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ABStRAct
Introduction: Surface anatomy is fundamental for comprehending topographical anatomy, assessing patients, deciphering 
diagnostic imaging, and carrying out surgical or interventional operations like positioning of central venous catheters and 
endotracheal tube. Clinically significant surface landmarks exhibit a great deal of variability between and within modern 
anatomical texts. The surface anatomy of the thorax will be reviewed in this article, with a focus on its clinical significance.
Aim: to review the variations and similarities in thoracic surface anatomy between current standard thoracic surface anatomy 
knowledge (central veins, cardiac apex, diaphragmatic openings, and structures in relation to the sternal angle).
conclusion: the main conclusion reached was that to teach accurate information about surface anatomy, medical, dental, and 
other health profession students, as well as those pursuing postgraduate studies in the medical sciences, should be taught 
about potential ranges of variation. The variations in the surface landmarks of thorax will throw light for cardiothoracic 
surgeons.
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Introduction
Surface anatomy is essential for understanding 

basic topographical anatomy, examining patients, 
interpreting diagnostic images, and performing 
surgery or interventional procedure1,2 Traditional 
understanding of human surface anatomy, however, 
is mostly based on cadaver research, which can be 
distorted by postmortem changes, ageing, disease, 
comorbidity, and embalming3.

Most traditional anatomical studies were 
performed before the introduction of modern 
cross-sectional imaging, but their descriptions have 
been reiterated in multiple editions of anatomical 
and clinical texts with little consideration of their 
accuracy and therefore their utility. There are 
numerous inconsistencies in clinically important 
surface markings among and within contemporary 
anatomical texts4.

The normal development of the thoracic structure 
is an essential for the neonatal spontaneous 
breathing during the embryonic and fetal period, so 
the prenatal diagnosis of the fetal thoracic structure 
and its deformities are immensely important5. 
Additionally, adult thoracic surface anatomy serves 
as a reference for making incisions in surgical 
procedures and the placement of catheters and 
positioning of endotracheal tubes6 7. In recent years, 
several studies using modern imaging techniques 
in living subjects have challenged the validity of 

traditional surface landmarks. This article will review 
the surface anatomy of the thorax, emphasizing its 
clinical significance8.

The information available in standard textbooks is 
derived from work done on embalmed cadavers and it 
has many limitations because cadaveric studies do not 
consider the changes incurred during the embalming 
process, or the effects of air in the thoracic cavity, 
which would influence the position of thoracic 
structures4.

Standard anatomy textbooks state that the cardiac 
apex is located approximately 9 cm lateral to the 
midline, frequently at the level of the fifth or sixth ribs 
on the left side of the intercostal space9–12. Contrary 
to popular belief, the trachea bifurcates below the 
sternal angle and at the level of the upper part of the 
sixth thoracic vertebrae. The concavity of the arch 
is in level with the upper half of the fifth thoracic 
vertebra (range 2.8 cm superior to 4.8 cm inferior), 
and it rests about 1 cm inferior to the sternal plane. 
The formation of the left and right brachiocephalic 
veins occurs behind the sternoclavicular joints. At 
the level of the right third costal cartilage, SVC enter 
the right atrium10–13. The esophagus crosses the 
diaphragm at the level of the tenth thoracic vertebra, 
the inferior vena cava crosses it at the level of the disc 
between the eighth and ninth thoracic vertebrae, and 
the aorta crosses it at the level of the lower border of 
the twelfth thoracic vertebra and the adjacent disc, 
which is slightly to the left of the midline10–12.
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Review 
Recently, several international studies have been 

published that have focused on population specific 
surface anatomy in living subjects by utilizing 
modern imaging techniques such as X-ray, computed 
tomography (CT), magnetic resonance imaging (MRI) 
and ultrasound scanning8,14,15.

In computed tomography-based study in adult 
population determined that the position of the cardiac 
apex, formation of the brachiocephalic veins, and 
vertebral levels of the sternal angle, xiphisterna joint, 
and aortic hiatus were consistent with commonly 
accepted surface markings although there was a 
wide range of normal variation. In contrast, common 
surface markings were markedly inaccurate for the 
following: the position of the tracheal bifurcation, 
aortic arch, and azygos vein termination (below 
the plane of the sternal angle at T5-T6 vertebral 
level in most individuals); the lower border of the 
lung (adjacent to T12 vertebra posteriorly); and the 
level at which the inferior vena cava and esophagus 
traverse the diaphragm (T11 in most). The trachea 
usually bifurcates at the level of the seventh cervical 
vertebra (range C5 to T1); SVC termination varied 
more between the sexes and age groups; SVC and 
right atrial junction was at the level from the right 
third intercostal space to the fifth costal cartilage 
and was higher levels in women and younger adults7,8.

