SIGNIFICANCE OF VARIATIONS OF THE SKULL IN BLOCKING THE
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Tue deep location of the maxillary nerve makes
its anesthetization by regional block difficult
and plicated. To have satisfactory results
it is necessary to know the structures of the
infratemporal and pterygopalatine fossae and
orbit and their relationships. - In addition one
must consider the variations in and relations
of the bony structures of these regions.

Many techniques have been devised to pro-
vide a saler and easier approach to the maxil-
lary nerve and its b hes, but in a t
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Several extraoral and intraoral approaches mm
the maxillary nerve have been described! '-"\J
The nerve may be blocked in the plerygo=
palatine fossa or at the foramen rotundum. §

Extraorally two routes are in use: the latenls,
and anterior. In the lateral approach t]uo
most commonly used point of entrance of thea
needle is the lower border of the zygnmhe“’
arch just anterior to the coronoid process off

of cases the results are unsatisfactory even in
the hands of experienced anesthesiologists,
This study considers variations of the skull
which may account for difficulties in regional
block ancsthesia of the.maxillary nerve.

The material, used in this study, consisted
of 250 dried skulls, mostly aged persons, in-
cluding 125 whole skulls, 68 right halves, and
59 left halves.

ANxaToMICAL RELATIONSHIPS OF
MaxiLLARY NERVE

The maxillary nerve after it leaves the
fornmen rotundum is located deep in the
pterygopalatine fossa which it shares with the
sphenopalatine ganglion, the terminal part of
the intermal maxillary artery (located below
. -the maxillary nerve), and a part of the ptery-
goid venous plexus. This fossa opens laterally
via the pterygomaxillary fissure into the infra-
temporal fossa. Anteriorly and upward it com-
municates with the orbit by the inferior orbital
or sphenomaxillary fissure and downwards it
is continuous with the pterygopalatine canal
which ends at the major palatine foramen.
These openings are traversed in order to reach
the maxillary nerve in the pterygopalatine
fossa.
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the dible. From there the néedle is dlm
rected upward, medially and somewhat pos-g:
teriorly until it contacts the tuberosity of theS
maxilla. Then without changing direction, thes:
necdle is inserted along the maxilla passingz:
through the pterygomaxillary fissure to thed

-point where it contacts the great wing of thed.

sphenoid bone necar or within the ptcr\go-N
palatine fossa. The necessary depth is :nboul\
5.5 cm. Less commonly the needle is insertedS
below the zygomatic arch posteriorly to the®
coronoid process through the notch of the@
mandible and perpendicular to the mcdmn\'
sagittal plane. When the lateral pterygoulo
plate of the sy id bone is d thenl
the needle is directed medially, forward andN
upward into ptcr\gopalntmc fossa a lohl—‘
depth of about 5.5 cm.

In the anterior or orbital route the m:exlle—*
is passed over the inferolateral comer of thc8
orbit a little below the lateral canthus of the3
eve along the orbital wall about 1.53-2 omS
backward and somewhat medially and down<>
ward until it traverses the inferior orbitals
fissure. The necdle is then dirccted through?
the inferior orbital fissure posteriorly, medml]\‘@
and slightly upward to the ptcr}gopalnhncf.
fossa close to the foramen rotundum. TheS
depth of inscrtion of the needle is about 5 em3

Two intraoral approaches are also used2
One is to insert the needle through the ornE

site the roots of the third upperS

1

tute and Clinic and Falk Clinic, School of Medi-
cine University of Pittsburgh, Pittsburgh, Pennsyl-
vania,
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molar. The needle is dirccted toward thes
maxillary tuberosity and then along it medially,
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Fic. 1. Photographs of two skulls.

the other {B) with
whole length of the fissure.
and radiogrpah (D) of skull

posteriorly and upward until it passes through
the pterygomaxillary fissure into the pterygo-
palatine fossa. The required depth is ap-
proximately 3.5 cm. The second intraoral
route is through the greater palantine foramen
and pterygopalatine canal. Via this approach
the maxillary nerve is contacted near the
foramen rotundum if the needle is directed
from the greater palatine foramen upward
and slightly backward to a depth of approxi-
mately 3.5-4.0 cm.

