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Abstract. The present study aimed to investigate the 
anatomical microstructure, features and signals of the fetal 
thymus by 3.0T FS‑T2 weighted turbo spin echo sequences, 
which could provide imaging evidence for the evaluation of 
early‑stage development of fetal thymus. In addition, the 
T2‑weighted three‑dimensional (3D) sequences and the 3D 
processing may contribute to the establishment of reference 
ranges for the fetal thymus. A total of 64 specimens obtained 
from the fetuses of 16‑39  weeks of gestational age (GA) 
were scanned by 3.0T MRI. Morphological changes and 
quantitative measurements of the fetal thymus were assessed, 
including the anteroposterior diameter, width, height, surface 
area and volume. The shape of fetal thymus varied and the 
majority were X‑shaped, with a narrow top and wide bottom. 
Morphology measurements demonstrated gradual growth with 
increasing GA. There were high linear correlations between 
width, height, surface area and volume and GA. No significant 
differences were observed between the sexes. Post‑mortem 
3.0T MRI clearly demonstrated changes in external contours 
and internal structure with GA. The images and data obtained 
reflect normal development of the fetal thymus and enrich the 
imaging data of fetal morphometry.

Introduction

The thymus is relatively large at birth and is important for fetal 
growth and immunity. Previous studies indicate that thymus is 
a mediator of the associations between fetal undernutrition and 
atopic and autoimmune disease in infancy and adulthood (1,2). 
Therefore, quantitative analysis of the thymus is important 
during fetal development.

Ultrasonography (US) is considered the first choice for 
monitoring fetal growth. Measurement of fetal thymus contrib‑
utes to our understanding on the function of the immune 
system in the fetus. However, in cases of maternal obesity or 
oligohydramnios with an unfavorable plane of view, US is not 
the best for visualizing the fetal thymus (3). In addition, the 
thymus is located at a position behind the upper portion of the 
sternum, which cannot be clearly displayed by US. According 
to previous studies (4‑9), the proper antenatal US visualization 
of thymus is dependent on normal maternal body habitus and 
amniotic fluid volume. Currently, three‑dimensional (3D) US 
presenting more data in an accurate manner has been used in 
clinical practice, but its extensive application is hampered due 
to its disadvantages including motion artifacts and fetal irrita‑
bility. There are also disputes in the validity of US, particularly 
the reproducibility and accuracy (3).

Currently, fetal magnetic resonance imaging (MRI) has 
been widely accepted as a complementary modality to US 
in prenatal diagnosis (10,11) However, it is still a challenge 
to identify abnormalities, especially in the middle trimester 
when the fetus is comparatively small and pulse artifacts may 
present. Furthermore, in the later stages of fetal development, 
the thymus cannot be easily observed due to changes of fetal 
position and overlapping of limbs (10). Thus far, extensive 
studies have been carried out on the development of the fetus 
using post‑mortem MRI (12‑14). The major advantages of this 
method are excellent resolution and stable image quality as it 
is not restricted in its scanning field and sequences (15,16). In 
brief, the anatomical structure and precise scalar dimensions 
of the fetal thymus can be clearly displayed in the MRI.

The present study investigated the anatomical micro‑
structure, features and signals of the fetal thymus by 3.0T 
FS‑T2 weighted turbo spin echo (TSE) sequences. It provided 
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imaging evidence for the evaluation of early‑stage development 
of fetal thymus. In addition, the T2‑weighted 3D sequences 
and the three‑dimensional processing may contribute to the 
establishment of reference ranges for the fetal thymus.

Materials and methods

Specimen selection. The present study was carried out with 
approval of the Ethical Committee of School of Medicine, 
Shandong University (approval  no.  2012033). Written 
informed consent was obtained from the guardian(s) of each 
patient. Clinical information was collected from maternal and 
neonatal medical records by one investigator blinded to the 
prenatal findings.

