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Anatomical Landmarks and Boundaries of the Endoscopic 
Sublabial Transmaxillary Approach to the Middle Cranial 
Fossa: A Cadaveric Study

ABSTRACT

AIM: To demonstrate the anatomical framework of the endoscopic sublabial transmaxillary approach (ESTA) to the middle cranial 
fossa (MCF).
MATERIAL and METHODS: Six formalin-fixed human cadaveric heads injected with red and blue silicone were used for endoscopic 
dissections to define the surgical landmarks and anatomical limits of the ESTA. Images were obtained using a 4K high-definition 
camera, microscope, and video endoscopy systems.
RESULTS: Accessing the MCF via the ESTA involves sublabial mucosal dissection; drilling of the anterior wall of the maxillary sinus; 
removal of the maxillary sinus mucosa while preserving the infraorbital nerve (ION); opening of the posterior wall of the maxillary 
sinus, with the ION serving as the medial limit; drilling of the lateral pterygoid process; mobilization and retraction of the superior 
head of the lateral pterygoid muscle and the temporalis muscle; identification of the foramen rotundum (FR) and foramen ovale (FO), 
followed by the maxillary and mandibular nerves; drilling of the sphenoid bone, limited medially by the vertical line extending from 
the FR and inferiorly by the horizontal line extending from the FR; and entry into the temporal pole following dural opening. The 
ESTA provided a statistically significantly shorter distance to the MCF than the endonasal transmaxillary approach (EETA, p < 0.001).
CONCLUSION: The MCF can be accessed through the ESTA while preserving the surrounding neurovascular structures. This 
approach provides direct access to the temporal pole without the need for craniotomy or brain parenchymal retraction and may 
serve as an alternative to conventional transcranial approaches.
KEYWORDS: Endoscopic sublabial approach, Middle cranial fossa, Skull base, Transmaxillary approach
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were obtained in the standard axial, coronal, and sagittal 
planes and evaluated with millimeter-level accuracy. Because 
the endoscopic endonasal transsphenoidal approach (EETsA) 
traverses the midline, one measurement was obtained from 
each cadaver, yielding a total of six measurements. In con-
trast, 12 measurements were obtained for each bilateral ap-
proach, namely the ESTA and the EETA.
Brain magnetic resonance imaging (MRI) and CT datasets 
were used to segment the cerebral arteries, brain parenchy-
ma, skull, planned craniotomy boundaries, and cranial nerves 
using three-dimensional (3D) Slicer software. The resulting 
segmented models were exported in Standard Tessellation 
Language (STL) format and subsequently imported into Blend-
er for postprocessing. Surface smoothing, mesh optimization, 
and texture mapping were applied to the reconstructed ana-
tomical structures. A three-dimensional anatomical model of 
the endoscopic sublabial transmaxillary approach to the MCF 
was subsequently generated.
Statistical analysis was performed using nonparametric tests 
because of the small sample size. The corridor lengths of the 
three surgical approaches were compared using the Fried-
man test. Pairwise comparisons were performed using the 
Wilcoxon signed-rank test, with Bonferroni correction applied 
to adjust for multiple comparisons (significance threshold, 
p<0.017). Because the EETsA represents a midline corridor 
with a single measurement per cadaver, the mean bilateral 
values of the paired approaches were used for matched com-
parisons. All statistical analyses were performed using IBM 
SPSS Statistics version 25.0 (IBM Corp., Armonk, NY, USA). A 
p value < 0.05 was considered statistically significant.