It may be difficult .to enter the pterygo-
palatine fossa by any of these routes due to
the many variations common to the bones
forming the infratemporal and pterygopalatine
fossae, the pterygomaxillary and inferior orbital
fissures and the position of the zygomatic arch.

To achieve successful lateral access to the
maxillary nerve one must consider the size of
the pterygomaxillary fissure and the position
of the zygomatic arch.

The Pterygomaxillary Fissure. Because the
pterygoid- process of the sphenoid bone joins
the maxilla by extending- downward and some-

a narrow and short pterygomaxillary fissure,
Radiograph (C) of s%ull showing long and wide pterygomaillary fissure
showing a narrow and short pterygomaxillary fissure.

One (A) with a long and wide pterygomaxillary fissure and

The skulls are tilted to show the

what forward the largest part of the pterygo-
maxillary fissure is - directed upward. The
width and the length of this fissure varies in
different individuals. In our material the
length of the pterygomaxillary fissure (meas-
ured from its lower end up to the inferior
orbital fissure) varied from 1.0 to 2.9 cm.
(mean 18 cm.). The width of this fissure,
taken at its widest part, averaged 5.0 mm.
(extremes 0.2 to 1.0 em.). In cases where
the width of the fissure is of average or larger
dimensions it is not difficult to pass a needle
into the ptervgopalatine fossa. This was the
case in 82 per cent of the skulls. in our
material. It is more difficult to reach the
pterygopalatine fossa when the pterygomaxil-
lary fissure is narrow, this is especially so if it
is marrow and short. Our skull sample in-
cluded 18 per cent with narrow fissures, and
of these 8 per cent also were short. In one
case this fissure was very narrow and very
short (see fig. 1B) so that it would have been
almost impossible to place the needle in the
pterygopalatine fossa via -this route. The
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width of the pterygomaxillary fissure is mainly
influenced by the height and shape of the
sphenomaxillary crest (crista sphenomaxillaris
of the pterygoid process (forming the posterior
boundary of the fissure) and by the convexity
of the infratemporal surface of the maxilla

(forming the anterior boundary). The spheno-

maxillary crest, in most cases, extends from
- the anterior end of the infratemporal crest
d d and medially over the pterygoid
process. If it is high and sharp then it is
closer to the maxilla and more or less obstructs
the pterygomaxillary fissure. This crest may
sometimes have one or more small spines. A
Jow and obtuse crest together with a flattened
infratemporal surface of the maxilla leads to a
wider fissure.  The size and shape of the
sphenomaxillary crest and flattening of the
infratemporal part of the maxilla are possibly
infl d by the develop t and function of
the lateral pterygoid muscle,

A short pterygomaxillary fissure is always
accompanied by long pterygopalatine canal;
the reverse is also true. Therefore it is more
advantageous to block the maxillary nerve

Fie, 2.
m:h ln lhe Frs! dlc pterygomaxi lar?

Photograph of two sku]k
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through the pterygopalatine canal when
pterygopalatine fissure is long and the
short. The length of the pterygopnlatini
canal, in our material varied from 1.3 cm.
27 em. The size of the canal was hj
varigble but in shape was chiefly laterallg
compressed, like the greater palatine foramenZ
The canal was always directed upward from.
the palate with more or less inclination back

“ward (fig. 1A). The radiographic features og:

the pterygomaxillary fissure and the pterygeZ
palatine canal are illustrated in figure 1, C-,
The Zygomatic Arch. As previously sta
the lateral approach to the maxillary nerve xg;
below the zygomatic arch. 3
The position of the zygomatic arch variess
greatly in relation to the pterygomaxillary ﬁsm
sure. It can be seen easily, when viewing the
lateral aspect of the skull, held horizontally i
vertical position at eye level, that the upj
part of the pterygomaxillary fissure often ll&
above the zygomatic arch (fig. 24).
the 182 skulls available for this study 67 (3%
per cent) had the zygomatic arch low 1@_
position, and very low in 22 (12 per cent]
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One {A) with a low and second (B) with a hlgh z{gomahu\:
ﬁssure z:gs-ndt considerably above the arch. The sku

nreln

1 and 1 I position.
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lugh zygomatic arch,

g low zyg arch and (D) showing a
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Fic. 3. Photographs show1 &e
Note that the antesior

and the foramen rotun um xs seen, ¢ sl
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a wide (A), narrow (B) and tortuous (C) inferior orbital fissure.
fissure is longer and wider.

