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Abstract

Objectives: The aim of this study was to assess the morphological properties of the thymus in different age groups.
Methods: 306 multidedector computed tomography (MDCT) images were retrospectively evaluated between 2014-2017 and

181 images (mean age: 51.093+18.631).

Results: The mean volume of thymus in males was significantly higher than in females (p<0.05). The arrowhead shape was the
most frequent type (71.27%). The thymus was mostly located at the level of T4-5 vertebrate (44.20%). The thymus tend to be
more inferiorly located with an increase in age, being at T6-7 vertebrate level. The thymus was most frequently located left to
the midsagittal plane (74.03%). Volume of the thymus was noticed to increase with age; however, it was noted to decrease

after 50-59 years of age.

Conclusion: In majority of the cases, the thymus was observed to be located left to midline the at the T4-5 vertebrate level.
The volume of the thymus tend to decrease after age of 50 and tend to have a more inferior position.
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Introduction

Thymus is a soft and spongy tissue located anteriorly at the
superior and inferior mediastinum. It develops from the
3rd pharyngeal arch. It usually extends up to the fourth
costal cartilage."” Tt plays an important role in the devel-
opment of cells in the immune system.” Organogenesis of
the thymus starts during the early stages of fetal develop-
ment. It starts to develop at the 7th and 14th gestation
weeks and shows lineer growth throughout the fetal devel-
opment.” At the 9th week of pregnancy, lymphocytes and
haematopotic cells are seen in the thymus. Evaluation of
the thymus size has played an important role in determin-
ing immunological conditions before and after birth.”

The name of the thymus gland is derived from the
Greek word “thumos”, which means “soul”, and for cen-
turies, it was believed that the soul was localized in this
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part of the body. Galen was the first who noted that the
thymus diminishes as the organism ages.” The thymus
grows from birth to 2-3 years of age, then it reaches its
maximum weight (30-40 gr), and then begins to shrink in
the period of adolescence because of the influence of sex
hormones present in the bloodstream.

The age intervals at which thymus stops development
has been a debate in previous studies. It is common belief
that the thymus grows until puberty after which the corti-
cal lymphocytes and epithelial cells gradually atrophies
and is replaced with adipose tissue.” Nutritional deficien-
cy, infections and increase in body temperature are known
to cause thymic atrophy. While Roitt” reported that the
thymus continues to grow until puberty, Hasselbalch et
al” concluded that the size of the thymus continually
increases at the first months and then gradually reduces
after the 6th month of age. Dervisoglu” suggested that
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Figure 1. Determination of thymus type on axial images. *Thymus; (a) arrowhead type; (b) round type; (c) bilobal type.

changes in thymus size according to age has an important
impact on autopsies.

The variations regarding the size, shape and localiza-
tion of the thymus has been a subject of various studies in
addition to its changes with age."""" The aim of this study
was also to assess the morphological properties of the thy-
mus according age of the participants in a large series by
multidetector CT and contribute to literature.

Materials and Methods

In this cross-sectional large-scale study, multidetector
computed tomography (MDCT) (Siemens Somatom
Sensation, Erlangen, Germany) thoracic images of 306
patients were examined between 2014 and December
2017. The images were randomly selected from Division
of Radiology, Selcuk University Hospital. Images of 125
cases were excluded from the study due to some technical
problems or pathological conditions affecting the anterior
mediastinum. Thus, 181 images (96 males and 85 females)
without any known thymic malformation were included in
the study. The acquired data was later on processed at a
workstation in axial plane and VRT (volume rendering
technique) format to acquire volumetric and subvolumet-

Table 1
Groups according to age and the number of participants.

Group Age (years) n
1 =29 29
2 30-39 26
3 40-49 19
4 50-59 38
5 60-69 41
6 >70 28

ric images. These cases were grouped according to age
intervals (Table 1). Morphological and morphometrical
analyses of thymus was done on axial images. All analyses
and measurements were conducted by the same person.

The shape of the thymus were classified into 3 groups
as previously described in the literature"” according to its
appearance in the axial images. Accordingly, the shape of
the thymus was described as; arrowhead (Figure 1la),
bilobal (Figure 1b), and round (Figure 1c). The local-
ization of thymus tissue in relation to the midsagittal
plane was described as midline, or predominantly right or
left-sided (Figure 2). The widest anteroposterior (verti-

Figure 2. The localization of thymus according to its relation with midsagittal plane on axial images. *Thymus; (a) left to the midsagittal plane;
(b) right to the midsagittal plane; (c) at the midsagittal plane.
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cal) and the widest transverse diameter of thymus was
measured (Figure 3). The thymus volume was measured
by following the contour of the thymus manually on each
slice on the workstation screen, with automatic worksta-
tion calculation in cm’ (Figure 3). The density of the thy-
mus was classified under 5 types according to its solid tis-
sue component as; Type 1 (10-25%), Type 2 (25-50%),
Type 3 (50-75%), Type 4 (75-100%), Type 5 (100%
d)."" (Figure 4a—e).The position of the thymus was
determined according to the level of vertebrae on the
VRT images (Figure 5a—d).

