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Background: This paper was undertaken to determine the morphometry of
pituitary gland diameter, pituitary gland height, intercavernous distance, optic
chiasm diameter and optic chiasm height in skulls of Turkish population aged

between 18 and 60 years.

Materials and methods: It was a retrospective study in which 292 subjects were
included 187 females and 105 males, ranging from 18 up to 60 years. Subjects un-
derwent brain magnetic resonance imaging in the Radiology Department. Statistical
analysis was performed with SPSS 21.00 programme. ANOVA test, x? test, and Pear-
son correlation analysis were used to determine the relation and significance between
measurements and age group. The p < 0.05 value was considered as significant.
Results: The groups were divided into five groups according to age. The overall means
and standard deviations of the measurements were: pituitary gland width, 13.09 =
+ 1.99 mm, pituitary gland height, 4.91 = 1.10 mm; intercavernous distance,
15.93 = 3.05 mm, optic chiasm width, 12.82 = 1.27 mm, and optic chiasm height,
2.80 = 0.49 mm in females, respectively whereas, the same measurements were
1296 = 1.74mm,; 4.79 £ 0.95mm,; 16.08 £3.11mm; 13.13 £ 1.37mm, 2.86 =
=+ 0.70 mm in males, respectively. Height of the pituitary gland reached a maxi-
mum in the age group of 18 to 20 years in both females and males and there was
a decrease in the pituitary gland height in the subsequent age groups.
Conclusions: Knowledge of the variation in the size of pituitary gland, intercav-
ernous distance and optic chiasm is important to evaluate the dimensions of these
structures for clinical and pathological processes. (Folia Morhol 2020; 79, 1: 28-35)
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INTRODUCTION in the deepest of the sella turcica [23]. The important
Sella turcica which is found in the middle cranial structures surround the pituitary gland: sphenoidal
fossa, is comprised of three section named as the sinus from anteriorly, dorsum sellae, basilar artery
tuberculum sella, the pituitary gland and the hypo- and pons from posteriorly, optic chiasm from ante-
physeal fossa [5, 19, 29]. Hypophyseal fossa is located rior superior side, hypothalamus from inferiorly, and
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Figure 1. The measurements of pituitary gland, optic chiasm, and intercavernous distance; 0CH — the greatest height of the central portion
of the optic chiasm; 0CD — horizontally diameter measurement at the centering point of chiasm; ICD — the distance between the two me-
dial walls of the cavernous sinus; HCH (PH) — the greatest distance between the base and the top of the pituitary gland; HCD (PD) — the

maximum distance between right and left side of the pituitary gland.

carotis artery, and cavernous sinus from lateral side,
and also from lateral and superior side by the dura
thin layer [3, 7, 13, 15, 16, 25, 31]. Sella turcica is
a critical reference landmark related to pathologies
of pituitary gland, optic chiasm, and craniofacial
region. Therefore, the knowledge of this region’s
normal anatomy, variations or morphometry may
be essential for to determine the subject’s growth
and evaluate orthodontic treatment results and may
help neurologists and neurosurgeons in preventing
damage during surgery [5, 19, 23].

In the studies of the pituitary gland, optic chiasm,
and intercavernous distance’s anatomy, the differ-
ences between females and males and age related
changes were observed [2, 3, 9, 14, 22, 26, 27, 33];
whereas, in some studies no significant difference in
dimensions of pituitary gland, optic chiasm, and in-
tercavernous distance was found. Also, some different
results have been reported regarding both pituitary
gland and optic chiasm measurements in decades
[3, 9, 22, 26, 27, 34]. There were very few studies
assessing morphometry of the hypophysis cerebri,
intercavernous distance or optic chiasm in Turkish
population in literature [6, 9, 28]. Knowing the normal
dimensions of pituitary gland and other structures
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in this critical area of the brain is very important for
clinical and pathological evaluations. The purpose of
this study was to reveal the normative data related
to the pituitary gland, optic chiasm, intercavernous
distance dependent on age groups and to determine
measurements with age and sex in Turkish population.

