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Accurate surface anatomy is essential for safe clinical practice. There are numer-
ous inconsistencies in clinically important surface markings among and within
contemporary anatomical reference texts. The aim of this study was to investi-
gate key thoracic and abdominal surface anatomy landmarks in living Chinese
adults using computed tomography (CT). A total of 100 thoracic and 100 abdom-
inal CT scans were examined. Our results indicated that the following key surface
landmarks differed from current commonly–accepted descriptions: the positions
of the tracheal bifurcation, azygos vein termination, and pulmonary trunk bifur-
cation (all below the plane of the sternal angle at vertebral level T5–T6 in most
individuals); the superior vena cava formation and junction with the right atrium
(most often behind the 1st and 4th intercostal spaces, respectively); and the
level at which the inferior vena cava and esophagus traverse the diaphragm (T10
and T11, respectively). The renal arteries were most commonly at L1; the mid-
point of the renal hila was most frequently at L2; the 11th rib was posterior to the
left kidney in only 29% of scans; and the spleen was most frequently located
between the 10th and 12th ribs. A number of significant sex- and age-related dif-
ferences were noted. The Chinese population was also compared with western
populations on the basis of published reports. Reappraisal of surface anatomy
using modern imaging tools in vivo will provide both quantitative and qualitative
evidence to facilitate the clinical application of these key surface landmarks. Clin.
Anat. 29:165–174, 2016. VC 2015 Wiley Periodicals, Inc.
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INTRODUCTION

Surface anatomy is essential for understanding
basic topographical anatomy, examining patients,
interpreting diagnostic images, and performing sur-
gery or interventional procedures (Sayeed and Dar-
ling, 2007; Elliott et al., 2010; Smith and Darling,
2011). However, traditional knowledge of human sur-
face anatomy is largely derived from cadaver studies,
entailing potential distortion from aging, disease,
comorbidity, postmortem changes, and embalming
(Cunningham, 1893; Anson and McVay, 1936). 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 con-
sideration of their accuracy and therefore their utility.
There are numerous inconsistencies in clinically
important surface markings among and within con-
temporary anatomical texts (Hale et al., 2010). There-
fore, it is essential for surface anatomy to be accurate
and evidence-based. Modern cross-sectional imaging
techniques such as computed tomography (CT) offer
the opportunity to reassess the accuracy of surface
anatomy in relatively large numbers of living individu-
als. Recently, a series of studies using analyses of
adult CT scan images have promoted quantitative and
qualitative re-examination of surface anatomy land-
marks (Mirjalili et al., 2012a,b,c,d). However, there
has been no such study on the Chinese (Han national-
ity) population. In this study, we investigated key tho-
racic and abdominal surface anatomy landmarks in
living Chinese adults using CT imaging. The results for
different age and sex groups were compared with
each other and with commonly accepted descriptions
of surface anatomy, and also with similar studies in
western populations.

MATERIALS AND METHODS

All subjects were adult Chinese (Han nationality).
Age and gender were recorded but body mass index
was not available.

Adult CT scans were acquired in the hospital using
a dual-source dual-energy scanner (Siemens SOMA-
TOM Definition Flash, Erlangen, Germany) with slice
thickness 1.5 mm. All scans were taken in the supine
position at end-tidal inspiration with both upper limbs
abducted. Scans from patients with the following con-
ditions were excluded from further analysis: kyphosis
(Fon et al., 1980), scoliosis (Cobb, 1948), abnormal
lordosis (Vialle et al., 2005), a distorting mass or fluid
collection, and obvious visceromegaly. All scans
were enhanced with iodinated intravenous contrast
and were analyzed by dual consensus reporting
(Murphy et al., 2010) following multiplanar recon-
struction on a Siemens Syngo.via (version VA11B_
HF03) workstation.

The vertebral levels of major planes, vessels and
viscera in the thorax and abdomen were determined
on sagittal scans; each was recorded as the level at
which a horizontal line intersected the anterior border
of the vertebral column, according to whether it inter-

sected the upper or lower half of a vertebra or the
intervertebral disc (Mirjalili et al., 2012a, 2012b,
2012c, 2012d).

