
Vol.:(0123456789)1 3

Surgical and Radiologic Anatomy (2019) 41:1045–1051 
https://doi.org/10.1007/s00276-019-02290-z

ORIGINAL ARTICLE

Possible cerebrospinal fluid pathways in the middle fossa floor 
and pterional diploe: a magnetic resonance imaging study

Satoshi Tsutsumi1 · Hideo Ono2 · Yukimasa Yasumoto1 · Hisato Ishii1

Received: 19 May 2019 / Accepted: 11 July 2019 / Published online: 16 July 2019 
© Springer-Verlag France SAS, part of Springer Nature 2019

Abstract
Purpose  There has not been a study documenting the distribution of cerebrospinal fluid (CSF) pathways in the anterolateral 
base of the middle fossa (ALB) and diploe of the pterional region (Pt). The present study aimed to delineate these pathways 
using magnetic resonance imaging.
Methods  Thin-sliced, axial, and coronal T2-weighted sequences were performed for a total of 358 outpatients, including 
20 pediatric patients.
Results  Adult population: CSF-filled channels were identified on axial images in the ALB in 57% and in the diploe of the 
Pt in 65% of 338 patients. These pathways showed variable morphology and number bilaterally. CSF-filled channels were 
identified on coronal images in the ALB in 14% and in the diploe of the Pt in 100% of 59 patients. These were delineated 
as linear structures of variable number and thickness. Eleven percent of the pathways identified in the ALB was connected 
with extracranial channels. Pediatric population: CSF-filled channels were identified on axial images in the ALB in 75% 
and in the diploe of the Pt in 80% of 20 patients.
Conclusions  The ALB and diploe of the Pt may function as CSF pathways in children and adults. The pathways in the ALB 
can be a CSF-drainage route connecting to the extracranial sites.
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Introduction

The greater sphenoid wing is a part of the sphenoid bone that 
forms the anterolateral base of the middle cranial fossa. It is 
pierced by several foramina that allow the passage of venous 
channels connecting the interior of the cranium and the 
extracranial veins [22, 23]. The greater wing can be affected 
by diverse pathologies, such as primary and metastatic 
tumors [2, 9, 10, 12, 16, 19, 24], cysts [17, 21, 25], dural 
arteriovenous fistula [8], and agenesis [20]. The pterion is 
an important cranial landmark located where the frontal, 
greater wing of the sphenoid, parietal, and squamous part 
of the temporal bone meet. The localization and shape of 

the pterion have been extensively investigated because it is a 
useful anatomical landmark for various surgical approaches 
and interventions [1, 4, 15, 18].

Cerebrospinal fluid (CSF) dynamics are still not com-
pletely understood. Studies have suggested that intracranial 
CSF may flow into the deep cervical lymph nodes via the 
dural lymphatic network or glymphatic system [3, 6, 7, 11, 
13]. However, morphology of these pathways connecting the 
intra- and extracranial sites has not been demonstrated using 
neuroimaging. Our preliminary examination using magnetic 
resonance imaging (MRI) indicated that these CSF pathways 
might be distributed in the anterolateral base of the middle 
fossa (ALB) and pterional region (Pt). These regions, which 
are situated relatively close to each other on the inner surface 
of the cranium, have not been studied in association with 
CSF pathways (Fig. 1).

The aim of the present study was to explore the distribu-
tion of these pathways in the ALB and Pt using thin-sliced, 
T2-weighted MRI.
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Materials and methods

The present study included a total of 358 outpatients who 
visited our hospital between November 2009 and June 
2015. These patients had headaches, dizziness, vertigo, 
tinnitus, hearing disturbances, hemisensory disturbances, 
and seizures. The sample consisted of 173 men and 185 
women, with a mean age of 50 years (range 8–81 years). 
Among them, 20 were pediatric patients under the age of 
18 years, including 13 boys and 7 girls. Initial examina-
tions with axial T1- and T2-weighted images, T2-gradient 
echo, fluid-attenuated inversion recovery, and diffusion-
weighted sequences confirmed that none of the patients 
had previous intracranial hemorrhage, brain tumors, 
traumatic brain injury accompanying skull fractures, 
hydrocephalus, or cysts. Then, these patients underwent 
examination with thin-sliced, axial T2-weighted sequences 
involving the whole cranial base and calvarial vault. 
Fifty-nine of the 338 adult patients underwent additional 
coronal T2-weighted imaging. For each T2 sequence, 
the following parameters were used: repetition time, 
3500.0 ms; echo time, 90.0 ms; slice thickness, 2.0 mm; 
interslice gap, 0 mm; matrix, 300 × 189; field-of-view, 
200 mm × 200 mm; flip angle, 90°; and scan duration, 
2 min 40 s. All sequences were obtained using a 3.0-T 
MR scanner (Achieva R2.6, Philips Medical Systems; 
Best, The Netherlands). Imaging data were transferred to 

