inferior border of the lower head of the tatepterygoid, ibers from the anterior twthirds of the tongue and thes
and gives rise to the deep auricular, anterior tympanic, middle

wo.

o))

(@]

o))
The mandibular nerve enters the infratemporal fossa by pasélg
through the foramen ovale on the laterdtles of the &
parapharyngeal space, where it gives rise to several smaﬁer
branches, and then divides into smaller anterior and a larger
posterior trunks (Fig. 2, 85;Fig. 4, FK; and Fig. 5, HJ). The 3

The maxillary artery is divided into three segments:
parasympathetic secretomotor fibers to the subibatad and ¢
and accessory meningeal, and inferior alveolar arteries. TheSuPlingual salivary glands, enters the infratemporal fossa
middle meningeal ascends medial to the lateral pterygoid to through the petrotympanic fissure at the medial edge of the
enter the foramen spinosum, the accessory meningeakaris SPhenoid spine. It descends medial to the auriculotemporal and
from the maxillary or middle meningeal to enter the foramen INferior alveolar nerves and joins the lingual nerve. The oftic
ovale, and the inferior alveolar descends to enter the 9anglion is situated immediately below the foramen ovale o
mandibular foramen (Figs. 4F and 5H). The pterygoid segment (e medial side of the mandibular nerve (Figs. 25Pand 4F). 3
usually courses lateral to, but occasionally medial to, the lower 1€ 9anglion receives the lesser petrosal nerve, which courses
head of thelateral pterygoid and gives rise to the deep along the floor of th_e middle fossa anterolateral to the greater
temporal, pterygoid, masseteric, and buccal arteries. ThePEtosal nerve to exit through the foramen ovale or the more
pterygopalatine segment courses between the two heads of thgostenorly S|tu.ated canahculu; innominatus, apd it conveys
lateral pterygoid and enters the pterygopalatine fossa by parasympathetic secretomotor fibers to the parotid gland via the
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auriculotemporal nerve (Fig. 5,-€3). The medial pterygoid
nerve arisedrom the medial aspect of the mandibular nerve

close to the otic ganglion and descends to supply the media/BOth the upper and lower maxillectgnjies expose  the
pterygoid and tensor veli palatini. The nervus spinosus, a Pterygopalatine fossa (Fig. 1, C, E, and FiFig. 2, A, B, and D

meningeal branch, also arises near the otic ganglion and®:Fi9- 4 FLFig. 5G; and Fig. 6E)The posterior wall of the

ascends through the foramen sgsiom to innervate the middle maxillary sinus, which forms the anterior wall of the fossa, is so
fossa dura thin and fragile that it may fracture from the mobilized maxilla

and require separate removal to expose the anterior face ofghe
fossa. The fossa is bounded pdsty by the sphenoid 5
pterygoid process, medially by the palatine perpendicular pla§e,
which bridges the interval between the maxilla and pterygofd

Both the upper and lower maxillectomy access the upper part of Process, and it opens superiorly through the medial part of the
the parapharyngeal space (Figs. 2B and 4F). The space overalinferior orbital fissure into the orbital ap. The fossa contains =
is shaped like an inverted pyramid, with its base on the cranial N maxillary nerve, pterygopalatine ganglion, maxillary artery
base superiorly and its apex at the hyoid bone inferiorly. It is @nd their branches, all embedded in fat tissue. lts lategl
subdivided into prestyloid and poststyloid compartments by the Poundary, the  pterygomaxillary fissure, opens into t%
styloid diaphragm, a fibrous sheet that also constitutes the infratemporal fossa and allows passage of the maxidatery = 2.
anterior part of the carotid sheath. The prestyloid part, situated oM the infratemporal into the pterygopalatine fossa where the
anteriorly between the fascia covering the opposing surfaces of &t€ry gives rise to its terminal branches. The lower part of tBe
the medial pterygoid and tensor veli palatini, is a thirfified fossa is funneshaped with its inferior apex opening into the
compartment separating the structures in the infratemporal 9"€@ter and lesser palatine canals, which transmigteater 2

c

fossa from the Eustachian tube and tensor and levator velidnd lesser palatine nerves and vessels, and communicate with
palatiri in the lateral nasopharyngeal wall. The upper portion of the oral cavity. The sphenopalatine foramen, located in tée
the prestyloid part is situated between two fascial sheets, whichUPPer part of the fossa's medial wall, conveys the
are oriented in a sagittal plane. The lateral sheet arises from thesPhenopalatine nerve and vessels, and it opens into the superior
medial surface of the medial pterygoid, and it passes upward,nasal meats just above the root of the middle nasal conchg.
backward, and medial to the mandibular nerve and the middle The foramen is formed anteriorly by the palatine bone’s orbital
meningeal artery, incorporating the sphenomandibular ligament Process, posteriorly by the sphenoidal process, and inferiorly by

