Surgical and Radiologic Anatomy (2022) 44:105-115
https://doi.org/10.1007/500276-021-02850-2

ORIGINAL ARTICLE q

Check for
updates

A safe area for sternal puncture in children: an MSCT study based
on sternal development

Xue Cui' - Rui-guang Li' - De-ting Ma'

Received: 21 May 2021/ Accepted: 11 October 2021 / Published online: 8 November 2021
© The Author(s), under exclusive licence to Springer-Verlag France SAS, part of Springer Nature 2021

Abstract

Purpose Multislice spiral CT (MSCT) was used to investigate the anatomical characteristics of sternal development, and to
provide anatomical basis for sternal puncture in children.

Methods We retrospectively analyzed the thoracic MSCT data of 600 children who received thoracic MSCT from January
to June 2020 with their age ranging from 1 month to 19 years. The distribution of sternal ossification centers and adjacent
tissues and organs was observed. Subcutaneous soft tissue thickness and the distance between the skin and the posterior
margin of the sternum were measured in the central areas of sternal manubrium and mesosternum (segments I and II), and
the correlation between the two was calculated using linear correlation.

Results A total of 600 patients were enrolled, the mean age was 9.87 years and the standard deviation was 8.28 years. The
sternal manubrium and ossification centers at the I and II segments of the mesosternum were visible in all cases (100%).
There was no ossification in segment III of the mesosternum in 15 cases (2.5%), including 12 cases (80%) adjacent to the
posterior pericardium and 7 cases (46.7%) of lung tissue. There were 274 cases (45.7%) of segment IV without ossification,
including 204 cases (74.5%) of adjacent pericardium and 95 cases (32.8%) of lung tissue. The xiphoid process was not ossi-
fied in 258 cases (43%), including 190 cases (73.6%) adjacent to the pericardium and 97 cases (37.6%) adjacent to the lung
tissue. Correspondingly, the thickness of subcutaneous soft tissue of the sternal manubrium and the central region of the I
and II segments of the mesosternum had a low positive correlation with age (P <0.001), the distance between the skin and
the posterior margin of the sternum showed a moderate positive correlation with age (P <0.001), and the distance between
the skin and the posterior margin of the sternum showed a high positive correlation with the thickness of subcutaneous soft
tissue (P <0.001).

Conclusions Nonossification of the sternal ossification center usually occurs below segment III of the mesosternum and is
usually adjacent to heart and lung tissue. Pediatric sternal puncture should be performed at the sternal manubrium and the
mesosternum of segments I and II. However, attention should be paid to the space between multiple ossification centers. The
thickness of subcutaneous soft tissue is a critical factor that determines the depth of the puncture.
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Introduction

The sternum, which consists of sternal manubrium, mesos-
ternum (body) and xiphoid process, is an important site for
bone marrow aspiration, bone marrow biopsy, acupuncture,
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and an important approach for chest surgery [1-6]. How-
ever, there are many developmental changes in the sternum
in children, such as the ossification centers have not been
ossified, and there are still gaps between ossification centers
because they have not been fused. If these developmental
changes are ignored, there are potential risks of cardiac tam-
ponade, pneumothorax and mediastinal emphysema caused
by needle puncture into the sternal tissue [7-9]. Therefore,
it is necessary to correctly understand the development and
ossification characteristics of the sternum in children, and to
know the thickness of the sternum and subcutaneous soft tis-
sue as well as the posterior adjacent tissues of the sternum.
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MSCT has the advantages of high resolution, fast scanning
speed, intuitive and clear imaging. Maximum intensity pro-
jections (MIP) and volume rendering technology (VRT)
were used to capture the ossification and shape of the ster-
num and costal cartilage from multiple angles and directions
[10]. The purpose of this study was use MSCT to observe
the distribution of sternal ossification center and adjacent
tissues behind the sternum, and measure the thickness of
the sternum and subcutaneous soft tissue, so as to guide the
clinical exploration of the safe area of sternal puncture in
children.

Methods
Patients

The imaging data of patients who underwent thoracic MSCT
examination were retrospectively analyzed in our hospital
from January to June 2020. Inclusion criteria: (1) all patients
were under 20 years old; (2) volume scanning, which can be
post-processed, and (3) the post-processing image is good
without artifact. Exclusion criteria: (1) underlying disease
causing developmental delay; (2) thoracic deformities due to
trauma, surgery, or congenital development, and (3) underly-
ing condition leading to osteoclasts.