Anatomical planes are commonly used as reference 
points by anatomy students, and the vertebral level 
and contents of these planes are usually included in 
modern anatomical literature 10–12,16,17. It is challenging 
to pinpoint the exact origin of this plane because it 
changed after cadaver cross-sectional anatomy was 
introduced4. The sternal angle usually lies at the 
level of T4 to upper T5 intervertebral disc which is 
consistent with most textbook descriptions18 and the 
tracheal bifurcation, convexity of aortic arch, azygos 
vein/SVC junction, and pulmonary bifurcation all 
usually below the plane4.

A cross sectional study was conducted by 
reviewing computerized tomography (CT) images of 
77 children aged from four days to 12 years. It stated 
that in pediatrics the sternal angle is an accurate 
surface landmark for the azygos vein-superior vena 
cava junction in all age groups. However, the aortic 
arch (except in the 0–1-year group), the bifurcation 
of the pulmonary trunk and the tracheal bifurcation 
in those aged 15-18 years were not within this plane. 
The left brachiocephalic vein was located behind the 
ipsilateral sternoclavicular joint except in the 1-3 
years group, and the right was behind it in children 

older than 6 years. The apex of heart was at the 5th 
intercostal space level in the 0-1- and 12-18-years 
groups; however, it was higher in the other groups. 
The lower borders of the lungs were at the sixth 
costal cartilage level in the midclavicular line, eighth 
intercostal space level in the midaxillary line, and T12 
adjacent to the vertebral column in the 15-18 years 
group; the lower borders were at higher levels in 
younger children9.

Another study in adolescent population (aged 12–
18 years) using CT scans was conducted. The results 
showed that the brachiocephalic vein (left and right) 
formed mostly posterior to the sternoclavicular 
joint. The superior vena cava formed close to the 
second costal cartilage, ±16.3 mm to the right of the 
midline. The apex of the heart was in relation to the 
fifth intercostal space; ±78.6 mm to the left of the 
midline. The caval hiatus was in relation to T9 and 
T10; the esophageal hiatus was at T10, whereas the 
aortic hiatus was at T11. The sternal angle plane was 
in relation to the upper half of T5, which was also 
where the bifurcations of the trachea and pulmonary 
trunk were observed. The SVC/azygos vein junction 
and the concavity of the aortic arch were observed to 
be more than 10 mm superior to this plane19.

 A study was conducted in three hundred computed 
tomography (CT) of children and were divided into 
three age groups: 0–3 years, 4–7 years, and 8–11 years. 
In childhood, the ipsilateral medial clavicular head 
was frequently the site for the brachiocephalic vein 
(BCV) formation. Superior vena cava (SVC) formation 
was most frequently found at the second costal 
cartilage (CC) in the youngest group; however, as the 
child developed, it shifted to the first costal cartilage 
(CC)/first intercostal space (ICS). When the child 
grew, the SVC/right atrial junction migrated to the 
third CC/third ICS from its original location at the 
fourth CC in the youngest group20.

Conclusion 
According to the studies mentioned above, both 

similarities and differences are present between 
current surface anatomical knowledge and the 
findings that are reported. The main conclusion 
drawn was for accurate information regarding surface 
anatomy to be taught, possible ranges of variation 
should be incorporated into the education of medical, 
dental, and other health professions students, as well 
as in the medical sciences, at both undergraduate 
and postgraduate level. The variations in the surface 
projection of thorax will add additional knowledge for 
cardiothoracic surgeons.