Thoracic CT scans from a total of 100 subjects
(52 females and 48 males) were analyzed. The mean
age of the subjects was 53.5612.8 years (range 23–
80). The surface anatomical characteristics of the
sternal angle plane (SA plane) and related structures,
central veins, cardiac apex, lungs, diaphragm, and
xiphisternal joint were analyzed as described below:

Sternal Angle

A horizontal line drawn through the manubrioster-
nal joint was the SA plane (Fig. 1A). The exact verte-
bral level was determined by counting down from the
first thoracic vertebra identified by its articulation with
the first rib. Both vertebral level and vertical distance
from the SA plane were recorded for four structures:
the bifurcation of the trachea defined by the carina
(Fig. 1B); the aortic arch defined by the apex of its
concavity (Fig. 1C); the level of the azygos vein/supe-
rior vena cava (azygos/SVC) junction defined by the
center of the azygos vein at this junction (Fig. 1D);
and the pulmonary trunk bifurcation represented by a
point midway between the midpoints of the left and
right pulmonary arteries at their origin (Fig. 1E) (Mir-
jalili et al., 2012a).

Central Veins

The origin of the brachiocephalic vein (BCV) was
identified as the junction of the subclavian and inter-
nal jugular veins on coronal scans and its position rel-
ative to a square encompassing the limits of the
ipsilateral sternoclavicular joint (behind but within the
square, lateral, medial, superior, or inferior) was
recorded. The formation of the SVC was defined by
the union of the BCVs in the coronal plane. The SVC/
right atrial (SVC/RA) junction was defined as the site
where the SVC and right auricle merged in the sagittal
and axial planes. The cranio-caudal level of SVC sur-
face anatomy was referenced to the costal cartilages
(CC) and anterior intercostal space (ICS) (Mirjalili
et al., 2012a).

Cardiac Apex

The cardiac apex was defined as the most lateral
point of the left border of the heart and was recorded
with reference to the CC, anterior ICS, and anterior
ends of the ribs, together with the distance from the
cardiac apex to the midline.

Lungs

The anterior and posterior lower borders of the
lung midway between the midline and the lateral tho-
racic wall (at the corresponding level of the domes of
the diaphragm) were assessed in relation to the CC
and ICS. The vertebral level of the inferior border of
the lung immediately adjacent to the vertebral column
was recorded. The inferior border of the lung in the
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midaxillary line was not assessed because there is no
precise radiological definition of this line.

Diaphragm

The domes of the diaphragm were identified in
axial scans and their cranio-caudal level was recorded
in relation to the CC, anterior ICS, and anterior ends
of the ribs. The vertebral levels at which the inferior
vena cava (IVC), esophagus, and aorta passed
through or behind the diaphragm were identified from
sagittal scans (Mirjalili et al., 2012a).

Xiphisternal Joint

The vertebral level of this joint was identified from
sagittal scans.

Abdominal CT scans from a total of 100 subjects
(51 females and 49 males) were analyzed. The mean
age of the subjects was 51.6616.2 years (range 21–
86). The surface anatomical characteristics of the
supracristal and umbilical planes, abdominal vessels
and viscera were defined as follows:

The supracristal plane joined the highest point of
the iliac crest on each side. The umbilical plane was
the transverse plane passing through the center of

the umbilicus. For the celiac trunk, superior mesen-
teric artery (SMA), left and right renal arteries, and
inferior mesenteric artery (IMA), the vertebral level of
the midpoint of the origin of the artery from the
abdominal aorta (AA) was determined from sagittal
and axial scans (Fig. 2A). For the AA bifurcation and
the IVC formation, the apex of the angle between the
common iliac arteries and veins, respectively, was
selected and both vertebral level and distance from
the midline were determined (Fig. 2B). The distance
from the AA bifurcation to the supracristal plane and
umbilical plane was also recorded.

Spleen

The position of the spleen and its long axis were
recorded with reference to the overlying ribs, and the
distance from its anterior limit to the midaxillary line
was also noted. The midaxillary line was defined radi-
ologically in sagittal scans as midway between the
xiphisternal joint and the posterior limit of the verte-
bral column at the corresponding vertebral level.

