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Abstract
Background  Magnetic resonance imaging (MRI) is often the first modality of choice in the detection of pituitary patholo-
gies due to its excellent contrast resolution and high spatial resolution. However, evaluating the size of the pituitary gland 
is somewhat difficult since the gland morphology varies widely among individuals.
Objective  The aim of this study was to provide normal reference values for pituitary volumes in the pediatric population 
using three-dimensional (3-D) MRI data. We also aimed to compare the volumetric data measured through 3-D images with 
the mathematical volumes obtained by the ellipsoid formula from 2-D images, considering the demographic subgroups of 
age and sex.
Materials and methods  This study was performed retrospectively using PACS-archived brain MRIs obtained in the Pediatric 
Radiology Unit. Eight hundred children under the age of 18 who underwent brain MRI between January 2014 and May 2018 
for headaches, seizures or trauma and who had no brain anomaly or endocrine pathology were recruited. Pituitary volumes 
were separately calculated from those brain MRIs by means of ellipsoid formula and volumetry. The mean, standard devia-
tion, maximum and minimum and median values were achieved for each 1-year age group in both sexes. Normal reference 
ranges containing 5th -10th -25th -50th -75th -90th -95th percentiles of volumetric pituitary values were tabulated.
Results  Pituitary gland volumes in both sexes were found to increase gradually with age. The average 3-D volume values 
were greater in girls than boys except for the age groups 1–2 years and 8–9 years. Pituitary volumes showed a growth spurt 
during early puberty, which was more prominent in girls. Moreover, a strong positive correlation was noted between the 2-D 
calculated and 3-D measured volumes in both sexes.
Conclusion  Normative data obtained through this study can be used for clinical diagnostic purposes as well as a reference 
for future research. The 2-D calculated volumes be used where it is not possible to obtain 3-D volumetric values.

Keywords  Children · Hypophysis · Magnetic resonance imaging · Normal · Pituitary gland · Volume

Introduction

The use of magnetic resonance imaging (MRI), especially in 
the evaluation of neurological and endocrine disorders, has 
increased dramatically in the last two decades. Advances in 
MRI technology together with the emergence of novel tech-
niques now allow better delineation of small structures like 

the pituitary gland. Although most of the pediatric pituitary 
gland disorders such as tumors and midline malformations can 
be easily detected on routine MRI, disorders related to gland 
size are somewhat difficult to evaluate due to wide variation 
in normal gland morphology [1, 2]. It is also a well-known 
fact that gland size changes considerably over the course of 
life, based on age, sex and hormonal status [3–8]. Therefore, 
volumetric normative data are strongly needed, especially in 
the pediatric population, to evaluate pituitary gland size.

The majority of reports to date regarding pituitary gland 
size or volume are mainly based on a surrogate marker such 
as the gland height or rough volume estimates indirectly 
calculated from two-dimensional (2-D) data sets and have 
mostly been obtained in adults [3–13]. Only a few studies 
have been conducted in children using 3-D volumetry. Two 
of them are limited to a specific ethnicity, namely Japanese 
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and Chinese, and the other two either considered only the 
anterior pituitary gland volume or pituitary volumes in pre-
pubertal children [1, 2, 14, 15].

In this retrospective study, we aimed to provide nor-
mal reference values for pituitary volumes in the pediatric 
population using 3-D MRI data. The secondary aim was to 
compare the 3-D volumes with the mathematical volumes 
obtained by ellipsoid formula from 2-D data sets, consider-
ing the demographic subgroups of age and sex.

Materials and methods

The study received ethics approval from the ethics in human 
research committee (Decree No: 08–516-18 and Date: 
07.05.2018). Written informed consent from the parents or 
guardians of the children was waived due to the retrospective 
nature of the study.

Subjects

After reviewing the relevant patient files, 800 children 
under the age of 18 undergoing brain MRI at our institu-
tion between January 2014 and May 2018 for headache, idi-
opathic seizure or trauma and who had no obvious brain 
anomaly were included. Any child with a history of preterm 
delivery at <35 weeks, breech presentation or asphyxia at 
birth was excluded. Those children with known endocrino-
logic abnormality or genetic syndrome were not included in 
the study. MR images degraded by means of any artifacts 
were excluded.

