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Abstract Objective The objective of this study is to introduce and describe a surgical technique
called Osteoplastic Orbitozygomatic-Mastoid-Transattical Craniotomy (Osteoplastic
OZ-MT) and to show the possibility of accomplishing osteoplastic craniotomies for
other classical lateral transcranial approaches.
Technique The Osteoplastic OZ-MT combines many lateral transcranial approaches.
The surgical approach involves structures of lateral and basal portions of the skull, from
the frontal bone, superolateral-inferolateral-posterolateral walls of the orbit, zygoma,
zygomatic process, sphenoid greater and lesser wings, temporal fossa, mandibular
fossa, zygomatic process of the temporal bone, petrous pyramid, mastoid, up to the
parietal and occipital regions. The temporal muscle is totally preserved and attached to
the one-piece-only bone flap.
Results We have developed and used routinely the technique, including its variants and
combinations, for about twenty years in children and adults to treat and/or removemainly
mesial, basal, intra, and/or extra-cranium lesions, from the anterior fossa, passing through
the middle fossa and going up to the regions of the clivus, basilar artery, and cerebellum-
pontine angle, with greater surgical degree of freedom and consequent reduction of
morbidity andmortality. So far, we have not had any complications nor important sequels,
and the aesthetic and functional results are quite favorable.
Conclusion The Osteoplastic OZ-MT is a very systematic, anatomical, feasible, and safe
craniotomy. The synthesis is easy to do and can be reopened quickly if necessary. Variants
and combinations allow us to opt for amore appropriate approach according to each case.
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Introduction

In 1974, Salaverry1,2 published a technique to explore and
decompress the geniculate ganglion and the labyrinthine
segment of the facial nerve called transattical approach
because it is done through the attical or supracoclear cells.
Later, other authors3–5 published similar techniques.

In 1995, we modified the orbitozygomatic craniotomy
accomplished byHakuba et al6 to a one-piece-only technique
that was called the en bloc orbitozygomatic craniotomy (en
bloc OZ), whichwas developed independently and differently
from the Ikeda et al7 technique, where we preserve the
posterolateral orbital wall. In 1997, the en bloc OZ was
combined with a modified Salaverry’s technique, called the
en bloc orbitozygomatic-mastoid-transattical craniotomy (en
bloc OZ-MT). This technique would allow opening all the
laterobasal wall of the cranium in only one bone piece,
unifying all the lateral intracranial approaches. The resulting
operatory field increases the surgical freedom and allows us
to operate with lesser morbility and mortality on (a) skull-
base large tumors close to themidline, transincisuralmasses,
with components from prechiasmatic region up to the
cerebellum-pontine angle region, (b) large intra and extra-
cranial tumors through the anterior and media fossa, like
juvenile angiofibroma and trigeminal schwannoma, (c) the
clivus region tumor, combined with the transpetrosal ap-
proaches,8–10 (d) aneurism of the posterior cerebral artery
and basilar artery from the pre-pontine up to the interpe-
duncular cisterns, and (e) surgical treatment of the temporal

lobe epilepsy for basal and mesial lesion by the subtemporal
approach (Skull base approach for temporal lobe epilepsy
treatment. III International Skull-base Congress. Foz do Iguaçu,
2000).

During the past five years, the approach was updated and
improved to the osteoplastic orbitozygomatic-mastoid-trans-
attical craniotomy (osteoplastic OZ-MT). Due to the fact that
there is only one bone piece attached to the temporalmuscle,
the synthesis requires lesser surgical duration, and results in
lesser temporal muscle atrophy and better aesthetics. In
addition, the concept was extended to many variant ap-
proaches and combinations, allowing us to have a more
systematic and appropriate osteoplastic approach for each
case. Then, the objective of this work is to introduce and
describe a general surgical technique of the osteoplastic OZ-
MT and to show the possibility to accomplish the osteoplastic
craniotomies for the various classical lateral transcranial
approaches end combinations.

Technique

This surgical approach involves structures of lateral and
basal portions of the skull, from the frontal bone, supero-
lateral-inferolateral-posterolateral walls of the orbit, zygo-
ma, zygomatic process, sphenoid greater and lesser wings,
temporal fossa, mandibular fossa, zygomatic process of the
temporal bone, petrous pyramid, mastoid, and up to the
parietal and occipital regions. In this technique, the temporal
muscle is totally preserved attached to the one-piece-only

