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ABSTRACT

Objectives: To determine the dimensions of normal pituitary gland using T1‑weighted 
magnetic resonance images (MRI) and to determine their relationship with age and sex. 
Materials and Methods: Cranial MRI scans of 100 individuals with clinically normal pituitary 
function (58 males and 42 females) and in the age range 14–82 years were reviewed in 
order to obtain volumetric measurements of the pituitary gland. The height, width, and 
depth of the pituitary were obtained from mid‑sagittal and coronal planes, while the volume 
was calculated from these measured parameters. The data obtained were stratified based 
on age and sex for analysis. Statistical tests applied included Student’s t‑test and Pearson 
correlation. A minimum level of statistical significance was set at P < 0.05. Results: The 
mean pituitary volumes were 334.1 ± 145.8 mm3 and 328.1 ± 129.2 mm3 while the 
mean pituitary heights were 6.45 ± 1.7 mm and 6.46 ± 1.57 mm in males and females, 
respectively. Although there was no statistically significant difference between pituitary 
height and pituitary volume in both sexes, they correlated negatively with increasing 
age (r = −202, P = 0.04 and r = −410, P = 0.000, respectively). Both parameters were 
highest in pubertal subjects and declined steadily with age, with a second peak occurring 
only for pituitary height in the sixth decade. The mean pituitary widths (9.08 ± 2.59 mm 
and 9.21 ± 1.86 mm) and depths (10.59 ± 1.71 mm and 10.49 ± 1.57 mm) in males 
and females, respectively, did not show remarkable changes with age and sex in the 
individuals studied. Conclusion: With this study, we have provided reference values in 
Nigerian population for the dimensions of normal pituitary gland, in order to facilitate 
assessment and diagnosis in patients with abnormalities of the hypothalamic–pituitary axis.
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INTRODUCTION

The pituitary gland was first described anatomically by a 
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Belgian scientist Andreas Vesalius in 1543.[1] It is a small‑sized 
gland with master functions; hence, its size and morphology 
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have been a source of interest for many researchers. 
Sometimes in imaging, one takes a quick look at the contour 
of the superior surface of the pituitary gland or the size of the 
sella turcica as an indication or suggestion of enlargement of 
the gland. However, this would be misleading as the shape 
of the superior surface of the normal gland could either be 
flat, concave, or convex, depending on the hormonal status, 
age, sex, and even race of the individual.[1] Also, the size of 
the bony sella is not a sensitive indicator of pituitary gland 
abnormality since an empty sella can lead to an enlarged 
fossa. Hence, there is a need for quantitative assessment. 
Magnetic resonance imaging (MRI) presently supersedes 
computerized tomography (CT) and plain radiographs in 
the investigation of the sella, parasellar, and suprasellar 
regions.[2‑4] MRI allows detailed visualization of the anterior 
and posterior lobes, pituitary infundibulum, optic chiasma, 
and other parasellar structures.

The coronal image is considered the best single view for 
imaging the pituitary gland, while the sagittal image best 
assesses the relationship of the midline structures.[5]

There is currently paucity of data on the dimensions of 
normal pituitary gland in the Nigerian population. This 
study was carried out to fill in this gap and also to compare 
our findings with those of other authors in previous 
studies.

MATERIALS AND METHODS

One hundred consecutive subjects  (58  males and 
42 females) with no evidence of neuroendocrine or 
neuropsychiatric disease, whose serum prolactin, follicle 
stimulating hormone (FSH), and luteinizing hormone (LH) 
were essentially normal, and who had normal pituitary 
gland on brain MRI scan were included in the study. 
Pregnant or breastfeeding women, patients with previous 
brain surgery, and those on exogenous hormone therapy 
were excluded. This cross‑sectional study which spanned 
from 1 June, 2012 to 31 August, 2013 was conducted at the 
radiology department of Ahmadu Bello University Teaching 
Hospital, Zaria, Nigeria. Approval for the study was granted 
by the ethical committee of our institution. All patients gave 
informed and written consent prior to the investigation. 
The patients who met our inclusion criteria were those who 
were referred to the radiology department for brain MRI. 
The various indications for brain MRI in these patients are 
highlighted in Table 1.