MR acquisition and measurements

All MR examinations were performed using a 1.5-T sys-
tem (Philips Ingenia; Philips Medical Systems, Eindhoven, 
The Netherlands) with a 16-channel quadrature head coil. 
Thin section volumetric studies were obtained with 3-D iso-
volumetric T1-weighted imaging (T1-WI) sequence without 
application of contrast agent, using the following param-
eters: repetition time (TR)/echo time (TE) of 25/4.6 ms; 
matrix 148×145, reconstruction matrix 336, 200-mm field of 
view (FOV), 30° flip angle, section thickness of 1–1.3 mm; 
reconstruction voxel size of 0,56 mm without interslice gap. 
Total imaging time was approximately 15–20 min for each 
patient.

The 3-D volumes were obtained in the sagittal plane 
since the boundry of the gland is easy to delineate in this 
orientation. The cross-sectional areas (in mm2) were meas-
ured slice-by-slice with a surface area markup tool on our 
workstations (General Electric, Milwaukee, WI) by manu-
ally tracing the borders of the gland with a mouse-guided 
cursor (Fig. 1). To calculate the 3-D volume (in mm3), all 

areas measured on each slice were added together and then 
multiplied by the slice thickness (ΣArean x slice thickness). 
The marked-up area included the neurohypophisis, but not 
the pituitary stalk.

Indirect mathematical volumes were calculated by using 
the formula [V=(4π/3)    (height x length x width)/2], which 
was originally derived from the formula of an ellipsoid to 
estimate the the volume of the sella turcica on conventional 
radiographs in the 1960s [16]. The height was defined 
as the craniocaudal straight line from the gland’s bottom 
to the pituitary stalk insertion point on the mid-sagittal 
image (Fig. 2a). The length was defined as the anteropos-
terior straight line perpendicular to the height on the same 
mid-sagittal image (Fig. 2a). The width was defined as the 
straight line between the cavernous sinuses’ medial borders 
on the mid-coronal image in which the pituitary stalk is 
clearly visible (Fig. 2b).

All measurements were performed by a radiologist (A.Ç.) 
with 6 years of experience who was initially trained for the 
pituitary MR measurements by a radiologist (O.S.F.) with 
23 years of experience in pediatric radiology. A.Ç. was 
blinded to demographic data of the subjects during the meas-
urements. Three-dimensional volume measurements for 80 
children were repeated after a minimum interval of 6 months 
to assess the intra-observer reliability.

Statistical analyses

All statistical analyses were performed using IBM Statis-
tics Package for the Social Sciences (SPSS) version 23.0 

Fig. 1   A three-dimensional isovolumetric T1-weighted magnetic res-
onance image in a 16-year-old girl presenting with headache shows 
the area of the pituitary gland on the mid-sagittal plane
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(Armonk, NY). A P-value of <0.05 was considered statisti-
cally significant.

Volumes were measured in age-defined subgroups in both 
sexes. Descriptive statistics were given as numbers and per-
centages, while statistics regarding distribution were given 
as mean, standard deviation, median, maximum and mini-
mum values. Normal distribution of the examined variables 
in each age group was assessed by means of Kolmogorov-
Smirnov (n>30) and Shapiro-Wilk (n<30) tests. Once the 
distribution was stated as normal in all groups, data were 
analyzed by means of Student’s t-test for differences between 
sexes, and further investigated by means of one-way analysis 
of variance (ANOVA) for differences between age-defined 
subgroups, seperately for each sex. The significance of sin-
gle differences was assessed by means of post hoc analy-
sis with Tukey and Tamhane tests for equal and unequal 
sample sizes, respectively. Spearman’s correlation test was 
performed to assess the association between numerical vari-
ables. Reference values with 95% ranges were obtained by 
linear regression analyses.

The normal range of the pituitary gland volumes was 
expressed as the mean±standard deviation together with 
maximum–minimum and median values. The 5th–10th-
25th-50th-75th-90th-95th percentiles of 3-D volume were 
calculated for each age-defined subgroup in both sexes.

Results

The MRIs of 800 children (420 girls, 380 boys) with appar-
ently normal pituitary glands were reviewed. There was 
high-level intra-observer reliability in the repeated 80 3-D 
volume measurements, with a correlation coefficient of 0.97 
(95% confidence interval [CI] 0.95–0.98).

The mean measured 3-D volume was 488.4±240.5 mm3 
(range: 94–1,142  mm3; median: 444  mm3) for girls, 
and 399.8±187.8  mm3 (range: 85–956  mm3; median: 
369.6 mm3) for boys, respectively (Tables 1 and 2, Fig. 3).

The mean calculated 2-D volume was 497.7±234.5 mm3 
(range: 91.3–1,262.4 mm3; median: 451.3 mm3) for girls, 
and 417.9±186.3 mm3 (range: 106–1,078.7 mm3; median: 
383.5 mm3) for boys, respectively (Tables 3 and 4).