MATERIALS AND METHODS

This study was carried out in 292 healthy adult
subjects (187 females; 105 males) aged 18-60 years.
The study period extended from January 2015 to 2018.
This study was approved by the Institutional Review
Ethics Committee at Cukurova University. This was
a retrospective observational study. It was done in
Department of Radiology at Medline Hospital in Tur-
key. Brain magnetic resonance imaging (MRI) protocol
including coronal T2-weighted turbo spin echo (TR:
3600, TE: 87 ms; slice thickness: 5 mm; gap: 1.5 mm)
and sagittal T2-weighted spin echo (TR: 3600, TE:
87 mis; slice thickness: 5 mm; gap: 1.5 mm) was used.
The measurements of the pituitary gland width, pitu-
itary gland height, the intercavernous distance, optic
chiasm width, and optic chiasm height were shown
in Figure 1. The measurements were performed with
digital MRI, at a hospital, using calliper function with
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Table 1. The means, standard deviations, and ranges of the sellar region measurements (mm) with magnetic resonance imaging by

age groups in Turkish healthy population (n = 292)

Values Age groups Total P
(min-max)
Age 18-20 years 21-30 years 31-40 years 41-50 years 51-60 years
N 15 92 115 45 25
Pituitary gland width 1331192 1316178 1293+202 1285=169 13.28+215 13.04=189 >005
9.90-17.00 7.50-18.50 7.10-18.70 10.40-16.40 890-17.10  (7.10-18.70)  (0.745)
Pituitary gland height 545 + 1.25 5.08 = 1.02 481101 4.58 = 1.06 449094 487+105 <005
2.70-7.10 2.40-1.70 1.80-7.20 1.60-6.90 2.30-6.10 (1.60-7.70)  (0.003)
Intercavernous distance 3.32 148 275048 2.86 = 0.48 271 =048 280042 282058 <0.05
2.20-8.30 1.70-4.10 1.60-4.10 1.20-3.50 2.10-4.10 (1.20-8.30)  (0.005)
Optic chiasm width 1295+132 1268 £1.16  13.14=131 1288 =151 1295+140 1293131 >005
10.80-15.50 10.00-14.80 9.10-16.50 9.30-15.70 10.10-15.20  (9.10-16.50)  (0.179)
Optic chiasm height 332+ 148 2.75 + 048 2.86 + 0.48 271 +048 280+042 282+058 <005
2.20-8.30 1.70-4.10 1.60-4.10 1.20-3.50 2.10-4.10 (1.20-8.30)  (0.005)

%2 magnification. MRI was performed usinga 1.5 T

MRI system (Siemens; Essenza, Erlangen, Germany).
Healthy adult subjects were selected by criteria

of optimal health. The main exclusion criteria were:

— adult subjects who had a history of endocrine
disturbance, pregnancy, breast-feeding;

— those who undergone hormonal treatment such
as thyroid, postmenopausal oestrogen, proges-
terone, steroid therapy;

— subjects who were on a medication (like pheno-
thiazine, reserpine).

The data were divided into two groups according
to gender: healthy adult female and male subjects, and
age groups. Estimations were expressed as millimetre.

Statistical analysis

The SPSS 21.0 programme was used for statisti-
cal analysis of the measurement results. From these
measurements, means, standard deviations (SD),
minimum and maximum values were calculated. In
all statistical analyses, a p value of less than 0.05 was
considered statistically significant. ANOVA test, x?
test, and Pearson correlation analysis were also used.

RESULTS

The means, associated standard deviations, and
range of values for the various measurements from
sella turcica region were presented in Tables 1-4. No
significant difference (p > 0.05) was observed in the
corresponding mean values of gender, consequently
the means and standard deviations of the measure-
ments from sella turcica were calculated. The overall
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Table 2. Gender related changes of sellar region measurements
(n = 292)