█  RESULTS
The endoscopic dissections were categorized into three stag-
es: the premaxillary sinus stage, the maxillary sinus stage, and 
the postmaxillary sinus stage.
Premaxillary Sinus Stage
The head was positioned supine in a neutral position and se-
cured to a Mayfield head clamp parallel to the horizontal plane 
to simulate the surgical position. The upper lip was retracted 
macroscopically using suspension sutures (Figure 1A). The in-
cision line along the dentogingival sulcus was planned to cor-
respond to the projection of the oral vestibule, extending from 
the left canine tooth to the second molar (Figure 1B). Because 
the mucosal tissue of the cadaveric specimens was fragile, 
special care was taken during retractor placement. The muco-
sa was incised along the planned line using a scalpel.
The mucosal and periosteal layers were dissected to expose 
the infraorbital foramen, after which the infraorbital nerve (ION) 
was identified using a periosteal elevator (Figure 1C). The dis-
section was extended to provide adequate exposure of the 
anterior wall of the maxillary sinus, after which a self-retaining 
retractor was placed (Figure 1C). Because the mucosal layer 
was highly fragile, both the dissection and retractor placement 
were performed with particular care.
A sublabial anterior antrostomy was performed using the Cald-
well–Luc procedure. A maxillotomy measuring approximately 

█  INTRODUCTION

Approaches to the middle cranial fossa (MCF) can be 
broadly classified into transcranial and endoscopic 
techniques. Endoscopic approaches are further cate-

gorized as transorbital, endonasal, and sublabial transmax-
illary approaches. These approaches may be combined and 
modified in various ways; however, each has inherent limita-
tions related to endoscope maneuverability (15,16,29,30,32). 
The use of endoscopes in skull base surgery has expanded 
with advances in surgical instruments and reconstructive 
techniques (14). The evolution of modern endoscopic skull 
base surgery has been driven by technological innovations 
and the application of fundamental neurosurgical principles 
(26). Collectively, these advances have established endo-
scopic approaches as a viable alternative to transcranial tech-
niques (9).

The endoscopic sublabial transmaxillary approach (ESTA) has 
been used to access lesions of the MCF; however, the com-
plexity of the regional anatomy necessitates a thorough un-
derstanding of the relevant anatomical structures to perform 
this approach safely. Because this approach primarily pro-
vides access to the anterior pole of the temporal lobe, it is not 
intended to replace conventional lateral temporal approaches 
for pathologies involving the entire MCF. Rather, it serves as 
a complementary, minimally invasive alternative for selected 
lesions of the anterior temporal region and infratemporal fos-
sa. This study aimed to define the key anatomical landmarks 
of this surgical corridor, clearly delineate the boundaries of the 
craniectomy, and provide a detailed anatomical framework of 
the ESTA to the MCF, supported by detailed morphometric 
measurements and three-dimensional anatomical modeling.

█  MATERIAL and METHODS
This study was conducted in the laboratory between Septem-
ber and October 2021. Twelve formalin-fixed cadaveric hemi-
spheres, in which the arteries were perfused with red silicone 
and the veins with blue silicone, were used in this study. The 
macroscopic and microscopic phases of the dissections were 
photographed using a Canon EOS 550D camera equipped with 
18–55 mm and 100 mm macro lenses, whereas the endoscopic 
phases were recorded using the Karl Storz 4K and Richard Wolf 
Logic 4K endoscopy systems. Microscopic dissections were 
performed using a Carl Zeiss OPMI Vario 700 surgical micro-
scope (Carl Zeiss AG, Oberkochen, Germany) in combination 
with the Karl Storz 4K and Richard Wolf Logic 4K endoscopy 
systems. Between dissections, the cadaveric specimens were 
preserved in 70% alcohol at room temperature.

The specimens were positioned supine to simulate the surgi-
cal position. The dissections were performed in three stages: 
the premaxillary sinus stage, the maxillary sinus stage, and 
the postmaxillary sinus stage.

Computed tomography (CT) scans were obtained for all ca-
daveric specimens, and the resulting Digital Imaging and 
Communications in Medicine (DICOM) datasets were ana-
lyzed. Quantitative morphometric measurements were per-
formed using Bee DICOM Viewer software. Measurements 
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The posterior wall of the maxillary sinus lateral to the ION was 
drilled while carefully preserving the orbital floor. A bony win-
dow was then created through the posterior wall of the max-
illary sinus while preserving the surrounding neurovascular 
and muscular structures. At this stage, the opening could be 
further enlarged using a Kerrison rongeur to provide adequate 
surgical exposure.