The 5th–10th-25th-50th-75th-90th-95th percentiles of 
3-D volume were calculated for each year of age in both 
sexes (Tables 5 and 6).

Spearman’s correlation coefficient and adjusted determi-
nation coefficient (R2) were 0.93 (95% CI; 0.92–0.94) and 
0.87, respectively, between the 3-D volume and 2-D volume 
in girls, as determined by correlation and regression analyses 
(Fig. 4). As indicated, the calculated 2-D volume using the 
formula for the volume of an ellipsoid showed strong agree-
ment with the measured 3-D volume in girls.

Spearman’s correlation coefficient and adjusted deter-
mination coefficient (R2) were 0.9 (95% CI 0.88–0.91) and 
0.81, respectively, between the 3-D volume and 2-D volume 
in boys, as determined by correlation and regression analy-
ses (Fig. 5). As indicated, the calculated 2-D volume using 
the formula for the volume of an ellipsoid showed strong 
agreement with the measured 3-D volume in boys.

When 3-D volume data were further fitted to wider age 
groups for ease of reference (as shown in Table 7), a statis-
tically significant difference was noted between these age 
groups within each sex (P<0.001). Thereafter, separate 
regression models were applied to the mean 3-D volume 
to compare the same age groups in girls and boys, and they 
were found to be almost identical except for the age groups 
10–14 years and 15–17 years (Table 7).

In summary, a gradual increase over age in the pituitary 
volume of the examined children was noted. The gland 

Fig. 2   An isovolumet-
ric T1-weighted magnetic 
resonance (MR) image (a) in a 
16-year-old girl presenting with 
headache shows the height and 
the length measurements on the 
mid-sagittal plane. A coronal 
reformatted image, derived from 
the three-dimensional isovolu-
metric T1-weighted MR images, 
(b) shows the width measure-
ment on the mid-coronal plane
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showed a growth spurt in early puberty, which was more 
prominent in girls. The pituitary volume in girls was sig-
nificantly larger than that in boys during early puberty 

(Fig. 6). And there was a statistically strong correlation 
between 3-D (measured) and 2-D (calculated) volumes in 
both sexes.

Table 1   The three-dimensional 
(3-D) measured pituitary 
volume distribution across age-
defined subgroups in girls

3-D volume in girls (mm3)

Months Age No. of subjects % Mean Standard
deviation

Minimum Maximum Median

<12   0   26     6.2 159.3   46.1   94 268 151.6
12–23   1   32     7.6 197.8   43.2 115 319 199.0
24–35   2   20     4.8 243.4   46.6 153 326 237.4
36–47   3   21     5.0 282.3   43.1 185 371 275.0
48–59   4   20     4.8 306.5   60.5 182 389 302.4
60–71   5   18     4.3 338.1   72.8 240 469 340.5
72–83   6   17     4.0 374.8   97.4 254 561 376.0
84–95   7   21     5.0 396.1   94.3 247 633 388.0
96–107   8   21     5.0 355.6   92.9 204 521 362.4
108–119   9   18     4.3 409.7 104.2 268 647 381.2
120–131 10   20     4.8 503.9 120.6 269 724 512.1
132–143 11   20     4.8 529.9 143.6 265 797 515.0
144–155 12   22     5.2 660.5 154.1 328 1,030 662.0
156–167 13   21     5.0 729.4 154.1 414 972 689.0
168–179 14   36     8.6 724.9 120.8 505 1,024 710.5
180–191 15   30     7.1 743.4 125.9 469 1,008 755.8
192–203 16   36     8.6 776.4 142.6 493 1,142 774.0
204–215 17   21     5.0 725.3 115.5 548 1,055 715.0
Total 17 420 100 488.4 240.4   94 1,142 444.0

Table 2   The three-dimensional 
(3-D) measured pituitary 
volume distribution across age-
defined subgroups in boys

3-D volume in boys (mm3)