A total of 600 patients were enrolled, including 300 males
and 300 females. They underwent necessary thoracic MSCT
examination, with indications of pulmonary infection (263
cases), foreign body inhalation (50 cases), and COVID-19
screening (287 cases) for hospitalization in the department
of pediatric, oral, eye, and otolaryngology.

The hospital ethics committee approved the study because
it was a retrospective study and agreed to exempt patients
from the informed consent requirement.

Inspection equipment and imaging

A 256-multislice CT scanner (Brilliance iCT, Philips, the
Netherlands) was used for all the thoracic CT procedures.
Scanning parameters: tube voltage was 100 kV, tube cur-
rent was in automatic mode, collimator width was 8 cm,
scanning pitch was 0.992, rotation time was 0.5 s, scanning
layer thickness was 5.0 mm, layer spacing was 5.0 mm,
reconstruction layer thickness was 1 mm, layer spacing
was 0.9 mm, matrix: 512X 512. Multi-planner reformation
(MPR) was performed on the workstation, and MIP and
VRT images were performed on the sternum in coronal view.

Image analysis

The evaluation was conducted by two diagnostic physi-
cians who had been working on CT diagnosis for more than
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10 years, when the results are inconsistent, discussions were
made to reach agreement. To visualize the sternal structure,
transverse, sagittal, and coronal MPR images, coronal MIP
and VRT images were evaluated. The number of sternal seg-
ments was calculated by costochondral junction (CCJ). For
example, between the first and second CCJ is the sternal
manubrium, between the second and third CCJ is the seg-
ment I of mesosternum, between the third and fourth CCJ
is the segment II of mesosternum, between the fourth and
fifth CCJ is the segment III of mesosternum, and between
the fifth and sixth CCJ is the segment IV of mesosternum.

The image evaluation included: (1) the number of seg-
ments and the number of ossification centers in manubrium,
mesosternum and xiphoid process; (2) the vertical fusion
between segments and horizontal fusion between ossifi-
cation centers in the same segment; (3) the neighboring
intrathoracic organs (such as mediastinal fat, lung and peri-
cardium) to the unossified areas of the sternum.

Image measurement

Data measurement was conducted independently by two
physicians in a double-blind method, and the measurement
data were the average of the measurement results of the two
physicians. If the difference between the measurements of
two physicians was high, they resolved differences via dis-
cussion. In combination with the median sternal sagittal
MPR, transverse MPR, the subcutaneous soft tissue thick-
ness (Fig. 1), the distance between the skin and the posterior
margin of the sternum (Fig. 1), and the distance between the
skin and the anterior margin of the sternum (Fig. 1) were
measured at the manubrium sternum, the central area of the
mesosternum at segments I and II.

Statistical analysis

SPSS 26.0 statistical software package was used for descrip-
tive statistical analysis of the data. Measurement data were
expressed as mean + standard deviation (x+s). One-way
ANOVA was used for comparison among age groups and
indicators. Linear correlation was used to analyze the cor-
relation between each measurement index and age. Correla-
tion strength: »>0.7 was highly correlated, 0.4 <r<0.7 was
moderately correlated, 0.2 <r< 0.4 was weakly correlated,
and r<0.2 was weakly correlated. The reliability of the
two performers’ measurements was evaluated by intraclass
correlation coefficient (ICC). An ICC value less than 0.50
indicates poor reliability, between 0.50 and 0.75 indicates
moderate reliability, between 0.75 and 0.90 indicates good
reliability, and a value greater than 0.90 indicates excellent
reliability. P <0.05 indicated that the difference was statisti-
cally significant.
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Fig.1 Measurement of subcutaneous soft tissue thickness (square
bracket), the distance from skin to the posterior edge of the sternum
(curly bracket), and sternum thickness

Results

A total of 600 patients were enrolled, including 300 males
and 300 females, ranging in age from 1 month to 19 years
and 11 months, with a mean age of 9.87 years and a standard
deviation of 8.28 years.