Postmaxillary Sinus Stage

Through the opening in the posterior wall of the maxillary si-
nus, the infratemporal fossa and pterygoid fossa were identi-
fied. The principal anatomical landmark at this stage was the 
ION. By following the ION, the maxillary nerve and foramen 
rotundum (FR) were identified, revealing a region rich in neu-
rovascular and muscular structures (Figure 3A). Laterally, the 
temporalis and medial pterygoid muscles were identified; me-
dially, the sphenopalatine artery was observed; posteriorly, 
the superior head of the lateral pterygoid muscle was seen 
inserting into the infratemporal crest; and inferiorly, the su-
perior head of the lateral pterygoid muscle was visualized. At 
this stage, the lateral pterygoid plate could be drilled further; 
however, drilling of the medial pterygoid plate was considered 
unsafe (Figure 3B).

The vidian canal and vidian nerve were located posterior to 
the sphenopalatine foramen and artery. In this region, the 
sphenopalatine artery, located medial to the pterygomaxillary 
fissure, enters the nasal cavity and supplies the nasal septum.

2 × 3 cm was created in the anterior wall of the maxillary sinus 
using a high-speed drill (Figure 1D). The infraorbital foramen 
served as the superior boundary of the maxillotomy to protect 
the adjacent neurovascular structures. After entering the max-
illary sinus, the lateral and medial margins were extended to 
the transition points between the anterior wall and the lateral 
and medial walls of the maxillary sinus. The floor of the max-
illary sinus was preserved as the inferior boundary to avoid 
injury to the anterior superior alveolar nerve (ASAN), middle 
superior alveolar nerve (MSON), and branches of the ION, 
which provide sensory innervation to the maxillary teeth.

Maxillary Sinus Stage

Following entry into the maxillary sinus, the endoscopic stage 
was initiated (Figure 2A). As the first step of the maxillary sinus 
stage, the mucosal lining was removed to expose the rele-
vant anatomical landmarks (Figure 2B). Medially, the maxillary 
ostium opening into the middle meatus, along with the ION 
and infraorbital artery (IOA) extending from the posterior wall 
to the superior wall, was identified. Laterally, the apex of the 
maxillary sinus was visualized. The most critical aspect of this 
stage is preserving the orbital floor while drilling the posterior 
wall of the maxillary sinus.

The posterior wall of the maxillary sinus was identified to avoid 
injury to the orbital floor. The principal anatomical landmarks 
at this stage were the ION and IOA.

Figure 1: Premaxillary 
sinusoidal stage. A) Opening 
of the oral vestibule, located 
between the teeth and the 
upper lip, after lip retraction. 
B) The mucosal incision was 
planned along the dentogingival 
sulcus, as outlined. C) After 
dissection of the mucosal 
layer and elevation of the 
periosteum, the infraorbital 
foramen, infraorbital nerve, and 
anterior wall of the maxillary 
sinus were exposed. D) Drilling 
of the anterior wall of the 
maxillary sinus is shown. Owing 
to the thin anterior wall of the 
maxillary sinus, drilling should 
begin at a safe entry point. An 
imaginary vertical line extending 
from the infraorbital foramen 
(IOF) to the dentogingival sulcus 
should be considered, and 
the initial drill point should be 
located at the midpoint of this 
line. *: superior labial frenulum, 
ION: infraorbital nerve.

A

C

B

D
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Figure 2: Maxillary sinusoidal stage. A) Endoscopic view of the 
left maxillary sinus with the mucosal lining intact. B) Endoscopic 
view after mucosal elevation, revealing anatomical landmarks, in-
cluding the maxillary ostium, maxillary apex, posterior wall of the 
maxillary sinus, infraorbital foramen and nerve, and orbital floor.
*: maxillary ostium, IOF: infraorbital foramen, ION: infraorbital 
nerve, M: medial, L: lateral.

