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 Introduction

The EOS system is an X-ray system that allows to obtain high-
quality whole-body radiograms with a much lower dose than 
conventional radiography in a standing or sitting position.
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The technological key element of the EOS system is the 
multi-wire proportional chamber, for which Georges Charpak 
was awarded the Nobel Prize in 1992.

The high efficiency of the “Charpak chamber” to capture 
photons permits drastically lower milliampere (mA) values 
of the X-ray beam compared to traditional radiographic sys-
tems, resulting in high-quality diagnostic images obtained at 
very low doses [1–3].

Another significant technical element of EOS imaging is 
the very thinly collimated X-ray beam, which results almost 
parallel. Conventional  radiographic systems use a conical 
X-ray beam that delivers a higher dose to the patient and 
induces the well-known magnification artifact for the struc-
tures far from the center of the image. The highly colli-
mated parallel X-ray beam of the EOS system allows to 
reduce the dose and encounters only limited deformations 
of the images without magnification. Thus, EOS imaging is 
particularly suitable to obtain a 3D reconstruction of the 
spine and lower limb bony structures by stereoradiography 
[2, 4].

The EOS imaging system is composed of two X-ray tubes 
and two “Charpak’s chambers,” which move synchronously 
on the vertical axis, allowing the simultaneous acquisition of 
frontal and lateral images of the whole body. The possibility 
of obtaining images of the whole body and in a natural stand-
ing position makes the EOS system an excellent tool for 
studying pathologies of the spine, lower limbs, and pelvis in 
children and adults [3, 4].

The very low dose delivered to the patient is a highly val-
ued element in pediatric radiology [1, 3].

After the acquisition, the EOS image undergoes advanced 
post-processing through the SterEOS® software [1, 2, 4].

SterEOS post-processing allows users to obtain a large 
number of measurements of medical interest automatically 
(whether scalar, vector, or angular) of the spine, pelvis, and 
lower limbs, in both a  two-dimensional (2D) and three- 
dimensional (3D) way.

The EOS system is used for studying many pathologies of 
the lower limbs. EOS imaging allows an accurate assessment 
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of lower limb length discrepancy, the deformation in varus or 
valgus, and many other pathologies, as well as being helpful 
for preoperative planning.

Usually, children can take the exam from the age when they 
can stand alone in the imaging system booth without moving 
for 40 s (generally from 7 years old in our experience).

 Spine and Pelvis

Whenever available, low-dose radiography using EOS has 
replaced standard radiographs for the quantitative assess-
ment of the spine and pelvis in children.

The following are a set of measurements routinely per-
formed in clinical practice. The measurements may be per-
formed using the SterEOS application or manually, using the 
software available on the PACS (Picture Archiving And 
Communication System).

 Pelvic Measurements

Pelvic measurements are essential as the position of the pel-
vis determines the position of the lumbar spine and thereby 
of the entire spine. EOS imaging delivers a dose 2.4 inferior 
to conventional radiography when imaging the pelvis [5].

 Pelvic Incidence (PI)

On the lateral view, the pelvic incidence (PI) is defined as the 
angle between two lines:

 1. A line between the center of the femoral heads and the 
center of S1 endplate (if the femoral heads are not per-
fectly superposed on the lateral view, the reference point 
lies midway between the centers of the two femoral 
heads).

 2. A line perpendicular to a line tangent to the endplate of S1.

EOS Imaging



266

The PI remains constant after skeletal maturity and does 
not change with the patient position. Pelvic incidence is the 
fundamental pelvic parameter in the three-dimensional 
development of the sagittal curves of the spine. Based on the 
PI value, the geometry of the physiological lumbar lordosis 
can be theoretically predicted [6].

The lower the PI, the narrower the pelvis (as measured in 
the anteroposterior axis). The greater the PI, the wider the 
pelvis. The PI increases slightly with age, following the onset 
of unassisted bipedal locomotion in children.

Normal values [7]:

• 44.0 ± 6.5 degrees in children between 2 and 9 years old.
• 48.1 ± 8.5 degrees in children between 10 and 15 years old.
• 46.6 ± 8.4 degrees in children between 15 and 20 years old 

(Fig. 1).

 Sacral Slope (SS)

The sacral slope (SS) is defined as the angle between:

 1. The horizontal plane.
 2. The axis of S1 endplate.

The value of the SS may vary depending on the patient’s 
position.