Distribution of sternal ossification centers (Tables 1
and 2) and adjacent tissues (Tables 3)

The sternal manubrium had a single midline ossification
center in 558 patients (93%), and two or more ossification
centers in 42 patients (7%, Fig. 2A). There were 32 cases
(76.2%, Fig. 2B) adjacent to the posterior thymus and 10
cases (23.8%) adjacent to the lung tissue of multiple ossifi-
cation centers.

Segment IV has more non-ossification cases (274 cases,
45.7%, Fig. 3A) than any other sections, including 186 cases
(67.9%, Fig. 3B) of posterior adjacent pericardium, 86 cases
(31.4%) of lung tissue, and 2 cases (0.7%) of mediastinal fat.
The second is the segment III (15 cases, 2.5%), including the
posterior adjacent pericardium (6 cases, 40.0%), lung tissue
(7 cases, 46.7%, Fig. 3C), and thymus (2 cases, 13.3%).

The mesosternum consisted of 2 segments in 15 cases
(2.5%), 3 segments in 274 cases (45.7%), and 4 segments in
311 cases (51.8%, Fig. 4).

Table 1 Distribution of sternal

. . Age Number of sternal manu- Fusing sternum Number of sternal Number of ossifi-
ossification centers, sex and age brium ossification center segments cation centers in
xiphoid process
One Two Three Four All Part None Two Three Four None One Two
y<5 116 26 8 0 0 12 138 6 93 51 76 74 0
5<y<10 143 4 3 0 40 109 6 82 62 81 69 0
10<y<15 150 O 0 0 8 103 39 1 48 101 78 72 0
15<y<20 149 1 0 0 84 50 16 2 51 97 23 122 5
Total 558 31 11 0 93 205 302 15 274 311 258 337 5
Table 2 Dis}ribution of sternal Age Two sternal Three sternal segments Four sternal segments
segments with more than two segments
ossification centers
Sternal segment I 11 1 11 11T I I I v
y<5 0 0 0 6(2) 21 (12) 0 3(D) 10 (8) 74)
5<y<10 0 1 1 1(1) 12 (7) 0 0 7(2) 13(9)
10<y<15 0 0 0 2(1) 503) 0 0 7(2) 12 (3)
15<y<20 0 0 0 0 1 0 0 1 3(2)
Total 0 1 1) 94) 39 (22) 0 3() 25 (12) 35(18)

The data in () represent the number of cases where two or more ossification centers did not fuse with each

other
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Table 3 Adjacent tissues in the unossified/unfused sternal region

Region Number Adjacent tissues y<5 5<y<10 10<y<15 15<y<20 Total
The manubrium sternum has 2—4 ossification centers 42 Thymus 28 4 0 0 32
Lung 8 2 0 0 10
Blood vessels 0 0 0 0 0
Fat 0 0 0 0 0
Sternal manubrium—body is not fusion 579 Thymus 114 116 47 3 280
Lung 35 29 86 114 264
Blood vessels 0 0 0 0 0
Fat 3 15 27
Pericardium 5 8
The mesosternum segment I-II is not fusion 362 Thymus 86 58 10 0 154
Lung 57 51 55 11 174
Blood vessels 0 0 0 0 0
Fat 0 2 4 0 6
Pericardium 4 9 13 2 28
The mesosternum segment III is not ossified 15 Lung 2 2 1 2 7
Thymus 2 0 0 0 2
Fat 0 0 0 0 0
Pericardium 3 2 0 1 6
The mesosternum segment IV is not ossified 274 Lung 33 27 18 8 86
Fat 1 0 1 0 2
Pericardium 66 63 34 23 186
The xiphoid process is not ossified 258 Lung 30 23 30 3 86
Fat 0 0 0
Liver/diaphragm 1 3 0 4
Pericardium 45 61 47 15 168
Segment I contains two ossification centers 1 Thymus 0 1 0 0 1
Lung 0 0 0 0 0
Pericardium 0 0 0 0 0
Segment II contains two ossification centers 5 Thymus 2 0 0 0 2
Lung 0 0 0 0 0
Pericardium 1 1 1 0 3
Segment III contains two ossification centers 34 Thymus 1 0 0 0 1
Lung 9 1 1 0 11
Pericardium 10 8 4 0 22
Segment IV contains two ossification centers 18 Thymus 1 0 0 0 1
Lung 1 5 2 0
Pericardium 2 4 1 2

A total of 113 segments of the mesosternum contained
2 ossification centers, including 35 patients (31.0%) in
segment IV, 64 patients (56.6%, Fig. 5) in segment III,
13 patients (11.5%) in segment II, and 1 patient (0.8%)
in segment I.