The data were expressed as number, percentage,
meanzstandard deviation (SD), maximum and minimum
values. The relationship between the parameters was ana-
lyzed by independent sample t-test for to analyze whether
or not there were differences in the mean vertical and
transverse diameter, volume and density in respect of the
gender of the participants. The relationship between
grouped variables according to age was calculated with
one-way Anova test. In the groups that had significant
difference, post-hoc tests were used to determine the
source of the difference. Variance homogeneity showed
that the variance of vertical diameters and volume of the
thymus was not homogeneously distributed. So that,
Tambhane’s T2 test was used in the post-hoc comparisons
of these variables. The data obtained in the study were
analyzed using SPSS (Statistical Package for Social
Sciences) for Windows (Version 22, Chicago, IL, USA).
For all analyses; p<0.05 was considered as statistically sig-
nificant.

Results

The mean age of the participants in our study was
51.093£18.631 in males (range: 17-86 years) and 51.635+
18.631 in females (range: 19-86 years). The most frequent
shape of the thymus was arrowhead in 129 (71.27%); and
bilobal in 41 (22.65%); round in 11 (6.08%). In males; thy-
mus was arrowhead shaped in 77 (42.54%), bilobal in 16
(8.84%), round in 3 (1.66%), whereas in females arrowhead
in 52 (28.73%), bilobal in 25 (13.81%) and round in 8
“42%).

Thymus was located at the middle of the midsagittal
plane in 35 cases (19.34%); left to the midsagittal plane in
134 cases (74.03%) and right to the midsagittal plane in 12
cases (6.62%).

When the location of thymus evaluated according to
the gender, it was seen that thymus was located at the
middle of the midsagittal plane in 20 females (11.05%),
on the right in 5 females (2.76%) on the left in 60
females (33.15%). Whereas in 15 males (8.29%) it was
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Figure 3. Measurements of volume (blue circle); transverse and ver-
tical diameters (horizontal and vertical lines) on axial images.

located at the middle of the midsagittal plane, in 7 males
(3.87%) on the right and in 74 males (40.88%) on the
left of the midsagittal plane. Overall, thymus was domi-
nantly located left to the midsaggital plane in majority of
the cases (Table 2).

The mean vertical diameter of the thymus was
2.509+0.865 cm in males and 2.326+0.846 cm in females.
The vertical diameters showed no statistically significant
difference among genders (p>0.05) (Table 3).

The widest transverse diameter of the thymus was
2.329+0.840 cm in males and 2.190+0.636 cm in females.

Table 2
Localization of thymus according to its relation with
midsagittal plane.

Midsagittal Right Left
Female 20 (11.05%) 5(2.76%) 60 (33.15%)
Male 15 (8.29%) 7 (3.87%) 74 (40.88%)
Total 35 (19.34%) 12 (6.62%) 134 (74.03%)
Table 3

Distribution of the vertical diameter (cm), transverse diameter (cm) and
volume (cm?) of thymus according to gender.

Diameter n Mean SD p-value*
Vertical Male 96 2.509 0.865
0.153
Female 85 2.326 0.846
Transverse Male 96 2.329 0.840 T
Female 85 2.190 0.636 '
Volume Male 96 14.921 9.920
0.021
Female 85 12.003 6.386
*p<0.05.



Analysis of the thymus in different age groups using multidedector computed tomography 201

Figure 4. Classification of the density of the thymus under 5 types according to solid tissue component thymus. (a) Type 1 (solid tissue density:
0-25%); (b) Type 2 (solid tissue density: 25-50%); () Type 3 (solid tissue density: 50-75%); (d) Type 4 (solid tissue density: 75-100%); (e) Type
5 (solid tissue density: 100%).

Males had longer transverse diameters than females, ume of the thymus in males was significantly higher than in

however this difference was statistically significant  females (p<0.05) (Table 3).

(p>0.05) (Table 3). The vertical lengths showed no significant difference
The mean volume of the thymus was 14.921+9.920 cm’  between males and females, but the difference was signif-

in males and 12.003+6.386 cm’ in females. The average vol-  icant (p<0.05) between the age groups (Tables 3 and 4).
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Figure 5. Determination of thymus position in relation to the vertebral level using VRT image. (a) T3—4 vertebral level; (b) T4-5 vertebral level; (c) T5-6

vertebral level; (d) T6-7 vertebral level.