a workstation (Virtual Place Lexus 64, 64 edition; AZE; 
Tokyo, Japan) and analyzed independently by two authors 
(S.T. and H.I.). When a high-intensity structure identi-
fied in the ALB and Pt was clearly continuous with the 
intracranial subarachnoid spaces at its medial-most part, 
the structure was judged to be a CSF-filled channel and 
was recorded for analysis. High-signal morphologies con-
fusing with the linings of air sinuses and fat tissue in the 
diploe were excluded.

The study was performed in accordance with our insti-
tution’s guidelines for human research. Written informed 
consent was obtained from all patients prior to their 
participation.

Results

Three hundred and fifty-eight patients were divided into 
adult and pediatric populations. The former included 338 
patients and the latter 20 patients. Outcomes were ana-
lyzed separately for each population.

Adult population

CSF-filled channels were identified on axial images in 
the ALB in 194 of 338 patients (57%), on the right side 
in 144 patients (43%), and on the left side in 157 (46%) 
patients. These channels were delineated as fine and mul-
tiple canals varying in morphology and number, bilaterally 
(Fig. 2). Moreover, CSF-filled channels were identified in 
the diploe of the Pt in 219 patients (65%), on the right side 
in 190 patients (56%), and on the left side in 201 (59%) 
patients. A majority of the channels had linear structures 
of variable thickness, with a consistent posterior course 
(Fig. 3). On coronal imaging, CSF pathways were identi-
fied in the ALB in 8 of 59 patients (14%), on the right side 
in 4 patients (7%), and on the left side in 6 (10%) patients. 
These pathways commonly showed vesicular dilations just 
below the middle fossa floor (Fig. 4). The pathways were 
also identified in the diploe of the Pt in 59 (100%) patients, 
on the right side in 44 patients (75%), and on the left side 
in 54 (92%) patients. These pathways had linear structures 
of variable number and thickness, coursing upward along 
the pterional diploe (Fig. 5). In 37 patients (11%), the CSF 
pathways in the ALB were found to connect to the extrac-
ranial pathways, branching in the medial, lower, and upper 
directions, as observed on serial axial and coronal images 
(Fig. 6). The identification ratios of CSF pathways in the 
ALB and diploe of the Pt are summarized in Table 1.     

Fig. 1   The right half of a dry human skull, viewed from the postero-
superior aspect, showing the inner surface of the anterolateral base of 
the middle fossa (ALB) and pterional region (Pt) located relatively 
close to each other, in the cranium (areas within dotted circles) ACP 
anterior clinoid process, AF anterior fossa, ALB anterolateral base 
of the middle fossa, FR foramen rotundum, LWS lesser wing of the 
sphenoid, MF middle fossa, PtR inner surface of the pterional region, 
SOF superior orbital fissure
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Fig. 2   a–d Axial T2-weighted magnetic resonance images of different adult patients showing cerebrospinal fluid-filled channels in the anterolat-
eral base of the middle fossa, identified as fine and multiple canals with variable morphology and number, bilaterally (arrows)

Fig. 3   a–d Axial T2-weighted magnetic resonance images of different adult patients showing linear morphology of the cerebrospinal fluid-filled 
channels in the diploe of the pterional region with variable thickness, with a consistent posterior course (arrows)
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Pediatric population

All the pediatric patients were examined using thin-sliced, 
axial T2-weighted sequence. The CSF pathways were iden-
tified in the ALB in 15 of 20 patients (75%), on the right 
side in 12 patients (60%) and on the left side in 11 (55%) 
patients. These CSF pathways showed variable morphology 
and number on both sides. They were also identified in the 
diploe of the Pt in 16 (80%), on the right side in 14 patients 
(70%) and on the left side in 14 (70%) patients (Table 1). A 

majority of these pathways were linear, with varying loca-
tions and thicknesses in the Pt, with a consistent posterior 
course (Fig. 7). A summary of the CSF pathways recorded 
in pediatric patients is listed in Table 2. 