Resumo Objetivo Apresentar e descrever uma técnica cirúrgica denominada de Craniotomia
Orbitozigomática- Mastóideo-Transatical Osteoplástica (OZ-MT Osteoplástica) e mos-
trar a possibilidade de realizar craniotomias osteoplásticas para os outros acessos
transcranianos laterais clássicos.
Técnica A OZ-MT Osteoplástica combina vários acessos transcranianos laterais. O
acesso cirúrgico envolve estruturas das porções lateral e basal do crânio, do osso
frontal, paredes súperolateral-ínferolateral-pósterolateral da órbita, zigoma, processo
zigomático, asas maior e menor do esfenoide, fossa temporal, fossa mandibular,
processo zigomático do osso temporal, pirâmide petrosa, mastoide, até as regiões
parietal e occipital. O músculo temporal é totalmente preservado e aderido ao retalho
ósseo de uma-peça-só.
Resultado Temos desenvolvido e usado de rotina a técnica, incluindo suas variantes e
combinações, por cerca de vinte anos, em crianças e adultos, para tratar e/ou remover
principalmente aquelas lesões mesial, basal, intra e/ou extracranianas, desde a fossa
anterior, passando pela fossa média e indo até às regiões do clivus, artéria basilar e
ângulo ponto-cerebelar, commaior grau de liberdade cirúrgica e consequente redução
da morbidade e mortalidade. Até agora, não tivemos nenhuma complicação e nem
sequelas importantes e os resultados estético e funcional são bastantes favoráveis.
Conclusões A OZ-MT Osteoplástica é uma craniotomia bastante sistematizada,
anatômica, factível e segura. A síntese é fácil de ser feita e que pode ser reaberta
rapidamente se necessário. Variantes e combinações nos permitem optar por um
acesso mais apropriado conforme cada caso.

Palavras-chave

► craniotomia
► base de crânio
► osso esfenoide
► zigoma
► osso petroso
► mastoide

Arquivos Brasileiros de Neurocirurgia Vol. 35 No. 3/2016

Osteoplastic Orbitozygomatic-Mastoid-Transattical Craniotomy Shinzato et al.258



bone flap. On the photograph of the skull, we mark the burr
holes spots as well as the transattical mastoidectomy region,
and the cutting lines of the en bloc orbitozygomatic-mastoid-
transattical craniotomy (en bloc OZ-MT). There are four well-
defined burr holes that are called keyholes I, II, III, and IV. The
other burr holes or marks V, VI, VII, and eventually VIII, have
less rigid positions (►Fig. 1).

Many craniotomies were performed in the skull in such a
way so that the burr holes, the cut lines, intracranial, and
extracranial structures could be seen simultaneously
through the temporal fossa, orbital cavity, anterior fossa,
and middle fossa, where the Gasser ganglia and its branches
and the middle meningeal artery were highlighted. In addi-
tion, a mastoidectomy on the anatomic piece shows some
important structures such the sigmoid sinus, the sinodural
angle of Citelli, and the semicircular canals (►Fig. 2).

To perform the osteoplastic OZ-MT craniotomy we adopt
the following sequence: (1) fronto-mastoid bow-shaped
incision directly to the cranium bone, (2) interfascial
dissection and detachment of the scalp flap, complemented
by dissection and exposition of the orbital ridge, zygoma,
and the zygomatic arch until its base in the temporal bone,
(3) dissection and releasing of the temporal muscle from
the zygoma and zygomatic arch, except from the medium
and superior region of the lateral orbital ridge, (4) subper-
iosteal dissection and detachment of the eyeball from the
orbital superolateral and lateral wall, (5) keyhole I trepan-
ning with simultaneous access to orbital cavity and anteri-
or fossa, (6) keyhole II trepanning with simultaneous access
to orbital cavity and middle fossa, (7) keyhole III trepanning
with access to the medium laterobasal region of the tem-

poral lobe, (8) keyhole IV trepanning with access to the
supratentorial region, just above the sigmoid sinus, (9)
marking or trepanning points V, VI, VII, and eventually
VIII, around the temporal muscle, (10) fronto-orbital cut
passing through keyhole I, (11) orbitozygomatic cut passing
through keyhole II, (12) superolateral craniotomy through
trepanning or marks V, VI, VII, (VIII) until reaching keyhole
IV, (13) inferolateral craniotomy from IV to III, and from III
to II under the temporal muscle, (14) inside cut of the
posterolateral orbital wall through keyhole I toward key-
hole II, and (15) dura mater dissection, lifting the bone flap
by leveraging, and following by fracture and osteoplastic
opening.

Fronto-mastoid Bow-shaped Incision
The cut of the scalp is done only on one layer, including the
periosteum that must be dissected from the bone and lifted.
We start the incision in the medial frontal region just behind
the hairline and continue with a harmonic curve around the
temporal muscle insertion line, toward the retroauricular
region, up to the mastoid tip. It is not advisable to cut deeper
beyond the mastoid tip so that there is no lesion in the facial
nerve. The retroauricular incisionmust be done further from
the ear if you want to combine it with the retrosigmoid
approach, and in that case, the incision ought not to be
directed to the mastoid tip, but to a more posterior spot. The
incision must be more posterior if you want to extend the
craniotomy up to burr hole VIII at the occipital region. The
classical question mark-shaped incision can be used in many
variant approaches, but it should always go around the
temporal muscle (►Fig. 3).