The diameter and volume variables were seen to be sig-
nificantly different according to age. According to the
results of post-hoc comparisons there was a significant dif-
ference in the averages of vertical diameter between group
1 and groups 3, 4, 5 and 6 and between group 2 and group
4 (p<0.05) (Table 4).
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As for volume, there was a significant difference
(p<0.05) between group 4 and groups 1 and 5 (Table 4).
In majority of the cases the density of the thymus was
noted as Type 1 (40.33%) and in minority as Type 5
(4.42%) in all age groups. When the groups were evalu-
ated separately, it was determined that in group 1; type 4
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Table 4
Distribution of the vertical diameter (cm), transverse diameter (cm) and volume (cm?) of thymus according to age groups.

Group Mean SD f p-value* Significant difference
Vertical diameter 1 1.875 0.589 6.019 0.000 1-3
2 2.108 0.422 1-4
3 2.767 0.986 1-5
4 2.802 0.870 1-6
5 2.411 0.970 2-4
6 2.550 0.768
Transverse diameter 1 2.105 0.661 2.224 0.054
2 2.166 0.693
3 2.105 0.703
4 2.587 0,865
5 2.155 0.686
6 2.346 0.774
Volume 1 10.040 7.447 4.936 0.000 1-4
2 12.480 6.675 4-5
3 12.787 7.192
4 18.961 11.060
5 11.881 6.358
6 13.802 8.143
*p<0.05.

(34.48%), in groups 2 and 3; type 2 (65.38% and
47.37%), in groups 4, 5 and 6; type 1 (52.63%, 53.66%,
67.89%) was most commonly found type (Table 5).

In all age groups, thymus was mostly located at T4-T5
vertebral level. When evaluating the vertebral level of thy-
mus according to age groups, it was determined that the
location of the thymus tends to be at T6-T7 vertebral level
(Table 6).

Discussion

Computed tomography (CT) may be used for investiga-
tion of neck and mediastinal masses due to ease of acqui-
sition and serves as an ideal tool for investigating the thy-

mus. Contour of the orthotopic anterior mediastinal thy-
mus on cross-sectional imaging varies with age. At its
maximal volume during childhood, the thymus has a
quadrilateral shape with convex borders. As it begins to
involute and reduce in volume, it forms a triangular shape
with convex or straight borders. By adolescence, thymus
appears as a thin band of tissue anterior to mediastinal vas-
cular structures. Similar to observations on other imaging
modalities, the thymus typically moulds to the contours of
the mediastinum and other surrounding structures with-
out deforming or compressing them."”

A four-point classification system was suggested by
different researchers depending on the ratio of fat and

Table 5
Distribution of the density type of thymus according to age groups.

Groups Type 1 Type 2 Type 3 Type 4 Type 5 Total

1 6 (20.6%) 5(17.24%) 6 (20.69%) 10 (34.48%) 2 (6.90%) 9 (100%)
2 0(0.0%) 17 (65.38%) 7 (26.92%) 1(3.85%) 1(3.85%) 6 (100%)
3 6 (31.58%) 9 (47.37%) 3(15.79%) 1(5.26%) 0 (0.00%) 9 (100%)
4 20 (52.63%) 11 (28.95%) 2 (5.26%) 4 (10.53%) 1(2.63%) 38 (100%)
5 22 (53.66%) 8(19.51%) 3(7.32%) 6 (14.63%) 2 (4.88%) 41 (100%)
6 19 (67.89%) 6 (21.43%) 0 (0.00%) 1(3.57%) 2 (7.14%) 8 (100%)
Total 73 (40.33%) 56 (30.94%) 21 (11.60%) 23 (12.71%) 8 (4.42%) 181 (100%)
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Table 6
The vertebral level of thymus according to age groups.

Group AT T4-T5 T5-T6 T6-T7 Total

1 6 (20.69%) 5(51.72%) 7 (24.14%) 1(3.45%) 9 (100%)
2 5(19.23%) 12 (46.15%) 9 (34.62%) 0 (0.00%) 6 (100%)
3 4 (21.05%) 11 (57.89%) 4(21.05%) 0 (0.00%) 9 (100%)
4 7 (18.42%) 7 (44.74%) 11 (28.95%) 3(7.89%) 8 (100%)
5 6 (14.63%) 6 (39.02%) 12 (29.27%) 7 (17.07%) 41 (100%)
6 7 (25.00%) 9 (32.14%) 6 (21.43%) 6 (21.43%) 8 (100%)
Total 35(19.34%) 80 (44.20%) 49 (27.07%) 17 (9.39%) 181 (100%)

soft tissue content of the thymus under CT guidance."""”