Discussion

In the present study, CSF-filled channels were identified on 
axial images in the ALB in 57% and in the diploe of the 
Pt in 65% of the adult population. They were identified in 
the ALB in 14% and in the diploe of the Pt in 100% of the 
adult population on coronal images. These discrepancies in 
the identification ratios between the two sequences seemed 
to arise mainly due to the fineness and peculiarity of the 
shapes of the CSF pathways, distributed in the ALB and 
Pt. At the ALB, these pathways commonly coursed almost 
horizontally, while they coursed in an upward direction in 
the pterional diploe. Furthermore, in 11% of adult patients, 
the pathways identified in the ALB were connected with 
extracranial channels. These extracranial channels may func-
tion as a part of the glymphatic system, which needs further 
investigation in a quantitative manner.

Notably, CSF pathways were identified in 75% in the ALB 
and in 80% in the diploe of the Pt in the pediatric population 
of the present study, where they were more frequently identi-
fied than the adult population. This may indicate that these 
two regions are important locations in the human cranium 
that help in the drainage of intracranial CSF into extracranial 
sites, probably functioning throughout life. The reason for 
the abundant presence of the CSF pathways in the ALB and 

Fig. 4   a, b Coronal T2-weighted magnetic resonance images of dif-
ferent adult patients showing cerebrospinal fluid-filled channels in the 
anterolateral base of the middle fossa, showing vesicular dilations just 
below the floor (arrows)

Fig. 5   a–d Coronal T2-weighted magnetic resonance images of dif-
ferent adult patients showing cerebrospinal fluid-filled channels in 
the diploe of the pterional region presenting variable number and 

thickness, bilaterally, and coursing upward (arrows). Morphological 
changes in the left temporal lobe identified in (d) is an old cerebral 
infarct
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Pt needs further investigation to study their embryological, 
anatomical, and functional implications.

In the present investigation, the T2-weighted sequence 
was adopted because it well delineated the CSF-filled spaces 
continuous with the intracranial subarachnoid spaces. How-
ever, the sequence did not discriminate the spaces and lin-
ing arachnoids. Therefore, these identified structures can be 
arachnoid granulations, brain herniations into the granula-
tions, or intradiploic encephaloceles, rather than CSF path-
ways [5, 14]. Despite these possibilities, based on careful 
observations, we considered that these structures can repre-
sent CSF pathways. Studies using the constructive interfer-
ence in steady-state sequence and fast imaging employing 
steady-state acquisition, well discriminating the CSF and 

adjacent neurovascular structures, may verify the validity 
of the present investigation.

This study has limitations. Our investigation used a retro-
spective analysis for two different populations. Participants 
were not randomly assigned to the sample population. The 
distribution of the subjects in the population, based on age 
and sex, varied greatly. Furthermore, the pediatric popula-
tion was much smaller than the adult population. Moreover, 
the CSF pathways were delineated only on the axial and cor-
onal planes, and their three-dimensional architectures were 
not assessed. However, we consider these findings helpful 
for improving our understanding of the CSF pathways con-
necting the ALB and diploe of the Pt with extracranial path-
ways in the ALB.

Fig. 6   Serial axial (a–d), coronal (f–j), and axial (e) T2-weighted 
magnetic resonance images of an adult patient showing cerebrospinal 
fluid-filled channels in the left anterolateral base of the middle fossa 
(a–d blue arrows; j lower green arrow) and diploe of the pterional 
region (e blue arrow; j upper green arrow). Extracranial cerebrospi-
nal fluid-filled channels, with inhomogeneous diameters and irregular 

branching patters, are delineated on coronal images, communicating 
with the subarachnoid space of the anterolateral base of the middle 
fossa floor (j lower green arrow), and branching in the medial, lower, 
and upper directions (f–j brown arrows). D: dura mater (color figure 
online)

Table 1   Summary of the 
identification ratios in adult and 
pediatric populations

ALB anterolateral base of the middle fossa, DipPt diploe of the pterional region, L left side, R right side

Axial Images Coronal Images
Adult Pediatric Adult Pediatric

ALB 194/338 (57%)
(R: 144 (43%); L: 157 (46%))

15/20 (75%)
(R: 12 (60%); L: 11 (55%))

8/59 (14%)
(R: 4 (7%); L: 6 (10%))

0

DipPt 219/338 (65%)
(R: 190 (56%); L: 201 (59%))

16/20 (80%)
(R: 14 (70%); L: 14 (70%))

59/59 (100%)
(R: 44 (75%); L: 54 (92%))

0
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Conclusions

The ALB and diploe of the Pt may function as CSF path-
ways in both, pediatric and adult populations. The path-
ways in the ALB can be a CSF-drainage route connecting 
to the extracranial sites.
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