Kidney

The vertebral levels of the upper and lower poles of
each kidney were recorded from coronal and sagittal

Fig. 1. (A) The vertebral level of the SA plane (lower T4) on a sagittal CT scan. (B–
E) The carina (B), aortic arch (C), azygos/SVC junction (D), and pulmonary trunk
bifurcation (E) were first identified by scrolling scans and their vertical position relative
to the SA plane was then determined from sagittal projections.
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scans, and their position relative to the ribs posteriorly
was assessed from coronal scans. The vertebral level
of the midpoint of the longitudinal dimension of the
renal pelvis and its distance from the midline were
measured bilaterally. Finally, the length of each kidney
(not along its long axis) was measured in the coronal
plane and the distance between the levels of their
upper poles was also recorded.

Statistical Analyses

Data were analyzed using SPSS software v.19 (IBM
Corp., Armonk, NY). Means and standard deviations
were calculated for continuous data. Associations with
age were analyzed using Pearson’s correlation and lin-
ear regression; left and right sides were compared
using a paired-samples t test; and sex differences
were examined using an independent-samples t test.
P<0.05 was considered to indicate a statistically sig-
nificant difference.

Ethical Approval

This study received approval by the institutional
ethical committee.

RESULTS

Thoracic Surface Landmarks

Sternal angle. The vertebral level of the SA plane
varied between upper T3 and upper T6. The plane
passed through T4 or the T4/5 intervertebral disc in
58% of men and 44% of women. There was no signif-
icant gender difference (P50.693), but the vertebral
level of the sternal angle was age-related (r5 20.285,
P50.004). The vertebral levels and distance from the
SA plane of the aortic arch, azygos/SVC junction, tra-
cheal bifurcation, and pulmonary trunk bifurcation
are given in Tables 1 and 2. Overall, these four struc-
tures were closer to the SA plane in women
(P50.100, 0.074, 0.006, 0.001, respectively) and in
younger subjects (r5 20.277, 20.559, 20.505,
20.481; P50.005, 0.000, 0.000, 0.000, respectively)
(Table 2).

The position of the concavity of the aortic arch var-
ied between 27 mm above and 32 mm below the SA
plane with a mean of 3.6 mm below. In 19 (19%) of
cases the concavity was exactly in this plane; in 50
(50%) it was below, and in 31 (31%) it was above. It
was most commonly at the T4/5 intervertebral disc

TABLE 1. Vertebral Level of Sternal Angle and related Thoracic Structures (n5100)

Vertebral level
Sternal
angle

Aortic
arch

Azygos/SVC
junction

Tracheal
bifurcation

Pulmonary
trunk bifurcation

Upper T3 3 – – – –
Lower T3 2 1 – – –
T3/4 11 1 1 – –
Upper T4 15 17 2 1 –
Lower T4 21 13 8 2 –
T4/5 15 29 12 2 1
Upper T5 14 19 27 18 12
Lower T5 7 14 20 22 11
T5/6 9 4 12 13 19
Upper T6 3 2 10 22 23
Lower T6 – – 7 13 14
T6/7 – – 1 5 12
Upper T7 – – – 2 6
Lower T7 – – – – 2

Fig. 2. (A) The vertebral level of the celiac trunk (upper L1), SMA (lower L1), and
IMA (lower L3) on a sagittal CT scan. (B) the AA bifurcation and IVC information were
first identified by scrolling through coronal scans and their vertebral level was then
determined from sagittal projections. (C) The position of the spleen (S) and kidneys
(K) relative to the ribs.
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(29%), upper T5 (19%), upper T4 (17%), lower T5
(14%), or lower T4 (13%). The concavity descended
by a mean of 2.8 mm (range 0.8–4.7 mm) per decade
(r5 20.277, P50.005).

The azygos vein most commonly joined the SVC at
the T5 level (upper half 27%, lower half 20%). The
junction was below the SA plane in 79% of cases, level
in 10%, and above in 11%, corresponding to a mean
of 13.9613.4 mm below the SA plane (range 27 mm
above to 43 mm below). The junction descended on
average by 5.9 mm (range 4.1–7.6 mm) per decade
(r5 20.559, P<0.001).

The trachea bifurcated at a mean of 22.86
15.3 mm below the SA plane (range 20 mm above to
60 mm below). In only four (4%) patients was the
bifurcation at the level; it was above in 5% and below
in 91%. The vertebral level of the bifurcation was
most commonly at T5 (40%), T6 (35%), or the T5/6
intervertebral disc (13%). The most common verte-
bral level was upper T6 (37.5%) in males and lower
T5 (26.9%) in females (P50.007) (Fig. 3). The tra-
cheal bifurcation was a mean of 8.4 mm higher in
females (95% CI 2.5–14.2 mm, P50.006). On aver-

age, the tracheal bifurcation descended by 6.1 mm
(range 4.0–8.1 mm) per decade (r =-0.505,
P<0.001).