258 cases (43.0%, Fig. 6A) did not show ossification
center in the xiphoid process, including 168 cases (65.1%,
Fig. 6B) adjacent to the pericardium, 86 cases (33.3%) of
lung tissue, and 4 cases (1.6%) of liver/ diaphragm.
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Fusion of sternal ossification centers (Tables 1 and 2)
and adjacent tissues (Table 3)

The manubrium and mesosternum were fused in 21 cases
(3.5%), the youngest was 8 years old. There were 579
cases (96.5%) without fusion, and the oldest was 19 years
and 11 months old. They were adjacent to lung tissue in
264 cases (45.6%), thymus in 280 cases (48.3%, Fig. 2C),
pericardium in 8 cases (1.4%), and mediastinal fat in 27
cases (4.7%). The segment of mesosternum contained
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Fig.2 MIP (A) and cross-
sectional MPR (B, C) images
of the sternum of a woman aged
1 year and 5 months. A The
multiple ossification centers

of the sternal manubrium are
not fully fused (arrow). B The
posterior adjacent tissue of

the sternal manubrium is the
thymus (¥). C The posterior
adjacent tissue of the stalk joint
is the thymus gland (¥)

two ossification centers, in which 58 cases (51.3%) were
unfused and 55 cases (48.7%) were partially fused. The
specific distribution was as follows: 1 case (2.9%) adja-
cent to the thymus, 14 cases (40.0%) lung tissue, 20 cases
(57.1%) pericardium in segment IV; segment III adja-
cent to thymus in 3 cases (4.7%), lung tissue in 27 cases
(42.2%), pericardium in 34 cases (53.1%); segment II
adjacent to thymus in 4 cases (30.7%), lung tissue in 4
cases (30.7%), pericardium in 5 cases (38.5%); segment |
adjoining thymus in 1 case (100%).

There were 362 cases of unfusion between the I and 11
segments of the mesostrnum (Fig. 3A), with their age rang-
ing from 1 month to 18 years and 2 months, including 174
cases (48.1%) of posterior adjacent lung tissue, 154 cases

(42.5%) of thymus, 28 cases (7.7%) of pericardium, and 5
cases (1.4%) of mediastinal fat.

The mesostrenum was fused completely (Fig. 6A) in 93
cases (15.5%), with the earliest age of 6 years and 7 months.
There were 302 cases (50.3%) with the oldest age of 19 years
and 5 months without sternal fusion.

Correlation between measurement indexes
of sternum and location and age (Table 4)

The ICC values measured by the two physicians are
0.92~0.97, indicating high reliability.

The thickness of subcutaneous soft tissue in the central
area of the manubrium was slightly positively correlated
with age (r=0.240, P=0.000), the distance between skin
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Fig.3 MIP (A) and cross-
sectional MPR (B, C) images
of the sternum of a 4-year-old
male. A The III and IV seg-
ments of the mesosternum are
not ossified (square brackets),
and the I and II segments are
not fused (arrows). B Segment
IV adjacent tissue of the unos-
sified area is the pericardium
(arrow). C Segment III adjacent
tissue of the unossified area is
the right lung (arrow)

and the posterior margin of the sternum was moderately
positively correlated with age (r=0.449, P=0.000), and
the thickness of the sternum was moderately positively cor-
related with age (r=0.664, P=0.000). The distance between
skin and the posterior margin of the sternum was highly
positively correlated with subcutaneous soft tissue thickness
(r=0.932, P=0.000) and moderately positively correlated
with sternal thickness (r=0.630, P =0.000).

The thickness of subcutaneous soft tissue in the central
area of segment I of the mesosternum showed a low posi-
tive correlation with age (r=0.292, P=0.000), while the
distance between skin and posterior margin of the sternum
showed a moderate positive correlation with age (r=0.459,
P =0.000). There was a moderate positive correlation
between sternal thickness and age (r=0.650, P=0.000).