Image acquisition
Axial, sagittal, and coronal images were acquired using 
a low‑field strength (0.2 T ) open permanent magnet 
MR scanner (Magnetom concerto® version; Seimens, 

Wittelsbacherplatz, Germany) loaded with syngo MR 2004A 
software (Numaris/4, Siemens software packages, Siemens 
AG, Germany). T1‑weighted images were utilized, as this 
sequence allows the visualization of the hyperintense 
posterior pituitary bright spot when present.

T1‑weighted sagittal spin echo was acquired with time to 
repeat (TR) =365–428 ms and time to echo (TE) =9–10 ms, 
while the post‑contrast (the use of gadolinium was part of 
the clinical indication) coronal images were acquired using 
TR = 420–530 ms and TE = 13 ms. All images were taken at 
3 mm slice thickness and constructed on a 512 × 256 matrix 
with a field of view of 23 cm.

Measurements
Pituitary gland dimensions were taken as the maximum 
distance (in mm) between two surfaces (lateral and 
superoinferior surfaces) using the in‑built electronic 
callipers provided by the software. The pituitary height 
and depth were measured from the sagittal plane, using 
a midline image at a section where the cerebral aqueduct 
was visible [Figure 1], while the pituitary gland width 
was measured from the coronal plane, at a section where 
the pituitary stalk was visible [Figure 2]. The pituitary 
volume (mm3) was obtained by multiplying the height (H) 
by depth (D) by width (W) by 0.52. The factor 0.52 was 
derived from sphere volume equation coefficient and cubic 
volume calculation:[6] (4/3π)(r3)/(2r) 3 = 3.1416/6 = 0.52 (0.52 
is a constant and correcting factor for the variation in shape 
that may occur in normal pituitary gland).

Blood sample was taken from each participant 
who had normal pituitary gland on MRI for further 

Table 1: Subjects’ ethnic distribution, indication/provisional 
diagnosis, and MRI findings

Percentage
Subjects’ ethnic distribution

Hausa/Fulani 80
Yoruba 8
Igbo 5
Others 7

Indication/provisional diagnosis
ISOL 36
Head injury 27
Stroke 14
Persistent headache 7
Recurrent seizures 11
Abnormal gait/movement 5

MRI findings*
Intracranial tumors/metastases 5
Intracranial hematoma 10
Brain infarcts 9.5
Lacunar infarcts 1.9
Vascular anomalies 1.5
Brain congenital anomalies 1.6
Normal MRI findings 75.5

ISOL: Intracranial space‑occupying lesion. *More than one finding per patient in a single case
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hormonal (prolactin, FSH, and LH) analyses, and only those 
with normal values were recruited into the study.

Statistical analysis
The statistical analysis was done using SPSS software 
version 17 (SPSS, Inc., Chicago, IL, USA). The patients 
were stratified on the bases of age and sex. Data 
were expressed as means and standard deviation and 
illustrated using tables and graphs. The relationship 
between pituitary gland dimensions with age was 
examined statistically using the Pearson’s correlation, 
while gender differences were evaluated using the 
Student’s t‑test. P < 0.05 was considered to indicate 
statistically significant difference.

RESULTS

The subjects’ ethnic distribution, indication/provisional 
diagnosis, and MRI findings are presented in Table 1.

Out of the 100 subjects studied (58 males, 42 females), the 
youngest was 14 years old while the oldest was 82 years 
old (mean age ± SD = 40.63 ± 15.32 years). The frequency 
distribution by age and sex is presented in Table 2.

The mean pituitary height was 6.45 ± 1.7 mm and 
6.46 ± 1.57 mm in males and females, respectively [Table 3]. 
Maximum values were seen in the 11–20 years age group 
(7.62 ± 2.0 mm3 and 7.81 ± 1.60 mm3 for males and females, 
respectively) and the value was higher in females than in 
males.

The range for pituitary volume for the total population 
was 143.90–370.80 mm3 [Table 4]. However, it was larger 
in males (mean volume 334.1 ± 145.8 mm3) than in 

females (mean volume 328.1 ± 129.2 mm3), although not 
significant statistically, as seen in Table 3.