Values Females Males P value
(n=187) (n=105)
Pituitary gland width 13.09+199 1296 +174 >0.05
(min-max) (7.10-18.70)  (8.80-16.40)  (0.598)
Pituitary gland height 491110 479+095 >0.05
(min-max) (1.60-7.50) (1.90-7.70)  (0.385)
Intercavernous distance 1593 +3.05 16.08+3.11 >0.05
(min-max) (9.90-24.70)  (9.90-25.70)  (0.701)
Optic chiasm width 1282 +127 1313+137 >0.05
(min-max) (9.10-15.70)  (9.70-16.50)  (0.056)
Optic chiasm height 280+049 286+070 >0.05
(min-max) (1.20-4.10) (1.80-8.30)  (0.396)

means and standard deviations of the measurements
were: the pituitary gland width, 13.09 = 1.99 mm; the
pituitary gland height, 4.91 = 1.10 mm; the intercav-
ernous distance, 15.93 = 3.05 mm; the optic chiasm
width, 12.82 + 1.27 mm; the optic chiasm height,
2.80 = 0.49 mm in females, respectively whereas, the
same measurements were 12.96 * 1.74 mm; 4.79 *
+ 0.95 mm; 16.08 = 3.11 mm; 13.13 = 1.37 mm;
2.86 = 0.70 mm in males, respectively (Table 1).
The mean of the pituitary gland height in the age
group 18-20 years was the highest value (5.45
+ 1.25 mm). The same measurement was 5.08 +
+1.02mmintheagegroup21-30years;4.81 = 1.01 mm
in the age group 31-40 years; 4.58 = 1.06 mm in the
age group 41-50 years and, 4.49 = 0.94 mm in the
age group 51-60 years. The same value was observed

I+
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Table 3. The means, standard deviations, and ranges of the sellar region measurements (mm) with magnetic resonance imaging by

age groups in Turkish healthy females (n = 187)

Values Age groups P
Age ranges 18-20 years 21-30 years 31-40 years 41-50 years 51-60 years
N 12 65 66 25 19
Pituitary gland width 13.56 + 2.06 13.18 = 1.87 12.89 = 2.21 1277 = 1.64 1356 =192  >0.05
9.90-17.00 7.50-18.50 7.10-18.70 10.90-16.30 9.90-17.10 (0.533)
Pituitary gland height 5.63 +1.25 5.10 = 1.04 483+1.10 464 +1.07 4.40 +1.01 <005
2.70-7.10 2.40-7.50 1.80-7.20 1.60-6.90 2.30-6.10 (0.010)
Intercavernous distance 18.29 = 4.22 16.00 = 2.62 1543 = 3.14 15.56 + 2.72 1647 +325 <0.05
12,80-24,70 10,60-23,10 9.90-23.20 11.00-21.50 10.10-21.70  (0.039)
Optic chiasm width 12.98 + 1.38 1263 + 1.15 12.98 + 1.26 12.74 = 1.46 1291137  >005
10.80-15.50 10.00-14.80 9.10-15.70 9.30-15.30 10.10-15.20  (0.568)
Optic chiasm height 2.96 + 0.53 2.76 = 048 2.85 050 2.63 +0.53 286039  >0.05
2.20-3.70 1.70-4.10 1.60-4.10 1.20-3.50 2.30-4.10 (0.220)

Table 4. The means, standard deviations, and ranges of the sellar region measurements (mm) with magnetic resonance imaging by

age groups in Turkish healthy males (n = 105)

Values Age groups P
Age ranges 18-20 years 21-30 years 31-40 years 41-50 years 51-60 years
N 3 26 49 21 6
Pituitary gland width 1233 £ 0.7 13.16 = 1.59 12.98 = 1.75 1292 = 1.74 1242 +2.77 > 0.05
11.70-13.10 9.80-15.70 8.80-15.60 10.40-16.40 8.90-15.00 (0.861)
Pituitary gland height 473 £1.23 5.08 + 1.00 475+ 0.88 4.56 + 1.06 4.78 + 0.64 > 0.05
3.70-6.10 3.50-7.70 2.10-6.80 1.90-6.10 3.70-6.50 (0.454)
Intercavernous distance 15.00 = 0.87 15.52 = 2.63 16.31 £3.25 16.70 = 3.27 14.92 + 3.89 > 0.05
14.50-16.00 12.00-22.40 9.90-25.70 11.70-25.00 9.90-19.10 (0.539)
Optic chiasm width 12.87 = 1.36 12.89 = 1.16 13.29 = 1.40 13.09 + 1.55 13.07 + 1.63 > 0.05
11.30-13.70 11.10-14.50 9.70-16.50 10.00-15.70 10.30-14.40 (0.817)
Optic chiasm height 477 + 3.14 2.75 = 0.46 2.84 = 0.46 2.84 =040 2.60 =049 <0.05
2.30-8.30 1.80-3.50 1.90-3.80 1.90-3.50 2.10-3.50 (< 0.001)

