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Abstract
Purpose  Few studies have explored the detailed morphology of the diaphragma sellae (DS), diaphragm opening (DO) or 
stoma, and subdiaphragmatic cistern (SDC) using neuroimages. The aim of the present study was to characterize these 
structures using magnetic resonance imaging.
Methods  Thin-sliced, sagittal and coronal T2-weighted imaging was performed for a total of 84 outpatients.
Results  The DS, DO, SDC, and relevant structures were consistently delineated in all patients. In 66% of patients, all three 
structures appeared to be highly variable, and were classifiable as six distinct morphological types. In 4% of patients, the 
DS presented as a complete sheet lacking a discernible DO. In addition, 30% of the patients presented with undiscernible 
SDCs. In the coronal sections of 11% of patients, the pituitary glands extended laterally, reaching or extending beyond the 
center line on the sectional image of the cavernous internal carotid artery.
Conclusions  Thin-sliced, sagittal, and coronal T2-weighted sequences are useful for delineating the DS, DO, and SDC. 
Morphological variation of these structures among individuals may considerably influence the direction of pituitary tumor 
expansion.
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Introduction

The medial part of the superior wall of the cavernous sinus 
is known as the diaphragma sellae (DS), and covers the sella 
turcica. The superior wall of the cavernous sinus and the DS 
are continuous structures formed by two layers: a smooth 
superficial dural layer and a thin, less-defined, deeper layer 
[2, 19, 24]. The DS is thought to develop from the plica 
ventralis encephali, a distinct primitive mesenchymal fold, 
at 9–10 weeks of gestation [4]. The pituitary stalk passes 
through a central opening in the DS that has variable size 
and shape [1, 2, 10, 11, 13, 14, 16, 19–21, 25, 26]. The 
posterior marginal quadrant of the DS is mainly supplied by 
the inferior hypophyseal artery, the right and left marginal 

quadrants by the tributaries of the intracavernous portion of 
the internal carotid artery, and the anterior marginal quad-
rant by the anterior capsular arteries [17]. An inconsistent 
but distinct small subarachnoid space, the subdiaphragmatic 
cistern (SDC), extends between the upper surface of the 
pituitary gland and the lower surface of the DS [8]. The 
SDC communicates with the suprasellar cistern though the 
diaphragm opening (DO) or stoma. The size and shape of the 
DS and SDC may be influenced by the morphology of the 
pituitary gland, sella turcica, and the arachnoids encircling 
the pituitary stalk [5, 9, 23].

However, to our knowledge, few studies have used neu-
roimaging to document the detailed morphology of the 
DS, DO, and SDC [6, 8, 12, 18]. The aim of the present 
study was to characterize these structures using thin-sliced, 
T2-weighted magnetic resonance (MR) imaging.
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Materials and methods

The present study included a sample of 84 outpatients 
treated at our hospital between September 2011 and Sep-
tember 2014. These patients suffered from headaches, diz-
ziness, vertigo, tinnitus, hearing disturbances, hemisen-
sory disturbances, and seizures. The sample comprised 39 
men and 45 women with a mean age of 53.6 years (range 
12–81 years). Initial examinations with axial T1- and 
T2-weighted images, T2-gradient echo, fluid-attenuated 
inversion recovery, and diffusion-weighted sequences con-
firmed that none of the patients had experienced previous 
intracranial hemorrhage, brain tumors, hypertrophic pachy-
meningitis, traumatic brain injury, hydrocephalus, cysts, 
or lesions in the sellar, parasellar, and suprasellar regions. 
These patients underwent examination with thin-sliced, 

sagittal and coronal T2-weighted sequences involving 
the pituitary gland and sellar, parasellar, and suprasellar 
regions. 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 3.0T MR scanner (Achieva R2.6; Philips 
Medical Systems; Best, The Netherlands). Imaging data 
were transferred to a workstation (Virtual Place Lexus64, 
64 edition; AZE; Tokyo, Japan) and analyzed indepen-
dently by two of the authors (S.T. and H.I.).

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.

Fig. 1   Sagittal (a–c) and coronal (d, e) T2-weighted magnetic reso-
nance images showing the diaphragma sellae, subdiaphragmatic cis-
tern, diaphragm opening, and relevant structures. a and c are left and 
right contiguous images of the midsagittal image (b), respectively. I 
infundibulum, ICACa cavernous portion of the internal carotid artery, 

ICACl clinoid portion of the internal carotid artery, OC optic chiasm, 
ON optic nerve, P pituitary gland, SCa superior wall of the cavernous 
sinus, SphS sphenoid sinus, arrow diaphragma sellae, asterisk subdia-
phragmatic cistern
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Results