Months Age No. of subjects % Mean Standard 
deviation

Minimum Maximum Median

<12   0   32     8.4 155.9   39.3   85 251 154.5
12–23   1   23     6.1 213.3   40.4 151 296 206.0
24–35   2   26     6.8 247.3   56.1 150 380 251.0
36–47   3   26     6.8 257.6   40.1 193 332 244.0
48–59   4   18     4.7 282.4   56.6 202 391 265.0
60–71   5   20     5.3 326.4   98.3 194 558 313.0
72–83   6   20     5.3 362.7 106.5 212 577 378.6
84–95   7   20     5.3 357.2   63.5 235 505 352.2
96–107   8   20     5.3 376.7   55.5 243 516 380.0
108–119   9   20     5.3 427.7   96.1 301 654 418.1
120–131 10   20     5.3 391.0   82.9 245 533 383.0
132–143 11   20     5.3 428.2 112.5 222 674 417.2
144–155 12   20     5.3 476.9 118.4 265 809 487.0
156–167 13   20     5.3 569.1 158.4 342 929 558.6
168–179 14   20     5.3 620.5 169.4 383 956 570.4
180–191 15   18     4.7 684.1 134.9 427 875 711.9
192–203 16   18     4.7 658.6   76.1 526 769 667.5
204–215 17   19     5.0 678.4 114.5 476 874 686.4
Total 17 380 100 399.7 187.8   85 956 369.6
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Discussion

MRI of the pituitary gland is advocated as a part of basal 
investigations in children with growth retardation, develop-
mental delay or suspected endocrinopathy [17–21]. Although 
pituitary gland disorders such as tumors and midline mal-
formations can be easily detected on MRI, changes in gland 
size are somewhat difficult to evaluate due to wide variation 
in normal gland morphology [1, 2]. Variations in normal 
pituitary gland shape, together with the paucity of normative 
volumetric data in the pediatric population, result in diagnos-
tic difficulties and cause subjective judgments [11].

Most of the studies to date have either accepted gland 
height as a surrogate marker for size or have calculated gland 
volume from 2-D data sets by using mathematical formulas 
such as that of the ellipsoid [3–13]. However, taking the 

aforementioned facts into consideration, the assessment of 
the gland size may be subject to a high degree of impreci-
sion unless 3-D volumetry is performed. Therefore, more 
recent studies have focused on 3-D volumetric methods in 
order to make more precise assessment of the gland size [1, 
2, 14, 15, 22].

In this study, we provide normative data for both 3-D 
measured volumetric volumes and 2-D calculated volumes 
in age-defined subgroups for each sex. We noted a gradual 
increase over age in the pituitary volume of the children 
we examined. The pituitary gland showed a growth spurt 
in early puberty, which was more prominent in girls. The 
pituitary volume in girls was significantly larger than that in 
boys during early puberty. There was a statistically strong 
correlation between 3-D (measured) and 2-D (calculated) 
volumes in both sexes.

Fig. 3   The box plots show 
the three-dimensional (3-D) 
pituitary volume in girls (a) 
and boys (b) across age groups. 
(The dark lines within each 
boxes represent the median, 
while the boxes’ lower and 
upper boundaries represent 
the 25th and 75th percentile, 
respectively. The circles repre-
sent the extreme values)
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Table 3   The two-dimentional 
(2-D) calculated pituitary 
volume distribution across age-
defined subgroups in girls

2-D mathematical volume in girls (mm3)

Months Age No. of subjects % Mean Standard
deviation

Minimum Maximum Median

<12   0   26   6.2 193.8   61.6   91.2    315.7 172.9
12–23   1   32   7.6 244.7   68.1 101.1    441.2 226.2
24–35   2   20   4.8 278.3   56.5 196.3    413.6 273.7
36–47   3   21   5.0 303.2   68.5 186.9    503.7 285.8
48–59   4   20   4.8 315.5   62.5 190.8    407.8 328.2
60–71   5   18   4.3 345.4   97.0 219.5    618.8 317.9
72–83   6   17   4.0 387.3   98.7 235.0    546.8 386.7
84–95   7   21   5.0 420.8   92.3 274.0    612.2 407.3
96–107   8   21   5.0 377.2   75.7 238.0    569.1 372.3
108–119   9   18   4.3 386.5   91.9 202.8    560.8 374.5
120–131 10   20   4.8 481.8 140.0 278.7    698.6 476.8
132–143 11   20   4.8 567.0 168.7 261.6    904.3 549.6
144–155 12   22   5.2 694.9 176.1 290.1 1,036.3 684.6
156–167 13   21   5.0 707.1 179.1 333.8 1,023.5 709.2
168–179 14   36   8.6 710.1 151.8 448.3 1,128.9 708.9
180–191 15   30   7.1 749.7 144.2 485.7 1,090.4 726.6
192–203 16   36   8.6 765.3 146.6 505.6 1,262.4 752.8
204–215 17   21   5.0 699.0 154.6 454.2 1,106.4 679.7
Total 17 420 100 497.7 234.5   91.2 1,262.4 451.2

