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Abstract
Purpose  The pterygopalatine fossa is an important anatomical structure for several surgical and anaesthesiologic procedures; 
yet, very few data are available about its size. This study aims at providing a metrical assessment of pterygopalatine fossa 
through an innovative 3D segmentation procedure on head CT-scans.
Methods  CT-scans from 100 patients (50 males and 50 females) aged between 18 and 85 years were chosen for the study. 
Right and left pterygopalatine fossae were segmented through ITK-SNAP open source software. Height and volume were 
calculated on the acquired 3D models. In addition, anterior–posterior nasal spine distance, upper facial height (nasion–pros-
thion) and biorbital breadth (ectoconchion–ectoconchion) were measured as well. Statistically significant differences of height 
and volume according to sex and side were assessed through two-way ANOVA test: sexually dimorphic measurements were 
further assessed through one-way ANCOVA test using the three cranial measurements as covariates (p < 0.05).
Results  On average pterygopalatine fossa height was 24.1 ± 3.5 mm in males, and 22.8 ± 3.4 mm in females, whereas volume 
was 0.930 ± 0.181 cm3 in males and 0.817 ± 0.157 cm3 in females, with statistically significant differences according to sex 
(p < 0.05), but not to side (p > 0.05); interaction was negligible for both the measurements. ANCOVA test verified that sexual 
dimorphism of both measurements is independent from general cranial size (p < 0.05).
Conclusions  The present study highlighted the sexual dimorphism of pterygopalatine fossa: results may improve the knowl-
edge of this anatomical structure difficult to explore, but crucial in several fields of clinics and surgery.
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Introduction

Pterygopalatine fossa (PPF) is a pyramidal space among 
maxillary, sphenoid and palatine bones [1]. It communicates 
with the infratemporal fossa laterally through the ptery-
gomaxillary fissure, with the orbital apex anteriorly through 

the medial part of the inferior orbital fissure, with the middle 
cranial fossa posteriorly and superiorly through the fora-
men rotundum, with the oral cavity inferiorly through the 
greater palatine foramen, and with nasal cavities medially 
through the sphenopalatine foramen [1]. PPF contains max-
illary division branches of the trigeminal nerve, the pterygo-
palatine ganglion, the vidian nerve, the last segment of the 
maxillary artery and few emissary veins in a fatty matrix [2].

PPF is a natural crossroad among different anatomical 
structures linked to intracranial, facial, oral and neck spaces. 
Therefore, it is of clinical importance in difference fields: 
for example, it may be invaded by tumors or infections from 
all the communicating spaces because of incomplete bone 
boundaries [2–4]. Moreover, ligation of the sphenopalatine 
artery, terminal branch of the internal maxillary artery, is 
crucial in case of posterior epistaxis or haemostasis in sur-
gical interventions of the cranial base [1]. PPF is also the 
main target of several neurosurgical procedures, including 
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Gamma Knife treatment of cluster headache [5], and of 
anaesthesiologic procedures such as maxillary nerve block 
[3, 6–8], where the precise knowledge of PPF anatomical 
characteristics is mandatory.

However, despite the importance of PPF in many surgi-
cal procedures, the exact anatomical characteristics of this 
structure are far from being known in depth, starting from 
the anatomical limits themselves [9]: for example, the supe-
rior limit is stated as the inferior orbital fissure [5, 10] or the 
orbital apex [11] according to different authors.

Even less data are available about the size of PPF, espe-
cially for what concerns volume: the few available studies 
were performed on dry skulls using impression material, 
placed into the cranium to occupy the entire fossa [8, 10]. 
However, more precise indications concerning shape and 
size of PPF can be obtained through 3D segmentation tech-
niques on CT-scan, which allow operators to obtain 3D mod-
els of different anatomical structures [12, 13]. This proce-
dure extracts a 3D reconstruction of the region of interest, 
and automatically calculates surfaces areas and volumes, 
adding more information than the traditional direct explo-
ration of dry skulls or cadavers [12]. However, at our knowl-
edge only one article has assessed the volume of PPF on 3D 
segmented models so far, on a population of 50 subjects 
[14].

This retrospective study aims at investigating the anatomy 
of the PPF through the metrical analysis of 3D segmented 
models extracted from 100 CT-scans, equally divided 
between male and female subjects: moreover, covariate 
analysis was applied to verify the influence of cranial size 
in determining possible differences between males and 
females. Results may help in improving data concerning 
this incompletely known anatomical structure.

