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Abstract

Purpose Although a maxillary nerve (MN) block
reportedly provides satisfactory analgesia for midface
surgery and chronic maxillofacial pain syndromes, a safe
and reliable MN block technique has not been reported.
The goal of this anatomical study was to quantify the
various angles and depth of the block needle, as well as to
evaluate the impact of volume on the extent of injectate
spread that might influence anesthetic coverage and block-
related complications.
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Methods Following an ultrasound-guided suprazygomatic
MN block with dye injection, a dissection was performed in
the pterygopalatine fossa (PPF) of four lightly embalmed
cadaveric specimens. Half of the specimens were injected
with 5 mL of dye, and the other half with 1 mL of dye. The
needle depth was measured from the ultrasound images
and using rubber markers. Following injection, dissection
was performed to map the area of dye spread.

Results The median [interquartile range (IQR)] distance
from the skin to the PPF was 37 [36—43] mm and 47 [40—
50] mm by ultrasound and rubber marker methods,
respectively. The median [IQR] needle orientation was
14 [11-32] degrees inferiorly and 15 [10-17] degrees
posteriorly. The PPF was consistently dyed in the 5 mL
group, but sporadically dyed in the 1 mL group. In the 5
mlL group, spread outside of the PPF was seen.
Conclusions We showed that 5 mL of injectate far exceeds
the capacity of the PPF, leading to drug spread outside of
the PPF. Moreover, we found that I mL of injectate largely
covered the nerve, suggesting a more efficacious and safer
block procedure. This finding will need confirmation in
future clinical studies.

Résumé

Objectif Bien qu’'un bloc du nerf maxillaire semblerait
Sfournir une analgésie satisfaisante pour une chirurgie de la
partie moyenne du visage et pour les syndromes de douleur
maxillo-faciale chronique, aucune technique de bloc du
nerf maxillaire sécuritaire et fiable n’a encore été
rapportée. L’objectif de cette étude anatomique était de
quantifier les divers angles et la profondeur de I’aiguille
pour le bloc, ainsi que d’évaluer I’impact du volume sur
l’étendue de la diffusion du produit injecté qui pourrait
influencer la couverture anesthésique et les complications
liées au bloc.
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Méthode A la suite d’un bloc du nerf maxillaire
supra-zygomatique échoguidé contenant une injection
de colorant, une dissection a été réalisée dans la fosse
ptérygo-maxillaire sur quatre spécimens cadavériques
légerement embaumés. La moitié des spécimens a regu
une injection de 5 mL de colorant, et I’autre moitié a re¢u
une injection de 1 mL de colorant. La profondeur de
Uaiguille a été mesurée sur les images échographiques et
avec des marqueurs en caoutchouc. Apres l'injection, une
dissection a été réalisée afin de déterminer la zone de
diffusion du colorant.

Résultats La distance médiane [écart interquartile ( EIQ)]
entre la peau et la fosse ptérygo-maxillaire était de 37 [36—
43] mm et de 47 [40-50] mm selon la méthode par
échographie et celle de marquage, respectivement.
L’orientation médiane [EIQ] de laiguille était de 14
[11-32] degrés en inférieur et de 15 [10-17] degrés en
postérieur. La fosse ptérygo-maxillaire était teintée de
maniére uniforme dans le groupe 5 mL, mais de facon
sporadique dans le groupe 1 mL. Dans le groupe 5 mL, une
diffusion hors de la fosse ptérygo-maxillaire a été
observée.

Conclusion Nous avons démontré qu’une injection de 5
mL excédait la capacité de la fosse ptérygo-maxillaire,
entrainant une diffusion du médicament hors de cette zone.
En outre, nous avons observé qu’une injection de 1 mL
couvrait largement le nerf, ce qui suggere un bloc efficace
et plus sécuritaire. Ces résultats devront étre confirmés
dans d’autres études cliniques a I’avenir.

The maxillary nerve (MN) is a purely sensory nerve that
supplies innervation to the lower eyelid, upper lip, cheek,
upper dental arch, maxillary sinus, hard and soft palate,
posterior nasal cavity, and nasal ala. A MN block was first
described in the early 20™ century for dental purposes.’
Although the MN block has been traditionally used for the
diagnosis and treatment of chronic oral and maxillofacial
pain syndromes, it has recently been re-appraised for
various indications, such as cleft palate surgery, oral and
orthognathic surgery, and maxillary bone fractures.””