A total of 78 fetal specimens, 16‑39 weeks' gestational age 
(GA), were collected from Shandong Provincial Hospital. The 
specimens were obtained from medically indicated abortions, 
spontaneous abortions, fetal deaths or stillbirths, as well as prema‑
ture deaths. The inclusion criteria were: i) maternal pregnancy 
record demonstrated an absence of fetal chromosomal abnor‑
mality, stressful uterine conditions, genetic disease or diabetes; 
and, ii) US findings of the fetus during pregnancy and the findings 
of the post‑mortem MRI examination of the specimen indicated 
no anatomical abnormality. The exclusion criteria were: Multiple 
pregnancies, maternal pregnancy records showing a documented 
fetal chromosomal abnormality, presence of stressful intrauterine 
conditions, a family history of maternal genetic disease or a 
history of inflammation, sepsis or stressor (16‑19).

A total of 64 specimens met the inclusion criteria. As 
the femur length is more accurate for the determination of 
the GA than biparietal diameter, head circumference or foot 
length (20), the femur length of the fetuses was measured using 
MRI. The GA was obtained according to the morphometric 
criteria proposed by Guihard‑Costa et al (14).

3.0T MR scanning. Post‑mortem MRI was performed 
within 48  h of mortality. Fetal specimens were imaged 
with T2‑weighted 3D sequences and FS‑T2 weighted TSE 
sequences, using a Siemens Skyra 3.0T system (Siemens 
Healthineers). A head and neck joint coil was used for the 
scanning of the thymus. For the T2‑weighted 3D sequences, 
the repetition time was 13.95 msec, echo time was 5.2 msec, 
the matrix was 512x512, voxel size was 0.4x0.4x0.4  mm 
and the number of excitations was 2. For the FS‑T2‑weighted 
TSE sequences, the repetition time was 6,160 msec, echo time 
was 60 msec, the matrix was 640x446, the voxel size was 
0.3x0.3x1.5 mm and the number of excitations was 4. The scan‑
ning time was approximately 20 min. The field of view and the 
distance factor were adjusted according to the circumference 
of the chest to produce a signal‑to‑noise ratio of <1.0.

3D reconstruction. The 3D sequences of the thymus were 
measured using Amira 5.4 software (Thermo Fisher Scientific, 
Inc.). Initially, the T2‑weighted 3D sequence images were aligned 
using Amira 5.4 software. Subsequently, the silhouette of the fetal 
thymus was artificial marked with purple lines on each image 
in the transverse, sagittal and coronal planes (Fig. 1A‑C). After 
tracing, the 3D software system automatically filled the area with 
red color for correction (Fig. 1D‑F). Later, the 3D visualization 
was built automatically. After the model had been obtained, the 

anteroposterior diameter (TA), thymus width (TW) and thymus 
height (TH) were measured. They were recorded as the longest 
measurements of the three axes of the fetal thymus, respectively. 
Finally, the surface area and volume of the thymus were obtained 
automatically. All the results for thymus glands in the present 
study were measured three times and the average was calculated. 
To check the reproducibility of the manual segmentation, the 
thymus was segmented manually twice simultaneously by two 
experienced pediatric radiologists to obtain an average value. 
The time interval between each round of manual segmentation 
was ≥1 week.

Determination of thymus height and width and anteroposte-
rior diameter. TH, defined as the maximum distance between 
the base and apex of the thymus, was determined as was 
TW, defined as the maximum distance of the thymus along 
the horizontal plane and TA, defined as the longest distance 
perpendicular to the height and width of the thymus. The 
thymus was manually segmented twice simultaneously by two 
experienced anatomists to obtain an average value to check the 
reproducibility of manual segmentation.

Statistical analysis. The Student's t‑test was employed, with 
GA as the confounding variable, to analyze the effect of gender 
on different measurements of the fetal thymus. The relation‑
ship between each measurement and GA was evaluated using 
regression analysis. The linear regression model was used and 
significant correlations were defined between data in presence 
of R2 values of >0.6. Statistical analyses were performed using 
SPSS 17.0 software (SPSS Inc.). P<0.05 was considered to 
indicate a statistically significant difference.