@ Springer

The distance between skin and the posterior margin of the
sternum was highly positively correlated with subcutane-
ous soft tissue thickness (r=0.951, P=0.000) and moder-
ately positively correlated with sternal thickness (r=0.594,
P=0.000).

The thickness of subcutaneous soft tissue in the central
region of the II segment of the mesosternum was slightly
positively correlated with age (r=0.341, P=0.000), and
the distance between skin and the posterior margin of the
sternum was moderately positively correlated with age
(r=0.490, P=0.000). Sternal thickness was highly posi-
tively correlated with age (r=0.701, P=0.000). The dis-
tance between skin and the posterior margin of the ster-
num was highly positively correlated with subcutaneous
soft tissue thickness (r=0.966, P =0.000) and moderately
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Fig.4 MIP (A) and cross-sec-
tional MPR (B) images of the
sternum of a man aged 1 year
and 6 months. A No fusion of
the III and IV segments (arrow).
B The posterior adjoining tissue
is the pericardium (arrow)

positively correlated with sternal thickness (r=0.592,
P =0.000).

Discussions

Embryologically, the sternum develops from two parallel
mesenchymal strips, which begin to fuse head and tail at
9 weeks of fetal life [1, 3, 4, 6]. When fusion occurs, ossifi-
cation centers appear in the same cephalic direction. If the
sternal segment begins to ossify before the mesenchymal
strips fuse, there will be two separate ossification centers
in the sternal segment [6]. There are multiple ossification
centers in the sternum, and the relationship between ossifica-
tion and fusion in ossification centers and age, subcutaneous
soft tissue thickness and sternal thickness are all factors to
evaluate the safety range of sternal biopsy or puncture in
children [9].

Characteristics of sternum development
and adjacent tissues in children

The sternal manubrium has at least one ossification center,
and multiple ossification centers are usually fused before
birth [6]. In this study, 7% of the patients had multiple ossifi-
cation centers on the sternal manubrium, 76.2% had adjacent
thymus, in adults, neighboring structures are usually major
vessels [9]. Literature has reported a case of pulsating bleed-
ing caused by adult sternal manubrium puncture through
ascending aorta [9]. As an important site for clinical bone
marrow biopsy [8], the accurate preoperative assessment of
the status of the sternal manubrium is conducive to avoiding
surgical complications.

The mesosternum has a varying number of ossified seg-
ments, usually developed from four separate segments [1,
3,4, 6]. All patients in this study had at least two segments.
Fusion between ossifying centers can be classified as non-
fusion (ossifying centers are separated from each other),
complete fusion (no trace of fusion between ossifying cent-
ers can be seen, and it can only be judged by the connection
of costal cartilage), and partial fusion. It is mentioned in
the literature that the fused features and the length of the
mesosternum can be used to predict the height. Due to the
distinct individual difference in sternum shape, it can be
compared with the image of the deceased to confirm their
gender [11, 12]. Complete fusion of each segment of the
sternum is usually completed at the age of 25 years [7, 13].
In this study, complete fusion of the mesosternum mostly
occurred in the 15-20 age group, and ossification of segment
IV and xiphoid process varied greatly among individuals
[7, 13]. In this study, unossification of segment IV was the
most common, with an incidence of 45.7%, its most common
adjacent tissue was pericardium (67.9%), followed by lung
tissue (31.4%).The presence of section III unossified tissue
was in 2.5% of children, its common adjacent tissues were
lung tissue (46.7%) and pericardium (40.0%). The presence
of two ossification centers is most common in segment III
and usually occurs in children under 5 years old.

The xiphoid process is the most variable ossification
center of the sternum [1, 6]. In this study, about half of
the children had a single ossification center, and a few had
two ossification centers. In the other half of the children,
the xiphoid process was indeed absent, while in adults,
the xiphoid process was rarely absent, indicating that the
absence of the xiphoid process in children or adolescents
should be considered as not yet ossified. In this study, the
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Fig.5 MIP (A) and cross-
sectional MPR (B, C) images

of the sternum of a man aged

1 year and 5 months. A Double
ossification centers in the II

and III segments, not fused
between them (arrows). B The
posterior adjacent structure of
the ossification center is the
pericardium (arrow). C The
posterior adjacent tissue of the
ossification center is the pericar-
dium (*), and the gap between
the ossification centers is visible
(arrow)

unossified xiphoid process adjacent to the pericardium
accounted for 65.1%, lung tissue 33.3%, and liver/diaphragm
1.6%.