Hence, a horizontal pelvis has a greater SS and a vertically 
oriented pelvis has a lower SS value. The SS remains rela-
tively unchanged during growth. Sagittal sacro-pelvic align-
ment is most commonly assessed in children from the pelvic 
tilt (PT) and the sacral slope (SS), i.e. PI=SS + PT.

Normal values [8]:

• Between 3 and 8 years old: 38.2 ± 7.7 °.
• Between 8 and 18 years old: 39.1 ± 7.6 ° (Fig. 2).

A. De Leucio et al.
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Figure 1 Pelvic incidence. 1 line between the centers of the femoral 
heads (arrows), PI pelvic incidence

 Pelvic Tilt (PT)

The pelvic tilt (PT) is defined as the angle between two lines:

 1. The vertical plane passing through the center of the femo-
ral heads.

 2. The line between the center of the superior endplate of S1 
and the center of the femoral heads.

EOS Imaging
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Figure 2 Sacral slope

If the femoral heads are not perfectly superimposed, the 
reference point is set midway between the lines connecting 
the center of the femoral heads.

The value of the PT may vary depending on the patient’s 
position.

Normal values [8]:

• Between 3 and 8 years old: 5.5 ± 7.6 °.
• Between 8 and 18 years old: 7.7 ± 8.3 ° (Fig. 3).

A. De Leucio et al.
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Figure 3 Pelvic tilt

EOS Imaging



270

 Pelvic Obliquity (PO)

On the coronal images of the pelvis, the pelvic obliquity cor-
responds to the rotation of the pelvis in the coronal plane. It 
is the distance between two lines (measured on a line perpen-
dicular to lines 1 and 2):

• Line 1 drawn horizontally across the most superior aspect 
of one acetabulum.

• Line 2 drawn horizontally across the most superior aspect 
of the other acetabulum.

Abnormal PO may have supra-pelvic causes such as sco-
liosis or infra-pelvic causes such as hip contracture, limb 
amputation (with prosthesis), and lower limb length discrep-
ancy [9] (Fig. 4).

Figure 4 Pelvic obliquity

A. De Leucio et al.
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Pelvis axial rotation (2) 0°

Figure 5 Example of the axial rotation of the pelvis as provided by 
the SterEOS report

 Axial Rotation of the Pelvis (ARP)

The axial rotation of the pelvis is measured on 3D reconstruc-
tion and defined according to the coronal plane and mea-
sured between two lines:

 1. The radiologic frontal plane (defined by the EOS acquisi-
tion planes).

 2. The line between the centers of the two acetabula.

This measurement may be performed using the SterEOS® 
system [10] (Fig. 5).

 Spine Measurements

 Vertebral Numbering

When describing a spinal deformity, it is essential to use a 
consistent method for vertebral numbering. Cervical verte-
brae are seldom involved in spinal deformities. By definition, 
a thoracic vertebra is associated with the presence of ribs [11]. 
However, radiologically, a very small rib cannot be 
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 distinguished from a small transverse process. Moreover, nor-
mal variants such as extra pairs of ribs exist. Therefore, it is 
sometimes impossible to number spinal vertebrae accurately, 
in which case an arbitrary choice is made and must be clearly 
mentioned in the report. Care must also be taken to always 
use the same numbering as in previous examinations [11].

 Coronal Balance

Coronal balance is evaluated by measuring the distance 
between two lines, the CSVL (central sacral vertical line) and 
the C7 plumb line, as follows:

 1. C7 plumb line: is drawn vertically from the central point of 
C7 downward.

 2. CSVL: is drawn vertically from the central point of S1 
upward.
The coronal balance is mainly performed to assess spinal 
deviation in adolescent idiopathic scoliosis. Idiopathic sco-
liosis generally has a right curvature, and a left curve should 
be evaluated by MR to assess potential underlying issues.

 C7-Central Sacral Line (CSL)

The C7-central sacral line (CSL) is the distance between two 
lines in the frontal plane:

 1. A vertical line drawn from the central point of C7 (C7 
plumb line).

 2. A line drawn vertically from the central point of S1 upward 
(CSVL).

Balance is abnormal if the CSL is greater than 2 cm.
A negative value is measured when the vertical plumb line 

deviates to the left; a positive value is measured when the 
vertical plumb line deviates to the right (Fig. 6).

