
Introduction

Paediatric pituitary gland disorders such as transection
of the pituitary stalk, midline malformations or tumours
can be easily assessed by traditional MRI. In patients
with growth-hormone deficiency (GHD), MRI has re-
vealed morphological abnormalities such as pituitary
hypoplasia, pituitary stalk agenesis and ectopia of the
posterior pituitary (PPE). GHD caused by gland hypo-
plasia, however, can be difficult to detect on traditional
MRI. Comparison of the affected gland size with a

database of physiological volumes could, therefore, help
with the diagnosis [1, 2].

Previous studies have measured the size of the
adenohypophysis by indirect methods, e.g. calculating
MRI bidimensional values of the gland and recon-
structing the volume using mathematical formulae
[3–7]. Other authors have considered the gland
height measured by MRI to be a reliable means of
evaluation of gland size [6]. However, morphological
variability of the pituitary gland can reduce the reli-
ability of these methods. Furthermore, the available

Simone Marziali

Fabrizio Gaudiello

Alessandro Bozzao

Giuseppe Scirè
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Abstract Background: Three-dimen-
sional MRI (3D-MRI) is a reliable
tool for the evaluation of anatomical
volumes. Volumetric measurement
of the normal anterior pituitary
gland in childhood has been per-
formed in the past by 2D-MRI
calculations, but has inherent
inaccuracies. Objective: To obtain
accurate normal anterior pituitary
gland volume in childhood using
3D-MRI coronal sections. Materials
and methods: The anterior pituitary
gland was measured using coronal
T1-weighted 3D-gradient-echo se-
quences (section thickness 0.75 mm).
The study group was composed of
95 prepubertal children (age range
2 months–10 years) with clinically
normal pituitary function and no
pituitary or brain abnormalities.
Results: A measurement error of
0.2–0.4% was assessed by using a
phantom study. Volumetric evalua-

tion of the anterior pituitary gland
showed progressive growth of the
gland from a mean 131±24 mm3 at
2–12 months, to 249±25 mm3 at
1–4 years and 271±29 mm3 at
5–10 years. Conclusions: These data
may be useful for paediatricians in
the evaluation of patients with neu-
roendocrine diseases, in particular
growth hormone deficiency.
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data have been mainly obtained in the adult popu-
lation.

More recent 3D-MRI techniques have offered a
more reliable method of studying anatomical volumes.
However, the normal volumetric development of the
pituitary gland in prepubertal children has not been
studied in sufficient detail [8, 9].Our study aimed at
providing reliable data for normal paediatric pituitary
gland volume. These data could be used by paedia-
tricians to improve their diagnostic approach in the
evaluation of GHD.

Material and methods

Pilot study

Validation of the volumetric study was achieved by
calculating the volume of two phantoms (150 and
300 mm3) made of a cylinder of wax, submerged in a gel
contained in a test tube (Fig. 1). The same coronal T1-
weighted (T1-W) 3D-gradient-echo (3D-GE) sequence
used was subsequently applied in the study of the ade-
nohypophysis (Fig. 2). Two experienced neuroradiolo-
gists each independently performed a measurement on
three different days to take account of possible volu-
metric changes determined by variability in the electro-
magnetic field. Pearson’s correlation coefficient was used
to assess interobserver agreement.

Population

The study group comprised 95 children (46 boys; 49
girls; age range 2 months–10 years) with neither clinical
pituitary dysfunction nor brain abnormalities (Table 1).
Patients were divided into three groups based on age:
group I, 2–12 months; group II, 1–4 years; group III, 5–
10 years. Children with a history of preterm delivery or
breech birth were excluded from the study. All children
were prepubertal. Informed consent was obtained for all
patients.

MRI study

A 1.5-T unit (Gyroscan, Philips Medical Systems, Ein-
dhoven, The Netherlands), with 23-mT gradient inten-
sity and a dedicated head coil was used. Thin-section
volumetric studies were obtained using coronal T1-W
3D-GE sequences of the sellar region without the use of
contrast agents. Image axis was oriented along the
pituitary stalk and scan time was about 3 min (TR/TE
30/4.2 ms, flip angle 30�, slices 30, FOV 110 mm, RFOV
(%) 100.00, slice thickness 0.75 mm, matrix 512·512).
For every slice, the perimeter of the gland was delineated
and the area (total pixel area) was measured using the
system software. The neurohypophysis, hyperintense on
T1-W images, set the limit of the measurement (Fig. 3).
Values of each area were added and the result multiplied
by the slice thickness (0.75 mm). All volume measurements

Fig. 1 Test tube containing the wax phantom used in the pilot
study

Fig. 2 Coronal T1-W 3D-GE image of the phantom. The ROI was
drawn manually

Table 1 Age and sex distribution of subjects examined

2–12 months 1–4 years 5–10 years Total

Boys 6 21 19 46
Girls 7 11 31 49
Total 13 32 50 95
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were performed independently by the two neuroradiolo-
gists who had measured the phantoms. Pearson’s correla-
tion coefficient was used to assess interobserver agreement.

