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ABSTRACT

Aims: The aim of this study was to analyze the age and sex related changes in pituitary gland
height in a selected population from Sudan, and also to compare findings with those of other
authors.

Study Design: This prospective study included 50 participants (25 males and 25 females; ages
range between 2-65 years) underwent brain magnetic resonance imaging (MRI) examination.
Place and Duration of Study: This study was conducted in different MRI centers in Khartoum,
Sudan between March 2016 and August 2016.

*Corresponding author: E-mail: m.alhassen@psau.edu.sa;
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USA) version 20 for windows.

of the gland with age.

Methodology: In order to measure pituitary gland height, MRI T, weighted sagittal images were
obtained using General Electric (GE) Signa HDe 1.5 T MRI system. The unpaired t-test was used
for the statistical significance, P-value < 0.0001 considered significant. Statistical analysis was
performed using the standard Statistical Package for the Social Sciences (SPSS Inc., Chicago, IL,

Results: The mean value of pituitary gland height in the sample was (5.4+1 mm). Mean pituitary
gland height of females (5.65+1.21 mm) was greater than that of males (5.13+0.69 mm). A
significant correlation was noted between pituitary gland height in both sexes during age ranges
11-21 years, 22-32 years, 33-43 years, and 44-54 years respectively. A gradual decrease in the
height was noted to start in the mid of the fifth decade of life in both sexes.

Conclusion: A reference value of normal pituitary gland height was obtained in Sudanese
population. The height of the gland was greater in females. There was a gradual increase in height

Keywords: Pituitary gland; prospective study; height; magnetic resonance imaging.

1. INTRODUCTION

With the recent advancement, magnetic
resonance imaging (MRI) has become the
modality of choice for visualizing the intracranial
structures like sellar and the parasellar region [1].
MRI presently supersedes computed tomography
(CT) and plain radiographs in the investigation of
the sella, parasellar, and suprasellar regions [2].
It provides high resolution images, unlike CT
scan and conventional radiographs, it does not
use any harmful ionizing radiations. Hence, MRI
is considered safe for human study because
there is no known adverse effect of the strong
magnetic field and the radio waves [3]. They are
also extremely useful because of the wealth of
information contained in the signal regarding
both structural properties of the tissue and its
bio-chemistry [4].

The pituitary gland controls other glands and
secretes important hormones. Evaluation of
pituitary size and its shape are the most
important factors in the diagnosis of its
pathology. However, dynamic changes have
been reported on the size, shape and signal
intensity of the pituitary on MRI in different age
groups, which reflects the changes in the
complex hormonal environment of this gland.
These changes were more significant in females
[6]. The maximum height of the pituitary gland
was reported during the second and third decade
of life, this can be explained by rapid hormonal
changes at puberty [6-8]. The MRI coronal image
of the pituitary gland considers the best single
view for imaging the pituitary gland, while the
sagittal image best assesses the relationship of
the midline structures [9]. In addition, the
midsagittal height of the pituitary gland reflects
the variations in the pituitary morphology more

accurately [10,11]. Reliable height of the pituitary
gland varies, wherein children it was 6 mm,
puberty about 10 mm, young adult male
was 8 mm and in female was 9 mm respectively,
while in pregnancy it was found to be 12 mm
[12].

As a fact, the normative value of pituitary gland
height is not available for the population of
Sudan. This study was designed to analyze the
age and sex related changes in pituitary gland
height in a selected population from Sudan, and
also to compare such findings with those of other
authors.

2. MATERIALS AND METHODS
2.1 Study Population

After receiving approval from the local ethics
committee, a total of 50 consecutive healthy
Sudanese participants (25 males and 25
females), presenting at the departments of MRI
in different medical centers and hospitals in
Khartoum State, Sudan, were recruited for a
period of six months between March 2016 and
August 2016 in this prospective cohort study. A
waiver of informed consent was granted in
accordance with institutional guidelines. The
exclusion criteria were the existence of one of
the following conditions in participants as: Non-
Sudanese citizen, any previous history of
intracranial surgery or currently, having any
intracranial mass occupying lesion, subjects with
hormonal imbalance and or hormonal therapy,
epilepsy, hydrocephalus, pregnant or
breastfeeding females, participants receiving
medications affects the pituitary size, and
participants present with features of raised
intracranial pressure.
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2.2 MRI Examination Protocol

All participants were examined on General
Electric (GE) Signa HDe 1.5 T MRI system using
appropriate head coil. MR Console was loaded
with  GE Centricity Dicom viewer version 2.2
software. Midsagittal T; weighted spin-echo
sequences with 40-95 ms echo time, 550-3850
ms repetition time, 24 cm field of view, 5 mm
slice thickness, and 5 mm slice gap, were
constructed on a 512x256 matrix. T, sagittal
images that visualize the cerebral aqueduct and
pituitary gland were taken for the measuring of
pituitary gland height [7,13]. Pituitary height was
measured as the greatest distance between the
base and the top of the gland by using electronic
calipers provided with GE Centricity Dicom
viewer software. Obtained values were
measured in millimeters (mm).