Maxillofacial surgery can be associated with a risk of
postoperative upper airway obstruction and related
respiratory complications. Opiate use may further
contribute to the development and exacerbation of these
complications.'”'? Regional anesthesia for orthognathic
and maxillofacial surgery has been reported to reduce
intraoperative stress responses and perioperative opioid
consumption, providing an adjunctive anesthetic technique
with an overall improved safety profile.'>'*

Numerous complications are associated with the MN
block, including persistent paresthesia, hematoma
formation, diplopia, transient ophthalmoplegia and ptosis,
penetration of the orbit, temporal blindness, and brainstem
anesthesia.””'®  Among all types of approach, the
suprazygomatic approach has been reported to have a
more favourable safety profile.>*'**! While some of the
complications are related to the particular anatomical
approach used, others are related to the volume of
anesthetic injected into the pterygopalatine fossa (PPF).
The average volume of the PPF in adults has been reported
from studies in dry skulls as close to one mL.***’
Nevertheless, two to five mL is typically injected when
clinically performing this block.*>7**?* Consequently, the
excess quantity of local anesthetic may transit through the
infratemporal fossa, spreading intracranially, or into the
orbit. For this reason, it has been suggested to inject a
smaller volume of local anesthetic to improve block
safety.”>%

There is no consensus about the minimum volume
needed to perform a safe and reliable MN block, and no
anatomical validation studies of the spread of anesthetic in
the PPF have been published. The purpose of this study
was to compare different injectate volumes to study the
sites and the extent of drug spread, as well as to quantify
the various angles and depth of the block needle relative to
the skin when performing an ultrasound-guided MN block.

Methods

This project was approved by the University of Toronto,
Health Sciences Research Ethics Board (17 January 2017,
protocol reference # 33958). Maxillary nerve dye injection
and dissection were performed in the PPF of four lightly
embalmed cadaveric specimens. Lightly embalmed
specimens have been reported to have similar tissue
qualities to those of live subjects with minimal structural
distortion.”>*” All specimens were legally obtained and
stored in the Department of Anatomy at the University of
Toronto. Donors consented that after death their bodies
could be used at the Division of Anatomy for education and
research purposes. Specimens were excluded if there was
any sign of pathology, injury, or previous surgery of the
head.

Block target and technique

The MN exits the skull through the foramen rotundum,
passing through the PPF before entering the inferior orbital
fissure, which the nerve traverses anteriorly to finally reach
the midface via the infraorbital foramen.”>'*?® The PPF is
an inverted pyramid-shaped space located inferior to the
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Fig. 1 This image depicts the
infratemporal fossa. The
mandibular ramus, condyle,
zygomatic arch, and lateral
pterygoid muscle have been
removed. The denudated lateral
pterygoid plate, the internal
maxillary artery, and inferior
alveolar nerve can be seen. The
facial skin has been reflected
forward, tenting the infraorbital
nerve into view. The location of
the pterygopalatine ganglion,
and the maxillary nerve and its
branches are projected onto the
surface bony anatomy in yellow.
The pixelated box is located at
the level of the orbital cavity

Fig. 2 Schematic drawing of the left-sided view (lateral to medial) of
the PPF. The location of the PPF and its relations are projected onto
the surface bony anatomy of the left side of the head. PPF =
pterygopalatine fossa

orbital apex, and bounded by the junction of maxilla,
sphenoid, and palatine bones. The PPF communicates with
the nasal and oral cavities and the orbit. Important
structures are located in the PPF including the distal
branches of the maxillary artery, emissary veins,
lymphatics and nerves, as well as the pterygopalatine
ganglion, MN and its branches, and the vidian nerve>?3!
(Figs 1 and 2).

The anatomic specimens were placed in a stabilization
device to prevent movement during the injection. All
injections were performed by the same anesthetist (GE),
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using an ultrasound-guided suprazygomatic approach. A
portable ultrasound unit with an 813 MHz linear array
probe was utilized (GE Venue 40, Wauwatosa, WI, USA).
Similar to the technique used by Sola et al,* the
ultrasound transducer was placed in the infrazygomatic
area, with an inclination of 45° in the transverse plane
(Fig. 3A). A 22G  90-mm Quincke-point  spinal
needle (Spinocan; Becton Dickinson, Franklin Lakes, NJ,
USA) was used for the injection. The needle was inserted
perpendicular to the skin at the frontozygomatic angle and
advanced to the greater wing of the sphenoid (Fig. 3B).
The needle was then redirected and advanced to the PPF
(Figs 3A and 3C). After needle placement, one or five mL
of the dye was injected in a randomized order (Fig. 3D).
An aqueous dye (0.5 mL of methylene blue mixed in 19.5
mL of water) of approximately equal viscosity to local
anesthetic was injected. One-half of the specimens were
injected with 5 mL of dye, representing the volume
traditionally used for the MN block, and the other half were
injected with 1 mL of dye, representing the previously
calculated volume of the PPF.

