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Abstract

BACKGROUND/AIMS: The pituitary gland is located in the sella turcica (ST). The volume change of the ST with age affects the pituitary gland. The
volume of the ST and the distance from the points of surgical intervention to the pituitary gland should be known prior to surgery. Therefore,
the aim of this study was to measure the age-related volumetric development of the ST and to determine the distances of the main surgical
landmarks to the pituitary gland.

MATERIALS AND METHODS: Our study analyzed sagittal radiologic images of 794 individuals, aged 1-70 years. ST volumes and the distances
for transsphenoidal, transcranial (TC), and frontoparietal (FP) surgical approaches were measured. ST volume was quantified using the Cavalieri
principle on sagittal images, while surgical approach distances were determined using a ruler on the same sagittal radiological images.
RESULTS: The mean ST volume in the age range of 1-18 years was 259.32+38.28 mm?, 262.40+38.74 mm? in males and 256+37.67 mm?
in females. The volume increase in ST was observed at a high rate until adolescence, when bone development was the highest. There was
no statistically significant difference in ST volume between genders. The mean lengths of the transsphenoidal, TC, and FP approaches were
81.64£9.62, 80.01£14.85 and 92.56£8.54 mm, respectively.

CONCLUSION: Our study demonstrated that the volume of the ST increases continuously from birth to 18 years of age, with a marked acceleration
after 14 years. Additionally, we quantified the distances from various surgical intervention points to the pituitary gland, providing essential data
for optimizing surgical approaches.
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INTRODUCTION

Sella turcica (ST) is the anatomical structure known as the ST in the
middle cranial cavity. It contains the pituitary gland. The name “ST” was
given due to the anterior and posterior bony processes of the region
observed in lateral head images and the resemblance of this depression
to a Turkish saddle." ST, which is easily observed on lateral radiographs,
is located on the upper surface of the body of the sphenoid bone and
consists of the hypophyseal fossa, tuberculum sellae anteriorly, and
dorsum sellae posteriorly.

The morphological appearance of ST is established in early embryonic
structures. The formation of both the pituitary gland and ST during
the prenatal and postnatal periods is a complex process. These two
significant structures are located in the boundary region, separating
tissues of different origin and development. The pituitary fossa originates
directly from the hypophyseal cartilage, which, in turn, is derived from
the cranial neural crest cells of the early cartilaginous cranium. During
the embryological development of humans, the ST area is the key point
for the migration of neural crest cells to the frontonasal and maxillary
developmental fields.>?

The development of this anatomically very important region in the
prenatal and postnatal period has attracted the attention of scientists
for many years due to its possible relationship with various anomalies,
malformations and pathologies related to the calvaria and craniofacial
region.* During childhood and adolescence, the ST undergoes significant
growth, corresponding with the overall growth of the skull and the
development of the pituitary gland. This period is marked by hormonal
surges, particularly during puberty, which necessitate changes in
pituitary size and function. ST volume increases to accommodate
these changes, and deviations from normal growth patterns can signal
endocrine disorders.’

Neural, hormonal, vascular, osseous, and meningeal structures form
a complex anatomy within the very narrow borders of the ST. The
pituitary gland in the center fills 80% of the ST. The remaining area is
filled by connective tissue and the perihypophyseal venous plexus.®®

In the literature, changes in ST size and morphology are associated with
many pathologies and syndromes.>" Although most of these are chronic
disorders that are not life-threatening in the short term, some may be
associated with necrosis and/or adenomas of the pituitary gland that
require rapid intervention.'>™ The pituitary gland, located in the pit
surrounded by the dura mater, is prone to neoplastic transformation,
and as a result, some well-known clinical syndromes occur." Apart from
tumors, some diseases such as growth retardation, hypopituitarism,
hyperthyroidism, and Williams syndrome are associated with a
reduction in ST, whereas pathologies such as Cushing’s disease,
acromegaly, hypothyroidism, and anorexia nervosa are associated with
an increase in ST volume.®™

Today, nearly all surgical interventions in this critical region use the
transsphenoidal (TS) approach, except in special cases. The first TS
procedure was performed on a cadaver in 1897." This approach has
become the preferred method for sellar and parasellar surgeries,
especially for pituitary adenomas, due to its ease, absence of scarring,
no brain retraction, early patient mobilization, and shorter hospital
stays."””"® Success requires thorough knowledge of access routes,
anatomy, and distances, with the surgical technique and instrument
selection guided by preoperative radiologic examinations.?>%!