to be 4.87 = 1.05 mm in both subjects (Table 1). P val-
ue for the pituitary gland height and intercavernous
distance measurements were found to be 0.010 and
0.039 in females between second decade and sixth
decade which were statistically significant, however
p value for optic chiasm height was calculated as
0.001 in between the age groups of males which was
statistically significant (p < 0.05) (Tables 3 and 4).
The values of pituitary gland height in different age
groups and in both sexes were shown in the Tables 1, 3
and 4. The means of the pituitary gland height of female
subjects in all age groups under 51 years were higher
than in male subjects in all age groups under 51 years.
Whereas, in female subjects above 50 years of age, the
means of the pituitary gland height was lower than in
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male subjects in the same age groups. Moreover, the
mean of these heights was found to be the highest
in the age group 18-20 years, followed by age group
21-30 years (Table 1). In males the corresponding value
was the highest in 21-30-year-olds (third decade), while
in females the same measurement was the highest in
patients aged 18-20 years (second decade). Addition-
ally, the height of pituitary gland in females decreased
gradually with increasing age, whereas there were no
such gradual decrease in males (Tables 3 and 4).
Significant differences were not found in pituitary
gland height and width, intercavernous distance,
optic chiasm width and height according to gender
(> 0.05). Pituitary gland width showed strong positive
correlation with intercavernous distance (r = 0.712)
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and weak positive correlation with optic chiasm width
(r =0.279). Intercavernous distance showed weak pos-
itive correlation with optic chiasm width (r = 0.337).
There was moderate negative correlation between
pituitary gland height and age.

DISCUSSION

Magnetic resonance imaging is an important,
useful and accurate diagnostic technique for exam-
ination of pituitary gland. Many pathologies such as
physiological hypertrophy, neoplasia (microadenoma
or macroadenomas), inflammatory disease, empty
sella, embryonic abnormalities and increased lobulated
margin are determined with this method [22, 26, 27,
29, 33]. Moreover, the MRI can be an alternative to
computed tomography (CT) measurements because
it provides greater facility to the patient and with
potentially lower risk [32]. Also, preoperative imaging
of the tumours allows the surgical approach to be
practically [6]. Additionally, MRI is more reliable than
CT and it does not use any harmful ionizing radiation.
It allows detailed visualization of the pituitary gland,
optic chiasm, etc. [3].

The pituitary gland plays an important role in neu-
roendocrine regulation [3]. The height of the pituitary
has a critical significance in both determination of
intrasellar mass and evaluation of pituitary tumour
diagnosis and prognosis [3, 32]. It also allows to be
used as a guideline of response to medical therapy
[32]. Argyropoulou et al. [1] reported that pituitary
height is an important marker, because of a sign of
the pituitary gland growth. Suzuki et al. [26] stated
that if the pituitary gland height exceeds 9.00 mm in
females and 8 mm in males, that means pituitary gland
is abnormal. According to Elster rules which was used
as a guideline for height of the pituitary, this dimension
was declared as 6 mm in child; 8 mm in males or post
menopause period; 10 mm in fertility period; and in
12 mm postpartum/lactation period [6, 28]. Tsounoda
et al. [27] reported that pituitary height could show
physiological neuroendocrine variations between both
young and old subjects, and females and males. The
height of the pituitary gland increased in during puber-
ty, third and fifth decades. The reason for this increase
in puberty period could be with luteinizing hormone
hypersecretion. Furthermore, the height increased in
the third and the fifth decades was due to more active
as endocrinolologically and both fertility in females and
increase in basal serum concentrations of gonadotropic
hormones such as luteinizing hormone or follicle stimu-
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lating hormone [1, 14, 22, 27]. The decrease in pituitary
height with age could show the endocrinology of aging
and physiological pituitary atrophy [1, 27]. Moreover,
the one reason of decreasing in pituitary height was
reduction in basal serum concentrations of gonado-
tropic hormones after puberty until to the ages of 50
years [3, 27, 33]. Additionally, an another reason of
decreasing in pituitary gland height was regression
of pituitary gland tissue causing loss of function, and
progressive compression of the pituitary gland from
cerebrospinal fluid pressure and ischemic changes in
the anterior lobe [26].