The pulmonary trunk bifurcation was 28.4613.7
below the SA plane (range 9 mm above to 56 mm
below). It was in the plane in only one (1%) case,
above in 2%, and below in 97%. The vertebral level
of the pulmonary trunk bifurcation varied between the
T4/5 intervertebral disc and lower T7. The most com-
mon vertebral level was upper T6 (27.1%) in males
and the T5/6 intervertebral disc (25%) in females
(P50.008) (Fig. 4). The pulmonary trunk bifurcation
was a mean of 9.3 mm higher in females (95% CI
4.1–14.5 mm, P50.001). On average, the pulmonary
trunk bifurcation descended by 5.2 mm (range 3.3–
7.1 mm) per decade (r5 20.481, P<0.001).

Central Veins. In more than half of the subjects,
the left BCV was formed behind the ipsilateral sterno-
clavicular joint. However, the right BCV was found
behind the sternoclavicular joint in only 28% while in
54% it was laterally positioned (Table 3). The SVC
was formed most commonly behind the 1st right ICS

TABLE 2. Position and distance to the SA plane of major thoracic structures (n5100)

Aortic arch
Azygos/SVC

junction
Tracheal

bifurcation
Pulmonary

trunk bifurcation

Above SA Plane 31 11 5 2
In SA Plane 19 10 4 1
Below SA Plane 50 79 91 97
Distancea 23.6612.7

(127 to 232)
213.9613.4
(127 to 243)

222.8615.3
(120 to 260)

228.4613.7
(19 to 256)

95% CI 21.1 to 26.1 211.2 to 216.5 219.8 to 225.8 225.6 to 231.1
Gender-related difference Male 25.7611.2 216.4611.8 227.2612.5 233.2611.5

Female 21.6613.7 211.6614.5 218.8616.6 223.9614.2
P values 0.100 0.074 0.006 0.001

Age-related difference rb 20.277 20.559 20.505 20.481
P values 0.005 0.000 0.000 0.000

aMean distance above (1) or below (2) SA plane in mm (range).
bCorrelation coefficient; CI: Confident Interval.

Fig. 3. Vertebral level of the tracheal bifurcation
according to gender.

Fig. 4. Vertebral level of the pulmonary trunk bifurca-
tion according to gender.
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(62%) or 2nd CC (20%), and behind the 1st CC in
only 16%. In 67% it was overlapped by the manu-
brium. The SVC/RA junction was most commonly
behind the right 4th CS (41%), 4th CC (27%), 3rd
ICS (13%), or 5th CC (10%). The SVC formation and
the SVC/RA junction were both at higher levels in
younger subjects (r50.272, P50.006; r50.536,
P<0.001 respectively). There was no significant gen-
der difference in the SVC formation (P50.119) or the
SVC/RA junction (P50.135).
Cardiac Apex. The cardiac apex was in the left 5th
ICS in 43%, and at the level of the left 5th or 6th rib
anteriorly in 21% and 23%, respectively. It was on
average 83.3611.4 mm to the left of the midline
(range 52–111 mm). There was no significant gender
difference in position (P50.139) or distance from
the midline (P50.933). The position (r50.299,
P50.001), but not the distance (r50.145, P50.149),
was significantly related to age.
Lungs. The anterior lower border of the lung was
most commonly at the level of the 5th rib (25%) or
5th ICS (18%) on the left (ranging from 2nd ICS to
7th rib) and the 6th ICS 40%) or 6th rib (28%) on
the right (ranging from 4th ICS to 7th rib). The poste-
rior lower border of the lung was most commonly at
the level of the 11th ICS (varying between the 9th
ICS and 12th rib or below the 12th rib) on both sides
(left 31%, right 34%). The level of the inferior border
of the left lung adjacent to the vertebral column was
alongside the body of T12 or the T12/L1 intervertebral
disc in 51%, above this level in 35% and below in
14%; for the right lung, these figures were 50%,
25%, and 25%, respectively. Over the whole thoracic
sample, the position of this landmark ranged between
lower T9 and lower L1 on the left sides, and lower T9
and the L1/2 intervertebral disc on the right sides.
The anterior lower border of the left lung and the infe-
rior border adjacent to the vertebral column of the
right lung were significantly higher in females
(P50.013, 0.034 respectively), but there were no
other gender- or age-related differences.
Diaphragm. The dome of the diaphragm was most
commonly level with the 5th ICS (30%) or 6 th rib
(29%) on the right (ranging from 3rd ICS to 7th rib)
and the 6th rib (29%) or 6th ICS (25%) on the left
(ranging from 4th rib to 7th ICS). Both domes were
relatively high in younger subjects (right side
r50.240, P50.016; left side r50.284, P50.004).
There was no significant gender difference (right side
P50.347; left side P50.369). The levels at which the
IVC, esophagus, and aorta passed through/behind the
diaphragm are summarized in Table 4. Overall, there
being a significant effect or a statistical trend, all three