In all 84 patients, the DS, DO, SDC, and relevant struc-
tures were consistently delineated on both the sagittal and 
coronal T2-weighted sequences (Fig. 1). In 56 patients 
(66%), the structures of the DS, DO, and SDC appeared to 
be highly variable; even DS thickness showed considerable 
variability. These structures could be classified into six 
distinct morphological types, from Type a to Type f. Type 
a was characterized by bilateral identification of the DS, 
SDC, and margins of the DO, and occurred in 12 of the 
84 patients (14%). Type b was characterized by unilateral 
identification of the DS, SDC, and margin of the DO, and 
occurred in 17 patients (20%). Type c, characterized by 
unilateral identification of the DS as a complete sheet lack-
ing a discernible DO or SDC, was observed in 1 patient 
(1%). Type d, characterized by a bilateral hypoplastic DS 
and unilateral identification of the SDC, occurred in 13 
patients (15%). Type e, characterized by bilateral iden-
tification of the DS and SDC, and dilated, peri-pituitary 
cerebrospinal fluid (CSF)-filled spaces that communicated 
with the suprasellar cistern, was seen in 8 patients (10%). 
Type f, characterized by bilateral identification of the DS, 
SDC, and margins of the DO, with a dilated sella turcica 
and flattened pituitary gland, was seen in 5 patients (6%) 
(Fig. 2). In three of the 84 patients (4%), the DS appeared 
to be a continuous sheet without a discernible diaphragm 

opening (Fig. 3). In contrast, 25 of the 84 patients (30%) 
presented with undiscernible SDCs of two different types. 
The first of these, accompanied by a complete or near-
complete DS, was found in 9 (11%) (Fig. 4a), while the 
latter type exhibited a hypoplastic DS and was found in 
16 patients (19%) (Fig. 4b). These results are summarized 
in Table 1.

Coronal sections revealed that the pituitary gland 
extended laterally in 9 patients (11%), reaching or extend-
ing beyond the center line on the sectional image of the 
cavernous internal carotid artery, unilaterally or bilaterally 
(Fig. 5).

Fig. 2   a–f Coronal T2-weighted magnetic resonance images of differ-
ent patients showing variable morphologies of the diaphragma sellae 
(DS), diaphragm opening (DO), and subdiaphragmatic cistern (SDC). 
Type a: bilateral identification of the DS, SDC, and margins of the 
DO; Type b: unilateral identification of the DS, SDC, and margin 
of the DO; Type c: unilateral identification of the DS as a complete 

sheet lacking discernible DO and the SDC; Type d: bilateral hypo-
plastic DS with unilateral identification of the SDC; Type e: bilateral 
identification of the DS and SDC, and dilated, peri-pituitary cerebro-
spinal fluid-filled spaces communicating with the suprasellar cistern; 
Type f: bilateral identification of the DS, SDC, and margins of the 
DO, with dilated sella turcica and flattened pituitary gland

Fig. 3   Coronal T2-weighted magnetic resonance image showing 
bilaterally complete diaphragma sellae and subdiaphragmatic cistern 
with undiscernible diaphragm opening
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Discussion

In the present study using MR imaging, the DS, DO, SDC, 
and relevant structures were consistently delineated and 
showed highly variable morphology which could be classi-
fied into six types. Thirty percent of the patients presented 
with undiscernible SDCs. Eight patients presented with 
dilated, peri-pituitary CSF-filled spaces communicating with 
the suprasellar cistern. These spaces were thought to cor-
respond to the spaces identified between the pituitary gland 
and cavernous internal carotid in cadaveric specimens, and 
could influence the direction of pituitary tumor extension 
[3]. Furthermore, in 11% of patients, the pituitary glands 
extended laterally beyond the midline on the sectional image 
of the cavernous internal carotid artery. In a previous study 
using cadaveric specimens, lateral extension of the normal 
pituitary gland into the cavernous sinus was encountered 
in 29% of subjects [7]. This finding is critical for assess-
ments of pituitary adenomas with invasion into the cavern-
ous sinus, because in some cases this lateral extension of the 
normal pituitary gland may be mistaken for lateral tumor 
invasion into the cavernous sinus [15].

Thin-sliced, sagittal and coronal T2-weighted sequences 
were acquired for the present investigation, yielding 

Fig. 4   a, b Coronal T2-weighted magnetic resonance images of dif-
ferent patients showing two types of undiscernible subdiaphragmatic 
cisterns

Table 1   Summary of morphological information for the 84 patients

DO diaphragm opening, DS diaphragma sellae, SDC subdiaphrag-
matic cistern

Number

Variable DS, DO, and SDC
Type
a 12 (14%)
b 17 (20%)
c 1 (1%)
d 13 (15%)
e 8 (10%)
f 5 (6%)
Complete DS 3 (4%)
Undiscernible SDC
a 9 (11%)
b 16 (19%)
Total 84 (100%)

Fig. 5   Coronal T2-weighted magnetic resonance images of differ-
ent patients showing unilateral (a) and bilateral (b) lateral extensions 
of the pituitary gland reaching (b) or beyond (a) the center line on 
sectional images of the cavernous internal carotid artery. PLE lateral 
extension of the pituitary gland, arrowhead lateral margin of the pitu-
itary gland
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consistent delineation of the DS, DO, and SDC. Support-
ing a previous study, our results confirm the utility of high-
resolution T2-weighted imaging for detecting the fine dural 
structures of the sellar and parasellar regions [22].

There are limitations to the present study. Our investi-
gation applied a retrospective analysis to a relatively small 
and heterogenous sample. Participants were not randomly 
assigned to our sample; therefore, we did not use statisti-
cal analyses. Finally, the DS, DO, and SDC were deline-
ated only on the sagittal and coronal planes, and were not 
assessed as three-dimensional architectures. However, we 
nonetheless consider these findings helpful for improving 
our understanding of both in vivo anatomy of the DS, DO, 
and SDC, and the potential directions of pituitary tumor 
extension.

Conclusions

Thin-sliced, sagittal and coronal T2-weighted sequences are 
useful for delineating the SDC and DS. The morphology 
of these structures exhibits considerable inter- and intra-
individual variability that probably influences the direction 
of pituitary tumor extension.
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