Fifteen minutes post-injection, the needle was lightly
tapped with a mallet to anchor its tip into the nasal bones
thus preventing displacement. High quality digital
photographs were taken from anterior and superior view.
The needle depth was measured from the ultrasound
pictures and also by using a rubber marker at the level of
the skin. The needle angles were measured with a digital
protractor (ImageMeter, version 2.22.1. Dirk Farin) by two
independent investigators. Similar to the method used by
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Fig. 3 Ultrasound images showing the location of the ultrasound
probe on the face and needle entry point (A), the distance from the
entry point of the needle at the frontozygomatic angle to the greater

Fig. 4 Determination of needle placement and angulations. (A)
Anterior view of the right side of the face and superior/inferior angle
of the needle. (B) Top view of the right side of the head and
anterior/posterior angle of the needle. Pixelated box is located at the
level of the orbital cavity

Prigge et al.,*' the plane perpendicular to the median plane
was considered to be 0° (utilizing the anterior and superior
view). If the needle was angled superiorly (in the anterior
view) or anteriorly (in the superior view) towards the PPF,
it was considered an increase (+) in the angle. Any inferior
or posterior angling of the needle was considered a
decrease (-) in the angle (Fig. 4).

We then performed a cadaveric dissection involving a
layer by layer removal of the soft tissue and bony structures
overlying the infratemporal fossa. The facial skin, the
parotid gland, the zygoma and attached masseter, the
temporalis fascia and attached coronoid process, and the
condyle and attached lateral pterygoid muscle were each
isolated and removed by a combination of soft tissue
dissection and osteotomies. This facilitated a clear exposure
of the infratemporal fossa and its contents, and access to the
PPF. The entrance to the PPF, the pterygomaxillary fissure,

wing of the sphenoid (B) and the pterygopalatine fossa (C). Dye
spread is shown in D (arrows). PPF = pterygopalatine fossa

the surrounding lateral pterygoid plate, and the posterior
maxilla were carefully dissected. Throughout the
dissection, a systematic note was made of the various
structures that had been stained by the dye. Following this,
the posterior maxillary bone was dissected and removed to
gain wider access to the PPF. The course of the second
division of the trigeminal nerve was also delineated through
the floor of the orbit and the orbital contents were removed.
Its course was delineated to the level of foramen rotundum,
as well as the intracranial course of the trigeminal nerve.
This dissection allowed a full view of the area of the
pterygopalatine ganglion. High-quality photographs were
taken serially throughout the dissection.

Using the collected images and markers, we calculated
the following metrics for comparison. From the ultrasound
images, we recorded the i) distance from the entry point of
the needle at the frontozygomatic angle to the greater wing
of the sphenoid (skin to greater wing of the sphenoid; S-
GWS); ii) distance from the entry point of the needle at the
frontozygomatic angle to the PPF (skin to pterygopalatine
fossa; S-PPF); and iii) the dye spread. Using the surface
markers and views, we recorded i) the needle angles from
the anterior and superior view, and ii) the distance from the
entry point of the needle at the frontozygomatic angle to the
PPF using the rubber markers. From the dissection images,
we noted 1) the area of intra/extra PPF dye spread; and ii) the
frequency of capture of each nerve and pterygopalatine
ganglion with 1- and 5-mL injection volumes.

Descriptive statistics was analyzed using SPSS 23.0
statistical package.