Table 3 also shows that the mean pituitary dimensions 
(height, width, and depth) were similar in both males and 
females (P = 0.98, 0.79, and 0.77, respectively).

Both the pituitary volume and height correlated negatively 
and significantly with age (P < 0.05). The pituitary volume 
measured showed the largest value (370.8 ± 85.4 mm3) in the 
age group 11–20 years and it was found in males [Table 4]. 
In females, however, the largest volume (359.3 ± 93.3 mm3) 
was found in the age group 21–30 years. The lowest values 
were recorded in the seventh and eighth decades in both 
sexes [Figures 3 and 4].

The pituitary width and depth did not show any statistically 
significant correlation with age.

Figure 1: Mid-sagittal non-contrast T1-weighted MRI in a 26-year-old male 
shows the pituitary gland (arrow). The neurohypophysis is marked by the 
posterior bright spot. The pituitary height is measured as the maximum cranio-
caudal distance and depth as the antero-posterior distance.

Figure 2: Coronal post-contrast T1-weighted MRI shows the pituitary gland 
(arrow), infundibulum, or stalk (s) and the laterally related intracavernous internal 
carotid artery. The width was measured as the maximum distance to the left 
and right sides of the pituitary gland.

Table 2: Age and sex distribution of patients
Age group (years) Male (no.) Female (no.) Total (no.)
11-20 5 7 12
21-30 12 9 21
31-40 10 6 16
41-50 10 12 22
51-60 16 5 21
61-70 3 2 5
71-80 1 1 2
81-90 1 0 1

Table 3: Pituitary dimensions (mean and standard deviation) 
by sex and test of statistical significance
Pituitary dimension Males Females P value
Volume (mm3) 334.11±145.87 328.09±129.23 0.83
Height ((mm) 6.46±1.71 6.45±1.57 0.98
Width (mm) 9.08±2.59 9.21±1.86 0.79
Depth (mm) 10.59±1.71 10.49±1.57 0.77
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Out of all pituitary dimensions (height, width, and depth), 
only height showed correlation with pituitary volume.

DISCUSSION

Despite its small size, subtle alterations in the pituitary gland 
could have substantial effects on other neuroendocrine 
organs. The Growth Hormone Society summary statement 
of 2000 indicated the need for more data on pituitary 
dimensions.[7] We also found that there is dearth of literature 
on African subjects. In the present study, the mean pituitary 
height for African population was 6.45 mm and the volume 
was 331.59 mm3. This is comparable to earlier reports.[8,9] 
Our peak values for pituitary height (7.62 ± 2.0 mm and 
7.81 ± 1.60 mm in males and females, respectively) 
were, however, higher than the findings of Faisal et al.,[8] 
(6.3 ± 1.4 mm and 5.9 ± 1 mm, respectively), Denk et al.,[9] 
(5.7 ± 0.2 mm and 5.6 ± 0.2 mm, respectively), Elster et al.,[10] 
and Tsunoda et al.,[11] (5.33 ± 1.2 mm and 4.93 ± 1.0 mm, 
respectively). These variations can be explained as due to 
the differences in the populations studied.

The pituitary dimensions vary in different age groups and 
this has been well documented.[8‑11] It reflects changes 
in the intricate hormonal milieu of the gland at different 
phases of life. Some authors found that these changes are 
significantly different between sexes, with larger glands 
found in females.[8,11] Though our findings support that 

female have larger glands, the results were not statistically 
significant. In the studies of Denk et al.,[9] and Kato et al.,[12] 
results revealed that boys less than 10 years of age had 
statistically larger glands than females.