These findings suggest that the presence of unossified
sternal ossification centers in segments III and IV and
xiphoid processes during childhood, as well as adjacent peri-
cardium and lung tissue, may be one of the main reasons for
not using this area clinically as a puncture site.

Site of sternal puncture in children
This study showed that all children had ossification cent-
ers at the manubrinm and the I and II segments of the

mesosternum, while the Il and IV segments of the mes-
osternum and the xiphoid process were mostly unossified
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and adjacent to the lung tissue or pericardium. The sternal
variations, such as sternal foramen and fissure, were most
frequently common in segment III and IV and xiphoid
process [13—15]. Therefore, pediatric sternal puncture
should avoid the substernal segment, and the sternal manu-
brium, the I and II segments of the mesosternum should
be selected. However, there are also many changes in the
development of the manubrium sternum and the I and II
segments of the mesosternum. For example, there is a gap
between the multiple ossification centers of the sternal
manubrium without fusion, and the fusion time between
the I and II ossification centers of the mesosternum is late
[1]. The fusion between the manubrium sternum and the
mesosternum and the fusion between the mesosternum
and the xiphoid process had great variability. Some had



Surgical and Radiologic Anatomy (2022) 44:105-115

13

Fig.6 MIP (A) and cross-sec-
tional MPR (B) images of the
sternum of a man aged 15 year
and 6 months. A The xiphoid
process is unossified (square
brackets), and the mesoster-
num is completely fused (curly
bracket). B The adjacent tissue
of the unossified xiphoid pro-
cess is the pericardium (arrow)

Table 4 Distribution of sternum measurements and age

Age Groups Subcutaneous soft tissue thickness

Distance from skin to posterior margin The thickness of the sternum
of the sternum

Central area of the manubriumsternum

y<5 7.81+2.68 (1.98-20.10)
5<y<10 8.02+5.07 (2.08-26.08)
10<y<15 11.51+8.04 (2.06-40.62)
15<y<20 11.60+8.01 (3.17-56.66)
Total 9.73 £6.59 (1.98-56.66)

Central segment I of the mesosternum

y<5 5.87+2.44 (1.92-16.19)
5<y<10 6.32+4.14 (1.77-21.24)
10<y<15 9.75+6.81 (1.66-39.44)
15<y<20 9.96+7.29 (2.26-53.11)
Total 7.98 +£5.85 (1.66-53.11)

Central segment II of the mesosternum

y<5 5.18+2.23 (1.3-13.58)
5<y<10 5.70+3.74 (1.2-20.74)
10<y<15 9.27+6.71 (1.14-41.14)
15<y<20 9.86+7.65 (1.93-45.06)
Total 7.50+5.72 (1.14-45.06)

15.59+2.62 (10.76-27.34)
18.75+6.09 (10.62-40.4)

23.06+8.80 (11.94-56.94)
25.04+£9.35 (13.35-70.57)
20.64 +8.21 (10.62-70.57)

12.91+2.35 (8.57-21.94)
15.22+4.88 (9.23-33.27)
19.76 +7.53 (10.47-53.28)
20.82+7.93 (11.48-66.01)
17.20+6.90 (8.57-66.01)

11.51+2.11 (7.58-20.58)
13.60+4.28 (7.04-30.04)
18.40+7.42 (8.48-51.97)
19.47+7.32 (10.68-53.09)
15.75+6.61 (7.04-53.09)

7.78+1.58 (4.47-13.63)

10.72 +1.73 (7.42-16.14)
11.55+2.68 (4.84-20.86)
13.44+3.00 (7.84-24.38)
10.91+3.09 (4.47-24.38)

7.03+1.10 (3.80-9.74)
9.01+1.54 (3.49-17.56)
10.00+1.68 (5.75-14.78)
10.86+2.38 (6.27-26.45)
9.23+2.25(3.8-26.45)

6.34+0.94 (3.83-8.92)

7.90+1.08 (5.01-10.65)
9.13+1.61 (6.33-16.83)
9.61+1.54 (5.87-13.95)
8.24+1.83 (3.83-16.83)

completely fused in the early age, while others fused much
later [6]. Therefore, when performing acupuncture or bone
marrow biopsy on young children, it should be avoided to
insert the needle into the unfused space of the ossification
center, resulting in posterior sternal tissue injury. In short,
in addition to selecting the site of bone marrow puncture
in the sternal manubrium or the central area of the I and II
mesosternal segments, attention should also be paid to the
fusion status of multiple ossification centers.