2.3 Statistical Analysis

Data were initially summarized as a
meantstandard deviation (SD) in a form of
comparison tables and graphs. The unpaired t-
test was used for the statistical significance,
where the P-value < 0.0001 was considered
significant. Statistical analysis was performed
using the standard Statistical Package for the
Social Sciences (SPSS Inc., Chicago, IL, USA)
version 20 for windows.

3. RESULTS

In this prospective study a total of 50 (25 males
and 25 females) consecutive and healthy
participants were recruited. The mean age+SD
was 31+18.5 years (age ranges from 2 up to 65
years). Mean age of male participants was
31+£17.3 years while for females the mean age
was 31+£19.9 years. The data stratified into six
groups on the basis of age and gender of
participants. Also, no statistically significant
differences were observed among participants
mean ages (Table 1).

The mean pituitary height was respectively
(5.13£0.69 mm) and (5.65+1.21 mm) in males
and females participants (Table 2). In males, age
groups 1-10 years, 11-21 years, 22-32 years, 33-
43 years, 44-54 years, and 55-65 years, the
mean pituitary height was (3.82+0.13 mm,
5.41+0.61 mm, 5.9410.07 mm, 4.84+0.03 mm,
4.85+0.01 mm, and 4.47+0.00 mm) for each.
While pituitary height in females was (4.07+0.54
mm, 6.62+0.16 mm, 7.12+0.63 mm, 5.75+0.56
mm, 5.63+£0.63 mm, 4.75+0.17 mm) for the same
age groups (Table 2 and Fig. 1). Standard error
(SE) of 0.31 and 0.51 was detected for both male
and female pituitary gland height respectively

(Fig. 1).

Table 1. Distribution of participants age and sex in the sample

Age ranges Incidence Males mean Incidence Females P-value t
(years) of males age of females mean age
age (years)*SD age (years)*SD

1-10 2 3t1.4 5 5+2.7 0.3820* 0.9582
11-21 6 1543.1 4 17+1.3 0.2636* 1.2024
22-32 6 25+1.1 5 27+3.2 0.1823* 1.4452
33-43 4 38+2.1 3 37+2.0 0.5531* 0.6354
44-54 5 48+2.1 4 48+3.4 1.0000* 0.0000
55-65 2 63+2.1 4 62+2.7 0.6757* 0.4505
Total 25 31+17.3 25 31+19.9 1.0000* 0.0000

* Not statistically significant

Table 2. Distribution of pituitary gland mean height+SD (mm) by age and sex among
participants

Age ranges Males pituitary gland mean

Females pituitary gland mean P-value t

(years) height*SD (mm) height*SD (mm)

1-10 3.82+0.13 4.07+0.54 0.5659* 0.6142
11-21 5.41+0.61 6.62+0.16 0.0052** 3.8092
22-32 5.9410.07 7.1210.63 0.0013** 4.6044
33-43 4.84+0.03 5.75+0.56 0.0202** 3.3569
44-54 4.85+0.01 5.63+0.63 0.0258** 2.8188
55-65 4.47+0.00 4.75+0.17 0.0931*  2.1961
Total 5.13+0.69 5.65+1.21 0.0681*  1.8666

* Not statistically significant; ** statistically significant
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The pituitary height in female subjects (5.65+1.21
mm) was greater than that in male subjects
(5.13£0.69 mm), but there is no significant
difference  found between  these two
measurements (P = 0.0681, and { = 1.8666) as
presented in (Table 2). A significant correlation
was noted between male (5.41+£0.61 mm,
5.94+0.07 mm, 4.84+0.03 mm, and 4.85+0.01
mm) and female (6.62+0.16 mm, 7.12+0.63 mm,
5.75£0.56 mm, and 5.63+0.63 mm) pituitary
gland height in the age ranges of 11-21 years,
22-32 vyears, 33-43 years, and 44-54 years
respectively. Where P-values and t were (0.0052;
3.8092, 0.0013; 4.6044, 0.0202; 3.3569, and
0.0258; 2.8188) for each (Table 2).

A regression equation between pituitary gland
height and age was found in male participants
and could be expressed as: [y = 0.00x>- 0.01%* +
0.27x + 3.00], where [y] refers to the pituitary
gland height (mm) and [x] refers to males age
(years) as depicted in Fig. 2. From this
polynomial trendline an R-squared value of [R2 =
0.81] was detected.

In contrast, another polynomial trendline shows a
regression equation between pituitary gland
height and age of female participants, and could
be expressed as: [y= 0.00x® - 0.01x* + 0.39x +
2.62], where [y] refers to the pituitary gland
height (mm) and [x] refers to females age (years)
as presented in Fig. 3. Also an R-squared value
of [R® = 0.84] was detected.

4. DISCUSSION

There is a recognized need for more normative
data on pituitary gland height in the general
population. Midsagittal height of the pituitary
gland reflects the variations in the pituitary
morphology more accurately [1,11]. In this study,
the authors reported MRI data on measured
pituitary height in healthy Sudanese participants.
It was found that the mean pituitary height was
(5.4+t1 mm) which was comparable to other
studies [13,14]. Measurements in these studies
rely on linear parameters, and since the pituitary
gland develops dynamically in puberty a more
accurate method of measurement may be
required to differentiate the normal from the
abnormal pituitary gland. Table 3 below presents
our current findings in comparing to historical
data obtained from previous studies.