Results

Location and morphology of the fetal thymus. The thymus at 
16 weeks' GA was clearly demonstrated. In the images of the 
FS‑T2 TSE sequences, the thymus appeared heterogeneous with 
moderate signal intensity surrounded by many portions of thymus 
cortex with lower signal intensity (Fig. 2). The thymus was visual‑
ized more clearly in FS‑T2 weighted MRI compared with other 
sequences. It is the major anterior component of the superior 
mediastinum lying immediately posterior to the manubrium of 
the sternum. The upper limit of the thymus reached the thyroid 
gland. The lower portion typically extended into the anterior 
mediastinum over the pericardial sac. The majority of the contour 
of axial images was roughly square, in which an asymmetric 
‘X’ configuration was evident in the coronal image. A signal of 
low intensity was observed at the edge of the thymus, while a 
high intensity signal was noted between the thymus and the lung. 
The interlobular septum was clearly shown, which was full of 
liquid and displayed a linear high signal. After 3D reconstruction, 
the shape of the thymus was successfully obtained (Fig. 3).

TA, TW, TH, TS and volume (TV) of the thymus. The original 
measurements including TA, TW, TH, TS and TV of the 
thymus at a 16‑39 week GA are given in Table I.

There were 33  male fetuses. The TA, TW, TH, TS 
and TV were 1.69±0.85  cm, 2.67±1.21  cm, 2.41±1.01  cm, 
17.04±13.83 cm2 and 3.31±3.52 cm3. There were 31 female 
fetuses. The TA, TW, TH, TS and TV were 1.66±0.77 cm, 
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2.37±0.99  cm, 2.24±0.91  cm, 13.84±11.79  cm2 and 
2.94±3.69  cm3. No statistical differences were observed 

between the TA, TW, TH, TS and TV in the male and female 
fetuses (P>0.05; Table II).

Figure 1. The 3D T2‑weighted MRI images of the fetal thymus at 25 weeks GA using Amira 5.4 software. (A‑C) The silhouette of the fetal thymus was artificial 
marked with purple lines on each image in the transverse, sagittal and coronal planes. (D‑F) After tracing, the 3D software system automatically fills the 
selected area red for easy correction. 3D, three‑dimensional; MRI, magnetic resonance imaging; GA, gestational age.

Figure 2. Transverse and sagittal sections of 25 week GA in FS‑T2 TSE sequence. The shape of the thymus is irregular and mostly divided into two lobes. The 
axial contour appears roughly square and the sagittal appears cuneiform. (C and D) enlarged images of A and B, respectively. Heterogeneous moderate signal 
intensity (long arrow) were noticed in the thymus. Signals of lower intensity (two short arrows) were noticed in the surrounding tissues. GA, gestational age; 
TSE, turbo spin echo.
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The linear equations of the data and GA were as 
follows: TA=0.123xGA‑1.574; TW=0.152xGA‑1.515; 
T H= 0.139xGA‑1. 353;  TS=1.871xGA‑34.145;  a nd 
TV=0.508xGA‑10.342.

The slopes of the lines (Fig.  4) differed for different 
measurements. That for TS was the steepest (1.871), followed 
by that for TV (0.508), TW (0.152), TH (0.139) and TA (0.123). 
From the slope of the lines, it could be concluded that the 
measurements were developing at a different speed. The 
increase of thymus surface area and volume was the fastest, 
followed by its width. The TA increase was the slowest. 
However, linear regression analysis indicated the strongest 
correlation between TA and GA (R2=0.844). Additionally, 
GA was correlated with TS (R2=0.764), TH (R2=0.753), TV 
(R2=0.729) and TW (R2=0.675), respectively (Fig. 4).