Pterygopalatine fossa

Parapharyngeal space

u

posteriorly and reaching the retromandibular deep lobe of the the upper end of the perpendicular plate, which also forms the

parotid gland.

The medial sheet is formed by the fascia overlying therdht
surface of the tensor veli palatini and is continuous inferiorly
with the fascia over the superior pharyngeal constrictor and

medial wall of the fossa. The foramen rotundum opens ju§t
below the superior orbital fissure through the superior part gf
the posterior wall of the fossa (Figs. 1, B and C, and-&)E

414

The pterygoid canal opens through the pterygoid procé:és

posteriorly with the thick styloid diaphragm, which envelopes inferomedial to the foranmerotundum, and conveys the vidians
the stylopharyngeus, styloglossus, and stylohyoid and blends"€rve carrying autonomic fibers to the pterygopalating
into the carotid sheath. The superior border is located where thedanglion. After entering the fossa, the maxillary nerve gives cif
two fascial sheets fuse together and insert in the cranial baséd@nglionic branches to the pterygopalatine ganglion, thén
along a line extending backward from the pterygoid process d_eVIates_IateraIIy just beneath t_he inberorbital f|ssure_, giving =
lateral to the origin of the tensor veli palatini, and medial to the fiS€ to, in order, the zygomatic and posterosuperior alveojar
foramina ovale and spinosum to the sphenoid spine and theN€rves outside the periorbita. It then turns medially as tfe
posterior margin of the glenoid fossa. The sharply angled infraorbital nerve passing through the inferior orbltal_ﬂssure @
inferior boundary is situated at the junction of the posterior €Nter the infraorbital groove, whereetranterosuperior and o
digastric belly and the greater hyoid cornu. The poststyloid mddle Superior alveolar nerves arise, finally exiting the
part, which cordins the internal carotid artery, internal jugular Infraorbital foramen to terminate on the cheek. 5
vein, and the initial extracranial segment of Cranial Nerves IX
through XllI, is separated from the infratemporal fossa by the
posterolateral portion of the prestyloid part. The
parapharyngeal space has téecluded in the infratemporal
fossa in some descriptions of this regidff)

cou

The pterygopalatine ganglion, located in front of the pterygoid
canal and inferomedial to the maxillary nerve, receivé
communi@ting rami from the maxillary nerve and gives rise tﬁ
the greater and lesser palatine nerves from the lower surfac@of
the ganglion, the sphenopalatine nerve and pharyngeal branch
from the medial surface, and the orbital branch from the
superior surface. e vidian nerve is formed by the union of the
greater petrosal nerve, which conveys parasympathetic fibers
arising from the facial nerve at the level of the geniculate
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ganglion, and the deep petrosal nerve, which conveys Lower maxillectomy
sympathetic fibers from the carofikxus, to reach the lacrimal
gland and nasal mucosa. The parasympathetic fibers synapse i
the pterygopalatine ganglion, whereas the sympathetic fibers
synapse in the superior cervical sympathetic ganglion.

A he lower maxillectomy offers anterior and anterolateral access
to the pterygopalatine and infratemporal fossae and the
parapharyngeal space from below, in combination with the
transoral route (Fig. 4, H). The internal carotid &ery,

The third or pterygopalatine segment of the ity artery internal jugular vein, and lower cranial nerves in the poststyloid
enters the pterygopalatine fossa by passing through theregion can be accessed by opening the styloid diaphrag.
pterygomaxillary fissure (Fig. 2E;Fig. 4, H and I;Fig. 5G; and However, lateral access is limited, and anterior exposure of the
Fig. 6E). This segment courses in an anterior, medial, andupper part of the infratemporal fossa is deeper and m@e
superior direction and gives rise to the infraorbital arteryclvh resticted than the lateral exposure afforded by the upp%r
passes through the inferior orbital fissure and courses with themaxillectomy.