Materials and methods

One hundred patients (50 males and 50 females) aged 
between 18 and 85 years (mean 42.3 ± 15.7 years in males, 
49.3 ± 21.7 years in females), who had previously undergone 
a maxillofacial CT-scan in 2017 were chosen for the study. 
No significant age difference existed between sexes (Stu-
dent’s t test, p > 0.05). The most frequent clinical requests 
for CT-scan were screening for cranial fractures in traumatic 
injuries (57.3%), sinusitis or nasal and paranasal symptoms 
(20.0%), and neurological symptoms (12.7%). Patients 
affected by pathological conditions (tumors, etc.) or trau-
matic injuries affecting PPF were excluded from the study.

CT-scans were anonymized according to local and inter-
national ethic rules. The study follows guidelines by Hel-
sinki Declaration.

All CT-scans were performed on a second generation 
dual-source scanner, Somatom Definition Flash (Siemens, 

Forchheim, Germany); parameters of acquisition: kV: 120, 
mAs: 320, collimation: 40 × 0.6 mm, tube rotation: 1 s; 
reconstruction thickness: 3 mm; reconstruction filters: H21s 
smooth for soft tissues and H60 sharp for bone.

The segmentation of PPF fossa from the 100 CT-scans 
was performed through ITK-SNAP open source software 
[12, 13]: in detail, the perimeter of PPF was manually 
selected slide by slide (Fig. 1). The anterior and posterior 
segmentation limits were identified in the posterior wall 
of the maxillary sinus, and in the pterygoid process of the 
sphenoid bone and foramen rotundum, respectively; antero-
lateral and medial boundaries were the pterygomaxillary 
fissure, and the perpendicular plate of the palatine bone 
with the sphenopalatine foramen, respectively, whereas the 
inferior limit was identified in the superior opening of the 
greater palatine canal. Pterygomaxillary fissure, greater 
palatine canal and vidian canal were not included, as the 
segmentation procedure was stopped at their respective 
openings into the PPF (Fig. 2).

The 3D models of the pterygopalatine fossa were then 
further analysed through a 3D elaboration software (VAM 
software, version 2.8.3, Canfield Scientific Inc., Figs. 3, 4). 
On the 3D models PPF height and volume were calculated. 
The entire procedure from 3D segmentation to measurement 
of height and volume was repeated by the same and another 
operator for ten models: intra- and inter-observer errors were 
assessed through relative technical error of measurement 
(rTEM).

In addition, on the same CT-scans three cranial meas-
urements on three axes were extracted, including dis-
tance between anterior and posterior nasal spine, upper 
facial height (nasion–prosthion) and biorbital breadth 
(ectoconchion–ectoconchion).

Normal distribution and homoscedasticity of height and 
volume measurements were tested through Jarque–Bera and 
Bartlett’s test, respectively, (p < 0.05) through routines writ-
ten in Matlab® software.

Statistically significant differences according to side 
(factor 1) and sex (factor 2) for both measurements were 
assessed through two-way factorial ANOVA test (p < 0.05): 
sexually dimorphic measurements were further assessed 
through one-way ANCOVA test using each of the three 
cranial measurements as covariate (p < 0.05). In case of no 
significant differences according to side, ANCOVA test was 
applied to measurements taken on the right side.

Results

Intra- and inter-observer relative technical error of measure-
ment (rTEM) was 4.0% and 1.9% for volume, 2.9% and 2.4% 
for height, respectively.
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Both height and volume showed a normal distribution and 
were homoscedastic (p > 0.05).

Overall results are shown in Table 1. Height of PPF 
ranged between 12.6 and 32.3 mm in males, and between 
15.4 and 35.0 mm in females, being on average 1.06 times 

longer in males than in females. Volume ranged between 
0.654 and 3.027 cm3 in males, and between 0.510 and 
2.462 cm3 in females. The male to female volume ratio 
was 1.14.

Both measurements showed statistically significant 
differences according to sex (p < 0.05), but not to side; 
interaction between sex and side was negligible in both 
cases (p > 0.05).