Discussion

The majority of the imaging studies on the fetal thymus 
have been focused on the prenatal ultrasonography, 
however, the structures of the intrauterine thymus could not 
be clearly displayed by US (3,4,6,8,9). In a previous study, 
Leon‑Luis  et  al  (10) determined that the trans diameter 
and circumference of the fetal thymus (at 21‑34 weeks GA) 
demonstrated no statistical differences among 17  cases 
using prenatal US and MRI. This study first reported the 
feasibility of MRI for the monitoring of fetal thymus. 
Nevertheless, the selected sequences could not effectively 

present the microanatomical structures of the thymus and 
the sample size was relatively small. Damodaram et al (21) 
utilized the T2 weighted single shot TSE sequence to 
compare the organ size and total fetal volume of the fetus 
(n=20) with intrauterine growth retardation and those (n=19) 
with normal development. This study revealed that turbo 
MRI contributed to the prenatal monitoring, but it lacked 
of real volume data for each organ. In addition, the micro‑
anatomical structures and normal ranges of the thymus were 
not mentioned.

Compared with in  vivo diagnosis, post‑mortem MRI 
(PMMRI) seems to be more reliable as it is free from the 
influence of maternal organs, pulse of arteries and movements 
of the fetus. Kang et al (11) proposed that 3T PMMRI was 
superior to post‑mortem US for all anatomical regions except 
for the spine, particularly for fetuses of GA ≥20 weeks and 
the brain in fetuses <20 weeks. PMMRI remains the first line 
imaging investigation for perinatal autopsy. In the present 
study, the FS‑T2 weighted TSE sequences could clearly 
display the morphological features and internal signals of 
the thymus. As previously described, medullary development 
was observed from a GA of 8 weeks and distinct cortical and 
medullary compartments by 16 weeks (22,23). Histology of 
the thymus has shown that the periphery of the lobuli thymi 
is the cortex and the deep part is the medulla (24). However, 
the medulla is not completely surrounded by the cortex (25). 
Previous studies have shown abundant T cell progenitor 
cells in the cortex of the thymus (8,17). By contrast, a small 

Figure 3. The 3D visualization model and linear measurements of the fetal thymus at 25 week GA. The 3D visualization model (A‑C) of the fetal thymus of 
25 weeks GA using Amira 5.4 for 3D data visualization, analysis and modeling. (D) Different display modes can be chosen according to preference. (E) TA, 
TW and TH are the longest length of the three axes of fetal thymus displayed automatically (red arrow). 3D, three‑dimensional; GA, gestational age; TA, 
anteroposterior diameter; TH, thymus height; TW, thymus width.
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population of T  cell progenitor cells were noticed in the 
medulla. In addition, other cells types were noticed in the 
medulla, such as thymic epithelial cells, neural crest‑derived 

mesenchymal cells, endothelial cells and dendritic cells (11). 
This may help to explain why the cortex and medulla can be 
clearly distinguished on MRI.

Table I. The original measurements of the fetal thymus (n=64).