Results

We obtained four lightly embalmed cadaveric specimens
from two females (84 and 70 yr of age). The ultrasound
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images were easily obtained and were high quality,
allowing for accurate observation of dye spread and
needle movements. By ultrasound, the median
[interquartile range (IQR)] distance from the skin to the
greater wing of the sphenoid and to the PPF was 13 [11-
16] mm and 37 [36-43] mm, respectively. The median
[IQR] observed distance from the frontozygomatic angle to
the PPF by the rubber marker method was 47 [40-50] mm.
The median [IQR] needle orientation was 14 [11-32]
degrees inferiorly and 15 [10-17] degrees posteriorly
(Table). In one specimen, the needle entrance to the PPF
was difficult to negotiate because of a small
pterygopalatine fissure, and the needle was angulated
more caudally (38°). Dye spread into the orbit, cranial
fossa, or nasal cavity was not observed in any experiment,
even when the higher volume (5 mL) of dye was injected.
Nevertheless, in the high-volume group, we did observe
spread back into the infratemporal fossa and above the
temporal muscle, reaching to the deep temporal nerves,
masseteric nerves, and the mandibular nerve branches (i.e.,
lingual and inferior alveolar nerves). The PPF,
pterygopalatine ganglion, infraorbital nerve, and palatine
nerves were dyed consistently in the 5 mL group, but only
sporadically in the 1 mL group (Table and Fig. 5).

Discussion
This is the first anatomical validation reporting the distance

from the frontozygomatic angle to the PPF, as well as the

Table Comparison of metrics and dye spread

needle angulations and dye spread when performing a MN
block via the suprazygomatic approach.

We found that the median [IQR] distance from the skin
to the greater wing of the sphenoid was 13 [11-16] mm by
ultrasound imaging, and the median [IQR] distance from
the skin to the PPF was 37 [36-43] mm and 47 [40-50] mm
using ultrasound imaging and the rubber marker method,
respectively. These values likely differ because the
ultrasound image was obtained from the infrazygomatic
area, while the rubber marker utilized the needle direction
from the frontozygomatic angle. Furthermore, pressure
needs to be applied on the ultrasound probe, which
compresses the tissue, potentially shortening the distance.

Utilizing computed tomography scans, Captier et al.'’
reported greater mean (standard deviation) distances from
the skin to the greater wing of the sphenoid and to the
foramen rotundum in infants [24 (3) mm and 47 (4) mm,
respectively], than our findings in adult patients. These
differences illustrate how developmental variation in the
size and shape of the skull and in the proportion of soft
tissue can affect the distance measurements and produce

potentially unexpected variations in the MN block
procedure.
Prigge et al.?' found that the distance from the

frontozygomatic angle to the PPF was 21 mm and 22
mm in neonates, for cadaveric specimens and dry skulls,
respectively, whereas in infant cadaveric specimens this
distance was 27 mm, highlighting the importance of
developmental variation and tissue proportion in
determining a safe insertion distance.

Volume 1 mL 1 mL 5 mL 5 mL Median [IQR] in
mm/degrees

Distance S-GWS (mm) 12 15 11 17 13 [11-16]
Distance S-PPF (mm) 36 37 37 45 37 [36-43]
Distance rubber marker (mm) 50 45 39 50 47 [40-50]
Angle anterior view (degrees) 38 15 11 14 14 [11-32]
Angle superior view (degrees) 8 14 17 16 15 [10-17]
Dye PPF, ganglion, PN, IN Partial Yes Yes Yes

(small PPF)
Spread orbit No No No No
Spread nasal cavity No No No No
Spread cranial fossa No No No No
Spread infratemporal fossa No No Severe Severe
Spread above temporal muscle No No Yes Yes
Spread other structures No No Masseteric nerve, deep Masseteric nerves,

temporal nerves,
V3 branches

deep tnerves,
V3 branches

IQR = interquartile range; IN = infraorbital nerve; PN = palatal nerves; S-GWS = skin to greater wing of the sphenoid; S-PPF = skin to

pterygopalatine fossa
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Fig. 5 Serial dissection
showing dye spread following 1
mL (A-D) and 5 mL (E-H)
injections. Dissection from
superficial (top) to deep
(bottom) planes. DtN = deep
temporal nerve; LN = lingual
nerve; IaN = inferior alveolar
nerve; MsN = masseteric nerve.
D and H show the entrance to
the pterygopalatine fossa
(pterygomaxillary fissure). PmF
= pterygomaxillary fissure; PsM
= posterior surface of maxilla;

