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Background: Injectate distribution patterns in the pterygopalatine fossa may differ based
on the drug administration approach used. This study primarily aimed to assess and com-
pare injectate distribution following the posterior infrazygomatic and transoral approach-
es. The secondary aim was to evaluate the safety of both approaches.

Methods: Injectate distribution patterns were evaluated in 13 cadaveric head specimens.
The vessels were perfused with a gelatin-based solution containing an iodinated contrast
agent. The ultrasound-guided posterior infrazygomatic approach and transoral approach
were performed on contralateral sides, and needle placement was confirmed using com-
puted tomography (CT). A methylene blue and iodinated contrast agent solution was ad-
ministered following successful needle placement. Injectate distribution and injuries were
assessed via CT and anatomical dissection.

Results: With the posterior infrazygomatic approach, methylene blue consistently stained
the maxillary artery and nerve, sphenopalatine ganglion, and lateral pterygoid muscle,
whereas with the transoral approach, it most frequently surrounded the maxillary artery
and structures within the greater palatine canal. The iodinated contrast agent was distrib-
uted predominantly along the needle trajectories for both approaches. Injuries to the max-
illary artery and facial nerve were documented following the posterior infrazygomatic ap-
proach, whereas injury to the lateral pterygoid plate was observed following the transoral
approach.

Conclusions: With the posterior infrazygomatic approach, contrast agent encompassed
the entire pterygopalatine fossa, whereas the transoral approach yielded a more localized
distribution, primarily within the inferior portion and greater palatine canal. These differ-
ences in distribution patterns should guide the selection of the most appropriate approach
based on the specific clinical indication.

Keywords: Ganglion; Ganglion cysts; Local anesthetics; Maxillary artery; Maxillary nerve;
Pterygopalatine fossa; Sphenopalatine ganglion block.

Introduction

The pterygopalatine fossa is an inverted pyramid-shaped space that serves as a crucial
distribution center for the innervation and vascular supply of deep facial structures [1].
Housing the sphenopalatine ganglion, the maxillary nerve and its branches, parasympa-

thetic nerve fibers, and a segment of the maxillary artery, the pterygopalatine fossa plays
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a significant role in the pathogenesis of head and facial pain [2,3].
In recent decades, performing a blockade of neurological struc-
tures within the pterygopalatine fossa has emerged as a valuable
technique, especially for the treatment of facial pain associated
with trigeminal neuralgia, acute migraine headaches [4], post-du-
ral puncture headaches [5], pain management after adenotonsil-
lectomy [6], and perioperative analgesia during cleft palate repair
[7]. The application of anesthetics into the fossa has been shown
to successfully reduce complications and the need for systemic
steroids [4,7]. In addition, the administration of vasoconstrictors
combined with local anesthetics into the pterygopalatine fossa
during paranasal sinus surgery can significantly reduce intraoper-
ative bleeding [8]. Consequently, various approaches for drug ad-
ministration into the pterygopalatine fossa have been proposed
and explored in recent years.

However, no consensus currently exists on the optimal approach
to access the pterygopalatine fossa, which likely reflects institution-
al preferences and diverse clinical indications [9].

Three main approaches via the pterygomaxillary fissure have
been described [4,10,11]. One such approach is the posterior in-
frazygomatic approach, which offers the greatest needle mobility
and widest range of access, but carries a higher risk of injury to
the maxillary artery, as demonstrated by virtual reality studies
[12,13]. With this approach, the needle does not directly enter the
pterygopalatine fossa but instead traverses the lateral pterygoid
muscle, passes over the lateral pterygoid plate, and is ultimately
positioned adjacent to the pterygopalatine fossa [9]. This indirect
pathway has raised doubts about the adequate spread of the injec-
tate into the pterygopalatine fossa [9,10].

Conversely, with the transoral approach, anesthetics are deliv-
ered through the oral cavity via the greater palatine canal, with the
needle tip positioned in the inferior portion of the pterygopalatine
fossa [14]. This technique may result in a distinct distribution pat-
tern compared with approaches through the pterygomaxillary fis-
sure, potentially targeting neurovascular structures located in the
inferior portion of the pterygopalatine fossa more effectively, such
as the greater and lesser palatine nerves, and the maxillary artery
[14-16]. The resulting differences in anesthetic or vasoconstrictor
distribution may be used to guide the selection of the most appro-
priate approach for specific clinical conditions.