Statistical methods

Normal distribution of the examined variable in the
three groups was assessed by means of the Kolmogorov–
Smirnov test (P>0.20). Once the distribution was stated
as normal in all three groups, data were analysed by
means of one-way ANOVA with a ‘between’ factor
AGE with three levels (level 1: 0–12 months; level 2:
1–4 years; level 3: 5–10 years). The significance of single
differences was assessed by means of ‘post hoc’ analysis
with Tukey test for unequal sample sizes. Accepted
significance level was P<0.05.

Results

Pilot study

The phantom studies demonstrated the accuracy of
volumetric assessment. Measurement error for the
150 mm3 and the 300 mm3 phantom was 0.4% and
0.2% respectively. Pearson’s interobserver correlation
coefficient was 0.8.

Clinical study

Values obtained for the three groups examined are
summarized in Table 2. Gradual and progressive growth
of the anterior pituitary gland was observed. No sig-
nificant volumetric differences were noted between the
two sexes (Fig. 4). Pearson’s interobserver correlation
coefficient was 0.75.

Discussion

Volumetric studies of the pituitary gland have been
initially performed evaluating the sella by conventional
radiographs and later by CT. However, these studies did
not provide correct information regarding the volume of
the gland [10–12].

More recent 2D-MRI studies have either measured
the height of the pituitary gland or evaluated its volume
by using mathematical formulae, such as that of the
ellipsoid (volume=1/2·length·width·height) [13–18].
However, in normal and pathological conditions, the
pituitary gland is not always an ellipsoid. This is more so
in children when the morphology of the gland is in
continuous evolution.

The methodology we used is presently the most
accurate imaging technique available to measure ana-
tomical volumes. Any bias that different operators could
have in the evaluation of the gland and the limits related
to the extrapolation of the gland volume from bidi-
mensional data are overcome by the volumetric acqui-
sition of the image.

Our study focused on data prior to puberty. This is
when GHD-related short stature is most often diag-
nosed. Moreover, this is when correct therapy is most
successful at resolving the deficit.

We found statistically significant differences when
comparing the three age groups. However, the

Fig. 3 Coronal T1-W 3D-GE of the anterior pituitary gland. The
ROI was drawn manually on the perimeter of the adenohypophysis

Fig. 4 Physiological increase of anterior pituitary gland volume in
childhood: volumetric values with standard deviations

Table 2 Pituitary volumetric values

2–12 months* 1–4 years 5–10 years

Anterior pituitary
gland volume (mm3)

131±24 249±25 271±29

*The three age groups are statistically significantly different (group
1 vs group 2, P<0.001; group 1 vs group 3, P <0.001; group 2 vs
group 3, P <0.050)

549



significance was greater when comparing the first and
second or first and third group. The gland changes
during childhood are greatest within the first 4 years of
life [14]. The smaller increase of pituitary growth be-
tween 5 and 10 years of age is the cause of a lower sig-
nificance in the comparison of the second and third
group of patients.

A previous study on pituitary gland volume is at
variance with our data, especially when evaluating the
second group of patients (1–4 years). We surmise that
this difference could be due to the fact that the study was
based on a Japanese population that normally has an
average height lower than the corresponding population
of Western countries. The measurement error in the
phantom study was higher than the present study.
Moreover, Takano et al. [19] used sagittal 3D-MRI se-
quences that are more subject to flow artefacts from the
cavernous sinus.

Clinical manifestations of pituitary dysfunction con-
sist of hypo- or hyperfunction of the gland. Clinically
comparable aspects can be caused by primitive pituitary
gland lesions or by organic lesions of the hypothalamus.

They can also be secondary to interruption of the
hypothalamic-pituitary axis or due to neurosecretory
dysfunction.

Short stature is a common reason for referral to a
paediatrician. If GHD is suspected, it can be part of a
syndrome of multiple pituitary gland hormone defi-
ciency (MPHD) or of an isolated deficit of GH (IGHD)
[20–22]. A detailed history, thorough physical exami-
nation, meticulous height measurements over time, to-
gether with GH test and MRI studies, are the key to the
diagnosis. In fact, MRI studies have often demonstrated
morphological anomalies of the pituitary gland in these
conditions [23]. Furthermore, a retrospective study by
Maghnie et al. [1] has demonstrated that a high number
of children with IGHD and normal or reduced dimen-
sions of the pituitary gland show normalization of GH
secretion after completion of specific therapy; GHD is
permanent in those patients with pituitary hypoplasia,
agenesis of the pituitary stalk or PPE. Data for physi-
ological anterior pituitary gland volume in prepubertal
children could, therefore, be useful in assisting paedia-
tricians in the diagnostic process.
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