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Commentary

Evolution of the human clade to obtain an erect posture and
bipedal locomotion has been made possible through a series of
skeletal morphological changes. The pelvic vertebra has played
a crucial role in this transformation by undergoing progressive
widening and retroversion [1]. Maintenance of an upright
posture requires the body’s center of gravity to fall over a narrow
area between the feet while maintaining a horizontal gaze with
minimal energy expenditure [2]. In 1992, Duval-Beaupere et al.
studied the pelvic shape and sagittal profile of healthy volunteers
using a Barycentermeter [3]. They described a morphological
parameter called the “Pelvic Incidence” to enable reproducible
analysis of the anatomical characteristics of the pelvis in the
sagittal plane. The pelvic incidence (PI) is measured as an angle
formed by two vectors: 1) The line joining the bicoxo-femoral axis
to the center of the sacral end plate and 2) A line perpendicular to
the sacral endplate. Morphologically, the line joining the bicoxo-
femoral axis and the center of sacrum represents the pelvic
thickness in the sagittal plane (SPT) [4,5]. This vector represents
the line of transmission of the body weight from the pelvis to
the lower limbs and anatomically, it passes through the strongest
parts of the pelvis: postero-superior acetabular wall and the
sciatic buttress. Measurement of this vector alone provides little
information as it fails to take into consideration, the orientation
of the sacrum on which, the entire weight of the spine rests.
Since, the sacrum is a curvilinear bone; the best vector describing
its direction in the vertical axis is a line perpendicular to the sacral
end-plate. The pelvic incidence thus determines the relative
position of the sacral plate with respect to the femoral heads.
It decides upon on the amount of lumbar lordosis required to
maintain an erect posture [6]. In degenerative changes of the
lumbar spine, as the lumbar spine flattens, a mis-match is created
between the required and the existing values of lumbar lordosis.
This causes the gravity line to pass forward of the bicoxo-femoral
axis and in an uncompensated patient, this leads to a forward
stooped posture causing pain and disability [7-9].

The pelvic incidence is a fixed morphological parameter, whose
value remains more or less constant throughout adult life [10]. It
is an algebraic sum of two dynamic angles: the pelvic tilt and the
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sacral slope [3]. The pelvic tilt represents the inclination of the
inominate bones with respect to the frontal plane and the sacral
slope determines the sacral tilt with respect to the horizontal
plane. This can be explained by the fact that, verticalization of the
sacrum and horizontalization of the pelvic ring occurs as pelvic tilt
increases. The result of verticalization of the sacrum is decrease
in the sacral slope. Although in theory the term “pelvic incidence”
is aptly given to this three-dimensional morphological parameter
and may be clear to engineers, it is confusing to clinicians who
are making measurements on a two-dimensional X-ray. Clinically
pelvic incidence can be visualized by the sagittal profile of the
waist-line and buttocks (Figure 1).

The use of the term “incidence” in science is miscellaneous. In
physics, incidence is defined as an angle made by a vector to a
normal drawn to the surface of its contact. In aerodynamics, angle
of incidence is defined as the angle made by a line connecting
the leading and trailing edges of an airfoil with the horizontal. In
geometry, incidence refers to a binary relation between different
types of object in space (For example; relationship between a
point and a line, a line and a plane and so on). Also, the term
incidence is generally referenced with respect to an element/
object in space. For example, angle of incidence of a light ray
is referenced to the surface of reflection. Usually, this plane of
reference is understood and does not need to be quoted. For
pelvic incidence, this surface or plane of reference is the frontal
plane passing through the bicoxo-femoral axes. Therefore, the
term pelvic incidence creates confusion since clinicians are
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imaging the relationship between the femoral heads, sacral
endplate and sacrum in a lateral two-dimensional plane. The
lines drawn on the X-ray represent a simple angle represented by
the vertex in the middle of the sacral endplate and two rays one
to the center of the femoral heads and the second perpendicular
to the endplate. In two-dimensional space this angle is best
described as the “Pelvic Base Angle”. This is because the entire
pelvis can be regarded as a “Pelvic Vertebra” forming the base of
the spinal column (Jean Dubousset, 1972). Pelvic Incidence is best
described in a three-dimensional space as an angle formed at the
intersection of two planes which represent the vertical axes of the
two major bones forming the pelvic ring namely: the inominate
and the sacrum (Figure 2). The entire pelvis can be regarded as
the Pelvic vertebra which forms the base of the spinal column,
the angle describing its orientation in two-dimensional space can
be best termed as “Pelvic Base angle”.

For further simplification, let us consider the pelvis as a vertical
rectangular cube. The way this rectangle is laid out describes
PBA or Pl. The three factors that decide the pelvic incidence
of an individual are: posterior sacral offset- horizontal distance
between femoral head center and center of sacral endplate,
vertical pelvic offset- shortest vertical distance between femoral
head center and center of sacral endplate and the orientation
of the sacro-iliac joint, or the obliquity with which the sacrum
articulates with the ilium through the sacroiliac joints. Thus it can
be seen that when the pelvic overhang increases, vertical pelvic
offset decreases or the sacro-iliac joint inclination increases,
pelvic incidence increases (Figure 3).

This discussion is in no means an attempt to alter the ground
breaking description of Pl by Duval-Beaupere. There is no doubt
that the lack of clinical understanding of the important concepts
has hindered and slowed mental adaptation. Hence, it would be

Figure 1 Schematic representation of change in the sagittal
profile of the waist-line and buttocks as visualized
\_ clinically with changing pelvic incidence. Y,
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Figure2 Pelvic morphology illustrated in 2-Dimensional and
3-Dimensional planes: Figures (a) (b), and (c) show
the angle of Pelvic Incidence (Pl) as an angle between
the two planes representing vertical axes of the bones
forming the pelvis: Inominate and sacrum; Figures (d),
(e) and (f) show the same angle (Pelvic Base angle/

\_ PBA) measured as in a two-dimensional plane. Y,

Schematic diagram showing increasing pelvic incidence (PI)/

Figure 3 Pelvic base angle (PBA) with (a) Increasing pelvic overhang (PO)/
Horizontal pelvic offset, (b) decreasing vertical pelvic offset (VPO)
\ and (c) Increasing sacro-iliac joint angulation. /

logical to describe pelvic incidence when measured on a two-
dimensional X-ray as the “pelvic base angle” or PBA.

Nonetheless, the pelvic incidence is an extremely important
parameter determining the global spinal balance of an individual.
Surgeons should maintain a low threshold in accessing the pelvic
morphology in patients with regional spinal pathologies. The
term “pelvic base angle” is useful descriptive terminology in
explaining simply the concept of pelvic incidence to a broader
audience including patients, medical trainees and even health
professionals.
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