A. De Leucio et al.
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Figure 6 C7-central 
sacral line
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 Cobb Angle

The Cobb angle is defined as the angle between the two tan-
gents drawn along the superior endplate of the superior end 
vertebra and the inferior endplate of the inferior end verte-
bra, in the scoliotic curve. The superior or inferior borders of 
the pedicles can be used instead of the endplates if these are 
not clearly visible.

The end vertebrae are those most tilted. The apex of the 
curve is the disk or the vertebra most horizontal and laterally 
placed from the center of the vertebral column (Figs. 7 and 
8).

Scoliosis is defined as a lateral spinal curvature with a 
Cobb angle of ≥10°.

Diurnal variations of the Cobb angle up to 5° are possi-
ble [12].

A progressive curve that requires management is defined 
by a Cobb angle increase of 5° or more between consecutive 
radiographic examinations. The same measurements (same 
vertebrae) should be used for the follow-up examinations [12].

Structural curves, described by their location, lack normal 
flexibility and are termed as major (if they have the largest 
Cobb measurement) or minor. Minor curves can be structural 
or nonstructural [13]. Pelvic obliquity >2  cm must be cor-
rected to measure the Cobb angles [13].

 Lateral Flexion (Bending) Radiographs

If a curve cannot be corrected with ipsilateral bending to a 
curve <25° and/or kyphosis >20°, it is considered structural [13].

 In-Brace Measurements

The measurements performed in brace should evaluate the 
curvature corrected by the brace with the same reference 
vertebrae as the image without brace.

A. De Leucio et al.



275

Figure 7 Cobb 
angle
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Scoliosis parameters (1) Value

46°

-2°

40°

21°

Curve
(T7-T9-T12)

Curve
(T12-L1-L4)

Cobb (T7-T9-T12)

Cobb (T12-L1-L4)

Axial rotation of apical
vertebra T9

Axial rotation of apical
vertebra L1

Figure 8 Example of spine measurements of the Cobb angles in a 
SterEOS report

If the curvature of the spine increases by more than 5° dur-
ing brace treatment or if it is over 40° at skeletal maturity, the 
diagnosis of bracing failure is made [14].

In-brace correction <25% is a predictive factor of brace 
treatment failure in patients with double curves [14].

 Sagittal Balance

 Sagittal Vertical Axis (SVA) and CAM Plumb Line

On the sagittal view, C7 plumb line is a vertical line drawn 
downward from the central point of the C7 vertebral body. 
The C7 plumb line is the reference to measure the sagittal 
vertical axis (SVA). The SVA is evaluated by measuring the 
distance between the posterosuperior aspect of the S1 verte-
bral body and C7 plumb line. A positive SVA is defined by a 
C7 plumb line anterior to the posterosuperior margin of S1 
and a negative sagittal balance by a C7 plumb line posterior 
to the posterosuperior margin of S1. A distance >2 cm is con-

A. De Leucio et al.
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sidered abnormal. C7 plumb line tends to move backward 
from childhood to adulthood. Progressive forward displace-
ment of C7 plumb line in children should raise a suspicion for 
the risk of spinal pathology [8].

The Center of Acoustic Meati (CAM) is defined by the 
distance between the vertical line drawn from the center of 
acoustic meati (CAM plumb line) and the center of acetab-
ula. The CAM is positive if the CAM plumb line is anterior to 
the acetabula. The CAM plumb line is useful for the clinical 
and radiological evaluation of the sagittal balance, even if it 
does not coincide with the gravity line. Normative CAM val-
ues in children have not been established yet [15] (Fig. 9).

Figure 9 Example of SVA and CAM plumb line provided in a 
SterEOS report

EOS Imaging
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 Spino-Sacral Angle (SSA)

The spino-sacral angle (SSA) corresponds to an angle mea-
sured between two lines:

• A line drawn from the central point of C7 to the midpoint 
of the superior endplate of S1.

• A line tangent to the endplate of S1.

Normal SSA values are 130°  ±  10° in subjects aged 
3–10 years and 133° ± 8° in subjects between 10 and 18 years 
[8] (Fig. 10).

C7

Spino Sacral Angle (1) 128°

SSA

Figure 10 Example of SSA provided in a SterEOS report

A. De Leucio et al.
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 T9 Tilt or T9 Sagittal Offset

In the sagittal plane, the T9 tilt (also know as Duval-Beaupère 
angle) is the angle formed by two lines (Fig. 11):

 – A line between the central point of the two femoral heads 
and the central point of T9.