Interfascial Dissection and Detachment of the Scalp
Flap
The interfascial dissection11 is achieved in an anatomical,
natural, and immediatewaywhenyou enter with a Lambotte
rugine into the subperiosteum space of the frontal scalp
region, just anterior to the temporal muscle, and from there,
using a resistant spatula, rotate it toward a posterior and
superior direction up to the incision line (►Fig. 4).

Keyhole I
This is awell-known trepanningofMacCarty12–14 that allows
access to the epidural space of the anterior fossa and the
laterosuperior region of the orbital cavity simultaneously.
Theoretically, according to Shimizu et al,15 the most appro-
priate place to drill keyhole I is on the frontosphenoidal
suture, 5mm posterior to the junction of the three sutures:
frontozygomatic, sphenozygomatic, and frontosphenoidal;
in practice, however, aside from the anatomical spot that you
cannot see, access also depends on the inclination of the
trephine relative to the orbit and the anterior fossa. Thus,
optimized access is reached only by experience. To drill
keyhole I, the temporal muscle should be cut and dissected
vertically, parallel to the direction of its fibers, over the
region of trephination but without releasing it from the
edge of the orbit in its laterosuperior portion because that
would cause an unfavorable aesthetic result as that region

Fig. 1 The en bloc orbitozygomatic-mastoid-transattical craniotomy (en
bloc OZ-MT) with its four defined keyholes I, II, III, IV. The others burr
holes positions vary if the craniotomy needs to be larger or smaller
and/or combined with other approaches. The blue area is the trans-
attical mastoidectomy region, which can be extended either below or
above the zygomatic process of temporal bone, depending on the
goal, to either preserve or not the integrity of the zygomatic arch,
respectively. For practical purposes, to cut the stretch between
keyhole III and IV, instead of using the ideal transattical mastoidec-
tomy, we can use an approximate and not so basal approach, the
transattical craniotomy (white line).
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Fig. 2 Craniotomies were made to show the relationships of keyholes (filled with green wax), cutting lines (white) and the intracranial and
extracranial structures as the Gasser ganglion and its branches (yellow wax), medium meningeal artery (red wax), and sigmoid sinus (blue wax).
(A) Left lateral view. (B) Superior-inferior view: position of keyhole II. (C) Posterior-anterior view: keyhole II communicates the temporal fossa to
the tip of temporal lobe region. (D) Anterior-posterior view: keyholes I and II communicate to the orbital cavity. (E) Lateral view: the cut line can
pass above or below the temporal zygomatic process to reach keyhole III; a mastoidectomy shows some of the important structures, like the
semicircular canals (orange), the sigmoid sinus (blue) and the sinodural angle of Citelli, where keyhole IV is drilled above the sigmoid sinus. (F)
Superior view: keyhole I communicates to the anterior fossa, and keyholes II, III, and IV communicate to the middle fossa.

Fig. 3 (A) and (B): The main incision line (red line) and some variants (white lines). The patient position is dorsal decubitus with the dorsum a
little elevated. The head must be fixed with a Mayfield apparatus. The fall and rotation of the head depend on the strategies you will adopt. The
organization and the cleaning of the surgical field and room are essential throughout the procedure, from the beginning to the end.
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would sink. The incision size should be just enough to allow
you to make the trephination (►Fig. 5).

Keyhole II
Keyhole II is a burr hole that we make on the sphenoidal
greater wing, on the anterior part of the inferior orbital
fissure, which gives simultaneous access to the inferolateral

region of the orbit and to the epidural space at the temporal
lobe tip. Usually, keyhole II is determined by an orthogonal
line toward the sphenoidal wing, tangential to the orbitozy-
gomatic angle (formed by the orbital and zygomatic process-
es), which is located just above or can match the superior
limit of the anterolateral part of the inferior orbital fissure.
The work of Shimizu et al15 concludes that the anterolateral

Fig. 4 Interfascial dissection in only one rotatingmovementof the spatula. (A)With a Lambotte rugine, we lift the scalp, inserting it under the periosteum
(p) of the frontolateral region just anterior to the temporal muscle. (B) Still under the periosteum (scheme), with a resistant blade spatula, we can dissect
easily the periosteum (the external fascia) from the temporalmuscle fascia (the internal fascia) with only one rotatingmovement of the spatula toward the
incision line. (C) After finishing the incision, we can easily detach the flap in the interfascial layer by lifting the skin flap using the thumbs and by pressing
them. (D) To finish the skin flap overture, we need to complement it with hemostasis, dissection of the orbital rim, zygoma, zygomatic arch and the
superior and posterior mastoid regions. (Technique presented in XXII Congresso Brasileiro de Neurocirurgia, Rio de Janeiro, September 1998;
unpublished).