A

B

Figure 3: Postmaxillary sinusoidal stage 1. A) Endoscopic view 
after drilling the posterior wall of the maxillary sinus. The two 
prominent anatomical structures identified are the maxillary ar-
tery and the maxillary branch of the trigeminal nerve. The maxil-
lary nerve (V2) exits the cranium through the FR, gives rise to the 
anterior, middle, and posterior superior alveolar nerve branches, 
and then continues to the infraorbital foramen. Two branches of 
the maxillary artery, the sphenopalatine artery and the IOA, are 
also visualized. B) Endoscopic view showing the infratemporal 
structures after drilling the lateral pterygoid process and the bony 
region medial to the infraorbital nerve, in addition to the posterior 
wall of the maxillary sinus, thereby allowing visualization of the 
pterygopalatine fossa. ASAN: anterior superior alveolar nerve, L: 
lateral, M: medial, MA: maxillary artery, MSAN: middle superi-
or alveolar nerve, inf. head: inferior head of the lateral pterygoid 
muscle, IOA: infraorbital artery, ION: infraorbital nerve, PSAN: 
posterior superior alveolar nerve, SPA: sphenopalatine artery, 
sup. head: superior head of the lateral pterygoid muscle.
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Creating a surgical window to the MCF requires sacrifice of the 
superior head of the lateral pterygoid muscle, which originates 
from the infratemporal crest and inserts into the capsule and 
articular disc of the temporomandibular joint. The inferior head 
of the lateral pterygoid muscle, which originates from the lat-
eral pterygoid plate of the sphenoid bone and inserts into the 
pterygoid fovea of the mandible, was incised beginning at the 
infratemporal crest to expose the greater wing of the sphenoid 
bone. The bony window providing access to the MCF was cre-
ated through the greater wing of the sphenoid bone.

The external carotid artery gives rise to the superficial tempo-
ral artery, whereas the maxillary artery branches just posterior 
to the mandible. The maxillary artery enters the infratempo-
ral fossa and supplies the structures of the infratemporal and 
pterygoid fossae, as well as the dura mater, teeth, pharynx, 
and nasal septum.

The most critical step of this stage was defining the bound-
aries of the rectangular opening to the MCF, making identifi-
cation of the foramen ovale (FO) and FR essential (Figure 4A). 
At this stage, the panoramic view provided by the endoscope 
facilitated identification of these foramina by enhancing spa-
tial orientation and surgical control. To identify the FR, the 
proximal ION was followed to the maxillary nerve (V2). After 
identifying V2, the endoscope was directed inferolaterally to-
ward the exit of the mandibular nerve (V3) at the FO (Figure 
4). During drilling, it is important to recognize that the V2–V3 
junction lies between the FO and FR. First, a vertical line was 
drawn through the medial border of the FR, and a horizontal 
line was drawn through the superior border of the FO, thereby 
defining the proposed superolateral quadrant for the craniec-
tomy (Figure 4).

After drilling the superolateral quadrant of the greater wing 
of the sphenoid bone, the dura overlying the temporal pole 
was visualized (Figure 5A). To obtain a wider field of visual-
ization, the endoscope was advanced distally by shifting its 
pivot point. From this point onward, the dural incision could 
be planned according to the location and characteristics of 
the lesion (Figure 5B).

Figure 4: Endoscopic view of the greater wing of the sphenoid 
bone. The superior head of the lateral pterygoid muscle is incised 
beginning at the infratemporal crest. The inferior head of the later-
al pterygoid muscle and the medial pterygoid muscle are retract-
ed, allowing visualization of the greater wing of the sphenoid bone 
and the associated anatomical structures. The maxillary branch of 
the trigeminal nerve serves as a guide for locating the FR, where-
as the mandibular branch serves as a guide for locating the FR. 
The FR is delineated by black dots, whereas the FR is delineated 
by white dots. To define the boundaries of the rectangular open-
ing into the middle cranial fossa, the quadrant technique is used 
to avoid damage to adjacent structures. First, a vertical line is 
drawn through the medial border of the FR, and a horizontal line is 
drawn through the superior border of the FR, thereby defining the 
proposed superolateral quadrant for craniectomy. This supero-
lateral quadrant corresponds to the region of the greater wing of 
the sphenoid bone. Medially, the sphenopalatine artery courses 
toward the nasal septum, whereas the descending palatine ar-
tery courses toward the hard and soft palates. DPA: descending 
palatine artery, FO: foramen ovale, FR: foramen rotundum, IOA: 
infraorbital artery, ION: infraorbital nerve, M: medial, L: lateral, 
SPA: sphenopalatine artery, V2: maxillary branch of the trigeminal 
nerve, V3: mandibular branch of the trigeminal nerve.