Understanding changes in the volume of the ST with age is essential
for medical professionals, as it can provide insights into normal aging
processes, help diagnose pathological conditions, and guide appropriate
interventions. The morphology of the ST is important both in the
evaluation of treatment outcomes, and late growth changes and in the
assessment of cranial morphology.?? Measurements of the size of the
ST as a function of age and information on the normal values of these
measurements are insufficient. Changes in the size and morphology
of the ST are particularly important for surgical interventions on the
pituitary gland, and enlargement of this structure may create difficulties
in terms of surgical access to the gland. This is particularly important
in endoscopic TS pituitary surgery, where access to the pituitary gland
may be impeded by an enlarged ST. Therefore, in our study, we aimed
to measure the distances of surgical interventions to the pituitary
gland, how these distances change with age, and how ST volume values
change with age.

MATERIALS AND METHODS
Individuals

This study was conducted with the permission of Ordu University
Scientific Research Evaluation and Ethics Committee (approval
number: 2023/242, date: 29.09.2023). All procedures were carried
out in accordance with the ethical rules and the principles of the
Declaration of Helsinki. The study was performed retrospectively
on sagittal computed tomography (CT) and/or magnetic resonance
imaging (MRI) images of a total of 794 individuals aged 1-70 years,
admitted to Ordu University Medical Faculty Education and Research
Hospital. Retrospective analysis was performed on patients who were
hospitalized between January 1*tand July 1%, 2024. Individuals with any
pituitary gland pathology or cranial deformity were excluded from the
study. Therefore, radiological images that should have been excluded
were analysed by the emergency medicine physician (Assoc. Prof. A. A.,
MD, PhD) involved in our study.

Acquisition of Computed Tomography and Magnetic Resonance Imaging
Images

Cranial CT and MRI images (Canon Aquilion Lightning, Japan) of all
individuals were obtained from Ordu University Training and Research
Hospital and the Fonet PACS system. The volume measurements on
the image were performed using the Cavalieri principle. The Cavalieri
principle is based on counting the points on a dotted ruler placed on
the structure to be measured.”

Sella Turcica Volume Measurement

In this study, the Cavalieri principle was applied to CT images. The
points falling on ST in the image were counted for each slice (Figure
1). Volume calculation was performed with the points obtained in each
section as shown in the literature 2%

Transsphenoidal, Transcranial and Frontoparietal measurements

TSdistance refers to the distance from the apex of the nose to the anterior
wall of the ST. Transcranial (TC) length refers to the distance from the
glabella or frons to the anterosuperior part of the ST. Frontoparietal (FP)
distance refers to the distance from the bregma point to the upper wall
of the ST (Figure 2). TC and FP intervention is a method used especially
in cases where transnasal and/or TS interventions cannot be performed,
such as during coronavirus disease-2019. Distance measurements were
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performed on both CT and MRI. TS measurements were performed on
300 sagittal CT and 100 sagittal MRI images, and TCand FP measurements
were performed on 200 sagittal CT and 72 sagittal MRI images.

Figure 1. Image of a point ruler applied on the ST according to
the Cavalieri principle (red dots represent the points on the ST).

ST: Sella turcica.

-«

=92 28 mm

Figure 2. Measurement of frontoparietal (a), transcranial (b) and
transsphenoidal (c) distance on the sagittal MRI image of an 18
years-old female.

MRI: Magnetic resonance imaging.
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Statistical Analysis

Data were analyzed and distributed using SPSS v28. Normality of
distribution was assessed using histogram, Skewness and Kurtosis,
standard deviation (SD)/mean, and Kolmogorov-Smirnov test.?
Normally distributed data are presented as mean % SD. The comparison
of volume and length results between sexes was conducted using
Independent samples t-tests. p<0.05 was considered statistically
significant.

RESULTS
Sella Turcica Volume Findings

ST volume measurements were performed on sagittal CT images of
394 individuals (197 males, 197 females) aged 1-18 years (11 males,
11 females in each age group). The age-related development of ST and
its differences gender were determined. The data were plotted using
software (GraphPad Prism 8.4.2, trial version).

The mean ST volume was 259.32+38.28 mm? in all individuals,
262.40+38.74 mm? in male subjects, and 256+37.67 mm? in female
subjects. ST volume was compared between sexes, and no statistically
significant difference was found (p>0.05). The minimum (min.) ST
volume was 157 mm?3in female subjects aged 1 year and the maximum
(max.) ST volume was 320 mm? in 18-year-old male subjects (Figure 3a).
Although the volume increase in the ST is observed at a high rate until
10-11 years of age, when the development of bone and pituitary gland
is the highest, the increase continues at a reduced rate at later ages
(Figure 3b). However, the age-related increase in ST volume may vary
from person to person.