To date, no studies have evaluated the injectate distribution pat-
terns associated with the posterior infrazygomatic and transoral
approaches [9]. Therefore, the primary aim of this study was to
compare the injectate distribution within the pterygopalatine fos-
sa following the posterior infrazygomatic and transoral approach-

es. The secondary aim was to assess the safety of both approaches.
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Materials and Methods
Ethics committee approval

This study was conducted on 13 fresh (less than 24 hours
post-mortem) cadaveric heads (six female and seven male, aged
82.4 + 6.7 years) obtained through a willed body donation pro-
gram at the Institute of Anatomy, Faculty of Medicine, University
of Ljubljana. The donors provided informed consent for the dona-
tion of their bodies for research purposes. Specimens with docu-
mented traumatic injuries to the head or neck region, or a history
of surgical procedures in this area, were excluded. This study was
approved by the National Medical Ethics Committee of the Re-
public of Slovenia (Permit no: 0120-538/2019/4).

Specimen preparation

Specimen preparation involved perfusion of the arteries and
veins with an iodinated contrast agent and dyes. A 100 ml solu-
tion was prepared that contained 10 g of gelatin (Gelatin Powder,
Sigma Aldrich GmbH), 15 ml of iohexol (Visipaque 320, GE
Healthcare), saline solution, and acrylic paints (red for arteries
and blue for veins) [17,18]. Approximately 50-60 ml of the pre-
pared solution was injected into the common carotid arteries and
internal jugular veins using a syringe. The vessels were immedi-
ately ligated, and the specimens were placed in the supine position

for 3 hours to allow the gelatin to solidify.

Posterior infrazygomatic and transoral approach
attempts

Both approaches for accessing the pterygopalatine fossa were
attempted on each specimen. First, an experienced interventional
and musculoskeletal radiologist performed the ultrasound-guided
posterior infrazygomatic approach. An ultrasound machine (Ari-
etta 850, Fujifilm VisualSonics) equipped with an SML44 linear
probe (22-2 MHz) was used. The specimen was positioned in the
lateral position and the probe was placed longitudinally below the
zygomatic arch, enabling visualization of the maxillary tuberosity,
lateral pterygoid muscle, and lateral plate of the pterygoid process.
A 25-gauge needle was inserted inferior to the zygomatic arch,
just anterior to the mandibular condyle. Following needle place-
ment deep to the lateral pterygoid muscle, computed tomography
(CT) imaging was performed. If the needle tip was confirmed to
be positioned at the pterygomaxillary fissure or within the ptery-
gopalatine fossa (as both represent a feasible needle end position

in the clinical setting) the study proceeded using the transoral ap-
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proach; otherwise, the needle was repositioned. The sides used for
the posterior infrazygomatic and transoral approaches were ran-
domly assigned to account for potential anatomical variations.

An experienced otorhinolaryngology (ENT) surgeon per-
formed the transoral approach through the greater palatine canal
on the contralateral side. The head was placed in the supine posi-
tion. The oral cavity was opened using a retractor followed by
manual palpation to locate the greater palatine canal [14]. A
22-gauge needle turned at a 45° angle at a distance of 25 mm from
its tip [19] was then inserted into the greater palatine canal. Con-
sistently angling the needle at 45° ensured that it was always posi-
tioned at the same depth (25 mm). After needle placement, a re-
peat CT was performed to confirm the position of the needle tip
within the pterygopalatine fossa. If the needle tip was within the
pterygopalatine fossa, the standard solution was injected on both
sides to ensure timing consistency; otherwise, the approach was
repeated until needle placement within the pterygopalatine fossa
was achieved.

The standard solution was prepared using 1% methylene blue
and iohexol (Visipaque 320, GE HealthCare) at a 1:1 ratio. Based
on the reported volume of the pterygopalatine fossa [20], 1 ml of
the standard solution was injected for each approach and the nee-
dle was immediately sealed with a stopper.

Evaluation of injectate distribution via computed
tomography

CT imaging was performed to verify the needle position and
again after injectate administration. A SOMATOM Definition
Flash CT scanner (Siemens) was used with the following parame-
ters: tube voltage, 120 kV; effective current, 70-150 mAs pixel
size, 0.383 mm x 0.383 mm; pitch, 0.65; slice thickness, 0.75 mm,
and interslice distance, 0.9 mm.