Journal of Morphological Sciences Vol. 41/2024 185

Jacquline Kim J, Vidya CS, Vidya GD Surface landmarks and Surface projections of thorax - A Brief Review 

References

1. Sayeed RA, Darling GE. Surface Anatomy and Surface Landmarks 
for Thoracic Surgery. Vol. 17, Thoracic Surgery Clinics. W.B. 
Saunders; 2007. p. 449–61. 
2. Smith SE, Darling GE. Surface Anatomy and Surface Landmarks 
for Thoracic Surgery: Part II. Vol. 21, Thoracic Surgery Clinics. 2011. 
p. 139–55. 
3. Cunningham DJ. Delimitation of the regions of the abdomen. 
Part 1. Journal of Anatomy and Physiology. 
4. Hale SJM, Mirjalili SA, Stringer MD. Inconsistencies in surface 
anatomy: The need for an evidence-based reappraisal. Vol. 23, 
Clinical Anatomy. 2010. p. 922–30. 
5. Lian X, Xu Z, Zheng L, Zhu Z, Ejiwale T, Kumar A, et al. Reference 
range of fetal thorax using two-dimensional and three-dimensional 
ultrasound VOCAL technique and application in fetal thoracic 
malformations. BMC Med Imaging. 2021 Dec 1;21(1). 
6. Evron S, Weisenberg M, Harow E, Khazin V, Szmuk P, Gavish D, 
et al. Proper insertion depth of endotracheal tubes in adults by 
topographic landmarks measurements. J Clin Anesth. 2007 Feb 
1;19(1):15–9. 
7. Kim SK, Ahn JH, Lee YK, Hwang BY, Lee MK, Kim IS. Accuracy 
of Catheter Positioning during Left Subclavian Venous Access: A 
Randomized Comparison between Radiological and Topographical 
Landmarks. J Clin Med. 2022 Jul 1;11(13). 
8. Mirjalili SA, Hale SJM, Buckenham T, Wilson B, Stringer MD. A 
reappraisal of adult thoracic surface anatomy. Clinical Anatomy. 
2012 Oct;25(7):827–34. 
9. O’rahilly R, Ch B, Detroit. The normal cardiac apex and apex 
beat: a critical review of recent data. 1952. 
10. Drake RL, Vogl AW, Mitchell AWM. Gray’s Anatomy for Students. . 

Philadelphia, PA: Churchill Livingston. 2nd edition. 226 p. 
11. Sinnatamby CS. Last’s Anatomy: Regional and Applied. 
Edinburgh: Churchill Livingstone. 12th edition. 
12. Standring S. Gray’s Anatomy: the anatomical basis of clinical 
practice 41st edition. 2016. 898–904 p. 
13. Pedraza I, Fuller C, Lewis MI. Superior Vena Cava Syndrome. 
Medical Management of the Thoracic Surgery Patient. 2010 Jan 
1;275–8. 
14. Fischer NJ, Morreau J, Sugunesegran R, Taghavi K, Mirjalili 
SA. A reappraisal of pediatric thoracic surface anatomy. Clinical 
Anatomy. 2017 Sep 1;30(6):788–94. 
15. Kang X, Shelmerdine SC, Hurtado I, Bevilacqua E, Hutchinson 
C, Mandalia U, et al. Postmortem examination of human foetuses: 
comparison of two-dimensional ultrasound with invasive autopsy. 
Ultrasound in Obstetrics and Gynaecology. 2019 Feb 1;53(2):229–38. 
16. Lumley JSP. Surface Anatomy: The Anatomical Basis of Clinical 
Examination. Edinburgh: Churchill Livingston. 4th edition. 2008. 
134 p. 
17. Moore KL, Dalley AF, Agur AMR. Clinically Oriented Anatomy. 
Philadelphia, PA: Lippincott Williams & Wilkins. 2010. 116 p. 
18. Mirjalili SA, McFadden SL, Buckenham T, Wilson B, Stringer MD. 
Anatomical planes: Are we teaching accurate surface anatomy? 
Clinical Anatomy. 2012 Oct;25(7):819–26. 
19. Nadesan T, Keough N, Suleman FE, Lockhat Z, van Schoor AN. 
Apprasial of the surface anatomy of the Thorax in an adolescent 
population. Clinical Anatomy. 2019 Sep 1;32(6):762–9. 
20. Tarr GP, Pak N, Taghavi K, Iwan T, Dumble C, Davies-Payne D, et 
al. Defining the surface anatomy of the central venous system in 
children. Clinical Anatomy. 2016 Mar 1;29(2):157–64. 

Received: March 4, 2024
Accepted: March 28, 2024

Corresponding author
Vidya C S
E-mail: vidyacs@jssuni.edu.in