Table 4   The two-dimensional 
(2-D) calculated pituitary 
volume distribution across age-
defined subgroups in boys

2-D mathematical volume in boys (mm3)

Months Age No. of subjects % Mean Standard 
deviation

Minimum Maximum Median

<12   0 32 8.4 193.0   59.1 106.0    371.1 182.5
12–23   1 23 6.1 255.4   61.4 110.8    376.8 249.6
24–35   2 26 6.8 259.7   81.9 116.0    445.1 255.1
36–47   3 26 6.8 297.4   62.2 186.5    415.1 290.4
48–59   4 18 4.7 314.0   68.5 226.9    499.2 289.6
60–71   5 20 5.3 354.9   79.5 197.1    501.9 354.0
72–83   6 20 5.3 376.9   89.0 216.4    533.0 378.9
84–95   7 20 5.3 364.7   87.2 231.7    556.1 331.1
96–107   8 20 5.3 393.4   77.0 224.5    547.2 401.9
108–119   9 20 5.3 421.0 111.0 257.8    647.2 406.6
120–131 10 20 5.3 433.6 130.6 269.7    723.6 434.4
132–143 11 20 5.3 450.4 110.4 255.1    612.4 447.0
144–155 12 20 5.3 523.2 131.0 289.2    753.4 546.6
156–167 13 20 5.3 583.2 186.7 350.8 1,078.7 556.3
168–179 14 20 5.3 655.3 220.8 371.5 1,016.4 556.2
180–191 15 18 4.7 656.0 134.8 411.9    897.7 656.2
192–203 16 18 4.7 605.9   98.0 468.4    850.9 596.0
204–215 17 19 5.0 670.8 164.2 333.4    995.1 659.6
Total 17 380 100 417.8 186.2 106.0 1,078.7 383.4
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Table 5   The three-dimensional 
(3-D) volume percentiles in 
girls

3-D volume

percentiles

Age 5th 10th 25th 50th 75th 90th 95th

0 94.0 105.5 119.2 151.6 199.6 221.6 252.2
1 126.7 144.0 171.2 199.0 220.0 263.4 293.3
2 154.8 189.4 205.0 237.4 289.0 312.7 325.7
3 189.3 233.4 258.5 275.0 300.8 356.1 369.3
4 184.2 228.2 254.6 302.4 364.5 387.9 388.8
5 240.0 245.4 273.0 340.5 395.3 444.7 467.9
6 254.0 265.2 297.4 376.0 415.8 548.2 559.4
7 247.4 260.8 322.0 388.0 459.6 511.2 621.0
8 205.6 223.0 274.1 362.4 425.5 498.9 519.7
9 267.8 304.9 331.2 381.2 476.7 586.7 644.0
10 271.3 321.4 396.5 512.1 609.5 641.7 719.5
11 270.1 366.6 418.2 515.0 620.5 755.5 794.9
12 342.8 432.5 592.3 662.0 742.9 851.7 1,004.4
13 423.4 519.2 620.5 689.0 882.0 947.3 970.8
14 510.9 591.8 641.8 710.5 797.7 872.8 1,007.0
15 523.4 579.4 646.2 755.8 812.5 936.8 991.2
16 574.6 598.1 660.7 774.0 870.4 936.2 1,126.0
17 550.6 580.0 655.0 715.0 766.8 914.1 1,042.8

Table 6   The three-dimensional 
(3-D) volume percentiles in 
boys

3-D volume

percentiles

Age 5th 10th 25th 50th 75th 90th 95th

0 94.0 110.6 121.6 154.5 182.2 212.2 229.4
1 153.2 163.6 184.0 206.0 233.0 292.7 296.1
2 155.2 169.9 207.2 251.0 286.2 325.3 361.1
3 197.9 209.8 226.0 244.0 287.0 328.6 331.3
4 202.0 214.6 243.2 265.0 320.5 384.7 452.2
5 194.7 210.1 242.0 313.0 375.7 504.1 555.3
6 212.1 216.0 273.3 378.6 418.8 532.3 575.1
7 235.9 255.3 327.3 352.2 398.7 439.0 502.0
8 247.1 325.5 337.7 380.0 408.5 430.3 511.8
9 302.1 324.6 341.7 418.1 475.1 621.0 652.9
10 246.0 273.3 326.2 383.0 452.7 523.0 532.4
11 223.5 257.2 369.5 417.2 510.3 598.8 670.4
12 269.2 348.7 396.3 487.0 514.9 666.1 802.3
13 344.5 394.1 439.7 558.6 654.9 838.6 924.8
14 383.8 408.9 497.7 570.4 775.0 898.1 953.4
15 427.0 435.1 592.5 711.9 792.0 843.5 873.2
16 526.0 526.8 608.6 667.5 740.7 763.7 768.9
17 476.0 524.0 538.0 686.4 769.0 824.0 1,207.4
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A relatively old study by Takano et al. [15] including 
199 Japanese children, 121 of whom were under the age of 
10, also documented that there was a growth spurt in early 
puberty and this spurt was more prominent in girls. In their 
study, the pituitary volume was higher in girls except for the 
age group 1–4 years, which was partly consistent with our 
results. Another discrepancy compared with our results was 
that the pituitary volume values reported by Takano et al. 
[15] were slightly lower. The reasons for the difference may 
be due to ethnicity, sample size or age group differences.