Transsphenoidal, Transcranial and Frontoparietal Length Findings

In our study, TS length measurements were performed on 400
individuals (208 males, 192 females) aged between 1 and 70 years
(19.70+£18.07). TC and FP length measurements were performed
on 272 individuals (138 males, 134 females) aged between 1 and
70 years (23.54%+20.81). The mean lengths of TS, TC, and FP were
81.6419.62 (min.-max.: 52.21-102.85), 80.01+14.85 (min.-max.: 43.64-
106.48), and 92.56+8.54 mm (min.-max.: 63.55-110.60), respectively
(Figure 4). When the distribution of these lengths was analyzed according
to gender, TS and FP values were found to be higher in males, and there
was a statistically significant difference between genders (p<0.000),
whereas no difference was found in TC values.

When the changes according to age were examined, a high rate of
increase occurred in the period from birth to puberty (1-20 years),
when the highest development was observed, and then these increases
stabilized in parallel with bone and organ development (Figure 5).
According to these values, this rapid increase should be taken into
consideration in surgical interventions performed on the pituitary
gland in the period from birth to puberty.

As shown in Figure 4, FP length values were commonly found in
a narrow range of 90-100 mm, but TC and TS values showed a wide
spectrum of variability according to age. The reason for this may be the
continuous development of the viscerocranium bones and the variation
between individuals due to a combination of genetic, developmental,
and environmental factors. Likewise, the growth of the brain and skull
bones may occur at different rates in different individuals, leading to
variations in TC and TS length.
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Figure 3. (a) distribution of ST volume in the whole population and by sex (x-axis: ST volume values, mm?), (b) development of ST volume
according to age and sex (x-axis: ST volume values, mm?; y-axis: ages).
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Figure 4. Descriptive statistics of TS, TC and FP lengths and distribution of these lengths according to gender.
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Figure 5. Distribution of TS (a), TC (b) and FP (c) lengths according to age (y-axis: length values; x-axis: age groups).
TS: Transsphenoidal, TC: Transcranial, FP: Frontoparietal.
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DISCUSSION

Volume measurements of organs and structures in our body play a
crucial role in diagnosing and monitoring many diseases. Therefore,
determining normal organ parameters is essential for accurate
evaluation and early diagnosis.”’ In our study, we calculated ST
volume, which is associated with various pathologies, especially
pituitary adenomas. ST volume can change throughout a person’s life
due to genetic, hormonal, and environmental factors.?® We found no
statistically significant effect of gender and age on ST volume. Volume
values increase rapidly until puberty and then increase more slowly.
This may be due to the rapid increase in bone development.

The ST, a saddle-shaped depression in the sphenoid bone, undergoes
significant changes in size and morphology during growth. Studies have
shown that ST increases in size after birth, with significantly higher
volume values in males. The size of the ST changes according to gender
and age, especially during adolescence 2%

Similar to our study, Axelsson et al.>', reported that the rapid increase in
ST dimensions gradually slows down in the first years of life, increases
again during puberty, and then grows at a low rate in late adolescence.
Sathyanarayana et al.found that ST volume was larger in males in their
study but did not report a statistically significant gender difference.

During puberty, the pituitary gland usually enlarges, potentially
increasing ST size. Clinically, changes in ST volume are important in
diagnosing and treating pituitary disorders, craniofacial abnormalities,
and some syndromes.!323

These changes in ST’s size and morphology are particularly relevant for
surgical interventions on the pituitary gland. An enlarged ST during

growth can pose challenges for surgical access to the gland. As ST size
increases, it may encroach upon surrounding structures, complicating
surgical interventions. This is especially important in endoscopic TS
pituitary surgery, where access to the gland may be hindered by an
enlarged ST.

Iskra et al.* reported that ST volume was 969.68 mm? on CT images,
671.33 mm? on cadavers, and 980.75 mm? in European studies, in their
meta-analysis on ST volume and morphology. Our results were lower
than expected, likely due to age differences. Our study only reported
ST volume development between 1-18 years. Although adult ST volume
has been extensively analyzed, the volume development from birth to
puberty is insufficiently studied.>>*

The studies are close to each other, and the main reason for the volume
differences is the change in the age range. In our study, postnatal
development of ST was discussed. Pituitary gland interventions
are common due to growth disorders in childhood. Therefore, the
initial stage of postnatal development is particularly important. ST
development is stabilized after the age of 20 according to studies.
In many other studies, adult ST measurements were conducted, and
therefore no difference is expected (Table 1).