infraorbital nerve; the posterosuperior alveolar artery, which

descends to pierce the posterolateral wall of the maxilla; the

recurrent meningeal branches, which pass through the foramencentral craniocervical stage
rotundum; the greater and lesser palatine arteries, which

descend through the greater and lesser palatine canals; th&oth the lower and upper maxillectomy provide access to tIe
vidian artery to the pterygoid canal; the pharyngeal branch to posterior nasopharyngeal wall for direct incision in the m|d||ng
the palatovaginal canal; and finally the sphenopalatine artery, with exposure of the clivus dowro C1, but only the lower 3
which passe through the sphenopalatine foramen to reach the maxillectomy provides oropharyngeal access for mld|l®
nasal cavity and is considered the terminal branch of the exposure as low as C4 (Fig. 4-BtFig. 5, N-P; and Fig. 6, G @
maxillary artery because of its large diameter. The arterial and H). However, the midline exposure in both maxillectomigs
structures in the pterygopalatine fossa are located anterior to thds restricted by the pterygoid process, the Eussactube, and b
neural structureddentification of the arteries in the middle of the lateral pharyngeal wall. Removing the pterygoid process
the fossa is difficult because of their tortuosity and the the adjacent part of the Eustachian tube, and the tensor and
variability of branching. The venous component of the fossa levator veli palatini, then retracting the ipsilateral pharyngeal
usually is scarce, and at times no significant veins are foundwall toward the opposite side widens the anterior argd
with the exception of thephenopalatine vein, which runs in the anterolateral access extending from the nasopharynx, sphe@md
periosteum of the anterior wall of the fossa and empties sinus, and clivus to the upper cervical region.
laterally into the pterygoid venous plexus.

ropeoe//:sdjy woly
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The pterygoid process, which may be removed in either of tEe
two approaches, is formed by the medial and lateral platés
which fuse anteriorly (§. 1, C and F;Fig. 2D;Fig. 3;Fig. 4H; S
Summary of the retromaxillary exposure and Fig. 5H). The process faces the pterygopalatine fo%a
anteriorly, the infratemporal fossa laterally, and the poster@r
nasal aperture at the junction of the nasal cavity and
The upper maxillectomy, with removal of the coronpidcess nasopharynx medially. It is attached abdo the junction of
and zygomatic arch, provides anterior, anterolateral, and lateralthe greater wing and sphenoid body. The root of the Iate@l
accesses to the pterygopalatine and infratemporal fossae anglate is located below the foramen rotundum and the medial
the parapharyngeal space (Fig. 5K& The lateral view of the portion of the middle cranial fossa. The base of the medial plé:te
upper part of the infratemporal fossa using this apprasich s usually bounded above by the sphenoid sinepedding on 2
shorter and wider than that provided by the lower the degree of pneumatization of the sinus. The pterygoid ca‘gal
maxillectomy. The lateral route to the lower part of the is located in the root of the medial plate inferomedial to the
infratemporal fossa is limited by the inferiorly reflected foramen rotundum and below the lateral wing of the sphendid
temporalis and the mandibular ramus. Anterior access to thesinus. The posterior edge of the root of the lateral pliadfects S
lower portion of the fossand the more posteriorly located backward to the foramen ovale. The posterior border of the réot
poststyloid area is deep, and it is limited below by the of the medial plate, which is located below the posteriéfr
remaining hard palate. Resection or mobilization of the opening of the pterygoid canal and the anterolateral aspectof
mandibular condylar process provides an even wider lateral the foramen lacerum, attaches to the anterior margin of ﬁ?ge
view of the fossa, particularly its posterior pont pharyngeal edge of the Eustachian tube. S