Figure 5: Endoscopic view of the MCF after drilling the greater wing of the sphenoid bone. A) Following the creation of an opening 
through the greater wing of the sphenoid bone, the dura mater of the temporal lobe is first encountered. During the procedure, this open-
ing can be expanded laterally. B) After dural opening, the parenchyma of the temporal pole is visualized. C) Following lateral retraction of 
the temporal lobe, the lateral wall of the cavernous sinus and the medial aspect of the temporal lobe are visualized. M: medial, L: lateral, 
CS: cavernous sinus, MCF: middle cranial fossa.

A B C
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In addition to the morphometric measurements of the surgical 
corridors, the corridor lengths of the ESTA (anterior wall of the 
maxillary sinus to the temporal pole) and the endoscopic en-
donasal transmaxillary approach (EETA; naris to the temporal 
pole) were measured as 51.03±1.89 mm and 62.87±2.43 mm, 
respectively. The measurement values for the EETsA (naris to 
the anterior wall of the sella turcica) are also provided in Table 
I as reference measurements.

Figure 7 illustrates the endoscopic measurements of the sub-
labial transmaxillary corridor (Figure 7A), the endonasal trans-
maxillary corridor (Figure 7B), and the endonasal transsphe-

Following the dural incision, the parenchyma of the temporal 
pole was visualized, and the cavernous sinus could be ex-
posed medial to the temporal pole (Figure 5C).

All linear and area measurements of the bony windows cre-
ated during the dissections were obtained from CT images of 
the cadaveric specimens. In Figure 6, the red, yellow, and pur-
ple arrows indicate the bony windows created in the anterior 
wall of the maxillary sinus, the posterior wall of the maxillary 
sinus, and the sphenoid bone providing access to the skull 
base, respectively. The dimensions of the bony windows are 
presented in Table I.

Table I: Morphometric Measurements of Surgical Corridors and Bony Windows (n = 12 sides)

Measurement Parameter Value 
(mean ± SD) (mm)

Area 
(mm²)*

Maxillary sinus (anterior wall bony 
window) (Fig.6 red arrows)

Vertical length 30.24±0.88
850.16±40.17

Horizontal length 28.10±0.51

Maxillary sinus (posterior wall bony 
window) (Fig.6 yellow arrows)

Vertical length 24.32±0.51
425.09±20.34

Horizontal length 17.47±0.47

Middle cranial fossa bony window 
(Fig. 6: purple arrows)

Vertical length 14.74±0.43
222.52±10.03

Horizontal length 15.09±0.24

Sublabial Transmaxillary Approach 
(Fig.7, orange arrows)

Anterior wall of the maxillary sinus-temporal pole 
linear distance (mm) 51.03±1.89 —

Endonasal Transmaxillary Approach 
(Fig.7, blue arrows)

Naris- temporal pole 
linear distance (mm) 62.87±2.43 —

Endonasal Transsphenoidal 
Approach (Fig.7, green arrows)
(Reference Measurement)

Naris-Anterior wall of the sella turcica
linear distance (mm) 72.99±3.52 —

*Areas were approximated assuming a rectangular geometry (vertical × horizontal dimensions).Length values are presented as mean ± SD.

A B

Figure 6: Axial (A) and sagittal 
(B) bone-window CT images 
demonstrating the morphometric 
measurements of the surgical 
access. The red, yellow, and 
purple arrows indicate the linear 
distances between the defined 
segments (the anterior wall of 
the maxillary sinus, the posterior 
wall of the maxillary sinus, and 
the temporal skull base bony 
windows, respectively) in both 
imaging planes. The quantitative 
data for these measurements are 
presented in Table I.
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(p<0.001), whereas the EETsA also had a significantly longer 
corridor than the ESTA (p = 0.031).