Depth of sternal puncture or biopsy in children

The length of the puncture or biopsy needle determines the
depth of the puncture or biopsy. If it is too shallow, it can-
not penetrate the sternum; if it is too deep, it may penetrate
the sternum and enter the posterior sternum tissue, caus-
ing damage to the internal organs in the chest [7-9]. One
case of acute A-type aortic dissection after sternal puncture
was reported in the literature [7], and one case of sternal
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puncture with a 90 mm puncture needle through the sec-
ond and third intercostals was reported in the literature, and
aneurysm ruptured due to the penetration of the weak ster-
nal puncture needle through the sternum, resulting in the
death of the patient [9]. Bone marrow aspiration needles are
available in different types and sizes with replaceable safety
plugs. However, a plug does not necessarily prevent deeper
tissue from penetrating [8]. The pressure on the sternum dur-
ing needle propulsion may cause deformation of the thoracic
cavity, leading to the needle reaching the anterior wall of
the ascending aorta [8]. Therefore, it is of great significance
to accurately understand the thickness of subcutaneous soft
tissue and sternum for adjusting the length of needle during
sternum puncture and acupuncture.

In this study, the distance between skin and posterior ster-
nal margin, subcutaneous soft tissue thickness, and sternal
thickness were measured in the sternal manubrium, the cen-
tral area of the mesosternumat segments I and II. The results
showed that the distance from skin to posterior sternal mar-
gin was highly positively correlated with subcutaneous soft
tissue thickness, and moderately positively correlated with
age and sternal thickness. Therefore, the penetration depth
of puncture needle is closely related to subcutaneous soft
tissue thickness, which also changes in childhood. In this
study, subcutaneous soft tissue thickness has a low degree
of positive correlation with age, and body mass index is sig-
nificantly positively correlated with the distance between the
skin and the posterior margin of the sternum as mentioned
in the literature [8]. In this study, the maximum thickness of
subcutaneous soft tissue and the distance from skin to poste-
rior sternal margin measured were 56.66 mm and 70.57 mm,
respectively, which were close to or more than the maximum
length commonly used for bone marrow aspiration needle.
Therefore, preoperative evaluation of subcutaneous soft tis-
sue thickness and the distance from skin to posterior sternal
margin in obese children was very necessary.

Subcutaneous soft tissue thickness, the distance from the
skin to the posterior margin of the sternum, and the thickness
of the sternum vary in different parts of the sternum. The lit-
erature indicates that at the 2nd intercostal level, the sternum
thickness in adults was 13.0+0.2 mm [8], whereas in this
study, the sternum thickness in children was 9.23 +£2.25 mm
and was moderately positively correlated with age. There-
fore, the depth of the puncture should be between the thick-
ness of the subcutaneous soft tissue and the distance from
the skin to the posterior margin of the sternum, and the effect
of the puncture site on the length of the puncture needle
should also be paid attention to.

Our study helps clinicians to better understand the
development of the sternum and its adjacent tissues, which
provides a reference for invasive sternum surgery to avoid
complications. In our hospital, chest CT examination is the
primary preoperative evaluation before invasive sternal or
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chest surgery in all children, and the use of automated low-
dose scans minimizes radiation exposure in children.

Conclusion

The unossified sternal segment in children is more com-
mon in xiphoid process, and the III and IV segments of the
mesosternum, adjacent to the pericardium and lung tissue,
and there are risks of serious complications such as pneu-
mothorax or cardiac tampering during sternal acupuncture.
To avoid complications, sternal manubrium and the central
area of the I and II segments should be selected, and the gap
between the unfused ossification centers should be noted.
The depth of puncture should take into account the different
thickness and location of subcutaneous soft tissue. However,
due to the large individual differences, to minimize the risk
of fatal complications, familiarity with the developmental
characteristics of the sternum is beneficial to the safety of
sternum puncture or biopsy.
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