GA	 TA	 TW	 TH	 TS	 TV	 GA	 TA	 TW	 TH	 TS	 TV

16 	 0.49	 0.85	 0.79	 1.39	 0.11	 25	 1.68	 2.45	 2.49	 15.48	 3.10
16 	 0.44	 0.64	 0.51	 0.83	 0.06	 26	 2.11	 3.28	 2.40	 17.68	 3.24
17 	 0.72	 0.72	 1.01	 2.80	 0.16	 26	 2.23	 3.64	 2.77	 23.32	 3.59
17 	 0.39	 0.90	 0.67	 0.94	 0.05	 27	 1.71	 1.81	 2.25	 10.56	 1.70
19 	 0.58	 1.03	 1.28	 2.97	 0.28	 27	 1.68	 3.34	 3.00	 20.96	 3.13
19 	 0.77	 1.06	 1.56	 3.30	 0.34	 28	 2.14	 3.61	 2.92	 21.06	 4.22
20 	 0.56	 1.41	 1.40	 3.13	 0.21	 28	 1.50	 2.20	 2.59	 13.21	 3.06
20 	 0.84	 1.69	 1.06	 3.80	 0.35	 28	 1.97	 2.26	 2.56	 12.12	 2.08
20 	 0.76	 2.18	 1.55	 5.45	 0.51	 28	 1.40	 2.15	 0.99	 6.07	 0.64
20 	 0.68	 1.19	 1.09	 2.28	 0.21	 28	 2.37	 3.39	 2.48	 19.74	 4.32
21 	 1.40	 1.76	 1.00	 4.88	 0.48	 28	 1.65	 2.82	 3.10	 15.29	 2.57
21 	 1.10	 1.21	 1.74	 4.85	 0.56	 28	 1.86	 2.52	 3.04	 16.65	 2.69
22 	 0.87	 1.82	 1.82	 7.80	 1.05	 29	 1.78	 1.36	 2.12	 7.75	 1.29
22 	 0.72	 2.28	 0.75	 7.81	 0.92	 29	 2.63	 4.14	 3.02	 32.00	 6.60
22 	 1.14	 1.69	 1.59	 4.43	 0.34	 29	 2.20	 2.05	 2.43	 14.13	 2.29
22 	 1.12	 1.58	 2.17	 6.37	 0.62	 30	 2.18	 3.37	 3.37	 31.60	 8.43
22 	 1.00	 2.14	 2.28	 7.69	 1.04	 30	 2.25	 3.95	 3.53	 33.38	 6.57
22 	 1.10	 2.03	 1.63	 7.55	 1.25	 30	 1.56	 2.11	 2.65	 9.36	 0.92
23 	 1.19	 1.66	 1.50	 5.02	 0.60	 31	 2.10	 3.31	 2.47	 18.50	 3.88
23 	 1.41	 1.95	 1.82	 7.07	 0.85	 32	 2.13	 3.75	 2.50	 27.51	 4.35
23 	 1.18	 1.97	 1.56	 6.35	 0.56	 34	 2.12	 2.38	 2.70	 14.03	 2.37
24 	 1.02	 2.12	 1.85	 8.20	 0.82	 34	 2.11	 2.88	 3.74	 22.46	 5.83
24 	 1.54	 2.43	 1.83	 9.98	 1.08	 34	 2.71	 5.07	 4.02	 39.88	 9.06
24 	 1.76	 3.12	 1.88	 12.18	 1.80	 35	 2.87	 4.62	 2.79	 36.40	 9.90
24 	 1.88	 2.46	 2.33	 12.86	 1.94	 35	 3.27	 3.04	 2.34	 22.17	 4.23
24 	 1.66	 2.42	 2.60	 11.30	 1.61	 36	 2.52	 3.88	 3.76	 26.70	 4.80
24 	 1.19	 1.54	 2.15	 6.67	 0.93	 36	 2.91	 4.93	 4.62	 45.31	 11.90
24 	 0.67	 1.44	 1.64	 3.63	 0.31	 38	 2.74	 4.14	 3.79	 37.14	 12.21
25 	 1.42	 2.36	 2.14	 9.16	 1.08	 38	 2.67	 3.06	 3.55	 31.77	 8.37
25 	 1.45	 2.47	 2.40	 11.23	 1.69	 38	 3.25	 4.58	 4.52	 52.07	 12.04
25 	 1.01	 1.56	 2.39	 7.45	 0.94	 39	 3.23	 4.32	 3.70	 48.55	 12.80
25 	 2.00	 3.32	 2.86	 17.29	 2.93	 39	 3.83	 4.48	 3.96	 42.08	 12.79

GA, gestational age (weeks); TA, anteroposterior diameter (cm); TW, width (cm); TH, height (cm); TS, surface area (cm2); TV, volume (cm3).

Table II. The measurements of thymus between sex groups.

Groups	 N	 TA	 TW	 TH	 TS	 TV

Male	 33	 1.69±0.85	 2.67±1.21	 2.41±1.01	 17.04±13.83	 3.31±3.52
Female	 31	 1.66±0.77	 2.37±0.99	 2.24±0.91	 13.84±11.79	 2.94±3.69
t‑value		  0.164	 1.068	 0.742	 0.994	 0.413
P‑value		  0.121	 0.079	 0.642	 0.132	 0.799