In skull (A) the fissure is straight

Is are in frontal position with slight tilt anteriorly

dowmmrd to show better the inferior wall of the orbit.

skulls.  We idered the zygomatic arch to
be low if approximately the upper third of the
pterygomaxillary fissure was visible above the
upper margin of the arch and very low if half
or the greater part of the fissure ascended
above the arch.

The remaining 115 skulls (83 per cent)
had medium or high zygomatic arches. Of
these, there were 49 specimens (27 per cent)
in which the pterygomaxillary fissure did not
exstend above the arch at all (fig. 2B). A
lateral radiograph of a skull with a low zygo-
matic arch is shown in figure 2C, one with a
high one is illustrated in figure 2D.

The reason for the development of the
different of the zyg ic arch is not
known. Neither the width nor the direction
r:; the arch contribute much to its relative

vel.

Our observations indicate that by the lateral
extraoral approach to the maxillary nerve in
skulls with a low zygomatic arch the needle

may be passed above the zygomatic arch. This
is especially important in those cases in which
the pterygomaxillary fissure is short or short
and narrow. Our material shows that this
approach to the maxillary nerve may be used
often. The jugal point (i.c., the right angle
between the upper margin of the zygomatic
arch at the posterior border of the orbit) can
be used as a landmark for the primary point
of insertion of the mcedle. The inserted
needle should be directed horizontally and
perpendicularly to the median sagittal plane
with a slight forward angulation. After the
infratemporal surface of the maxilla is con-
tacted the needle should be advanced along
the bone inward, backward and somewhat up-
ward into the upper part of the ptery, gopalntme
fossa. The depth y is app ly
5.0-5.5 em.

To our knowledge, only Waldeyer?® men-
tions the route above the zygomatic arch in
blocking the mandibular nerve at the foramen
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ovale. He remarks that the passage of the
needle below the arch has to be considered
the safest one due to the anatomical relations.
In- approaching the pterygopalatine fossa
from above the zygomatic arch the pr
of the “infratemporal tubercle”™ must be con-
sidered (fig. 2C). This tubercle, a bony proc-
ess at the anterior extremity of the infra-
temporal crest, serves as an additional attach-
ment for the lateral pterygoid muscle. Some
annlomxsts have namcd thls tuberc]e dlﬂ'eremly

weh

and “tubercl it ul” and “infrate poral
spine”). Other fail to tion it.
We prefer to call it “infratemporal tubercle”
since it is related to the infratemporal crest
and often is not spine-like. The size and shape
of this tubercle varies greatly. Apparently its
size has no close rclationship to the develop-
ment of the infi | crest b often
skulls with a well devcloped infratemporal
crest may have a small or absent tubercle.
In our material it was strongly developed in
28 per cent (in 10 cases very strongly) and
weak or absent in 72 per cent (absent in 30
skulls). The largest tubercle was 13 mm, in
length and 15 mm. in diamecter at the base.
Most often the tubercle is a triangular pyramid
or flattened and hook-like and is nearly always
directed downward and backward in line with
the direction of the ﬁbcrs of the lateral ptcry-
goxd le. If it is triangular, the

al and sp dlnry surfaces of
the sphcnmd bone are continuous with the
tubercle thus forming its three surfaces. The
sphenomaxillary surface varies most and is
often reduced to a narrow strip or absent, if
the tubercle is markedly flattened and close to
the inferior orbital fissure. In ancsthetization
of the maxillary nerve via the lateral route
above the zygomatic arch, a large infratemporal
tubercle may cause technical difficulty because
it may overhang the upper end of the pterygo-
maxillary fissure laterally. If such is the case
the passage of the needle into the pterygo-
palatine fossa may be prevented. Twenty per
cent of the specimens we examined had the
tubercle laterally overhanging the pterygo-
maxillary fissure. In most cases it overhung
the infratemporal surface of the maxilla and
rarely the laterial pterygoid plate.