Upper maxillectomy

Removing the pterygoid process increases access to the lateral
nasopharyngeal region, which includes the Eustachian tube and
the tensor and levator veli palatini. The Eustachian tube
descends anteromedially from thgmpanic cavity to the
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nasopharynx (Fig. 2;Fig. 4-J; and Fig. 5, K and NQ). The Summary of central craniocervical exposure
initial segment adjoining the tympanic cavity has solid walls .
formed by the temporal bone. Further anteromedially, the tube LOWer maxillectomy

has a combination of fibrous and cartilaginouggahe former_ The lower maxillectomy produces an excellent anterior
forms only the lateral wall, and the latter forms the superior, eyposure of the posterior part of the central cranial base
medial, and inferior walls. The cartilaginous part is fused above toygh the combined transnasal, transoral, and transmaxillary
to the extracranial groove (the sulcus .tubae) between the ., tes which is enhanced by removing the pterygoid process
petrous temporal bone and the sphenoid greater Vlihg.  (rjg. 4, M-R). The aposure can be increased by retracting thg
Eustachian tube is bounded laterally by the tensor veli palatini, pharyngeal mucomuscular flap, which is composed of ﬂie
posteriorly and inferiorly by the levator veli palatini, and pharyngobasilar fascia, the superior pharyngeal constrictor, the
medially by the nasopharyngeal mucosa and pharyngobasilarsoft pajate, the tonsillar pillars, the palatal tonsil, and the
fascia. The horizontal segment of the petrous carotid coursesyjvided retromolar buccal mosa to the opposite side. The3
alorg the posteromedial margin of the Eustachian tube, and pharyngeal dissection is directed in front of the prevertebgal
these structures usually are separated by a thin layer of bone.  {55cia overlying the longus capitis and the longus colli, andjt

The tensor veli palatini lies lateral to the Eustachian tube, the '€duires opening the posterior part of the parapharyngeal sp%ce
levator veli palatini, and the medial pterygoid plate (Fig. 2, A and detachmg the. stylopharyngeass well as the tensor and3
D:Fig. 4I; and Fig. 5J). Its broad thin attachment to the cranial '€vator Vveli palatini from the pharyngeal wall and soft palaté.
base extends backward and laterally from the scaphoid fossa af "€ Main obstacle to accessing the clivus is the cartilagingus

the medial aspect of the root of the medial pterygoid plate, part of the Eustachian tube. Pharyngeal retraction below the

between the foramina ovale laterally and the lacerum medially, Eustachian tube gxposgs the anterior axfgﬁ‘,l and the C2 to §
and thenbetween the foramen spinosum laterally and the C4 vertebral bodies (Fig. 4M). Transectlon_ of the !Eustachlgn

orifice of the bony part of the Eustachian tube medially to end {UP€ and detachment of the pharyngobasilar fascia from the
behind the sphenoid spine. It descends narrowing anteriorly toC'anial base expose the posterior portion of the sphenoid bgdy
become a small tendon, which turns medially and crosses

and the entire clivus (Fig. 4N). Exposing the lowaelf lof the
beneath the medial pteryigohamulus to insert in the soft .

clivus requires retraction of the longus capitis on each side
palate. The levator veli palatini attaches to the extracranial (e midiine (Fig. 40).

surface of the petrous temporal bone just in front of the lower afier these maneuvers, the internal carotid artery, intern‘%l
opening of the carotid canal and partly to the lower aspect ijugular vein, and Cranial Nerves IX through XII define thé
the cartilaginous part of the Hashian tube. It then descends |teral limit of the exposure. Remog the posterior nasal 2
below and behind the Eustachian tube, posteromedial to theseptum, above or in combination with removal of the pterygoif;i
tensor veli palatini, and lateral to the nasopharynx to insert in process, allows for wide opening of the sphenoid sinus and the
the soft palate. ipsilateral posterior ethmoid sinus (Fig. 4Q). The septal
mucosa, if elevated as a pedicled flap, can bkated to §
provide a vascularized layer that reinforces the closure of the
clival dura. The structures that can be exposed through the

by the pharyngobasilar fascia (Fig. 2-3). The apex of the sphenoid sinus are the medial wall of the cavernous sinf}fs,
. Y . . . . . A Qo
posterolaterally projecting fossa faces the internal carotid and Ncluding the intracavernous carotid artery, the optic neree ag

the ascending pharyegl arteries. The pharyngobasilar fascia ©Pnthalmic artery in the optic canal, and the pituitary glard
lines the lateral and posterior walls of the nasopharyngeal (Fig- 4R). The roof of the nasal cavity, lower surface of th