structures traversed the diaphragm at a higher level
in females (IVCP50.042; esophagus P50.069; aorta
P50.034). There was no significant effect of age (IVC
r50.163, P50.105; esophagus r50.105, P50.300;
aorta r50.083, P50.414).

Xiphisternal Joint. The plane of the xiphisternal
joint most commonly passed through T9 (31%) or the
T8/9 intervertebral disc (19%). It was relatively high
in women (P50.009); the level was most often lower
T9 (22.9%) in males and the T8/9 intervertebral disc
in females (25%) (Fig. 5). There was no significant
age difference (r5 20.157, P50.118).

Abdominal Surface Landmarks

Major Vessels. The vertebral level of the celiac
trunk was most commonly at T12 (53%) but varied
between the T11/12 intervertebral disc and lower L1.
The vertebral level of the SMA was most often at L1
(66%), ranging between upper T12 and upper L2, and

Fig. 5. Vertebral level of the xiphisternal joint plane
in relation to gender.

TABLE 3. Location of BCV in relation to the
sternoclavicular joint

Left BCV Right BCV

behind 56 28
lateral 22 54
lateralsuperior 4 9
superior 18 9
Total 100 100

TABLE 4. Vertebral level of major structures
traversing the diaphragm (n5100)

Vertebral level IVC Esophagus Aorta

Lower T8 2 – –
T8/9 3 – –
Upper T9 5 1 –
Lower T9 9 1 –
T9/10 6 3 –
UpperT10 16 10 –
Lower T10 23 9 –
T10/11 12 12 1
Upper T11 15 18 4
Lower T11 6 24 8
T11/12 1 8 15
Upper T12 2 11 32
Lower T12 – 2 22
T12/L1 – 1 13
Upper T1 – – 4
Lower T1 – – 1
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the IMA was most commonly at L3 (65%), ranging
between lower L2 and upper L4. The vertebral levels
of the left and right renal arteries are shown in Table
5. They most often originated at the level of L1 (left
46%, right 55%). To our surprise, the right renal
artery was 4.260.8 mm higher than the left on aver-
age (P<0.001, right> left in 60%, right5 left in 23%,
right< left in 17%), although the left kidney was gen-
erally higher than the right (see the following result).
There was no gender difference in the positions of the
above structures.

The AA bifurcation was most commonly at L4
(64%) but ranged between the L3/4 intervertebral
disc and lower L5. It was a mean of 3 mm to the left
of the midline, ranging from 12 mm left to 20 mm
right of the midline with 69% on the left (69 left, 23
midline and eight right). The supracristal plane was
most commonly at L4 (50%); it was at the L4/5inter-
vertebral disc in 32%, at L5 in the remainder. The
umbilical plane was also most commonly at L4 (63%),
ranging between the L3/4 intervertebral disc and
lower L5 (it was at the L3/4 intervertebral disc in 3%,
L4/5 in 22%, L5 in 12%). The AA bifurcation was
[mt]1 cm above the supracristal plane in 37%, within
the plane (61 cm) in 50%, and more than 1 cm below
the plane in 13%. As for the umbilical plane, the bifur-
cation of the AA was more than 1 cm above it in 24%
of subjects, within it (61 cm) in 54%, and more than
1 cm below it in 22% (Fig. 6). The mean distance
from the AA bifurcation to the supracristal plane was
5.32613.6 mm (range -36 to 34 mm), and to the
umbilical plane was 0.52614.8 mm (range -40 to