To evaluate the injectate distribution, the needle trajectory was
initially traced to the transverse and sagittal sections and the pres-
ence of contrast within the infratemporal fossa or greater palatine
canal was assessed. To determine distribution in the infratemporal
fossa, the proximity of the injectate to the medial and lateral pter-
ygoid muscles was evaluated, whereas contrast extending inferior-
ly as a continuation of the pterygopalatine fossa was classified as
being within the greater palatine canal. The presence of contrast
within the pterygopalatine fossa was determined based on its dis-
tribution near key anatomical landmarks. If contrast was observed
in direct contact with the foramen rotundum, it was considered to
surround the maxillary nerve. Contrast in direct contact with the
pterygoid canal was considered indicative of proximity to the vid-

ian nerve and sphenopalatine ganglion, whereas the presence of
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Fig. 1. Distribution pattern following the posterior infrazygomatic
approach. (A) Methylene blue staining of the majority of the contents
of the pterygopalatine fossa, including the maxillary nerve, maxillary
artery, and sphenopalatine ganglion. (B) Methylene blue distribution
within the infratemporal fossa, surrounding the lateral pterygoid
muscle and maxillary artery. (C) Iodinated contrast agent spread along
the needle trajectory (arrows) encompassing the maxillary artery
within the infratemporal fossa and lateral pterygoid muscle. mn:
maxillary nerve, spg: sphenopalatine ganglion, ma: maxillary artery,
Ipm: lateral pterygoid muscle, mnd: mandible.

contrast in direct contact with the previously opacified maxillary
artery indicated its distribution near the artery. Finally, the orbit
and middle cranial fossa were evaluated for the presence of con-

trast, particularly at the bony landmarks of the inferior orbital fis-
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sure and Meckel’s cave, respectively.

The CT images were also inspected for any signs of injury to
the bones or potential penetration of blood vessels (as evidenced
by iodinated contrast within the vessels). The distance from the
skin to the needle tip was measured for the posterior infrazygo-
matic approach, and the shortest distance from the needle tip to
the maxillary artery was measured for the transoral approach.

Evaluation of injectate distribution via specimen
dissection

Immediately after CT imaging, the heads were placed in the su-
pine position, and layer-by-layer dissection was initiated by an ex-
perienced ENT surgeon. The delay between the CT scan and the
initiation of anatomical dissection was up to one hour.

A lazy-S incision was made, and a cutaneous flap was elevated
over the parotid gland. Superficial structures including the parot-
id duct, branches of the facial nerve, parotid gland, and superficial
arteries (temporal and transverse facial arteries) were inspected
for possible damage. The facial nerve was identified, its branches
were traced to the site of the needle, and any observed injuries
were documented. The parotid gland was removed and skeleton-
ization of the mandibular ramus was performed on the external
aspect. The mandible was then transected near the mandibular
angle, followed by the disarticulation of the temporomandibular
joint. The medial pterygoid muscle was detached, allowing for the
complete removal of the mandibular ramus. Dissection continued
with a detailed assessment of the infratemporal fossa while tracing
the needle. The distribution pattern of the injectate within the in-
fratemporal fossa was assessed by evaluating the medial and later-
al pterygoid muscles. The maxillary artery was followed into the
pterygopalatine fossa and the surrounding tissues were gradually
removed. The maxillary artery was assessed for possible injury.
The needle was removed before evaluating the pterygopalatine
fossa distribution pattern. Distribution within the pterygopalatine
fossa was then evaluated by assessing the sphenopalatine ganglion
and macxillary artery and nerve. Using a chisel, the foramen ro-
tundum and greater palatine canal were opened and the injectate
distribution patterns within the middle cranial fossa and greater
palatine canal were evaluated, respectively. The inferior orbital fis-
sure was inspected for orbital spread.

Identical procedural steps were followed on the contralateral
side, where the transoral approach had been performed.

Statistical analysis
Data are presented as absolute numbers with proportions or

https://doi.org/10.4097/kja.24907
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standard deviations (+ SD), where appropriate. The neurovascu-
lar injury and injectate distribution analyses were conducted and
presented separately for specimen dissections and CT imaging.
The groups (posterior infrazygomatic vs. transoral approach)
were compared using Fisher’s exact test. Statistical analyses were
performed using GraphPad Prism 10 (GraphPad Software Inc.),

and the significance level was set at P < 0.05.