Fig. 1   Example of 3D segmentation of pterygopalatine fossae through ITK-SNAP software: PPF visualization in the three axes and reconstruc-
tion of the segmented model

Fig. 2   Detail of PPF on CT-scan (right side). PPF pterygopalatine 
fossa, ITF infratemporal fossa, NC nasal cavity, MS maxillary sinus, 
SS sphenoid sinus, pmf pterygomaxillary fissure, spf sphenopalatine 
foramen, fr foramen rotundum

Fig. 3   Example of final 3D model of PPF. R right side, L left side, S 
superior, I inferior, PMF pterygomaxillary foramen, SPF sphenopala-
tine foramen, GPC superior opening of the greater palatine canal
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Results of ANCOVA test are shown in Table 2: both 
height and volume were statistically significant different 
between males and females independently from cranial size 
in three axes (p < 0.05).

Discussion

The study of PPF is acquiring a growing importance, 
especially in surgical fields; in fact, tumors involving PPF 
are increasing by years, and surgical procedures in this 
area are challenging for the abundant content in vessels 
and nerves [15]. Research in novel surgical endoscopic 

accesses is increasing as well, aiming at gaining the high-
est surgical freedom and exposure of PPF. Three com-
mon endoscopic paths to PPF are described in literature, 
including the ipsilateral endonasal transmaxillary (passing 
through the medial and posterior portion of the maxillary 
sinus), the ipsilateral sublabial (through the anterior and 
posterior walls of the maxillary sinus, via incision of the 
buccogingival sulcus) and the contralateral transseptal 
transmaxillary approach (which needs previously the crea-
tion of a transeptal windows) [15, 16]. The application of 
these approaches is based on anatomical data concerning 
the shape and position of PPF to avoid possible injuries 
to vessels and nerves [15]; volume of PPF has a crucial 

Fig. 4   Detail of PPF 3D model in different views: on the left side, 
medial view; in the middle, frontal view; on the right side, lat-
eral view. S superior, I inferior, A anterior, P posterior, L lateral, M 

medial, SPF sphenopalatine foramen, FR foramen rotundum, GPC 
superior opening of the greater palatine foramen, PMF pterygomaxil-
lary fissure

Table 1   Descriptive statistics 
and results of two-way ANOVA 
test for height and volume

*Statistically significant differences according to sex (p < 0.05)

Males Females Total Two-way ANOVA test

Sex Side Interaction

Right Left Right Left Right Left F p F p F p

Height (mm)*
 Mean 24.3 23.9 22.4 23.1 23.4 23.5 7.72 0.006 0.1 0.7522 0.99 0.321
 SD 3.2 3.7 3.2 3.6 3.3 3.7

Volume (cm3)*
 Mean 0.936 0.924 0.820 0.814 0.878 0.871 22.05 < 0.0001 0 1 0 1
 SD 0.171 0.193 0.168 0.148 0.178 0.185

Table 2   Results of one-way 
ANCOVA test for height and 
volume from the right side 
for all the chosen covariates 
(p < 0.05)

Anterior–posterior nasal spine Nasion–prosthion Ectoconchion–ecto-
conchion

F p F p F p

Height 5.511 0.021 7.845 0.006 7.449 0.008
Volume 11.269 0.001 11.576 0.001 9.833 0.002
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importance as well, as it may influence the surgical free-
dom during endoscopic procedures.

Yet, very few data are available on PPF anatomy, as also 
highlighted by discussion on description and terminology 
of its different parts [17–19]. In addition, understanding the 
shape of PPF is challenging, as cadaveric dissections do not 
enable a full visualization of PPF, and still represents an 
enigmatic and “mysterious” structure not only for anatomy 
students, but even for aspiring surgeons and radiologists 
[20, 21]. The introduction of modern 3D segmentation pro-
cedures may provide a more precise visualization of PPF 
through three-dimensional models from CT-scan and NMR 
(nuclear magnetic resonance) examinations. Recently Ban-
non et al. applied 3D segmentation and printing technolo-
gies to PPF, obtaining a physical model in 2:1 scale, useful 
for didactic purposes; in this way students can appreciate 
directly this structure which cannot be visualized on tradi-
tional anatomical mannequins [20].