3D Model of the Technique

3D anatomical modeling was used to illustrate each stage 
of the procedure. Initially, the mucosal tissue was elevated 
through a sublabial approach to the level of the infraorbital 
foramen (IOF), where the ION was identified at its superior 
margin (Figures 8A,B). A bony window was then created in the 
anterior wall of the maxillary sinus to expose the sinus cavity 
(Figure 8C). Subsequently, the posterior wall of the maxillary 
sinus was removed while maintaining the surgical plane later-
al to the course of the ION (Figure 8D). The FR and FO were 
subsequently identified, and a bony window was created in 
the greater wing of the sphenoid bone to provide access to 
the temporal pole (Figures 8E,F).

█  DISCUSSION
MCF lesions have traditionally been accessed through tran-
scranial approaches that have been widely used in neurosur-
gical practice for many years. However, with the increasing 
adoption of endoscopic techniques in skull base surgery, sev-
eral novel surgical approaches have been introduced.

MCF lesions can be accessed through transcranial routes, 
including the pretemporal, pterional, and orbitozygomatic 
approaches. However, particularly with the pretemporal ap-
proach, access to the rostral MCF requires retraction of the 
anterior portion of the temporal lobe. In addition, the tempora-
lis muscle must be incised and elevated to perform a temporal 
craniotomy, which may result in temporalis muscle atrophy 
and consequently reduce the patient’s quality of life (5,25,26).

In addition to transcranial approaches, numerous techniques 
have been developed to access the MCF (2,30,33). The MCF 
can be accessed using either endoscopic or microscopic ap-
proaches. Among the endoscopic techniques, the ESTA and 
endoscopic EETA are notable examples (3,4,10,16,31,32). 
Furthermore, endoscopic endonasal, sublabial, and transor-
bital approaches have been used to access the infratemporal 
fossa and the MCF (19,29).

Although the endoscopic transorbital approach provides a 
more direct route to the temporal pole, it is limited by its lat-
eral exposure and requires orbital manipulation (7,18,24). In 
contrast, the ESTA provides a wider surgical corridor through 
the natural pneumatic space of the maxillary sinus, enables 
simultaneous access to the orbit, pterygopalatine fossa, and 
infratemporal fossa, and avoids orbital retraction (8,13). This 
approach is particularly advantageous for lesions with infra-
temporal extension or those requiring exposure of both the 
FR and FR.

The EETA has been used to access MCF lesions and pro-
vides a minimally invasive route to the pterygopalatine fossa, 
infratemporal fossa, sphenoid sinus, cavernous sinus, petrous 
apex, and Meckel’s cave (14). With this approach, the sphe-
nopalatine artery is cauterized and transected, the palatine 
bone is drilled, and the lateral recess of the sphenoid sinus 
and the pterygopalatine fossa are subsequently exposed 

noidal corridor (Figure 7C), the latter serving as the reference 
approach.

The corridor lengths differed significantly among all three sur-
gical approaches. The mean corridor length was 51.03±1.89 
mm for the ESTA, 62.87±2.43 mm for the EETA, and 73.00±3.56 
mm for the EETsA. The Friedman test demonstrated a sta-
tistically significant difference among the three approaches 
(χ²=12.0, p<0.001). Pairwise comparisons demonstrated that 
the EETA had a significantly longer corridor than the ESTA 

A

B

C

Figure 7: Morphometric measurements were performed on sag-
ittal (left) and axial (right) CT images obtained from cadaveric 
specimens following anatomical dissection. The corresponding 
figures illustrate the surgical corridors, with the orange arrow in-
dicating the sublabial transmaxillary corridor (A), the blue arrow 
denoting the endonasal transmaxillary corridor (B), and the green 
arrow representing the endonasal transsphenoidal corridor (C). 
CT: computed tomography
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morphometric analysis demonstrated statistically significant 
differences in trajectory lengths among the three endoscopic 
surgical corridors evaluated (p<0.001), highlighting the dis-
tinct anatomical characteristics and potential clinical advan-
tages of each approach. Notably, one of the most important 
findings was the significantly shorter working distance pro-
vided by the sublabial transmaxillary corridor. With a mean 
trajectory length of 51.03±1.89 mm, this approach provided 
the most direct access to the target region among the surgical 
corridors evaluated. In skull base surgery, a shorter working 
trajectory reduces the physical distance between the surgeon 
and deeply situated anatomical targets, thereby improving er-
gonomic comfort, instrument maneuverability, and the endo-