In a European cohort by Marziali et al. [14], including 49 
girls and 46 boys between the age of 2 months and 10 years, 
only anterior pituitary volumes were measured and the 
mean values were again given in relatively broad age groups 
(2–12 months, 1–4 years, 5–10 years). Although this study’s 
design was different from ours, we could say that their find-
ing of a gradual increase over age in the anterior pituitary 
volume was in line with our results, taking into considera-
tion that the anterior pituitary constitutes the majority of the 
gland’s volume.

Fig. 4   The scatterplot of the 
two-dimensional (2-D) volume 
compared to the 3-D volume 
shows the difference in distribu-
tion and correlation in girls

Fig. 5   The scatterplot of the 
two-dimensional (2-D) volume 
compared to the 3-D volume 
shows the difference in distribu-
tion and correlation in boys
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In a study by Fink et al. [1] including 57 girls and 82 boys 
under the age of 10, it was demonstrated that volumetric 
measurements using either sagittal or coronal plane pro-
duced almost identical results. Contrary to our results, Fink 
et al. [1] found a weak correlation (Spearman’s correlation 
coefficient 0.46; CI 0.37–0.54) between the measured and 
the calculated pituitary volumes. This conflict may be due to 
the smaller sample size in their study, which is susceptible 

to random variation. Other explanations for the discrepancy 
may be due to the fact that they only included prepubertal 
children in their study and did not consider sex differences.

In a more recent study by Han et al. [2], the control group 
included 75 healthy Chinese children and young adults 
between the ages of 1–19 years. In their study, the mean 
3-D volumes obtained from sagittal images were given in 
relatively broad age groups. Han et al. [2] found that the 
pituitary volume in girls was higher than that in boys except 
for the age group 1–4 years. They also demonstrated that 
there was a gradual increase over age in the pituitary vol-
ume as well as a growth spurt in the age group 10–14 years 
being more prominent in girls, which was consistent with 
our findings.

Another study conducted among Turkish children by Sari 
et al. [11], including 261 girls and 256 boys under the age of 
18, provided normative data for pituitary volume obtained 
by using the mathematical formula of the ellipsoid. How-
ever, there appears to be a noteworthy discrepancy compared 
with our results in that pituitary volume values reported by 
Sari et al. [11] are significantly lower. Although it is not 
clear, we speculate that extreme volume values in their study 
may be related to possible endocrinopathies, since Sari et al. 
[11] did not take into account the clinical and laboratory 
data. In their study, Sari et al. [11] also documented that the 
pituitary gland showed a gradual increase in volume over 
age as well as a growth spurt in early puberty and the pitui-
tary volume of girls was greater than that of boys in general.

In a recent study, Aksan et al. [23] provided norma-
tive volumetric data for pituitary volume, obtained from 

Table 7   The mean three-dimensional (3-D) volumes in specific age 
groups

a One-way analysis of variance test, b Tamhane test

3-D volume (mm3)

Girls
Age groups 

(years)
No. of subjects Mean Standard devia-

tion
P-valuea

0   26 159.3   46.1 <0.001b

1–4   93 250.0   64.2
5–9   95 374.9   94.6
10–14 119 643.9 164.7
15–17   87 752.7 131.1
Boys
Age groups 

(years)
No. of subjects Mean Standard devia-

tion
P-valuea

0   32 155.9   39.3 <0.001b

1–4   93 248.6   53.3
5–9 100 370.1   91.0
10–14 100 497.2 155.6
15–17   55 673.8 109.7

Fig. 6   The mean three-dimen-
sional (3-D) pituitary volumes 
in girls and boys across ages
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the MR images of 240 healthy Turkish children under the 
age of 12 years. Compared with our results, the pituitary 
volume values reported by Aksan et al. [23] are slightly 
higher in some age groups. The reason for this differ-
ance may be due to the smaller sample size in their study. 
Aksan et al. [23] affirmed that the pituitary gland showed 
a gradual increase in volume over age and the pituitary 
volume in girls was larger than that in boys above the age 
of 6 years.