 – A vertical line drawn upward from the central point of the 
two femoral heads.

This angle is positive when the hip axis lies in front of the 
T9 vertebral center. There are no published values for chil-
dren. However, its normal value is 11.3 ± 3.52 in young adults 
and it is considered relatively stable during life [16, 17].

 Thoracic Kyphosis (TK) and Lumbar Lordosis (LL)

The thoracic kyphosis (TK) and lumbar lordosis (LL) are 
measured by Cobb angles (Fig. 12). By convention, kyphosis 
is a positive (+) measurement and lordosis is a negative (−) 
measurement.

The TK is the angle measured between the superior end-
plate of T1 and the inferior endplate of T12. Its theoretical 
value is 0.75 x L1-S1 lordosis.  T1–T4 represents only 8–10° of 
the overall kyphosis. For this reason, when it is impossible to 
visualize properly the first thoracic vertebra, it is acceptable 
to measure the TK between T5 and T12. Normal values are 
comprised between 10° and 40°.

The LL is the angle measured between the superior end-
plate of L1 and the inferior endplate of L5.

When operating a scoliosis, the most important thing for 
the surgeon is to preserve the sagittal balance. After spine 
fixation, one of the major complications is the junctional syn-
drome, occurring generally in the first months after surgery. It 
is defined as an increase in the proximal kyphosis of ≥10°, 
which is the angle measured between the inferior endplate of 
the first instrumented vertebra and the superior endplate of 
the second vertebra above it [18, 19].

EOS Imaging
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 3D Images

An added advantage offered by the EOS compared to con-
ventional radiographs is to allow 3D analysis (Figs. 11, 12, and 
13).

Figure 11 T9 tilt

A. De Leucio et al.
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Figure 12 Thoracic 
kyphosis and lumbar 
lordosis

EOS Imaging
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Figure 13 Example 
of a spine 3D recon-
struction provided in 
a SterEOS report 
(lateral view)

Measurements of pelvic position were shown to be accu-
rate and reliable with EOS. Reconstructed 3D images are 
within 1.1 mm (∓ 0.2 mm) when compared to CT scan images. 
However, because these 3D reconstructions are based on 
standard bone models, they cannot be performed in cases of 
vertebral malformations, and they are not suitable for analyz-
ing the ossification of the  iliac apophysis (Risser classifica-
tion) [20, 21] (Figs. 14 and 15).

A. De Leucio et al.



283

Figure 14 Example of a spine 3D reconstruction provided in a 
SterEOS report (cranio-caudal view)

T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
L1
L2
L3

L4
L5

30° –30°20° –20°10° –10°0°
Right hand rotationLeft hand rotation Apical

Junctional
Other

Vertebrae axial rotations

Figure 15 The diagram provides the axial rotation of the vertebrae 
calculated in relation to the pelvis

EOS Imaging
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 Lower Limb Measurements

Due to the relative novelty of the EOS imaging, few studies 
are currently available on the lower limb anatomical param-
eters in normal pediatric individuals. In this section, 16 lower 
limb measurements derived from EOS imaging are described.

 1. Femoral Mechanical Axis Length [cm]: distance between 
the central point of the femoral head (A) and the midpoint 
of the distal femoral joint surface (B) (Figs. 16 and 17).

 2. Tibial Mechanical Axis Length [cm]*: the distance between 
the midpoint of the intercondylar eminence (point C) and 
the midpoint of the distal tibial surface at the ankle (point 
D) (Fig. 17).
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Figure 16 Adapted from Szuper et al. [22]
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Figure 17 Lower 
limb axis

 3. Functional Length of the Lower Limb [cm]*: the distance 
between points A and D (Fig. 17).

 4. Anatomical Length of the Lower Limb [cm]*: the sum of 
the distance AB + CD (Fig. 17).

*At the time of writing, there are no published EOS imaging 
studies on the parameters described in points 2, 3 and 4.

 5. Femoral Head Diameter [mm] (Fig. 18):
 6. Femoral Offset [mm]: the distance between the central 

point of the femoral head and the line drawn through 
the  femoral diaphysis axis are presented in the table 
below and in Fig. 19 (red line).
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Figure 18 Adapted from Szuper et al. [22]

 7. Femoral Neck Length [mm]: distance measured between 
the central point of the femoral head and the line bisecting 
the proximal femoral diaphysis (Fig. 20) (red line).