(27). In contrast, the sublabial transmaxillary approach does 
not require opening of the medial wall of the pterygopalatine 
fossa; therefore, the nasal barrier in this region remains in-
tact. Furthermore, sacrifice of the sphenopalatine artery is 
not required. Because the medial wall of the maxillary sinus is 
preserved, we anticipate that normal sinus physiology is less 
affected than with the EETA.

Previous studies have demonstrated that the ESTA to the 
MCF provides better sagittal-plane exposure than endoscop-
ic endonasal approaches. Furthermore, during exposure of 
the FR and FR, the ESTA offers advantages over endoscop-
ic endonasal approaches with respect to the surgical field of 
view and operative ergonomics (9,34). In the present study, 

Figure 8: Three-dimensional anatomical 
models and stepwise cadaveric dissections 
are presented as paired distant and close-
up views. A) Following incision of the 
dentogingival sulcus, the anterior wall of the 
maxillary sinus was exposed via a sublabial 
approach (distant view). B) Following the 
sublabial mucosal incision, the periosteal layer 
was elevated to expose the exit of the ION 
from the IOF. To preserve the neurovascular 
structures, the IOF served as the superior 
boundary for the maxillotomy (close-up view). 
C) The anterior wall of the maxillary sinus was 
removed to gain access to the maxillary sinus 
cavity. Care should be taken not to extend 
the inferior boundary of the maxillotomy 
to the floor of the maxillary sinus to avoid 
injury to the upper dentition (distant view). 
D) Following removal of the anterior wall of 
the maxillary sinus (black dashed lines), the 
course of the ION exiting the IOF was traced 
from superior to posterior. A window was 
created in the posterior wall of the maxillary 
sinus lateral to the course of the maxillary 
nerve (V2) (red dashed lines), with the FR and 
mandibular nerve (V3) visible inferolaterally 
(close-up view). E) A window was created in 
the sphenoid bone, as described in Figure 4, 
providing access to the temporal lobe (distant 
view). F) The FR and FR were used as the 
primary anatomical landmarks for skull base 
access. The spatial relationship between 
these two foramina was defined using the 
“quadrant technique,” in which a vertical line 
drawn lateral to the foramen rotundum and 
a horizontal line drawn superior to the FR 
together delineated the superolateral quadrant. 
This quadrant constitutes the target zone for 
craniectomy through the greater wing of the 
sphenoid bone, providing surgical access to 
the temporal pole (green dashed line). 
IOF: infraorbital foramen, ION: infraorbital 
nerve, FO: foramen ovale, FR: foramen 
rotundum, MCF: middle cranial fossa, 
V2: maxillary nerve, V3: mandibular nerve
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The least invasive approach for treating trigeminal nerve pa-
thologies, including squamous cell carcinoma, basal cell car-
cinoma, melanoma, and adenoid cystic carcinoma, is the en-
doscopic transmaxillary approach (2,28,30,33). DeMonte et 
al. described a microneurosurgical approach for malignant tu-
mors of the maxillary nerve with perineural extension and sug-
gested the use of an endoscope because of its advantages (6).

Ong et al. listed the potential complications of the endoscopic 
sublabial transmaxillary transpterygoid approach to the MCF 
as complications related to the sublabial incision and maxil-
lotomy, injury to the retromaxillary neurovascular structures, 
masticatory dysfunction resulting from manipulation of the 
lateral pterygoid muscles, and cerebrospinal fluid (CSF) fistula 
(26). Consequently, facial anesthesia or dysesthesia, dental 
anesthesia, and oroantral fistula may occur (35). CSF fistula, 
reported as the most common complication in the first 800 
cases of endoscopic endonasal skull base surgery performed 
by Kassam et al., remains a significant limitation of the present 
approach. Therefore, meticulous reconstruction is essential to 
minimize the risk of postoperative CSF leakage (17). Further-
more, fat graft fixation techniques, as described by Luzzi et 
al., can also be applied (21).