The widespread diffusion of 3D analysis methods has 
allowed researchers to perform more precise studies con-
cerning not only shape, but also volume of PPF, crucial 
especially for anaesthesiologic procedures. In fact, usually 
3 ml is the recommended dosage for maxillary block [3], 
and 2 ml is suggested for the control of bleeding during 
endoscopic sinus surgery [22]. However, these indications 
are based on empirical findings, and some patients may 
experience adverse events, including headache [7] or even 
brainstem anaesthesia [23]. Three-dimensional analysis of 
PPF provides the exact volumetric measurement, and conse-
quent possible explanation to the adverse events previously 
described. In fact, in the present population the average PPF 
volume was lower than 1 ml and, therefore, the fossa may not 
be able to accommodate the dose of local anaesthetic sug-
gested by literature, with consequent invasion of the middle 
cranial fossa through the foramen rotundum [8]. Therefore, 
3D assessment of PPF may be useful for a correct assess-
ment of anaesthetic dosage in surgical practice.

The first studies aiming at assessing the volume of PPF 
were based on the insertion of impression material (such as 
silicone gel) in dry skulls. Gallardo et al. first attempted at 
measuring the volume of 71 dry skulls and found a mean 
value of 1.2 ml, slightly higher than those found in the pre-
sent study [24].

Stojcev Stajcic et al. repeated the same procedure on 85 
dried skulls [8]; their median volume was lower than the 
mean PPF volume reported in our study (0.70 cm3 versus 
0.930 cm3 in males, 0.817 cm3 in females): in addition, 
height was lower as well (17–18 mm versus 23.9–24.3 mm 
in males, 22.4–23.1 in females). These discordances may be 
due to different procedures of volume extraction and may be 
explained by difficulties in removing the PPF cast from dry 
skulls; moreover, PPF limits are not defined with precision 
and, therefore, results are not fully comparable to the present 

ones. From this point of view, 3D segmentation procedure 
provides a faster and more reliable volumetric assessment of 
PPF than physical methods, as shown also by the high intra- 
and inter-observer repeatability. Moreover, CT scanning is 
not destructive, and may be performed on dry skulls as well. 
Furthermore, none of the previously cited articles has evalu-
ated possible statistically significant differences according to 
sex. On the other side, no statistically significant differences 
according to side were observed [8, 24].

Hwang et al. first applied 3D segmentation techniques to 
reconstruction of three-dimensional models of PPF to cal-
culate height and volume in 50 patients [14]. Although they 
applied the same technique and define similar limits of PPF, 
their volume was higher than that found in the present study 
(1039.9 cm3), whereas height was lower (21.0 mm). Indeed, 
the present study expanded the previous investigation [14], 
increasing the sample and including the assessment of side, 
whereas the previous study applied statistical analyses to a 
pooled sample including both the right and left structures 
[14]. In addition, possible influence of cranial size was first 
tested through the measurement of three cranial measure-
ments and the application of covariate test.

Sexual dimorphism of PPF is confirmed and proved that 
it is wider in males than in females. Moreover, statistical 
analyses proved that both measurements are independent 
from general cranial size which is a known justification for 
sexual dimorphism. From a practical point of view, these 
results have important consequences, as they justify the pos-
sible modification of anaesthesiologic procedures according 
to the sex of patients.

Moreover, the comparison with existing literature sug-
gests that PPF volume vary according to different popula-
tions, as well as its shape: in fact, the Korean population 
studied by Hwang et al. had a shorter PPF with a higher 
volume than the current Italian one, suggesting the possible 
influence of ethnic variability [14]. From a clinical point of 
view this result may be helpful for the correction of anaes-
thetic dosage according not only to sex, but also to the ethnic 
origin of patients.

This study has some limitations: first of all, the lack of 
precise limits of PPF is an obstacle for 3D assessment of this 
anatomical structure. Secondarily, the possible influence of 
surrounding structures such as the maxillary and sphenoid 
sinuses [17] may have an influence in determining the vol-
ume of PPF and will be verified by further studies.

Conclusions

The present article provided data concerning volumes of 
PPF obtained through 3D segmentation on CT-scans. Vol-
ume ranged between 0.654 cm3 and 3.027 cm3 in males, and 
between 0.510 cm3 and 2.462 cm3 in females. Results give a 
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contribution for explaining the adverse effects of maxillary 
nerve block procedures in some patients and are useful for 
the adjustment of volume of local anaesthetic injected into 
the PPF according to the sex of the patient.
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