Fig. 5 Practical aspects to trepan the keyholes I, II and III. (A) Keyhole I: the temporal muscle should be cut and dissected vertically, parallel to
the direction of its fibers, over the region of trephination, but without releasing it from the laterosuperior edge of the orbit. Keyhole II: dissect
and release the temporal muscle from the inferolateral orbital ridge, zygoma and zygomatic arch, which later, you pull it away to the
posterosuperior direction exposing the sphenoidal greater wing. (B) Keyhole III: palpate the base of the zygomatic process of the temporal bone
under which lays the posterior limit of the temporal muscle, dissect and pull it away to the anterosuperior direction.
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part of the inferior orbital fissure is a safe place to cut and
drill. To accomplish keyhole II, you must dissect and release
the temporal muscle from the inferolateral orbital ridge,
zygoma, and zygomatic arch, which later, you pull it away
to the posterosuperior direction exposing the sphenoidal
greater wing. You can trepan it with a drill or a long trephine
(►Fig. 05).

Keyhole III
Toaccomplishkeyhole III,wepalpate thebaseof thezygomatic
process of the temporal bone under which lays the posterior
limit of the temporalmuscle.We dissect themuscle and pull it
away toward the anterosuperior direction and make a burr
hole just anterior and above the base of the zygomatic process
of the temporal bone; if you use a drill, the hole can be made
lower than that (►Fig. 5). In the past, neurosurgeons adopted
this hole to accomplish craniotomies for the trigeminal rhizot-
omy16 and basilar aneurysm surgery by the subtemporal
approach.17,18 Otologists did the same to access the internal
acousticmeatus by themiddle fossa approach.19,20 Keyhole III
gives access to themedium laterobasal region of the temporal
lobe, more specifically, on the inferior temporal gyrus in the
transition between the temporal fossa and the anterior ascen-
dant surface of the petrous bone; in the coronal plane it relates
to the upper portion of the clivus.21

Keyhole IV
To accomplish keyhole IV you can perform the transattical
mastoidectomy, identify the sinodural angle of Citelli and
after that, drill a greater hole just above its vertex, above the
sigmoid sinus. In practice, opening keyhole IV can be simpli-
fied by performing a trepanation on the squamosal suture
(see later).

Others Burr Holes or Marks
Burr hole V should be made in the frontolateral region,
preferably above of the hairline for aesthetic reason, and
preventing to open the frontal sinus and to cause injury the
supraorbital nerve. Mark VI is situated in the frontoparietal
region, mark VII has parieto-occipital location and mark VIII,
if present, will have an occipital location. Marks and craniot-
omy cutting lines should be outside of the temporal muscle
insertion line (►Fig. 1).

Orbital Dissection
The periosteum is cut along the orbital rim with a scalpel,
carrying out the dissection with a sharp dissector and
entering the orbital cavity by continuously scraping the
bone. The periorbita, the periosteum of the orbit, should
be dissected and detached along the laterosuperior and
lateroinferior wall of the orbital cavity, deeply enough to
expose keyholes I and II internally. The strength applied to
the cutaneous flap retraction should be done gradually with
hooks, and as needed to dissect the periorbita. The regions of
greater fragility of the periorbita are the laterosuperior
region, close to the frontozygomatic suture, due to the
presence of the lacrimal gland and in the upper region
next to the supraorbital nerve foramen, especially if it stays

in a canal, which should be opened with a diamond drill to
release the nerve. Despite this, often the periorbita rips
releasing some of the orbital fat, but that does not lead to
any dysfunction if it is repaired and/or protected according-
ly; it can be sutured with some stitches of Vicryl 4/0 and/or
covered with Surgicel or a layer of Gelfoam or equivalent
materials. To protect the eyeball, it is always good practice to
cover it with the dura mater flap during the surgery.

Fronto-orbital Cutting
To cut the fronto-orbital region, you need to insert one end of
the Gigli saw through keyhole V and pull it out through
keyhole I, and again, insert it in the same keyhole I, but now,
pull it out through the orbital cavity. The eyeball must be
properly protected during the osteotomy. By doing that, you
cut the skull along with the upper edge of orbit. The cutting
will be more medial if burr hole V is more medial but we
avoid opening the frontal sinus and/or injure the supraorbital
nerve, branch of the trigeminal ophthalmic nerve, responsi-
ble for regional sensitivity of the skin of the forehead, and of
the skin and tunica conjunctiva of the central part of the
upper eyelid (►Fig. 6A).

Orbitozygomatic and Zygomatic Arch Cutting
The lateroinferior wall of the orbit and the zygoma can be cut
along with a Gigli saw or with a manual or electric saw, or
alternatively, with a drill, while the eyeball is kept properly
protected. If you are going to use the Gigli saw, insert one end
through the orbital cavity, allowing it to get out through keyhole
II and thereafter, pass it underneath the zygomatic arch, but
above the temporal muscle. Then, adjust the saw below the
zygoma and cut it along with the inferolateral wall of the orbit
(►Fig. 6A). We try to cut the zygoma just beside the zygoma-
ticofacial foramen, preserving the zygomaticofacial nerve,
branch of the maxillary nerve of the trigeminal nerve that is
responsible for the sensitivity of the skin of that region. Still
during the surgery, if the integrity of the zygomatic arch is not
maintained, youneed to cut it near its base in the temporal bone,
but sometimes the arch disarticulates itself while it is being cut.