Accordingly, fatty degeneration of the thymus with age
was noticed."""” While, thymus dysfunction leads to seri-
ous disturbances in the body’s defense mechanisms, its
hyperactivity results in serious autoimmune diseases. In
recent years, studies have been reported aiming to pro-
duce thymus tissue in-vitro, such as forming trans-
plantable thymic organoids by biofabrication tech-
niques."”

There are different views in the literature concerning
the effects of thymus on fetal growth and development"™'*
and also the measurements of thymus."”"" Cho et al."”
reported that the anterior-posterior diameter of thymus
varied significantly according to its size and the location of
the major blood vessels. They also reported that it would
be difficult to determine the borders of thymus in every
patient and measurements would take a long time. Ozlii et
al.”” concluded that the transverse measurement of thy-
mus was easier and more accurate when compared to the
circumference of thymus. Luis et al.”” evaluated the size of
the thymus in pregnant women with prenatal ultrasonog-
raphy and found out that the transverse diameter of thy-
mus was bigger in male fetuses. Similarly Iscan et al.””
reported that out of 65 newborns, males had a wider trans-
verse diameter but the difference in between female and
male fetuses was not statistically significant. Furthermore
they also revealed that the transverse diameter and thymus
index (transverse diameter x sagittal diameter) was direct-
ly proportional to the newborn’s size and weight. The
results of our study showed that the vertical and transverse
diameters were bigger in males but the difference was not
statistically significant.

Araki et al."” found out that apart from the transverse
diameter of the thymus and the right lobe’s length, there
was a significant correlation between its size and age in
women. The results of our study did not show any signif-
icant relationship between transverse diameter and age of
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the participants. The vertical lengths showed no signifi-
cant difference between males and females, but the differ-
ence was significant (p<0.05) between the age groups
(Tables 3 and 4). These differences were found especial-
ly between group 1 and groups 3, 4, 5 and 6 and between
group 2 and group 4. These results suggest that it is
important to evaluate the vertical diameter of the thymus
in different age groups.

Three types of thymus have been described regarding
the shape of thymus. Araki et al."” described arrowhead
shape as the most commonly found shape as well as
Yekeler et al.,' described mostly bilobal sub-
types in late adolescence and early adulthood ages. Yekeler
et al.”” reported bilobal subtype (23.2%) as the least com-
mon type in their study. The results of our study suggests
that the most common type is arrowhead (71.27 %) as
reported by Araki et al."” and Yekeler et al.””

23 - [24]
! Tunaci®™

The location of thymus in fetuses and newborns was
mostly reported as being in the middle by Hasini et al.”
and Yekeler et al.,”" Garly et al.”” also revaled the location
of the thymus in fetuses and suggested that the size of the
thymus was related to mortalities after birth. All our par-
ticipants were adults and the thymus was noted to be left
to the midsagittal plane (74.03%) in most of our cases.

The size and weight of thymus has been shown to vary
according to age. Roitt” reported that thymus continues
to grow up to puberty whereas Hasselbalch et at.” report-
ed that the size of thymus increases during the first month
and then decreases after the 6th month. The results of our
study showed that the volume of thymus is significantly
bigger in males than in females (p<0.05). Significant dif-
ferences between volume and age has been seen (p<0.05).
This difference has been noted between group 4 and
groups 1 and 5 (Table 4). According to these results we
suggest that volume increases up to the ages 50-59 and
then decreases after the age of 60.
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The density of thymus was studied by different
researchers.” " These studies revealed that the quantity
of solid tissue generally decreases with age. In our study,
we used the classification system of Simanovsky et al."”
Similar to what was revealed by Simanovsky et al.,"" we
found out that the quantity of solid tissue decreases with
age and solid tissue density fits to Type 1 (10-25%) espe-
cially when age advances (>50 years).

There are very few reports on the level of thymus in
the literature. In a study done on fetuses, the upper pole
of thymus was shown to be at the level of the cervical
vertebrae and the lower pole of thymus to reach the tho-
racoabdominal diaphragm.” The results of our study
showed that the upper border of the thymus reaches to
T3-T4 vertebrae and the lower border descends till the
T6-T7 vertebrae. Thymus was most frequently located
to be at T4-T'5 vertebral level. Our results showed that
the level of thymus does not show a major change
according to different age groups but as age advances
thymus tissue is frequently seen at level T6-T7.

Conclusion

MDCT images clearly defines the appearance of thymus
and therefore it is important for surgeons and radiolo-
gists in terms of differentiating normal and variant struc-
tures and analysis of changes in thymus according to age.
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