GA, gestational age (weeks); N, number; TA, anteroposterior diameter(cm); TW, width(cm); TH, height (cm); TS, surface area (cm2); 
TV, volume (cm3).
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It has been previously indicated that thymic size is influ‑
enced by a series of hormones, including sex steroids and 
those involve in the hypothalamic‑pituitary‑adrenal axes (26). 
It has been revealed that sex hormones receptors are expressed 
in both thymocytes and TECs  (26,27). Castration of male 
rodents results in significant enlargement of thymus (27,28). 
Nevertheless, the data from the present study demonstrated 
that there were no statistical differences between the gender 
and thymic size, which was in line with a previous study (6) in 
which sonography was used to measure the transverse diam‑
eter and perimeter of 59 normal thymuses and demonstrated 
no effects of fetal gender on the thymus.

In prenatal MR imaging, in addition to morphological 
subjective evaluation of structures, quantitative information may 
be important in the diagnosis of anomalies. Graham et al (13) 
suggested that the thymus was morphologically complete 
at 16‑20 gestational weeks upon maturation. Li  et  al  (29) 
proposed that the volume of the thymus was more appropriate 
to evaluate the size of the thymus. Cho et al (30) reported that 
it is difficult to confirm the size and arrangement of the large 
blood vessels by analyzing the anteroposterior diameter. Unlike 
previous studies (29,30), the present study demonstrated that the 
anteroposterior diameter of the thymus was more closely asso‑
ciated with GA than other factors (R2=0.844). Additionally, the 

majority of the measured values were lower than the previous 
data obtained from 3D US (29). It is hypothesized that the data 
from the present study can provide more accurate information 
about the thymus because they are based on the high resolution 
of post‑mortem 3.0T MRI.

The growth curve generated in the present study can be 
considered as a model for clinical applications. Some studies have 
indicated that 2D data obtained from US are less efficient than 
3D data in assessing the morphometry of the thymus (14,20,31). 
For this reason, 2D technique could only reflect the size of 
the thymus in a single dimension or plane, but 3D volume 
measurement is more objective and reliable in reflecting the 
thymic size. The present study, based on MRI, demonstrated 
that parameters measured in 2D were as closely correlated 
with GA as that of 3D data.

The present study reported a new and reliable method 
for the study of fetal thymus development and maturation 
combining the image of thymus obtained by post‑mortem 3.0T 
MRI scanning with powerful 3D software. More intuitive and 
accurate morphological data of thymus were obtained. The 3D 
reconstruction analysis is superior to traditional pathological 
analysis in the following aspects: First, 3D reconstruction 
analysis displayed the fetal thymus surface and inner struc‑
tures without excising the thymus, which precluded the 

Figure 4. The statistical results between all the measurements and GA. The scattergrams, best‑fit equations and correlation coefficients (R2) of (A) TA, 
(B) TW, (C) TH, (D) TS, (E) TV and GA. All the measurements linearly increase with GA. Each symbol represents a single fetus. GA, gestational age; 
TA, anteroposterior diameter; TW, thymus width; TH, thymus height; TS, thymus.
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possibility of deformation by gravity during excision. Second, 
arbitrary slices can be obtained by postprocessing on ordinary 
computers. Third, accurate measurements of each component 
can be easily and precisely obtained with the thymus in its 
natural state. Therefore, Amira 5.4 software may be useful 
for the research of irregular organs. It is hoped that it will 
be applied to the monitoring of fetal thymus in uterus in the 
future.

There are some limitations to the present study. First, the 
range of GA was large, but the sample size of 64 fetuses was 
small. To be exact, only two specimens at a GA of 31 weeks 
(n=1) and 32 weeks (n=1) were included. No specimens at a GA 
of 18, 33 and 37 weeks were included, which may lead to bias 
to the conclusion of the present study. Second, an undetected 
anomaly may present in the selected specimens.

The present study is the first to use PMMRI and Amira 5.4 
software to measure the normal fetal thymus. PMMRI may play a 
vital role in providing more anatomical detail than US and in vivo 
fetal MRI. The results of the present study may serve as a valuable 
reference for fetal MRI applied in vivo in prenatal diagnosis.
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