Laterosuperior Craniotomy
We cut the bone skirting the temporal muscle through burr
holes or marks V, VI, VII, and eventually VIII, until keyhole IV
with a Gigli saw or craniotome (►Fig. 6B). The supratentorial
burr hole VIII can be accomplished near the inion when you
want to combine it with an infratentorial or transtentorial
approach. The line provided by the external occipital protu-
berancebetween the inion and asterion roughly indicates the
position of the transversal sinus and can be a baseline for
further posterior extensions.

Lateroinferior Craniotomy
The length between keyholes III and IV: If you opt for the
transattical craniotomy, instead of transattical mastoidecto-
my, it is safer to use a Gigli saw. Stretch between keyholes III
and II: the osteotomy of the laterobasal wall of the temporal
fossa should be straight and as low as possible; you can use
the Gigli saw and cut the bone only partially to avoid any
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injury to the temporal muscle; otherwise, use a 2–3 mm
diameter diamond drill to make several holes in the bone
from keyhole III to keyhole II, or, with a gouge forceps, cut the
bone partially fromkeyhole III to keyhole II, and vice versa. At
the end of the craniotomy, this region will be fractured
(►Fig. 6B). It is necessary to bear in mind that near the
path between keyholes II and III there are the foramen
spinosum with its middle meningeal artery and the foramen
ovale with the branch (V3) of Gasser ganglion located more
medially (►Fig. 2).

Posterolateral Orbital Wall Cutting
The penultimate stage of the osteoplastic OZ-MT cranioto-
my, which opens the flap like a “door,” is the internal
cutting of the sphenoidal smaller and greater wings that
form the posterolateral wall of the orbit. To perform the
cutting, we use a suitable chisel that is inserted through
keyhole I and, internally, is directed to keyhole II. The chisel
should be positioned tangential to the skull as much as
possible because medially to keyhole II, �1 to 1.5 cm in
adults, there is the optic nerve, which cannot be forgotten.
We used to expand keyhole I by drilling its upper side ridge
to have a bigger tilted angle, a better view of its inside, and
to insert the chisel correctly (►Fig. 6B). The alternatives to
cut the sphenoidal smaller wing internally are by using a
diamond drill or a fine-tipped gouge forceps or a Kerrison

rongeur. The cutting can be only partial, but enough to be
fractured.

Lifting and Opening
Finally, with a dissector, you lift progressively the osteoplas-
tic flap and with the aid of another dissector, you detach the
dura mater from the bone flap and after that, with a
Lambotte rugine supported mainly on the lesser sphenoid
wing, between keyhole I and keyhole II, you lever the
osteoplastic flap until it is fractured. By doing that, you
perform the osteoplastic orbitozygomatic-mastoid-transatti-
cal craniotomy (osteoplastic OZ-MT) (►Fig. 6C–D).

Transattical Mastoidectomy – An Otoneurosurgical
Approach
The anatomical and surgical terms and details of the tempo-
ral bone follow the description of Salaverry,1,2 Portmann,22

Anson and Donaldson,23 Rothon,24 and some of our own
observations. The petrous process or petrous pyramid is a
pyramid-shaped bonewith three sides with its base directed
toward the lateral skull surface and the apex toward the
medial area. At the junction of the anterior and posterior
faces, there is a crest, the anatomical limit between the
middle and posterior fossae; the most lateral part of the
crest is formed by the superior side of the sigmoid sinus
sulcus. In the central region of the anterior face of the petrous

Fig. 6 Osteoplastic Orbitozygomatic-Mastoid-Transattical craniotomy (osteoplastic OZ-MT). (A) Definition of keyholes I, II, III, and IV, and fronto-
orbital, orbitozygomatic, and zygoma cutting. (B) Cutting of the lateral wall of the cranium and the posterolateral orbital wall. (C) Dura mater
detachment with a dissector and lifting the bone applying a lever with a Lambotte rugine mainly under the sphenoid lesser wing between
keyholes I and II. (D) An oblique posteroanterior view of the osteoplastic OZ-MT craniotomy showing keyholes positions, the eyeball (Eb), the
frontal lobe (FL), the temporal lobe (TL), the transattical mastoidectomy (TM), the temporal muscle attached to the bone flap (M), and the white
line suggesting a dura mater opening.
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pyramid, there is the arcuate eminence that is the projection
of the superior semicircular canal into the middle fossa, an
important surgical reference. On the lateral surface, the
superior limit of the mastoid can be defined approximately
by the temporal line23 or supramastoid crest,24 which is not
always obvious. At the posterosuperior part of the external
acoustic meatus there is the suprameatal spine of Henle, which
is also an important mark where the surgery on the mastoid
should start because below the superficial cells is where the
antrum mastoideum is located, which provides access to the
tympanic cavity. On the medial wall of the tympanic cavity,
there are the cochlea and the semicircular canals. The facial
nerve enters the internal acoustic meatus and crosses the
fallopian canal, and above the cochlea, it forms the geniculate
ganglion and continues to the lateral direction. The superior
part of the tympanic cavity, above the facial nerve route, is
called epitympanum or atticus, where there are some air cells,
the attical or supracochlear cells, limited by the tegmen tympa-
ni, which is the cortical limit to themiddle fossa. Just above the
external acoustic meatus there are pneumatized cells, the
suprameatal cells, and anteriorly, where the zygomatic process
originates, there are also pneumatized cells, the zygomtic cells.
In the transattical approach of Salaverry,1,2 to reach the
geniculate ganglion, Salaverry drilled the suprameatal, zygo-
matic and attical cells, and frequently, the tegmen tympani,
exposing the dura mater.