mucosa, and it attaches to the cranial base superiorly, theCriPriform plate, and anterior and middie ethmoid 5"1_95%
posterior edge of the medial pterygoid plate anteriorly, and the Usually can be accessed without performing an additionial
superior pharyngeal constrictdelow and behind. The fascia ©Stéotomy of ta medial or inferior orbital rim.
tightly attaches above to the fibrocartilaginous tissue covering

the extracranial surface of the petroclival fissure. Posteriorly,

the fascia attaches to the clivus immediately anterior to the Upper maxillectomy

prevertebral fascia overlying ¢hlongus capitis, and in the
midline it joins the pharyngeal raphe of the superior pharyngeal
constrictor, which is attached to the pharyngeal tubercle on the
lower clival surface approximately 1 cm above the foramen
magnum.

/

e

of

®

1sqe

Posterior to the levator veli palatini, the nasopharynx has a
blind lateral wing, he pharyngeal recess (Rosenmiller's fossa),
which is bounded posteriorly by the longus capitis and laterally

enuer go uo Jas

The upper maxillectomy yields anterior access to the posterf:g)r
part of the central cranial base that is limited by the Eustach@n
tube superiorly and the hard palate inferiorly, even after the
pterygoid process is removed (Fig. 5,—R). Retracting the
ipsilateral pharyngeal wall to the opposite side with division of
the Eustachian tube produces somewhat limited access to the
clivus and C1.
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Intracranial stage
Upper maxillectomy

Combining the upper maxdttomy with a frontotemporal
craniotomy provides intradural access to the anterior and
middle cranial fossae, the frontal and temporal lobes, and the
basal cisterns by the subfrontal, pterional, pretemporal, and
subtemporal routes (Fig. 5, L and Q). Remayathe greater
sphenoid wing and floor of the middle cranial fossa opens the

superior orbital fissure, foramina rotundum, ovale, and PY Hernandealtemir (

lower clivus and adjacent vertebral bodies has been the
transoral approacH¥*). The upper and middle portions of the
clivus are also accessible by the Le Fort | transverse
maxillotomy, and the additional median sentiof either the
hard or both the hard and soft palates increases the clival
exposure, although Cocke and Robertshrad Cocke et al.

(*9 conclude that the unilateral maxillectomy provides a more
extensive exposure than some bilateral approaches, subke acg
Le Fort | ¢*?*?§, The hemimaxillectomy approach described
1% accessed both the transmaxillary angt

spinosum, and it accesses the lateral wall of the cavernous sinu§ransoral routes. Subsequent modifications and extensions have

(Fig. 5, M-R). Drilling the base of the pterygoid pla&poses

the pterygoid canal inferomedial to the foramen rotundum.
Entry to the sphenoid sinus is obtained by drilling its lateral
wall between the ophthalmic and maxillary nerves, or by
drilling the anterior part of the root of the pterygoid process
abovethe pterygoid canal. However, the space between the
pterygoid canal and foramen rotundum is limited (Fig. 5S).
Continued extradural dissection to the posterior part of the

provided added exposure of both the central and the latetal
cranial base, permitting en bloc excision of large neoplasms%y
selecting and combining the osteotomies on the basis of the
extent of diseasée {101518.1931 8

aped

The osteotomies for completing the upper and lower
maxillectomy approaches are divided intourf basic units: 2
maxillary body, orbital rim, hard palate, and zygomatic arck;
and three extended units: coronoid process, pterygoid proc%s,

middle cranial fossa exposes the anterior surface of the petrous, |4 frontotemporal craniotomy (Fig. 3). The maxillary sinus %

temporal bone, thé&rigeminal ganglion in Meckel's cave, and

the greater and lesser petrosal nerves in their grooves on the, .o -viliar

floor of the middle fossa. Drilling the apex of the petrous
temporal bone behind the petrous carotid with opening of the
dura accesses the anterolateaspect of the upper brainstem,
although the exposure is very limited. Anterior transposition of
the petrous carotid is required to reach the central part of the
clivus from this lateral exposure. The lateral access is best
suited to exposing lesions the petroclival junction rather than
those centrally located in the clivus.