32 mm). The umbilical plane was on average
4.8615.3 mm higher than the supracristal plane
(P50.002). It was higher than the supracristal plane
in 61% subjects, level in 7%, and lower in 32%. The
distance from the AA bifurcation to the supracristal
plane was related to age (r5 20.410, P<0.001, male
r5 20.326, P50.022, female r5 20.496, P<0.001)
and unrelated to gender (P50.096). The AA bifurca-
tion descended by a mean of 3.4 mm (range 1.9–
5.0 mm) per decade (P<0.001) (Fig. 6). The distance
from the AA bifurcation to the umbilical plane was
unrelated to age (r50.065, P50.522) or gender
(P50.424). The IVC formation was most often at L5
(55%) but ranged between upper L4 and lower L5. It
was to the right of the midline in 99% of scans (1% in
the midline) at a mean distance of 14 mm (range 0–
25 mm). There was no gender difference in the dis-
tance between the IVC and the midline (male
13.8264.6 mm, female 13.6963.5 mm, P50.873).

The associations between the vertebral levels of
abdominal vessels and gender/age are shown in Table
6. The vertebral levels of the supracristal plane and
the umbilical plane were significantly lower in females
(P<0.001, 0.024 respectively). There were no signifi-
cant gender differences in the vertebral levels of the
two planes or major vessels we analyzed.

Solid Viscera. The spleen was located between ribs
10 and 12 in 47% of scans, between 9 and 12 in
24%, and between 9 and 11 in only 17%. The long
axis of the spleen corresponded most closely to the
11th rib in 60% of scans and the 10th in 34% (9th rib
3%, 12th rib 2%). There was no significant associa-
tion with age or gender (P50.330, 0.742, respec-
tively). The spleen extended anterior to the
midaxillary line in 85% of cases for a mean distance
26.6623.3 mm (24.4622.8 mm in men
vs.28.6623.7 mm in women, P50.382). The dis-
tance was significantly less in aged subjects (r =-
0.345, P<0.001; male: r =-0.392, P50.006; female:
r =-0.281, P50.046).

The mean length of the right kidney was
9.760.9 cm (range 7.6–12.1 cm) and the left
10.261.1 cm (range 7.0–12.7 cm) (P<0.001). There
was no gender difference in kidney lengths (Right:
male 9.760.9 cm vs. female 9.860.9 cm, P50.657;
Left: male 10.061.2 cm; female 10.361.0 cm,
P50.192). However, the kidney was significantly
shorter in aged subjects (Right: r =-0.432, P<0.001:
Left: r =-0.564, P<0.001). The upper pole of the left

TABLE 5. The vertebral level of renal arteries

Left Right

T12/L1 0 2
Upper L1 12 19
Lower L1 34 36
L1/2 20 24
Upper L2 29 18
Lower L2 4 1
L2/3 1 0

Fig. 6. The distance from the AA bifurcation to the SA
plane related to age in both genders.

TABLE 6. Associations between abdominal
vascular landmarks and gender/age

Gender (P) Age (r, P)

Supracristal plane 0.000 r =20.368 P<0.001
Umbilical plane 0.024 r =0.138 P=0.171
Celiac trunk 0.619 r =0.054 P=0.591
SMA 0.474 r =0.173 P=0.085
Right renal artery 0.633 r =0.225 P=0.024
Left renal artery 0.585 r =0.196 P=0.051
IMA 0.655 r =0.044 P=0.666
AA bifurcation 0.548 r =0.199 P=0.047
IVC formation 0.459 r =20.083 P=0.414
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kidney was higher than the right in 70% of cases,
lower in 9%, and at the same level in 21%. The mean
difference in the upper pole between left and right kid-
neys was 7.3613.5 mm (P<0.001). The disparity
between the upper poles of the kidneys was signifi-
cantly less in men (3.7614.6 mm in men vs.
10.8611.3 mm in women, P50.008) but there
was no significant association with age (r5 20.185,
P50.065).