We use the term transattical mastoidectomy for drilling
and cutting the mastoid and the regions of suprameatal and
zygomatic cells, and that process is divided into three stages:
trans-sinodural, transattical, and transzygomatic. The trans-
attical mastoidectomy is the lowest suprapetrosal cranioto-
my possible that preserves the functional structures related
to the VII and VIII cranial nerves:

• Trans-sinodural stage. One begins to drill the mastoid
�5 mm behind and above the suprameatal spine of Henle
and follows the supramastoid crest toward the posterior
direction, exposing the dura mater and reaching the end
of themastoid air cells, where the sinodural angle of Citelli
is located, which vertex coincides with the joint of the
parietomastoid and the squamosal sutures, on the surface.
This spot matches to the posterior temporobasal point,
described by Gusmão et al.25 as the most lateral point of
the superior edge of the petrosal pyramid, which intra-
cranially, is related to the fusiform girus. To define keyhole
IV, we drill a larger hole just above the Citelli’s angle
vertex, above the sigmoid sinus. Keyhole IV can be used to
extend the craniotomy to the parietal or occipital region,
and/or combined with the pre/postsigmoid approaches.

• Transattical stage. Next, going to the anterior direction
on the supramastoid crest, one drills the mastoid expos-
ing the dura mater. Still maintaining the anterior direc-
tion, one arrives to the suprameatal air cells. At this
region, if one drills deeper medially, sometimes exposing
the dura mater, one reaches the attical or supracochlear
air cells. We call this stage transattical because it was
through this approach that Salaverry1,2 reached the at-
tical air cells and geniculate ganglion. For our purposes, it

is only necessary to expose the local dura mater without
reaching the attical region.

• Trans-zygomatic stage. Continuing anteriorly and dril-
ling the zygomatic air cells, always exposing the dura
mater, one can follow two alternative routes: (1) the
drilling line passing just under the zygomatic process to
reach keyhole III (in this case, the zygomatic arch will be
totally preserved) or (2) the drilling a line passing a little
higher than the zygomatic arch to reach keyhole III (in this
case, the zygomatic arch must be cut) (►Fig. 7).

Fig. 7 Anatomical details and relationship of the transattical mas-
toidectomy (the brown area) that is drilled along the supramastoid
crest or temporal line. The trans-sinodural stage is on the right, the
transattical stage is in the middle, and trans-zygomatic stage is on the
left. Keyhole IV is drilled just above the vertex of the sinodural angle of
Citelli. To reach the keyhole III we can follow two drilling routes, above
or below the zygomatic process. Therefore, in this technique, key-
holes III can be localized in front or even below the temporal
zygomatic process base.

Fig. 8 The transattical craniotomy. We drill or trephine the keyhole IV
on the squamosal suture�5 to 10mm above the supramastoid crest or
above the spot where parietomastoid suture meets the squamosal
suture. If those anatomical elements are not visible, they can be
estimated: starting from the temporal zygomatic process, we can
draw a straight line �20 to 30 degrees above the direction of the
zygomatic arch to represent the temporal line or the supramastoid
crest. Keyholes III is situated in front of and above the base of the
temporal bone zygomatic process.
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Weemphasize that it is not necessary to drill and open the
antrum, expose the semicircular canals, nor reach the attical
region. The sigmoid and transverse sinus will be exposed
only when one wants to combine pre and or postsigmoid
approaches. Also, we do not recommend preserving the
zygomatic arch in people who have weak bones due to the
risk of compromising the anatomy and physiology of the
temporomandibular joint.