The base of the ST is separated from the sphenoid sinus by a small bony
plate. Therefore, the endoscopic TS approach is the most common and
optimal method for surgical treatment of pituitary tumors.*** Although
the length of TS has been discussed in many studies, information about
its development and variation with age and gender is limited. Since
it is the most common method for pituitary gland surgery, knowing
the distance relevant to the procedure in all age groups is essential.
In a study, the mean length from the columella to the anterior wall of
the sphenoid sinus was reported to be 69.71£4.25 mm in individuals

Table 1. ST volume values in the literature

Research Samples Genders Ages Method ST volumes
259.32+38.28 mm?® (total)
Our study 394 CT 197 males, 197 females 1-18 Cavalieri 262.40+38.74 mm? (males)
256.00+37.67 mm? (females)
Iskra et al.» 18,364 radiographs Not reported Not reported Meta-analysis 969.68+53.17 mm?
Age 1=06+19 mm?
Yamada et al > 570 CT Not reported 1-60 De Chiro-Nelson Age 25=530+23 mm?
25+ ages =554+8 mm?
I 35 males )
Silveira et al > 95 CBCT 16-57 Via software 920.01+163.26 mm?
60 females
6 years =196 mm? (males)
. . . 255 mm? (females)
Chilton et al >’ 960 radiographs 450 males-510 females 6-16 De Chiro-Nelson
16 years =549 mm? (males)
462 mm? (females)
. 342.2488.5 mm’ (females)
Ortega-Balderas et al.*® 173 CT 91 females, 82 males 53.2+17.6 De Chiro-Nelson
378.6+113.9 mm? (males)
26.6+8.6 (females) . 11024285.3 mm? (males)
Taner et al.® 80 CBCT 40 males, 40 females De Chiro-Nelson
27.5+9.0 (males) 951.3£278.5 mm? (females)
Venieratos et al.* 20 (dry skulls) Not reported Not reported Via immersion 835 mm?
Sherif et al.® 17 CT All females 41+8 Via software 922+155 mm?
Bakiri et al.*! 12C All females 38.3%3.6 Via software 796£5.6 mm?

ST: Sella turcica, CT: Computed tomography, CBCT: Cone beam computed tomography.
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older than 15 years and 59.32+7.80 mm in individuals younger than
15 years.* In our study, we determined the mean length of the TS as
81.6419.62 mm and the mean length until puberty as 80.86+8.97
mm. These results show that TS length increases rapidly from birth to
puberty, then stabilizes.

Chumnanvej et al.® calculated the length from the columella to the
sphenoid sinus on six cadavers and found a maximum length of 85.31
mm and a minimum length of 59.05 mm. Similarly, Baig et al.* found
the mean distance from the nares to the posterior wall of the sphenoid
sinus to be 83.82 mm. Although we measured the length from the
columella to the anterior wall of the ST, our results are similar to those
obtained in previous studies.

The TS approach is primarily preferred for sellar and parasellar tumors
due to its low morbidity and mortality rates.® In some cases, resection
via a TC approach may be required. TC surgery involves accessing the
pituitary gland by making an incision in the anterior part of the skull
over the frontal bone and retracting part of the brain. This approach
is reserved for larger, more complex pituitary tumors that cannot be
accessed via the TS route o4

Less than 10% of pituitary adenomas require craniotomy. TC surgery is
necessary in these cases despite its high mortality and morbidity rates.
Therefore, knowing the TC distance is crucial for parasellar cavernous
sinus and internal carotid artery surgery.*

Study Limitations

Since the study is retrospective, the number of images is limited. There
are no other limitations.

CONCLUSION

In conclusion, our study revealed differences in ST volume in the studied
population and emphasized the importance of individualized surgical
planning. Furthermore, precise measurement of the surgical pathways
to the pituitary gland provides data necessary for optimizing surgical
techniques and minimizing potential risks during procedures. This
study paves the way for advances in surgical methodology, especially in
the context of pituitary surgery.

MAIN POINTS

* Our study puts forward that the volume of the sella turcica (ST)
increases continuously from birth to 18 years of age, with a marked
acceleration after 14 years.

* This rapid increase should be taken into consideration in surgical
interventions to be performed on the pituitary gland in the period
from birth to puberty.

» There was no statistically significant difference in ST volume
between the genders.

* Precise measurement of the surgical pathways to the pituitary gland
provides data necessary for optimizing surgical techniques and
minimizing potential risks during procedures.
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