After birth, serum levels of growth hormone and prolactin 
decrease, which leads to a decrease in gland height in the 
immediate postnatal period. After the second month of 
life, the pituitary gland gradually increases in height to 
reach its maximum at puberty. This can be explained by 
the rapid hormonal changes at puberty, especially in the 
levels of gonadotropins (LH and FSH). Similar to previous 
studies,[8‑10] we found that the pituitary height peaked at 
the second decade of life in both sexes, with higher values 
found in females. Some authors differ on this finding and 
have reported peak values in the third decade.[11,12] Apart 
from pituitary height, the shape of the upper surface and 
the signal intensity were also reported to show more 
significant changes in females.[12,13]

We have observed that both males and females attained 
the peak pituitary height in a single decade of life 
(2nd decade). This is, however, contrary to the finding by 
Faisal et al.,[8] who reported that females achieved the 
peak heights in their second decade, while in males it 
was achieved in the third decade. They explained that 
peak height is a determinant factor for the development 
of puberty and this is achieved in females 5 years earlier 

Figure 3: Relationship between the height of the pituitary gland and age in 
both sexes. Figure 4: Relationship between pituitary volume and age in both sexes.

Table 4: Pituitary dimensions (mean±SD mm) by age group and sex of subjects
Age group 
(years)

Pituitary height (mm) Pituitary volume (mm3)

Males Females Total Males Females Total
11-20 7.62±2.0 7.8±1.6 7.7±1.6 370.8±85.4 318.6±192.4 340.37±153.55
21-30 7.0±1.5 6.9±1.3 7.02±1.5 354.6±137.6 359.3±93.3 356.66±117.94
31-40 6.7±1.7 5.9±1.7 6.36±1.7 348.6±145.7 345.3±160.7 347.38±146.16
41-50 5.9±1.3 5.9±1.2 5.98±1.2 347.5±128.0 332.7±133.7 339.46±128.28
51-60 6.3±1.4 6.4±1.7 6.35±1.4 334.6±169.7 298.1±49.3 325.91±149.47
61-70 5.1±2.9 5.0±0.4 5.09±2.1 217.4±200.5 292.3±123.5 247.44±160.05
71-80 3.9 401 4.0±0.1 143.9 175.6 159.78±22.46
80+ 5.0 0.00 5.0 157.01±00 0.00 157.01±00
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than in their male counterparts. They believe that this fact 
could be responsible for early achievement of maximal 
height in females.

In addition, we recorded a second peak in pituitary height 
in individuals at the sixth decade, which was also greater for 
females. This is in agreement with the reports of Tsunoda 
et al.,[11] and Denk et al.[9] This second peak is thought 
to reflect the increased activity triggered as a negative 
feedback mechanism by the waning hormonal levels in 
the target organs.

There were no subjects with a pituitary height greater than 
9 mm in either sex in this study.

When we further analyzed the differences in mean height 
with respect to the various age groups in both sexes, the 
sex differences were not statistically significant, unlike seen 
in other reports.[14‑16]

Our findings on pituitary volume, however, differed slightly 
with respect to age and sex. The peak age was in the third 
decade, while the peak value was higher in males. No 
second peak in pituitary volume was recorded in individuals 
in the sixth decade. However, both pituitary height and 
volume declined steadily thereafter, and the lowest levels 
were recorded after the seventh decade.

In addition, we also observed that among the four 
parameters that we studied in relation to the pituitary 
gland, pituitary height changed most remarkably with 
respect to age and sex. This is in partial agreement with 
the opinion that mid‑sagittal height of the pituitary 
gland reflects the variation in pituitary morphology more 
accurately.[13,17,18]

Lurie et al.,[18] opined that there are no age‑related effects 
on gland width or depth, which is in agreement with our 
findings. We also believe that the unremarkable variation 
in pituitary volume in our study could be partly explained 
by the fact that volume measurements calculated from 
linear parameters are indirect estimations. Lurie SN et al., 
believe that 3D volumetry should be the new standard for 
measuring pituitary sizes.[19]

Limitations
Our study is limited by selection bias due to the fact that 
the high cost of the examination did not permit us to study 
normal volunteers. Hence, patients with other conditions, 
but without clinical or imaging evidence of neuroendocrine 
or neuropsychiatric pathology were selected.

The non‑availability of 3D software in our center might have 
affected the accuracy of our measurements.

CONCLUSION

With this study, we have provided reference values for 
the normal pituitary gland dimensions in a Nigerian 
population, which will facilitate assessment and diagnosis 
in patients with abnormalities in pituitary function. Our 
study points to racial variation in pituitary dimensions and 
showed a higher pituitary height and no sex difference 
when compared to previous reports on Caucasian 
populations.
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