In studies, there were different reports about the
period of peak height of the pituitary. Some authors
stated the peak height of the pituitary in females was
observed in second decade [6, 11, 12, 26], in the ages of
16-25 years [22], and in third decade [3, 27], whereas
in males the pituitary peak height was seen in the age
of 11-20 years [11], in the age of 10-29 years [26],
in the ages of 16-25 years [22], in the age of 21-30
years [3, 12], in the age of 51-60 years [6] and in the
age of 20-29 years [27]. In this study the peak height
of pituitary was found in second decade (the ages of
18-20 years) in females and in third decade (the ages
of 21-30) in males, respectively. We also found differ-
ences in females the peak values of pituitary height
of above studies except the populations of Nigerian,
Turkish, Japanese and Pakistan. According to this data,
our results of males were similar to studies of Japa-
nese and Pakistan populations. On the other hand, in
a studying consisting of German subjects with idiopathic
intracranial hypertension (IICH) and healthy subjects,
the same measurements were found as 3.23 mm
and 5.55 mm, respectively [10]. In other study, Wie-
ner et al. [32] stated that pituitary height of patients
with pituitary tumour was found as 15.5 mm (range
5-35mm) in CT and 14.5 mm (range 5-32 mm) in MRI.
These results are important for knowing normal values
of the pituitary height to research whether a tumour is
present or not [6]. In literature, pituitary height means
were found as 5.52 mm and 5.66 mm in Scottish male
and female subjects [22]; 4.7 mm and 4.9 mm and 5 mm
and 5.2 mm in Japanese males and females [14, 26];
5.60 mm and 5.80 mm in Pakistan male and female
population [3]; 6.45 mm and 6.46 mm in Nigerian
male and female population [11], and 5.37 mm and
6.27 mm in Indians, respectively [20, 24]. When we
analysed our data including pituitary height was found
to be 4.79 mm and 4.91 mm in males and females,
respectively. According to this data, our values were
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lower than literature except Suzuki et al.’s study [26].
We consider that these differences could be a result of
such factors like race, genetic variables, demographic
variables (age, gender), the ratio of females in study,
mean age of participants, hormonal status, stress and
menstrual cycle. Moreover, pituitary gland diseases
cause to excessive secretion or growth of the pituitary
gland such as acromegaly, prolactinoma, gigantism, hy-
perthyroidism or diseases including diabetes insipidus,
hypothyroidism, Addison’s or Graves diseases cause to
less secretion of gland, and the growth deficiency in
genital system, or cavernous sinus infection, presence
of tumour as glioma, meningioma, lymphoma etc.
play a role in differences of pituitary gland dimensions
[7, 15,16, 25, 27, 31]. Furthermore, the immaturity of
the hormonal feedback system between hypothala-
mo-hypophyseal tract and target organs is responsible
for decrease in pituitary height during the first year
of age. Therefore in newborn children, there are high
hypophyseal concentrations and blood level of the
pituitary hormones [1].