Transattical Craniotomy – A Practical Approach
The transattical mastoidectomy can be simplified and ap-
proximate (less basal) by the transattical craniotomy. In this
technique, originating from the otologic concept of the
sinodural angle of Citelli, the craniotomy practically matches
thefirst stretch of the suprapetrosal craniotomydescribed by
Ribas et al.21 We drill or trephine keyhole IV on the squamo-
sal suture �5 to 10 mm above the supramastoid crest or
above of the spot where the parietomastoid suturemeets the
squamosal suture. If those anatomical elements are not
visible, starting from the temporal zygomatic process, we
can draw a straight line �20 to 30 degrees above the

zygomatic arch direction to represent the temporal line or
supramastoid crest (in children and women the angle is
smaller than in adult men). Keyhole IV must always be
drilled or trephined carefully using bone wax because its
location is just above the sigmoid sinus. To finish, one cuts
the cranium in a straight line uniting keyholes III and IV,
without tilting and preferably using the Gigli saw. The trans-
attical craniotomy does not preserve the zygomatic arch
integrity (►Fig. 8).

Results

The osteoplastic OZ-MT craniotomy is an anatomical, very
systematized type of skull base approach which unifies all
lateral transcranial accesses and enables the opening in a
one-piece-only bone flap, of all the laterobasal wall of the
skull and the removal in one or more surgical stages, those
large intra and/or extracranial lesions or tumors. Despite the
the opening of the cranium being wide, its shutting is
immediate, similar to the action of “closing door.” We fix
the bone only in three or four points: fronto-orbital, zygoma,

Fig. 9 Patient ECS, female, 58 years old, with chronic headache and left hemiparesis. (A) MRI and angiography showed a big aneurysm at the
right M1/M2 and another one at the basilar artery tip. (B and C) We used the osteoplastic orbitozygomatic craniotomy (osteoplastic OZ) to clip
the aneurysms and to remove the giant aneurysm that was almost totally thrombosed. (D) The bone and muscle synthesis were done easily like
shutting a “door.” (E) The postoperative CT and X-ray control show the craniotomy and the presence of the aneurysm clips at the M1/M2 and at
the basilar tip. For didactic purposes, the green mark on the 3D reconstruction shows the position of keyhole IV and the white line would be the
transattical mastoidectomy or transattical craniotomy that were not necessary to use in this case. After two years post-surgery, the patient is
well, only with the initial hemiparesis, but with perfect facial and head aesthetic condition.
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on the superior or posterior region of the craniotomy, and the
zygomatic arch if it is cut.Wehave not had any complications
nor any important sequels related to those techniques so far.
The aesthetic and functional result is very good, with little or
no atrophyor sinking of the temporalmuscle because it is not
detached from the bone, and the subjacent greater wing of
the sphenoidal bone is kept almost intact without the
formation of a groove.

The osteoplastic OZ-MT craniotomy allowed us to con-
ceive several osteoplastic craniotomies, variants of the clas-
sic techniques, making it possible to opt for a most
appropriate approach according to each case: (1) osteoplas-
tic pterional craniotomy (osteoplastic P), an extendedvariant
of the pterional craniotomy, that coincides with the (2)
osteoplastic pretemporal craniotomy (osteoplastic PT), a
variant of the pretemporal craniotomy; (3) osteoplastic
orbitozygomatic craniotomy (osteoplastic OZ), an extended
variant of the orbitozygomatic craniotomy (►Fig. 9); (4)
osteoplastic supraorbital-pterional craniotomy (osteoplastic
SP), an extended variant of the supraorbital-pterional crani-
otomy; (5) osteoplastic pterional-mastoid-transattical cra-
niotomy (osteoplastic P-MT), a combination of the pterional
craniotomy with the transattical mastoidectomy; (6) osteo-
plastic supraorbital pterional-mastoid-transattical cranioto-
my (osteoplastic SP-MT), a combination of the supraorbital-
pterional craniotomy with the transattical mastoidectomy;
(7) osteoplastic pretemporal mastoid-transattical cranioto-

my (osteoplastic PT-MT), a combination of the pretemporal
craniotomy with the transattical mastoidectomy; (8) osteo-
plastic OZ-MT or osteoplastic SP-MT or osteoplastic P-MT or
osteoplastic PT-MT combined with transpetrosal, transten-
torial, retrosigmoid and/or presigmoid approaches; (9) os-
teoplastic decompressive craniotomy, unilateral or bilateral.

Discussion

Historically, we understand that the current lateral trans-
cranial approaches aremade up of: (1) the subfrontolateral or
unilateral subfrontal by Krause,26 initially suggested by
Horsley27 that this approach offers accesses to the olfactory,
chiasmatic, and lamina terminalis cistern regions; later, the
technique was improved by resection of the supraorbital
ridge; the pioneering works with resection of the orbital
ridgebelong toMcArthur,28 Frazier,29 and Jane et al30; (2) the
subfrontotemporal, initially accomplished in 1918 by George
J. Heuer,31,32 which was adopted and modified in 1942 by
Walter E. Dandy,33,34 and in 1968 by Ludwig G. Kempe35,36

allowing greater retraction of the temporal lobe; finally, it
was refined in 1975 by Yasargil et al,11,37–39 with an inter-
fascial approach, drilling of the sphenoid ridge with a wider
visualization of the Sylvian fissure that promotes the trans-
sylvian and lateral subfrontal views, as well as a straight
downward view of the anterolateral aspect of the basilar
bifurcation; today it is established as pterional