The vertebral level of the upper pole of the kidney
varied between the T10/11 intervertebral disc and
upper L2 on the left, and the T10/11intervertebral disc
and lower L2 on the right. The lower pole varied
between lower L2 and upper L5 on both sides. The
upper pole of the kidney was most commonly at T12
(40%) on the left and L1 (36%) on the right, and the
lower pole at L3 (30%) or L4 (31%) on the left and
L3 (34%) or L4 (42%) on the right. There was no
significant difference in the vertebral level of the
upper or lower renal pole with gender or age
(upper left P50.103, 0.051, right P50.851, 0.284;
lower left P50.968, 0.561, right P50.184, 0.610,
respectively).

The 12th rib was posterior to 63% of right kidneys
and 60% of left kidneys, whereas the 11th and 12th
ribs were posterior to the superior part in 12% and
28% of right and left kidneys, respectively, with 9%
to both sides (Fig. 2C), 1% 10th, 11th, and 12th ribs
posterior to the left kidney. There was no rib posterior
to 25% of right kidneys or 11% of left kidneys with
7% of both sides.

The midpoint of the renal hilum was most commonly
at L2 on both sides (left 50%, right 42%), and this
was not significantly related to age (left P50.635,
right P50.788) or gender (left P50.729, right
P50.195). In general, the left renal hilum was higher
than the right (P<0.001) and the difference was more
significant in females (women P<0.001, men
P50.059). Only 10% of right kidneys and 16% of left
kidneys had a hilum at L1 or L1/2 (Table 7). The right
hilum was a mean of 48.367.2 mm (range 34–
70 mm) from the midline and the left at
52.267.4 mm (range 38–69 mm). The right hilum
was 3.9 mm nearer the midline than the left
(P<0.001; 4.4 mm in men, P<0.001; 3.4 mm in
women, P<0.001). Both hila were significantly nearer
the midline in women (mean 52.466.9 mm right and
56.766.3 mm left in men vs. 44.565.0 mm right and
47.965.5 mm left in women, P50.001 both sides).
This distance was not significantly related to age (left
P50.450, right P50.135) after adjusting for gender.

DISCUSSION

Surface anatomy is widely used in clinical practice
but it can vary according with age, sex, body mass,
posture, health condition and ethnicity. Despite the
wide range of individual variations, efforts have been
made to provide accurate quantitative descriptions for
clinical applications (Hale et al., 2010). Recent studies
have used CT image analysis to re-examine surface
anatomy landmarks and have revealed several signifi-
cant differences from commonly-accepted descriptions
in the western adult population (Mirjalili et al.,
2012a,2012c,2012d). These studies have also identi-
fied a number of remarkable age and sex differences
in surface landmarks.

By analyzing CT images from an adult Chinese pop-
ulation, we investigated the key thoracic and abdomi-
nal surface anatomy landmarks and obtained
quantitative and qualitative results based on age and
sex. The data showed differences from commonly-
accepted descriptions of surface anatomy and also
from similar studies in western populations (see fol-
lowing paragraphs), despite wide individual variation.
Reappraisal of surface anatomy using modern imaging
tools in vivo will provide both quantitative and qualita-
tive evidence to facilitate the clinical application of
these key surface landmarks in Chinese and western
populations.

Our results indicate that the surface landmarks of
the sternal angle and the aortic arch, cardiac apex,
xiphisternal joint, and aortichiatus in the thorax and
the AA bifurcation and almost all of its major
branches, and the IVC formation, were consistent with
commonly accepted descriptions, although normal
variation was wide. The supracristal plane usually lies
at the level of the body of L4 or the L4/5 interverte-
bral disc and marks the level of the AA bifurcation.
Our study confirmed this traditional surface landmark.
It is a reliable guide for lumbar puncture, spinal injec-
tion, and siting incisions in patients undergoing spinal
surgery (Walsh et al., 2006). The important differen-
ces from contemporary descriptions of surface anat-
omy landmarks are listed below.