Lower maxillectomy

The lower maxillectomy, with removal of the clivus and
anterior elements of the upper cervical vertebrae, provides
reasonable intradural access to the fronttled pons, the

medulla, and the cervical spinal cord above C4 as well as the

basilar and vertebral arteries (Fig. 4,3p. The vital structures
that provide the lateral limits to the extradural bone removal
and the intradural exposure include the petroud an
intracavernous carotid, especially the artery on the ipsilateral
side; the abducent nerve in Dorello's canals, particularly the

contralateral nerve located at the anterosuperior end of the

petrous apex; and the hypoglossal canals and occipital
condyles.Opening the basilar venous plexus, which crosses
behind the upper clivus and the posterior wall of the sphenoid
sinus, may result in profuse hemorrhaging.

DISCUSSION

Among the various anterior routes to the central cranial base,
the route most frequentlgelected for lesions involving the
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a core space for these approaches through which the
y area can be reached without violating any vitél
structure, although the transantral route alone provides very
limited exposure ). Removal of the medial orbital rim%
provides access to the ethmoid and frontal sinuses, cribrifo&ﬁn
plate, andthe anterior face of the sphenoid sinus through the
medial orbital route as in the lateral rhinotomy or media
maxillectomy approach; however, temporary sectioning of t@e
medial palpebral ligament and the nasolacrimal duct usuallyds
necessary?(). If the osteotomy involves the lower orbital rim
and floor, the infraorbital nerve must be transected. A palagl
osteotomy combined with a cut through the maxillary bo@
below the orbital floor enables transmaxillary access to ke
combined with transoral accesand increases the anteriorf
exposure of the central cranial base. Zygomatic arch osteoto%w
facilitates the lateral exposure of the upper part of t@e
infratemporal fossa and the middle cranial fossa by allowirgy
reflection of division of the temporalis muscleransection of o
the coronoid process opens the lateral aspect of t%le
infratemporal fossa and allows early exposure of the maxillagy
artery for control of bleeding, which is common during thg
maxillary osteotomy. The sphenoid pterygoid process separgtes
the central from the lateral cranial base and blocks anterolatejal
access to the central cranial base. Removing the pteryggid
process provides exposure extending from the central to t})ﬁe
lateral cranial base and allows for wide anterolateral access’to
the clvus and upper cervical spine. The frontotempor&l
craniotomy, when combined with an orbitozygomati%
osteotomy and removal of the floor of the middle cranial fossd,
provides lateral access to the cavernous sinus, the sphenoid
sinus, and the petrous apex exdurally, and the frontal and
temporal lobes and the basal cisterns intradurally.



The lower maxillectomy is performed by a combination of anterior midline access to the entire ethmoid sinus, cribriform
osteotomies through the maxillary body, the hard palate, andplate, and anterior aspect of the sphenoid sinus.
the pterygomaxillary junction, and it may be extended:ing

through the pterygoid and coronoid processes (Fig. 3A). 1he lateral approaches, such as the preauricular

Through a combination of the transmaxillary, transnasal, SuPtemporalinfratemporal approach and the Fisch Type C

transoral, and transpalatal routes, this approach offers excellenPOStauricutr approach provide lateral access to the cranial
upwardly directed anterior access to the central cranial base, a@@S€: including the infratemporal fossa, petrous apex, clivus,
well as anterolateral access to the lateral cranial base after’asopPharynx, and sphenoid sinus without facial incisioris.

removal of the coronoid process. The structures accessed by1OWever, they provide limited access to the central granél
this approach in the central cranial base include the nasalP@se: and anterior miden access is severely restrictedt

cavity, the lower surface of the cribriform plate, the clar;pared with the more anterior route through the maxilfa
nasopharynx, the ethmiband sphenoid sinuses, the optic canal, ). The Fisch Type C approach also requires facial nerye
the pituitary fossa, the medial cavernous sinus, the entire clivus7@nsPosition, which often results in temporary or permanent
and the upper cervical spine to C4 extradurally, the pons, thefacial weakness. A palatal osteotomy is imtluded in the &
medulla, and the upper spinal cord, and the whole length of theUPPer maxillectomy; however, it can be combined, as in the
basilar artery and e vertebral arteries intradurally. In the 0Wer maxillectomy approach, to gain greater access to the

lateral cranial base, the structures accessed by this approacfientral cranial base.