 8. Neck/Shaft Angle (NSA) [Degrees]: the angle between the 
axis of the femoral diaphysis and the axis of the femoral 
neck originating from the center of the femoral head on 
the frontal plane (Fig. 21).

 9. Femoral Mechanical Angle (FMA) [Degrees]: the angle 
between the femoral mechanical axis and the posterior 
bicondylar tangential line of the femur (Fig. 22).
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Figure 19 Adapted from Szuper et al. [22]

 10. Tibial Mechanical Angle (TMA) [Degrees]: the angle 
between the tibial mechanical axis and the posterior 
bicondylar tangential line of the tibia (Fig. 23).

 11. Mechanical Tibiofemoral Angle (FTA) [Degrees]: angle 
between the femoral and the tibial mechanical axis on 
the frontal plane. The varus and valgus deformation val-
ues of the knee are derived from this angle using the 
formula (180 °—FTA). Negative values mean varus, 
while positive values indicate valgus deformation 
(Fig. 24).
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Figure 20 Adapted from Szuper et al. [22]

 12. Hip-Knee-Shaft Angle (HKS) [Degrees]: angle between 
the mechanical femoral axis and the axis of the distal 
diaphysis on the frontal plane (Fig. 25).

 13. Femoral Torsion Angle (FT) or Femoral Anteversion 
[Degrees]: angle defined between the femoral neck axis 
and the posterior bicondylar tangential line of the femur 
when projected on a plane orthogonal to the mechanical 
axis of the femur.
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Figure 22 Adapted from Rampal et al. [23]
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Figure 24 Adapted from Rampal et al. [23]
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The FT is specific to the bipedal position of humans [24]. In 
humans, there is an early femoral torsion followed by a 
slow derotation that progresses throughout growth until 
adulthood (Fig. 26).

• The FT rapidly increases during the intrauterine life 
from the fourth to the ninth month. At birth, the FT is 
between 35° and 41° [25, 26].

• Later the distal femur tends to progressively rotate 
outward, and this angle decreases to the values 
described in Fig. 26.

• In adults, the normal value is 15.6 ± 6.7° [27].

 14. Tibial Torsion Angle (TT) [Degrees]: angle defined 
between the posterior bicondylar tangential line of the 
tibia and the transmalleolar axis when projected on a 
plane orthogonal to the tibial mechanical axis.

This angle is usually positive in children, so the two malleoli 
are rotated relative to the tibia (Fig. 27).
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Figure 25 Adapted from Rampal et al. [23]
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• The constraints of the fetus in utero are responsible for 
tibial deformation, causing a physiological internal TT, 
which will be from 2° to 10° during the first year of life 
and from 10° to 20° up to the age of 4 [25].

• Studies performed with EOS imaging have allowed us 
to reconstruct the evolution of TT in the pediatric age, 
as described in the values on Fig. 27.

• In adults, the average angle is 23 ± 5.1° [27].

 15. Femorotibial Rotation (FTR) [Degrees]: the angle 
between the posterior bicondylar tangential line of the 
femur and the posterior bicondylar tangential line of the 
tibia when projected on an orthogonal plane to the femo-
ral mechanical axis. If this angle is positive, then the tibia 
is externally rotated relative to the femur.

To date, there are no published EOS imaging studies 
on this parameter of the lower limb in children (Fig. 28).

 16. Sagittal Femorotibial Angle (SFTA) [Degrees]: angle 
between the mechanical axis of the femur  and the 
mechanical axis of the tibia  in the sagittal plane. The 
expected value in standing position is 180° (Fig. 29).

The genu recurvatum is the hyperextension of the knee 
beyond 180°. The flexion of the knee occurs when the 
SFTA is less than 180°.

The flexion/recurvatum is calculated with the formula 
180° −  STFA.  Positive values of SFTA indicate flexion, 
and negative values indicate genu recurvatum.

Values of recurvatum between 5° and 15° are consid-
ered physiological, and they are found in up to 40% of the 
population. A recurvatum beyond 15° is usually regarded 
as pathological [29].

EOS Imaging
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Figure 28 Measurement of femorotibial rotation (FTR)
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Figure 29 Measurement of 
the sagittal femorotibial 
angle (SFTA)
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