Results
Posterior infrazygomatic approach

For the majority of the attempts (11/13), the needle was posi-
tioned at the level pterygomaxillary fissure. The mean distance
from the skin to the needle tip measured on CT was 53 + 9 mm.
Methylene blue consistently stained the maxillary artery and
nerve, vidian nerve, and the sphenopalatine ganglion (Fig. 1A).
Distribution was observed near the lateral pterygoid muscle in all
specimens (Fig. 1B), whereas the medial pterygoid muscle was
stained in approximately half of the specimens (Table 1). The dis-
tribution of the iodinated contrast agent exhibited a similar pat-
tern and was predominantly observed along the needle trajectory
(Fig. 1C).

For the remaining two attempts, the needle was positioned
within the pterygopalatine fossa (4-5 mm) and methylene blue
exhibited a distribution pattern similar to that with the pterygo-
maxillary fissure needle placement. However, the iodinated con-
trast agent showed a different pattern, consistently surrounding
the sphenopalatine ganglion, maxillary nerve, and pterygoid canal
(Table 1).

No orbital spread was observed in any of the anatomical dissec-
tions or CT imaging. Methylene blue spread was detected through
the foramen rotundum in one specimen, although the Gasserian
ganglion remained unstained.

During anatomical dissection, one injury to the temporal
branch of the facial nerve was identified (Fig. 2A) and a puncture
injury to the pterygoid portion of the maxillary artery was ob-
served in another specimen (Fig. 2B), later confirmed on CT. No

additional injuries were identified.

Transoral approach

Methylene blue distribution was most frequently observed
within the the greater canal and near the maxillary artery (Fig. 3).
Methylene blue was also observed near the sphenopalatine gangli-
on and maxillary nerve in approximately half of the attempts,

whereas iodinated contrast was detected predominantly along the
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Table 1. Comparison of Injectate Distribution Patterns between the Posterior Infrazygomatic and Transoral Approaches to the Pterygopalatine Fossa

PRI . I.’oster.ior infrazygomatic approach _— Transoral approach
Dissection CT Dissection CT
Orbit 0(0) 0(0) 0(0) 0(0)
Middle cranial fossa 1(8) 0(0) 0(0) 0(0)
Lateral pterygoid muscle 13 (100)* 13 (100)" 7 (54) 7 (54)
Medial pterygoid muscle 8 (62)* 0(0) 1(8) 1(8)
Sphenopalatine ganglion 13 (100)* 2(15) 7 (54) 2(15)
Maxillary nerve 12 (92)* 2(15) 6 (46) 0(0)
Greater palatine canal 0 (0)* 0 (0) 13 (100) 13 (100)
Pterygoid canal 12 (92) 2(15) 7 (54) 2(15)
Adjacent to maxillary artery in PPF 13 (100) 4(31)" 11 (85) 10 (77)

Values are presented as number (%). Statistical analyses were performed using the Fishers exact test separately for anatomical dissection and CT
evaluations. CT: computed tomography. *Significant difference between the approaches (anatomical dissection). 'Significant difference between the

approaches (CT evaluation).

needle trajectory and near the lateral pterygoid muscle (Table 1).

In one attempt, the needle had penetrated the lateral pterygoid
plate (Fig. 2C), allowing the injectate to spread into the medial
pterygoid muscle. With the exception of this specimen, the needle
tip was consistently positioned within the inferior portion of the
pterygopalatine fossa. On CT, the measured distance from the
needle tip to the maxillary artery was 2 £ 1 mm.

No other injuries to the superficial or neurovascular structures
were observed in any of the anatomical dissections or CT imag-

ing.

Discussion

This study evaluated injectate distribution patterns following
two distinct approaches targeting the pterygopalatine fossa. With
the posterior infrazygomatic approach, the injectate spread en-
compassed the entire pterygopalatine fossa, whereas the transoral
approach resulted in the injectate being predominantly distribut-
ed in the inferior portion of the pterygopalatine fossa and within
the greater palatine canal. In two specimens subjected to the pos-
terior infrazygomatic approach, the needle perforated either the
maxillary artery or facial nerve, and injury to the lateral pterygoid
plate was observed in one specimen following the transoral ap-
proach.