The pituitary dimensions vary across age groups.
It is a sign of changes in pituitary gland’s complicated
hormonal milieu [11]. The means of the pituitary width
measured as 8 mm [20]. These measurements were
significantly different between male and female. It
was known that females had larger glands [11]. Peak
values of pituitary width were seen in the ages of 25-35
years, whereas the lowest value of pituitary width was
obtained between 55 and 65 years [22]. In this studly,
there were no correlations with age in pituitary width
measurements, which is in agreement with the liter-
ature [11]. In researches, the means of the pituitary
width were between 11.22 mm and 13 mm in Indians
[20, 23, 24]; 11.57 mm and 11.91 mm in Scottish males
and females [22]; 12.4 mm and 13.5 mm in Japanese
males and females [14], 9.08 mm and 9.21 mm in
Nigerian males and females, respectively [11]. How-
ever, mean value of the pituitary width was found as
12.32 mm both in subjects with [ICH and healthy sub-
jects [10]. In this study, the pituitary width of females
(13.09 mm) were higher than that of males (12.96 mm),
which is in accordance with the literature [11, 14, 22, 24].
We also found differences in the mean values of pitu-
itary width of above studies except Indians with our
population. The Scottish, Nigerian and Japanese males
have lower values, and Japanese females have greater
values than ours. On the other hand, in this study, the
maximum values of the pituitary width were recorded
in the second and sixth decades whereas, the lowest
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value of pituitary width was obtained in fifth decade in
females. Conversely, in males the maximum values were
reached in third decade whereas the lowest value was
recorded in second decade. According to above studies,
we thought that the pituitary width was exposed to
many variations at different periods of life. It can vary
from individuals, depending on age, sex, menstrual
period, race, and presence tumours or diseases.

Many critical structures are present close to optic
chiasm. The optic chiasm forms with combining optic
nerves anteriorly and leaving optic tracts posteriorly.
Optic chiasm gets in touch with cerebrospinal fluid
anteriorly, within the subarachnoid space and pos-
teriorly within the third ventricle. It is an important
parameter for comment MRI examinations of brain
[2,30]. Asmall optic chiasm could be a sign of many dis-
orders or a large optic chiasm could be an indication
of the glioma, meningioma, lymphoma etc. [30]. The
mean of the optic chiasm width was found as 14.0 mm
(range from 10.3 mm to 18.3 mm) in Americans aged
between 18 to 82 years [30]. Bilal et al. [2] stated the
means of optic chiasm width and height were 13.08 mm
and 2.49 mm in females having abnormal brain MR
respectively, whereas the corresponding values were
found as 13.58 mm and 2.58 mm in males, respec-
tively. In that study, researchers reported that the
optic chiasm width ranged between 11.11 mm and
15.09 mm, whereas the optic chiasm height ranged
from 2.11 mm to 2.89 mm. Furthermore, the max-
imum value was seen in sixth decade, whereas the
lowest value was measured in fifth decade [2].
Schmitz et al. [21] measured the same dimension
as 10.3 mm and 12.9 mm in subjects with albinism
and healthy group. In this study, the means of the
optic chiasm height and width values were found as
3.5 mm and 15.0 mm in healthy subjects, while the
corresponding values were 3.5 mm and 15.00 mm in
subjects with optic atrophy [17]. We found the means
of the optic chiasm height and width higher in males
than females with similar to literature [2].

There were very few studies about intercavernous
distance measurement [9, 18, 35]. Intercavernous dis-
tance defined the distance between the two medial
walls of the cavernous sinus. It was stated that the me-
dial wall of the cavernous sinus was weakest and thinner
part of the pituitary gland cover therefore allowing lat-
eral tumoural growth into the cavernous sinus [4, 8, 9].

The mean of this dimension was measured as
14.9 mm (range 10.1 mm and 18.2 mm) by Romano
et al. [18]. In Turkish female and male population,
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the intercavernous distance was found as 14.1 mm
and 13.0 mm, respectively. There were no significant
differences in between genders. Additionally, the in-
tercavernous distances showed negative correlation
with age. In the studies, it has been reported that the
intracavernous distance decreases with increasing
age [9]. The intercavernous distance was 12.7 mm in
healthy Americans, whereas the corresponding value
was 15.9 mm in subjects with sella based lesions
[35]. In this study, this dimensions was measured as
15.93 mm and 16.08 mm in females and males. There
were no significant differences between genders.
However, in evaluation of intercavernous distance
with age, there were significant differences in fe-
males. But there were no significant differences in
intercavernous distance of males. Intercavernous dis-
tance decreased from second decade to fifth decade,
with increasing age. Beside these findings, in fifth
decade this value was increased whereas intercavern-
ous distance was decreased in sixth decade in females.

CONCLUSIONS

As a result, according to this study data, some
important differences between the Turkish population
and other nations were shown. At the same time,
some measurement values were different in also Turk-
ish population with age and sex. The fact that data
differences are well known in normal individuals is
of great importance in evaluating the structures of
organs in clinical and pathological processes.
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