The major strength of this study is the large sample 
size of 800 subjects from an ethnically diverse popula-
tion, which is by far the largest study in children. Having 
a far greater sample size makes our study statistically 
more powerful in finding significant differences and 
less vulnerable to random variation. Another strength 
of this study is the higher image resolution than most of 
the previous studies, allowing us to make more precise 
measurements. MR scans included in our study were 
performed without gadolinium contrast agent. Although 
this is not a limitation in measuring the pituitary vol-
ume and dimensions precisely, we might have recruited 
children with imperceivable microadenomas on non-
contrast-enhanced MR images. However, given the low 
prevalance of such pathologies among the general pedi-
atric population, we do not think there would be a sub-
stantial interference with our results. Another drawback 
of this study is the lack of a thorough endocrinologic 
evaluation for all the subjects, as we included MR scans 
of those children presenting to our institution with head-
ache, seizures or trauma.

Conclusion

In this study, we present normative data for both 3-D 
measured volumetric volumes and 2-D calculated volumes 
for each year of age and both sexes. We noted a gradual 
increase over age in the pituitary volume of children under 
the age of 18. The pituitary volume in girls was larger 
than that in boys except for the age groups 1–2 years and 
8–9 years. The pituitary gland showed a growth spurt 
in early puberty, which was more prominent in girls. As 
opposed to existing literature, we do find it appropriate 
to use 2-D calculated volume when 3-D volumetry is not 
possible, given the statistically strong correlation between 
the two in our study.

Acknowledgments  I, as the corresponding author, would like to 
express my gratitude to my mentor, Dr. Suat Fitoz, who guided me 
throughout this project. I would also like to thank Dr. Seda Kaynak 
Şahap and Dr. Birsel Şen Akova for their technical support. I wish to 
extend my special thanks to my wife, Dr. Merve Karaboğa Çolaklar, 

for the valuable data and statistics she has provided. Authors have 
contributed equally to this work.

Declarations 

Conflicts of interest  None

References

	 1.	 Fink AM, Vidmar S, Kumbla S et al (2005) Age-related pituitary 
volumes in prepubertal children with normal endocrine function: 
volumetric magnetic resonance data. J Clin Endocrinol Metab 
90:3274–3278

	 2.	 Han X, Xiu J, Huang Z et al (2014) Three-dimensional magnetic 
resonance volumetry of the pituitary gland is effective in detecting 
short stature in children. Exp Ther Med 8:551–556

	 3.	 Doraiswamy PM, Potts JM, Axelson DA et al (1992) MR assess-
ment of pituitary gland morphology in healthy volunteers: 
age- and gender-related differences. AJNR Am J Neuroradiol 
13:1295–1299

	 4.	 Elster AD, Chen MY, Williams DW 3rd, Key LL (1990) Pituitary 
gland: MR imaging of physiologic hypertrophy in adolescence. 
Radiology 174(3 Pt 1):681–685

	 5.	 Elster AD, Sanders TG, Vines FS, Chen MY (1991) Size and 
shape of the pituitary gland during pregnancy and post partum: 
measurement with MR imaging. Radiology 181:531–535

	 6.	 Kato K, Saeki N, Yamaura A (2002) Morphological changes on 
MR imaging of the normal pituitary gland related to age and sex: 
main emphasis on pubescent females. J Clin Neurosci 9:53–56

	 7.	 Lurie SN, Doraiswamy PM, Husain MM et al (1990) In vivo 
assessment of pituitary gland volume with magnetic resonance 
imaging: the effect of age. J Clin Endocrinol Metab 71:505–508

	 8.	 Tien RD, Kucharczyk J, Bessette J, Middleton M (1992) MR 
imaging of the pituitary gland in infants and children: changes in 
size, shape, and MR signal with growth and development. AJR 
Am J Roentgenol 158:1151–1154

	 9.	 Argyropoulou M, Perignon F, Brunelle F et al (1991) Height of 
normal pituitary gland as a function of age evaluated by magnetic 
resonance imaging in children. Pediatr Radiol 21:247–249

	10.	 Denk CC, Onderoğlu S, Ilgi S, Gürcan F (1999) Height of normal 
pituitary gland on MRI: differences between age groups and sexes. 
Okajimas Folia Anat Jpn 76:81–87