In the posterior infrazygomatic approach, the contrast distribu-
tion was most prominent near the lateral pterygoid muscle and
encompassed most areas of the pterygopalatine fossa. This distri-
bution pattern within the infratemporal and pterygopalatine fos-
sae is consistent with expectations [9], as the needle tip was posi-
tioned at the pterygomaxillary fissure, with bony structures pre-
venting direct entry into the fossa in all except two specimens.

Kampitak et al. [10] reported a similar distribution of methylene
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blue using the anterior infrazygomatic approach. Conversely, Ech-
aniz et al. [21] observed limited spread near the maxillary nerve
and almost no spread into the infratemporal fossa using the su-
prazygomatic approach. In both the anterior infrazygomatic and
suprazygomatic approaches, the needle tip was reportedly posi-
tioned within the pterygopalatine fossa, suggesting that the pre-
cise positioning of the needle tip may result in different distribu-
tion patterns.

We also determined that variations in the final needle tip posi-
tioning (either within the pterygopalatine fossa or at the pterygo-
maxillary fissure) might have influenced the distribution pattern
of the injectate. When the needle was positioned directly within
the pterygopalatine fossa, a broader range of structures within the
fossa, including the maxillary nerve, sphenopalatine ganglion, and
maxillary artery, were stained, indicating more extensive spread of
the injectate. In contrast, when the needle was positioned at the
pterygomaxillary fissure, the spread was more localized, primarily
affecting the lateral pterygoid muscle and surrounding regions.
While both needle positions are feasible in clinical settings, pre-
cise needle placement using ultrasound guidance may be chal-
lenging, and the exact position within the fossa or at the fissure
may not be reliably confirmed. Importantly, these changes were
evident on iodinated contrast-enhanced CT performed immedi-
ately after injectate application but were not observed during ana-
tomical dissection.

The volume of solution that should be administered is also not
well defined. While 1 ml was used in this study to selectively eval-
uate the distribution pattern, clinical volumes typically range from
1.5-5 ml, often exceeding the pterygopalatine fossa’s capacity, re-
sulting in a more nonselective distribution to adjacent areas such
as the infratemporal fossa and, in some cases, through the fora-

men rotundum. Nader et al. [22] administered 1.5 ml of contrast

https://doi.org/10.4097/kja.24907
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Fig. 2. Injuries associated with the posterior infrazygomatic and
transoral approaches. (A) Injury to the temporal branch of the facial
nerve (posterior infrazygomatic approach). (B) Perforation of the
pterygoid portion of the maxillary artery within the infratemporal fossa
(posterior infrazygomatic approach). (C) Needle penetrating the lateral
pterygoid plate following the transoral approach, with contrast agent
encompassing the medial pterygoid muscle (arrow). ms: maxillary
sinus.

agent via the posterior infrazygomatic approach in a single pa-
tient, and detected its passage through the foramen rotundum us-
ing fluoroscopic guidance. Conversely, we noticed this spread via
anatomical dissection in merely one specimen (8%). Interestingly,
some authors have reported no evidence of spread through the

foramen rotundum to the Gasserian ganglion after administering

https://doi.org/10.4097/kja.24907

Fig. 3. Injectate distribution pattern following the transoral approach.
(A) Maxillary artery, greater palatine canal, and infratemporal fossa
stained with methylene blue. Note the needle position within the
greater palatine canal after partial wall removal. (B) Computed
tomography showing the needle within the greater palatine canal and
contrast agent encompassing the inferior portion of the pterygopalatine
fossa (arrow). ma: maxillary artery, gpc: greater palatine canal, ifc:
infratemporal fossa content.

5 ml directly into the pterygopalatine fossa [21]. Similarly, we did
not observe contrast spread to the Gasserian ganglion. This fur-
ther suggests that discrepancies in spread may be influenced more
by the needle tip position with different approaches through the
pterygomaxillary fissure, rather than exclusively by the volume of
the injectate.