Yağmurlu et al. described the sublabial transmaxillary ap-
proach to Meckel’s cave in a cadaveric study. The boundaries 
of the craniectomy were defined as follows: the craniectomy 
begins at the FR and extends laterally in the 6- to 12-o’clock 
direction toward the FR. The superior boundary is formed by 
the superior head of the lateral pterygoid muscle, whereas the 
inferior boundary is defined by an imaginary line connecting 
the inferior margins of the FR and FR. The FO is drilled su-
perolaterally to protect the eustachian tube (35). In the pres-
ent study, we propose that the superolateral quadrant defined 
by an imaginary horizontal line drawn superior to the FR and 
an imaginary vertical line drawn lateral to the FR provides an 
appropriate surgical corridor for accessing the MCF, thereby 
simplifying the approach and enhancing its clinical applica-
bility.

3D digital and printed models have been increasingly used in 
anatomical neurosurgical studies because they facilitate the 
understanding of complex cerebral and skull base anatomy, 
enhance resident training, improve the accuracy of surgical 
planning, and provide a safe environment for surgical simula-
tion (12,23). In the present study, three-dimensional modeling 
was used to illustrate the sequential stages of the described 
approach in a more comprehensive and reproducible manner 
(Figure 8,9).

In our cadaveric study, we demonstrated that the endoscop-
ic sublabial transmaxillary approach (ESTA) to the MCF, per-
formed through a sublabial incision, resulted in minimal brain 
parenchymal retraction. Furthermore, because the approach 
is performed primarily through the sublabial incision without 
an incision in the temporalis muscle, the risk of temporalis 
muscle atrophy and the associated cosmetic sequelae is ex-
pected to be minimized. During the dissections, following the 
maxillotomy, the lateral branches of the maxillary artery and 
the branches of the maxillary nerve were exposed, consistent 
with previous reports. In addition to providing excellent visual-

scopic field of view. Collectively, these findings suggest that, 
from a surgical perspective, the ESTA provides geometrical-
ly and ergonomically superior exposure compared with the 
EETA.

Although the EETA is better suited for lesions involving the 
medial nasal cavity and medial orbit, the ESTA provides su-
perior exposure for lateral MCF lesions. In selected cases, 
these two approaches can be combined. Kassam et al. de-
scribed an expanded endonasal approach for accessing the 
MCF and infratemporal fossa (16). The EETA and ESTA may 
be combined to access the pterygopalatine fossa and orbit-
al apex. The EETA provides limited lateral exposure of the 
pterygopalatine fossa and infratemporal fossa because it is 
constrained by the nasal septum, nasolacrimal duct, and pter-
ygoid plates (1,20). Improved exposure through the endonasal 
route requires ethmoidectomy and sphenoidotomy or inferior 
turbinectomy, which may be associated with additional com-
plications (1). Therefore, greater surgical exposure can be 
achieved by combining the endonasal approach with the sub-
labial approach, which is not limited by the nasal septum or 
nasolacrimal duct (1,20,22). This combined approach requires 
endoscopic middle turbinectomy and the use of a 45°–70° en-
doscope, thereby increasing the technical complexity of the 
procedure and the risk of complications (1,16). The present 
study demonstrates that the temporal pole can be accessed 
through a single anterior-to-posterior trajectory without the 
need for an angled endoscope. We believe that maintaining 
a single anterior-to-posterior working axis not only facilitates 
dissection but also promotes a more neurovascular-preserv-
ing surgical technique.

Figure 9: The surgical corridor providing access to the MCF via 
the ESTA was simulated on a three-dimensional anatomical mod-
el using an endoscopic trajectory. MCF: middle cranial fossa, 
ESTA: endoscopic sublabial transmaxillary approach
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