PtP = pterygoid process

The equivalent needle insertion distances have not been
objectively reported in adults. As a surrogate for distance
measurement, Stajcic et al.* utilized a 20G, 80-mm spinal
needle, fitted with a rubber marker 50-mm from the tip.
Unfortunately, the authors did not report the distance from

the skin to the PPF, making comparison of their results
with ours impossible. Similarly, Bouzinac et al.** used a
50-mm needle to perform ultrasound-guided MN blocks by
a suprazygomatic approach in adults. They also did not
report the distance from the skin to the PPF.
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Following the findings of our study, when performing a
MN block, the needle should be advanced an average of
14° inferiorly and 15° posteriorly, which is consistent with
the results published by Prigge ef al. They found that the
needle should be advanced between 8° and 15° in a
posterior direction. In contrast, our findings are different
than those previously published in adults. Stajcic and
Todorovic* advanced the needle angulated 60° towards the
sagittal and 10° towards the horizontal planes. Bouzinac
et al.** reported an ultrasound-guided MN block with the
needle inserted at the frontozygomatic angle and oriented
45° to the skin. Similarly, according to Captier’s'® and
Chiono’s studies in infants, the needle was directed from
the frontozygomatic angle in a 20° forward and 10°
downward direction. Although some of the variance in
insertion angle can be attributed to the patient group under
investigation (neonate, infant, or adult), the majority is
associated with intrinsic anatomical differences in the
population and the measuring technique. Related to the
disparities in reported angle and approach, there is a high
likelihood that, unless directly visualized, the needle tip in
many studies is not actually in the PPF and block efficacy
is obtained by injecting a larger volume of anesthetic.
Therefore, the standardization of approach angle and angle
measurement should lead to a more consistent and safe use
of the MN block by ensuring that the needle tip placement
is in the PPF, thus allowing for better nerve targeting and a
smaller volume of local anesthetic to be injected. This
would also facilitate clinical investigation as studies could
be directly compared more easily.

It is likely that many of the reported MN block
complications are directly related to the volume of local
anesthetic used. The mean volume of the PPF in adults has
been reported to be between 0.7*? and 1.2 mL** and it was
not influenced by the cephalic and upper facial indexes.
Nevertheless, the usual reported quantity of local anesthetic
injected (2-5 mL) greatly exceeds the volume of the PPF,
and the excess quantity could transit the infratemporal
fossa, or enter either the infraorbital canal or the middle
cranial fossa through the foramen rotundum.?

We found that injecting 5 mL of dye ensured consistent
bathing of the MN nerve, but a significant amount of dye
spread into the infratemporal fossa and above the
temporalis muscle, blocking even the mandibular nerve
branches, masseteric nerves, and deep temporal nerves. In
contrast, when we injected 1 mL, there was minimal to no
spread of dye into the infratemporal fossa, even though the
MN was less consistently fully covered. Nevertheless, this
dye coverage does not directly correlate with local
anesthesia diffusion into the nerve and with block
efficacy. Our findings indicate that 5 mL of injectate is
well beyond the volume capacity of the PPF and leads to
non-specific blockage of anatomically close nerves, with
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potential adverse side effects, and that a volume slightly
over 1 mL might be needed to ensure efficacious analgesia.

In one specimen, we found it challenging to negotiate
the needle entrance into the PPF and the needle was
angulated more caudally. Similarly, Stajcic et al.** found
samples with either an enlarged sphenoidal process (15%
of skulls) or a narrow pterygomaxillary fissure (< 2 mm in
8%), thus preventing the entrance of the needle tip to the
pterygopalatine fissure. The difficulties arising from this
natural anatomic variation should be considered when
attempting a MN block.

The suprazygomatic approach at the level of the
suprazygomatic angle has been proposed as the safest,
easiest, and most reliable of all recommended approaches
to the PPF. In theory, this technique prevents penetration of
the base of the skull and the orbit* and the bony landmarks
are more superficial and more easily palpated, which
simplifies block performance and improves safety.?' Using
this approach, we did not find dye spread into the orbit or
into the intracranial fossa, even with a higher volume of
injectate, illustrating an enhanced block safety.

In conclusion, our findings suggest that the ultrasound-
guided suprazygomatic approach could be a safe approach
to perform a MN block. In adult patients, the needle should
be placed at the frontozygomatic angle and advanced in a
postero-inferior direction (15° and 14°, respectively) for
approximately 37 mm. While 5 mL of local anesthesia
injectate is common, this volume far exceeds the capacity
of the PPF and could lead to inadvertent drug spread and
non-specific nerve blockage. That said, we did not observe
fluid migration into the most significant off-target sites
(i.e., the orbit and cranial fossa) with volumes up to 5 mL.
We found that 1 mL of injectate did not spread out of the
PPF, and that this volume largely covered the nerve, likely
leading to an efficacious and safer block procedure. Our
findings can be used to improve MN block safety and
efficacy. To better account for anatomic variation, more
precisely determine the needed local anesthesia volume,
and more accurately delineate block safety and feasibility,
studies with a larger sample size are needed.
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