In the transoral approach via the greater palatine canal, the in-
jectate predominantly spreads within the inferior portion of the
pterygopalatine and infratemporal fossae and along the needle
trajectory. Angling the needle at 45° improved the safety of this
approach by ensuring a consistent needle depth of 25 mm [19]. As
the needle entered the pterygopalatine fossa at the inferior aspect,
injectate distribution near the maxillary artery and within the
greater palatine canal is consistent with expectations. Higher-vol-
ume injections could achieve a wider distribution, encompassing
structures located in the superior regions of the pterygopalatine

fossa, or, conversely, could spread via the pterygomaxillary fissure.
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The differences in the distribution patterns of methylene blue
and the iodinated contrast agent likely reflect their physicochemi-
cal properties and the different timing of evaluations. CTs were
performed immediately after administration; therefore, a more
localized distribution pattern was anticipated. Conversely, the
methylene blue spread was evaluated during anatomical dissec-
tion, which was initiated after an interval, allowing for a broader
distribution. The differences in the distribution patterns between
the two agents may have also been influenced by the detection
threshold. Although methylene blue can be easily visualized
during anatomical dissection, larger quantities of the iodinated
contrast agent are likely needed for its detection on CT. Further-
more, compared with amphipathic local anesthetics with distinct
diffusion and distribution patterns [23,24], the hydrophilic nature
of methylene blue and the high viscosity of iodinated contrast
agents should be considered, as these properties could limit their
spread. This is particularly important when comparing the results
with clinical findings [25,26].

During the posterior infrazygomatic approach, the risk of
puncturing the maxillary artery was assessed in accordance with a
previous virtual reality study that evaluated 100 diagnostic CT an-
giographies. That study indicated that the artery enters the ptery-
gopalatine fossa in the lower or anterior portion [13]; therefore,
we aimed to introduce the needle into the posterosuperior por-
tion of the accessible trajectory. Identifying the maxillary artery
during ultrasonography was impeded by the fact that the Doppler
mode cannot be used on cadaveric specimens. As this artery
serves as an essential sonographic landmark for ultrasound-guid-
ed nerve blocks via the pterygomaxillary fissure [27], injury to the
maxillary artery could plausibly have been avoided in a living
subject.

No injuries to the maxillary artery were observed using the
transoral approach, and the measured distance from the needle
tip to the maxillary artery was relatively consistent. However, in
one specimen, the lateral pterygoid plate was inadvertently in-
jured during a transoral approach attempt, resulting in an altered
distribution pattern of the iodinated contrast agent and methylene
blue, encompassing the medial pterygoid muscle. Such complica-
tions might be expected in cases of fragile, cadaveric bone. In a
clinical scenario, this could present as a lack of anesthetic effect or
trismus due to injury to the medial pterygoid muscle. The rela-
tively high rate of complications in this study is likely attributable,
at least in part, to the limitations of the cadaveric model.

The primary limitation of this study was its ex vivo design,
which does not fully replicate in vivo physiological conditions.
Factors, such as active blood circulation, which is responsible for

molecular clearance, and higher body temperatures, which can al-
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ter injectate spread, are not present in an ex vivo setting. Another
limitation was the presence of autolytic processes that affect
smaller structures such as the palatine nerves, hindering thorough
evaluations of potential injuries within the greater palatine canal.
The greater palatine canal contains the palatine nerves and arter-
ies, and the potential risks of puncturing these structures should
be acknowledged. While using a fixed cadaveric material may be
preferable for such assessments, it could also alter tissue proper-
ties and thus impact the distribution of the injectate. Future ca-
daveric studies should focus on evaluating the neurovascular
structures within the greater palatine canal. Another limitation is
the relatively small number of specimens, all of whom were elder-
ly, which may influence generalizability due to age-related ana-
tomical changes in the pterygopalatine fossa and thus limit the
statistical power, all of which warrant interpreting the findings
with caution.

In conclusion, the posterior infrazygomatic approach achieved
a wider injectate distribution within the pterygopalatine fossa
than the transoral approach, which primarily targets the inferior
portion. The former is thus preferable when targeting the maxil-
lary nerve, maxillary artery, or sphenopalatine ganglion, whereas
the latter is better suited for the palatine nerves or the inferior
portion of the fossa. Importantly, our findings indicate that the fi-
nal needle position in the infrazygomatic approach, whether at
the fissure or within the pterygopalatine fossa, can influence in-
jectate distribution. These anatomical and technical nuances
should be considered when choosing the best approach based on

the clinical objectives.
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