J. PRIMAN AND L E. ETTER

P o
The Inferior Orbital Fissure. The size andd
shape of the inferior orbital fissure are ims
portant in the orbital approach to the maxillang
nerve at the foramen rotundum within mg
pterygopalatine fossa (fig. 3). The long am-.
of the fissure lies on a level with the jugal pomg
or upper border of the zygomatic arch and is diz
rected backward and inward parallel to the I;m::
eral wall of the orbit. The length of the ﬁssuxg
is about 2.5 cm. Anteriorly the fissure ends app,
proximately 1.5 cm. from the inferior orbitab.
margin. Posteriorly the. fissure reaches the
apex of the orbit somewhat above and mediaf
to the foramen rotundum but below and laterst
to the optic foramen. Normally the fissur®
is narrowest in the middle, approximately
em.  backward from the anterior extremity
(fg. 3B). The median constriction is thé

_ result of a tongue-like recess of the maxillafy

sinus or due to a posterior ethmoid cell, &
because of thickening of the maxilla immedg
ately posterior to the infraorbital sulcus of !hg
orbit. The longest and widest part of the
fissure lies anterior to the constriction (fig. 3A)@
This part of the fissure in the elderly mdmdua%
is abnormally enlarged due to the rmbsorpbwe
of its margin. According to Wolff1* the nR
ferior orbital fissure is relatively wide in tHe
fetus and infant depending on the degree (it;
development of the maxillary sinus. In P
specimens the infraorbital fissure was wide &%
36 per cent, (very wide in 5 per cent),
medium width in 42 per cent and narrow i
22 per cent (very namow in 3.8 per cent)
(fig. 3). It is apparent that in approximatel§
one-fifth of our skulls the inferior orbital fissu®
is not a suitable route for blocking the m.uﬁ
lary nerve at the foramen rotundum via ﬂ@
orbit. In addition, the curved shape of
fissure or the inclination of its posterior
markedly medialward in relation to the forg
men rotundum, may render it difﬁcult to insegf
the needle into the sph latine fossa. [
some cases the fissure had a zigzag course dl&
to the well developed tongue-like process of llg
maxilla and the infraorbital crest (inferiet
border of the orbital surface of the sphen
bone) which projected posteriorly mnrkch
medially. Such tortuous fissures would rendfg
this route of injection virtually impossible (68
3C). Our data disagrees with that of Smith®
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Fie, 4. Radiographs A, B, C and diagram D showmg optimal nngle of 105 degrees of the central

X-ay to the cantho-meatal line in the verti ! (basal) p of the skull.
jection delineates clearly the size, shape and direction of the inferior orbita] fissure.

‘This pro-
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who has observed namow or tortuous inferior
orbital fissures in only 10 per cent of the skulls
examined.. In one skull among our material
the inferior orbital fissure was bridged by a
narrow osseous bar at the site of its constric-
tion. See also figure 4 for. radiographic
considerations.

Discussion

The variations of the bones of the skull, as
described, clearly show that before attempting
to block the maxillary nerve it would be of
great value to have information conceming the
size and shape of the pterygopalatine and in-
ferior orbital fissures and the position of the
zygomatic arch. With such data it will be
easier to select the best route of approach to
the maxillary nerve and thus achieve a high
degree of accuracy. Such necessary morpho-
logical landmarks can be provided only by the
radiologists. Sweet?® first indicated the value
of radiographic control in blocking the man-
dibular and maxillary nerves. Using this
method his results were better. Sweet has
described the technique of how best to ascer-
tain the position of the foramen rotundum in
a radiograph and how to direct the needle to
block the maxillary nerve by using the lateral
extraoral route via the mandibular notch.

SUMMARY

The variations of the size and shape of the
pterygomaxillary and inferior orbital fissures,
useful for directing the route of the needle in
blocking the maxillary nerve have been studied
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in 250 skulls and are described. The vari
position of the zygomatic arch in 182 skulls j

relation to the pterygomaxillary fissure

been given. The suggestion is made that g
maxillary nerve can also be blocked by gumg
above the zygomatic arch if it is low in

tion. The proposition is made that befors
blocking _the maxillary nerve the bony varis
tions related to this procedure should be
checked by roentgenograms to select the
route of approach.
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