Sternal angle

Most anatomy reference texts describe the SA
plane as passing through the sternal angle anteriorly
and the T4/5 intervertebral disc posteriorly, intersect-
ing the concavity of the aortic arch and marking the
level at which the trachea bifurcates and the azygos

TABLE 7. The vertebral level of the upper and lower poles and Hilum of the kidney

Upper Left Right Hilum Left Right Lower Left Right

T10/11 1 1 L1 11 6 L2 2 2
T11 9 2 L1/2 5 4 L2/3 11 1
T11/12 3 3 L2 50 42 L3 30 34
T12 40 26 L2/3 20 21 L3/4 24 17
T12/L1 11 19 L3 13 26 L4 31 42
L1 31 36 L3/4 1 0 L4/5 1 3
L1/2 3 9 L4 0 1 L5 1 1
L2 2 4
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vein enters the SVC (Standring, 2008; Ellis and Maha-
devan, 2010; Moore et al., 2010b). Our study showed
that the SA plane passed through the body of T4 or
the T4/5 intervertebral disc in most adults, which con-
firmed the generally accepted vertebral level of the
sternal angle, though the normal range was wide. The
concavity of the aortic arch was fairly near the SA
plane, consistent with most text descriptions. How-
ever, in contrast to current text descriptions (Hale
et al., 2010), the azygos/SVC junction, tracheal bifur-
cation, and pulmonary trunk bifurcation were evi-
dently below this plane in most individuals, being
located at the T5 to T6 vertebral level rather than in
the SA plane.

Central veins

The results for BCV differed from those reported by
Mirjalili (Mirjalili et al., 2012a), probably because of
the posture of the arms (both arms lifted during the
CT scan), which could have distorted the square box
of the sternoclavicular joint used in this study. The
SVC formation and SVC/RA junction were, respec-
tively, behind the 1st and 4th right ICS near the ster-
num. Although this differed slightly from Mirjalili’s
findings (Mirjalili et al., 2012a), both were lower than
reported in anatomy reference texts describing these
two surface landmarks, i.e., the first and third CC
(Standring, 2008; Sinnatamby, 2011). The location of
the cardiac apex (5th left ICS) and distance from the
midline (83 mm) were identical with most current
descriptions.

Lungs

It is generally accepted that during quiet respiration
the lower border of the lungs travels around the tho-
racic wall at the 6th CC in the midclavicular line, the
8th rib in the midaxillary line, the 10th rib at the scap-
ular line, and the T10 vertebra posteriorly. The acro-
mioclavicular joint was visible in hardly any thoracic
CT scans so the midclavicular line could not be deter-
mined. Moreover, with both upper limbs abducted, the
scapular line moved laterally. Therefore, the anterior
and posterior lower borders of the lung were perforce
defined differently from anatomical texts. Our analysis
showed that the anterior lower border of the right
lung was consistent with the reported alignments.
However, the left projection was higher than the right,
although commonly the left dome of the diaphragm
was lower than the right, and commonly at the 5th rib
or 5th ICS, possibly affected by the heart. The poste-
rior lower border at 11th ICS and the inferior border
adjacent to the vertebral column at T12 on both sides
were lower than reported (Standring, 2008; Moore
et al., 2010a,b).

Diaphragm

Our study demonstrated that the IVC, esophagus
and aorta pass through the diaphragm most com-
monly at vertebral levels T10, T11 and T12, respec-
tively. The former two were markedly different from

current descriptions (T8 and T10, respectively)
(Standring, 2008; Moore et al., 2010b; Sinnatamby,
2011). The rule of “8, 10, 12” might more accurately
be replaced by “10, 11, 12”.

Kidney

Our study showed that the mean length of both
kidneys was about 10 cm, and the left was slightly
longer than the right. Shortening in older subjects
was possibly related to kidney aging (Choudhury and
Levi, 2011). The surface anatomy of the kidneys is
well described in Gray’s Anatomy (Standring, 2008),
which states that both kidneys lie obliquely between
T12 and L3 with the upper pole of the right kidney
anterior to the 12th rib and that of the left anterior to
both the 11th and 12th ribs. The hila are approxi-
mately at the lower border of L1, about 5 cm from the
midline, with the right kidney 1.25 cm lower than the
left. Our study suggests that T12–L3 appropriately
describes the limits of the left kidney but L1–L4 is
more accurate for the right. The upper poles of both
kidneys were anterior to the 12th rib (left 89%, right
75%). However, the 11th rib was posterior to the left
kidney in less than one-third of cases (29%). The
11th rib was posterior the right kidney in a few cases
(12%); there was no rib posterior to right kidney in
25% or to the left in 11%. These findings are new.
The renal hila were indeed about 5 cm from the mid-
line but most commonly lay at L2.
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