Kiortsis et al. 2004 [15] and Hayakawa et al.
1989 [16] had described the normal appearance
of the pituitary gland in the first two years of life.
Where the height of the pituitary gland decreases
in the first two months of life and then gradually
increases till adolescence. A rapid decrease in
the secretion of growth hormone (GH) and
prolactin (PRL) is thought to be responsible for
this phenomenon. In the present study, the mean
pituitary height in the age group 1-10 year was
found (4+0.5 mm for the whole sample,
3.82£0.13 mm in males, and 4.07+0.54 mm in
females) as presented in Table 2. This was in
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Fig. 1. Distribution of pituitary height according to participant age and gender in the sample
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agreement with the values provided by Suzuki significantly higher gland size in females, which
et al. 1990 [17] and Elster et al. 1991 [18]. After was in agreement with the findings of this study
the first decade of life, Suzuki et al. 1990 [17] (Table 2 and Fig. 1).

and Elster et al. 1991 [18] had reported a

& Male pitutary gland height ——Poly. (Male pitutary gland height)

7 -
6
E
£
5 5 A
=
T
c
©
w4 -
z y = 0.00x? - 0.01x2 + 0.27x + 3.00
E] R*=0.81
a3 -

2 T T T T T T 1

0 10 20 30 40 50 60 70
Age (years)

Fig. 2. Correlation of pituitary height (mm) and age (years) in male participants
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Fig. 3. Correlation of pituitary height (mm) and age (years) in female participants
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Table 3. Current study males and females, mean pituitary gland height+SD (mm) in comparison
to previous studies findings

Males mean pituitary Males mean pituitary
gland mean gland mean height*SD
height*SD (mm); (mm); Tsunoda et al.

Males mean
pituitary gland mean
height*SD (mm);

Males mean pituitary
gland mean
height*SD (mm);

current study 1997 [19] Denk et al. 1999 [7] Ibinaiye et al. 2015
[14]
5.13+£0.69 4.93+1.0 5.61£0.2 6.45+1.7

Females mean
pituitary gland mean
height*SD (mm);
Tsunoda et al. 1997

Females mean
pituitary gland mean
height*SD (mm);
current study

Females mean
pituitary gland mean
height*SD (mm);
Ibinaiye et al. 2015

Females mean
pituitary gland mean
height*SD (mm);
Denk et al. 1999 [7]

[19] [14]
5.65+1.21 5.35+1.2 5.7+0.2 6.46+1.57
Pituitary gland reflects changes in the intricate  Despite the lower number of participants

hormonal milieu of the gland at different phases
of life. Denk et al. 1999 [13] and lkram et al. 2008
[7] confirmed that these changes are significantly
different between sexes, with larger glands found
in females. The results of the current study
support that females have larger glands
rather than males (Table 2, Figs. 1 and 3). Also
the results were statistically significant in the age
group 11-21 years; P = 0.0052, 22-32 years;
P = 0.0013, 33-43 years; P = 0.0202, and
44-54 years; P = 0.0258 (Table 2). Thus, pituitary
gland height could be measured depending
upon two correlation equations, which were
obtained regarding the participant age and
gender as distributed in the study, where [y =
0.00x% - 0.01x* + 0.27x + 3.00] and [y= 0.00x° -
0.01x° + 0.39x + 2.62] for male and females
respectively (Figs. 2 and 3). Both males and
females in the current research, attained the
peak pituitary height in the second decade
of life (22-32 years) as presented in Table 2 and
Fig. 1. Such finding was confirmed by lkrm et al.
2008 [7], where they explained that peak height
is a determinant factor for the development
of puberty and this was achieved in females
5 years earlier than in their male
counterparts. They believed that this fact could
be responsible for early achievement of maximal
height in females. Study results revealed also
another peak in pituitary height in individuals in
the middle fifth decade (55 years) and the
middle of the six decade (65 years) of life,
which was also greater for females (Table 2,
Fig. 1). This finding could be explained on the
basis of increased activity triggered as
a negative feedback mechanism by the waning
hormonal levels in the target organs
[17,19].

recruited in this study (n = 50), but the findings of
this study were similar to other studies conducted
about the effects of age and sex in pituitary gland
height using MRI in different populations. In
addition, the basic cranial diameters and their
effects upon pituitary height wasn’t assessed,
and the uniquely delineates different age groups
might be considered as limitations.

5. CONCLUSION

In conclusion, data provided reference values for
the pituitary gland height in different age groups,
which is an important parameter for the
evaluation of pituitary gland disorders. A
reference value for the normal pituitary gland
height was obtained in a Sudanese population,
but it should be considered that the height of the
gland is larger in females rather than males. In
addition, pituitary height showed a significant
correlation in both sexes among ages that
extended from the second to fifth decade of life.
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