Fig. 10 Patient EO, male, 9 years old, gcs ¼ 15 after hydrocephalus treatment, paresis of III, IV and VI nerves on left and right hemiplegia. One of
the first cases (1998) submitted to the en bloc orbitozygomatic-mastoid-transattical craniotomy (en bloc OZ-MT) performed in two steps: one
surgery for the craniotomy and other to operate the tumor. (A) and (B): lateral and superior views of the en bloc OZ-MT bone piece preserving the
zygomatic arch. (C): Pre and postoperative MRI. (D): Ten days after the tumor removal the patient told us that he was feeling fine, but
unfortunately the histopathological result was a grade three astrocytoma. (En bloc orbitozygomatic-mastoid-transattical craniotomy. III
International Skull Base Congress. Foz do Iguaçu, 2000) (Craniotomia orbitozigomático-matoídeo-transatical en bloc. XXV Congresso Brasileiro de
Neurocirurgia. Goiânia, 2004).
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craniotomy40,41; (3) the orbitozygomatic infratemporal ap-
proach by Hakuba et al,6 published in 1986, the supraorbital-
pterional approach of 1987 and the zygomatic approach to
skull base lesion from 1990 published by Al-Mefty et al42–44

extend the pterional craniotomy and enable an upward
vision of the frontal lobe and third ventricle proximity; the
obitozygomatic infratemporal approach also promotes a bet-
ter surgical access to the basilar tip; the idea of an orbito-
frontomalar approachwas initiated by Pellerin et al45 in 1985
and the orbitozygomatic craniotomy was improved by Ikeda
et al7 in 1991, transforming it into a one-piece approach; (4)
the pretemporal craniotomy described by De Oliveira et
al46,47 in 1993 and 1995, and afterwardbyother authors,48,49

exposes the entire temporal lobe to offer the transsylvian
and lateral subfrontal views along with the subtemporal and
temporopolar views to access the interpeduncular fossa; the
technique was based on the subtemporal approach by
Drake50,51 that offers a lateral view of the interpeduncular
fossa, and on the temporopolar approach of Sano52 of 1980
that pulls back the temporal pole enlarging an anterolateral
view of the interpeduncular fossa; the addition of the sub-
temporal and temporopolar views to the transsylvian and
subfrontal views is of great importance when a neuro-
surgeon needs to expose the interpeduncular cistern region
or the entire temporal lobe, including themedial portion; (5)

the suprapetrosal craniotomy21 that presents the basal as-
pect of supratentorial temporo-occipital craniotomies.

For about twenty years,wehave routinelyused the en blocOZ
and the en bloc OZ-MT in children (►Fig. 10) and adults
(►Fig. 11) up to the development of the osteoplastic OZ-MT
and its variants craniotomies, unifying all classical lateral trans-
cranial accesses. We use it and/or its variants, without/with
combinations of accesses, to treat and/or removemainlymesial,
basal, intra, and or extra-cranium lesions, starting from the
anterior fossa, passing through the middle fossa and going up
to the regions of the clivus, basilar artery, and cerebellum-
pontine angle, with greater surgical degree of freedom, and
consequent reduction of morbidity and mortality.

With training, practice, anduseof appropriate instruments,
the osteoplastic OZ-MT craniotomycanbe accomplished in less
than two hours. Classical approaches variants can spend only
one hour. In more fragile patients, due to hematologic deple-
tion and easiness to shut and reopen the cranium, we some-
times have used the option to operate large tumors in two
steps: initially,we accomplish the osteoplastic craniotomyand
“shut the door.”After one to twoweeks, we “reopen the door”
and operate immediately. If the osteoplasticflap ismaintained
awayproperly, it doesnotdisturb thesurgery. Usuallyweuse a
compressive bandage at the postoperative time, with a sub-
galeal Penrose or suction drain.

Fig. 11 Patient MP, female, 30 years old, with refractory hemifacial pain and corneal hypoesthesia on the right, and mild hemiparesis on the left.
(A) Trigeminal “dumbbell-shaped” schwannoma that was operated by the en bloc OZ-MT in 2009. (B) First week and (C) five years postoperative
follow-up. (D) The en bloc OZ-MT bone piece without preserving the whole zygomatic arch. (E) The postoperative X-ray control and (F) the patient
after three months postoperative with perfect aesthetic appearance, which is preserved until nowadays, without any complaint or sequel.
(Acesso cirúrgico para neurinomas trigeminais. XXI Encontro dos Neurocirurgiões do Brasil Central, Bonito, MS, 2010).
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Conclusion

The osteoplastic OZ-MT is a very systematic, anatomical,
feasible, and safe craniotomy. The synthesis is easy to do
and the craniotomy can be easily and quickly reopened, if
necessary. Variants and combinations allow us to opt for a
more appropriate approach according to each case.
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