includes neither osteotoniy the orbital rim or zygomatic arch approach yields a more lateral and superior opening. Howevgr,
nor craniotomy, and it preserves the facial and infraorbital {hese two techniques are complementary and their osteotagny
nerves, nasolacrimal duct, and the medial palpebral ligament. nits can be combined to provide a wider exposure. The upé’er
The entire ethmoid sinus, as well as the roof of the nasal CaVitymainIectomy potentially can be combined with even more
including the cribriform platecan be reached by the lower oyiended procedures such as the presigmoid transpetrggw
maxillectomy without an additional osteotomy of the medial or approach posteriorly, the midline mandibular osteotorr@
inferior orbital rim. A maxillotomy pedicled either on a palatal inferiorly, and/or contralateral transfacial acces¥?y &
or cheek flap is preferable, if possible, to maxillectomy because Exposure from the upper clivus down to the level of C4 can e
the pedicle aids in preservingobld supply to the maxilla and  5chieved by the tramandibular approach alone; however:
teeth {*'°%). The sublabial midfacial degloving technique fom our preliminary examination, it is improbable that thé

eliminates the facial scar, although the exposure is limited if the adian mandibulotomy improves the exposure achieved by the
oral commissure is small, and it may not provide the more |5er maxillectomy approacfi{). >

extensive access obtained with the Ba&fed=ergusson incision ©
O). Disadvantages and complications associated with thé§e
) _ o approaches include facial scarring, transection of the>

The upper maxillectomy, accomplished by a combination of jnfraorbital nerve and the temporal branch of the facial nerve,
osteotomies through the maxillary body above the alveolar impaired lacrimal drainage, medial canthus and dentl
process, lower orbital rim, and zygomatic arch, and extended misalignment, Eustachian tube dysfunction and serous otitis,
by cuts through the base of the pterygoid or compobcesses, disturbed mastication, facial ftemity, and temporal §
provides a more lateral route to the central and lateral cranial depression secondary to the use of temporalis flap. The fagial
base. It may be combined with a frontotemporal craniotomy for jncisions usually do not irreversibly sacrifice any structure &f
intracranial exposure (Fig. 3B). In this study, the structures f,nctional and esthetic importance®'¥'9. The lower g
adequately exposed by this approach in the centalairbase  conjunctival incision overcomes the problems ofsible
included the nasal cavity, the lateral and inferior aspects of the,fraorbital  scar ectropion, and lymphedem&®?}. A
orbit, the posterior ethmoid sinus, the nasopharynx, the peripheral neurorrhaphy after transection of the temporal
sphenoid sinus, the lateral cavernous sinus, the entire clivus,pranch of the facial nerve usually results in recovefy. ( 2
. : N

and the C1 anterior arch extradurally, as well as the peconstruction of the infraorbital nerve, placement of
anerolateral aspect of the lower brainstem and upper cervical hagojacrimal stentseapproximation of the medial palpebrak
cord intradurally; and in the lateral cranial base, the jigament, placement of ventilating tubes in the Eustachian tulge,
pterygopalatine and infratemporal fossae, the parapharyngealyng careful manipulation of the osteotomies in the maxillg,
space and its poststyloid area, the anterior and middle cranlalzygoma' and possibly the mandibular coronoid or condylar

fossz_;\e, an_d thpetrous apex extradurally. This approach_also processes aid in minimizing perment side effects.
provides intradural access by the subfrontal, pterional,

pretemporal, and/or subtemporal routes to the areas below the
frontal and temporal lobes and to the basal cisterns. An
additional osteotomy in the medtliarbital wall allows for
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COMMENTS leakage and infection may be difficult to control. Postoperative

) . . trismus, soft tissue and bone loss with facial deformity, and
The authors present another article that over time will become aqumbness of the teeth also may be observed after maxillectomy
classic in a long line of works from Professor Rhoton and his o0 re. Before using these complex cranial base exposures in
laboratory. These approaches are relatively unfamiliar territory i practice, surgeons would be well advised to observe other

to the majorlty_ of neurosurgeons. Amde such as this goes surgeons who perform these operations commonly.
far in enhancing our understanding of the anatomy in the

infratemporal fossa and retropharyngeal region. Laligam N. Sekhar g

. _ _ Sajjan Sarma 3
Both approaches presented pr_owde good alternatives tq a Fisch Annandale, Virginia §
Type C approach, because with these approaches facial nerve o
mohilization is unnecessary. At a minimum, temporary facial =)