	11.	 Sari S, Sari E, Akgun V et al (2014) Measures of pituitary gland 
and stalk: from neonate to adolescence. J Pediatr Endocrinol 
Metab 7:1071–1076

	12.	 Suzuki M, Takashima T, Kadoya M et al (1990) Height of nor-
mal pituitary gland on MR imaging: age and sex differentiation. 
J Comput Assist Tomogr 14:36–39

	13.	 Tsunoda A, Okuda O, Sato K (1997) MR height of the pituitary 
gland as a function of age and sex: especially physiological hyper-
trophy in adolescence and in climacterium. AJNR Am J Neurora-
diol 18:551–554

	14.	 Marziali S, Gaudiello F, Bozzao A et al (2004) Evaluation of ante-
rior pituitary gland volume in childhood using three-dimensional 
MRI. Pediatr Radiol 34:547–551

	15.	 Takano K, Utsunomiya H, Ono H et al (1999) Normal develop-
ment of the pituitary gland: assessment with three-dimensional 
MR volumetry. AJNR Am J Neuroradiol 20:312–315

	16.	 Di Chiro G, Nelson KB (1962) The volume of the Sella turcica. 
Am J Roentgenol Radium Ther, Nucl Med 87:989–1008

	17.	 (2000) Consensus guidelines for the diagnosis and treatment of 
growth hormone (GH) deficiency in childhood and adolescence: 

459Pediatric Radiology  (2023) 53:450–460

1 3



summary statement of the GH Research Society. GH Research 
Society. J Clin Endocrinol Metab 85:3990–3993

	18.	 Kemp SF, Alter CA, Dana K et al (2002) Use of magnetic reso-
nance imaging in short stature: data from National Cooperative 
Growth Study (NCGS) substudy 8. J Pediatr Endocrinol Metab 
15(Suppl 2):675–679

	19.	 Maghnie M, Ghirardello S, Genovese E (2004) Magnetic reso-
nance imaging of the hypothalamus-pituitary unit in children 
suspected of hypopituitarism: who, how and when to investigate. 
J Endocrinol Investig 27:496–509

	20.	 Sharafuddin MJ, Luisiri A, Garibaldi LR et al (1994) MR imaging 
diagnosis of central precocious puberty: importance of changes in 
the shape and size of the pituitary gland. AJR Am J Roentgenol 
162:1167–1173

	21.	 Tillmann V, Tang VW, Price DA et al (2000) Magnetic reso-
nance imaging of the hypothalamic-pituitary axis in the diagno-
sis of growth hormone deficiency. J Pediatr Endocrinol Metab 
13:1577–1583

	22.	 Berntsen EM, Haukedal MD, Håberg AK (2021) Normative data 
for pituitary size and volume in the general population between 
50 and 66 years. Pituitary 24:737–745

	23.	 Aksan IO (2016) The evaluation of pituitary gland volume using 
three-dimensional MRI in prepubertal children with normal endo-
crine function [doctoral thesis]. Trabzon, Turkey: Karadeniz Tech-
nical University. Accessed 27 June 2022 via: https://​tez.​yok.​gov.​
tr/​Ulusa​lTezM​erkezi/​tezDe​tay.​jsp?​id=​evNxT​2C604​ePyCo-​wSkfr​
g&​no=​caupt​o5EOA​SRsyC​URH7k​Cg

Publisher’s note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under 
a publishing agreement with the author(s) or other rightsholder(s); 
author self-archiving of the accepted manuscript version of this article 
is solely governed by the terms of such publishing agreement and 
applicable law.

460 Pediatric Radiology  (2023) 53:450–460

1 3

https://tez.yok.gov.tr/UlusalTezMerkezi/tezDetay.jsp?id=evNxT2C604ePyCo-wSkfrg&no=caupto5EOASRsyCURH7kCg
https://tez.yok.gov.tr/UlusalTezMerkezi/tezDetay.jsp?id=evNxT2C604ePyCo-wSkfrg&no=caupto5EOASRsyCURH7kCg
https://tez.yok.gov.tr/UlusalTezMerkezi/tezDetay.jsp?id=evNxT2C604ePyCo-wSkfrg&no=caupto5EOASRsyCURH7kCg

	Pituitary gland volumes in children with normal endocrine function
	Abstract
	Background 
	Objective 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Subjects
	MR acquisition and measurements
	Statistical analyses

	Results
	Discussion
	Conclusion
	Acknowledgments 
	References