nerve morbidity is expected with the Fisch Type C procedure. Hitotsumatsu and Rhoton provide a detailed anatomic
The lower subtotal maxillectomy approach is best suited to the description of transmaxillary approacheshe cranial base andg
treatment of extradural lesions. There are certainly alternativesthe infratemporal and pterygopalatine fossa in particulgf.
for lesims that are also located intradurally and that do not However, as the authors mention, these approaches may c@rry
traverse the oroand nasopharyngeal spaces. | use every considerable side effects related to dental occlusion, lacrinfal

o

possible means to avoid traversing the oropharyngeal space tdunction, and so forth. Any such approach requensiderable £
reach the intradural compartment. The reader should keep inexperience and should be undertaken by cranial base te&ms
mind that a communicamh between the oropharynx or with interdisciplinary  cooperation of neurosurgeon%?
nasopharynx is also possible using the upper approachotorhinolaryngologists, and maxillofacial surgeons. =)
presented here. When using this type of approach for an
invasive cancer in the infratemporal fossa, there can be
extension to the upper airway and violation of this region
during surgery. Communication is then possible to the
intradural compartment, if the tumor extends intracranially and
is resected from that compartment. If the upper airway does
come into communication with the intracranial compartment, it
is probably besto perform some type of airway diversion
procedure to prevent a tension pneumocephalus. This can b
accomplished either by tracheostomy or temporarily by passing
nasal airways.

nau

My concern with such demanding cranial base approackfes
always centers on thdght indications for use. Certainly, ag
wide exposure of the cranial base is provided with tlﬁé
approaches described here. However, when do we really nged
such extensive approaches? Surgeons with little experiefice
may be tempted to "overexpose" a lesion suigject the patient Z
to unnecessary risks. In most instances, we can use mich
esimpler techniques, such as a transethmoidal or pterio@al
approach to follow the disease into the neighboring structures.
In those patients in whom a transmaxillary approachdsed 5
indicated, this article by Hitotsumatsu and Rhoton will be @
Hitotsumatsu and Rhoton have presented a very detailed andundamental importance for understanding the microsurgiégl
useful monograph othe anatomy of the subtotal maxillectomy anatomy of this region.
approaches. This will be added to the body of work that Dr.

Rhoton has provided, which | consider a primary reference for

contemporary cranial base surgery.

Madjid Samii
Hannover, Germany

pepisiealun Aq g

J. Diaz Day

Los Angeles, California This article contains beautiful pictures that the authors must

have expened great effort to obtain. It is worthwhile not only‘g"
for neurosurgeons, but also for maxillofacial surgeons and h@d
This excellent arti@ is an anatomic study of upper and lower and neck surgeons. The current anatomic presentations onZthe
subtotal maxillectomy approaches to the cranial base. Readerdransmaxillary approach have differed because the maxifla
must understand the division between anatomic studies andoccupies a large spa in the face. In this article, the approach
clinical experience. Anatomic studies form the basis of a was classified into two categories: the lower and the upper
surgical approach or allow the suogeto refine the operation;  maxillary approaches. The lower approach covers the sa§1e
however, they do not provide actual information regarding surgical area as the Le Fort | approach. The upper approach
issues such as intraoperative bleeding, postoperativecovers a wider area, which is assed around the orbit.E
complications, and healing. During maxillectomy exposure, According to the authors, the upper maxillary approach was
bleeding from the pterygoid venous plexus can be signifita more manageable if divided into medial and lateral approaches.
the internal carotid or extracranial vertebral arteries become Because the deep craniobasal structures are clearly separated by
exposed to the nasopharyngeal secretions, rupture of the arteryhe remarkable wall consisting of the pterighglates, the

can occur postoperatively as a result of infected arteries. If the Eustachian tube, and the attached muscles, it is difficult to
dura mater is breached, postoperative cerebrospiné flu obtain a combined surgical field from the pharynx to the
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infratemporal fossa, as shown in Figure &1 without
incurring a loss of function. Figures 5 and 6 demonstrate more
pracical anatomy, presented clinically by the transfacial
approach and orbitozygomatic infratemporal approach,
respectively.

Takeshi Kawase
Tokyo, Japan
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