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Abstract
Background: Direct imaging measurement of the anterior
and superior axial coverage angle of acetabulum to femoral
head is difficult. This study aimed to build the mathematical
formulas to calculate them using the available parameters,
e.g., acetabular abduction angle.

Results: A 3D coordinate system was established by setting
the center of the hip joint rotation basing as coordinate
center O. In the drawn diagrams of anterior and superior
axial coverage angle of acetabulum to femoral head,
femoral neck anteversion was set as a, acetabular abduction
angle as b, acetabular anteversion as A, and femoral neck-
shaft angle as J. In the absence of the anteversion of
acetabular and femoral neck, the superior axis coverage
angle of acetabulum to the femoral head equals to b + 180-
J. The anterior axial coverage angle of acetabulum to
femoral head equals to 90 degrees. In the presence of the
acetabular and femoral neck anteversion, the superior axis
coverage angle of acetabulum to the femoral head equals to
arctg {tgb / [cosacos (A + a)]} + 180-J; the anterior axis
coverage angle of acetabulum to the femoral head equals to
90- arctg [tg (A + a) / cos {arctg [tgb / (cosa + a)] - (J-90)}].
The close relationship between the acetabulum and femoral
head spatial orientation angle was observed in the absence
of acetabular and femoral neck anteversion. The superior
axis coverage angle of acetabulum to the femoral head was
positively correlated with acetabular abduction angle and
negatively with femoral neck-shaft angle. While the anterior
axial coverage angle of acetabulum to femoral head was not
dependent on acetabular abduction angle and femoral
neck-shaft angle. In the presence of acetabular and femoral
neck anteversion, both anterior and superior axial coverage
angle of acetabulum to femoral head were relevant to
acetabular abduction angle and femoral neck-shaft angle.
The superior axial coverage angle of acetabulum to femoral
head positively correlated with acetabular abduction angle,
negatively with femoral neck-shaft angle, and positively
with acetabular and femoral neck anteversion. The anterior
axial coverage angle of acetabulum to femoral head was
negatively correlated with acetabular abduction angle,
positively with femoral neck-shaft angle and negatively with
acetabular and femoral neck anteversion.

Conclusions: The formulas were built based on a 3D
coordinate system established in the current study. The
formula reflects the inner relationship of spatial orientation
angle of acetabulum to femoral head, which will offer a
simple, novel and efficient mathematical method to
calculate the anterior and superior axial coverage angle.

Keywords: Acetabulum; Femoral head; Anteversion;
Abduction angle; Neck-shaft angle; Superior axial Coverage
angle; Anterior axial coverage angle; Calculation formula

Background
The stabilization of hip joint was maintained by the bony

acetabulum covering femoral head, articular cartilage, joint
capsule, and surrounding soft tissue. Acetabular and femoral
head spatial orientation angles include acetabular abduction
angle, anterversion and femoral neck-shaft angle, and
anteversion. The exact match of these spatial orientation angles
plays a vital role in maintaining the normal range of motion and
joint stability. Without this exact match will result in hip
dysplasia [1,2], lead to hip instability or femoral acetabular
impingement, cause hip wear, followed by hip osteoarthritis
[3-9]. The current study on hip phase parameters mainly
concentrated on the acetabulum supported femoral head. The
femoral head and neck phase parameters were not taken into
account, because they did not reflect the intrinsic relationship
between acetabular abduction angle and anteversion, and
femoral neck-shaft angle and anteversion. This study was
designed to establish 3D coordinate systems concerning the
anterior and superior axial coverage angle of acetabulum to
femoral head, which display the intrinsic relationship of the
spatial orientation angles between the acetabulum and femoral
head. Eventually, the mathematical formulas were built and the
influence factors were evaluated.

Methods
The mathematical calculation of anterior and superior axial

coverage angle of acetabulum to femoral head in the absence of
acetabulum and femoral neck anteversion.
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The 3D coordinate system was established by setting O as the
hip rotation center, X axis as the body coronal axis, Y-axis as the
body vertical axis, Z-axis as the body sagittal axis (Figure 1). In
this system, AB served as the femoral shaft axis, DA as femoral
head-neck axis, and Y-axis parallel to AB axis. The angle b formed
by OC and Y axis was acetabular abduction angle and ∠OAB was
the femoral neck-shaft angle indicated by J. ∠COD was formed
by segment OD (femoral head-neck axis) and segment OC.
Segment OC was formed by the intersection of the plane where
Y-axis and femoral head-neck axis lie in and the acetabular exit
plane. ∠COD was named as superior axial coverage angle of
acetabulum to femoral head. ∠EOD was formed by segment OD
(femoral head-neck axis) and segment OE. Segment OE was
formed by the intersection of the plane where Z-axis and
femoral head-neck axis lie in and the acetabular exit plane.
∠EOD was named as anterior axial coverage angle of
acetabulum to femoral head.

Without acetabular and femoral neck anteversion, the plane
femoral head-neck axis and Y-axis lie in and the plane femoral
head-neck axis and Z-axis lie in were perpendicular to the plane
of the acetabular exit. So in this case the superior axial coverage
angle of acetabulum to femoral head equals to the abduction
angle plus the supplementary angle of femoral neck-shaft angle.
It can be expressed as ∠COD = b + 180-J.

Figure 1 The schematic diagram of anterior and superior axial
coverage angle of acetabulum to femoral head in the absence
of acetabulum and femoral neck anteversion.

The mathematical calculation of superior axial coverage angle
of acetabulum to femoral head in the presence of acetabulum
and femoral neck anteversion.

The 3D coordinate system was built by setting the hip rotation
center as O, X axis as the body coronal axis, Y-axis as the body
vertical axis, Z-axis as the body sagittal axis (Figure 2). In this
system, AB was the femoral shaft axis, DA as femoral head-neck
axis and Y-axis parallel to AB axis. ∠OAB was femoral neck-shaft
angle indicated by J and the angle b formed by OC and Y axis was
acetabular abduction angle. ∠EOD was formed by segment OD
(femoral head-neck axis) and segment OE. Segment OE was
formed by the intersection of the plane where Y-axis and
femoral head-neck axis lie in and the acetabular exit plane.
∠EOD was named as superior axial coverage angle of
acetabulum to femoral head.

The plane OC and Z-axis lie in was perpendicular to the plane
of acetabular exit and Y-axis was perpendicular to the plane EFG.
Based on the 3D-system (Figure 2), the superior axial coverage
angle of acetabulum to femoral head can be calculated using
this equation: ∠EOD = ∠FOE + 180-J. ∠EFG equals to femoral
neck anteversion plus acetabular anteversion A. ∠FOC' was
acetabular abduction angle indicated by b. It was a projection
angle in the coronal plane formed by ∠FOC forward A around
the Y axis. So ∠FOC = arctg (tgb/cosA). ∠FOC was a projection
angle of ∠FOE in the plane COF formed by ∠FOE forward A+a
around the Y axis. So ∠FOE = arctg {tgb/[cosAcos (A + a)]}.
Therefore, the superior axial coverage angle of acetabulum to
femoral head ∠EOD = ∠FOE + 180-J = arctg {tgb/[cosAcos (A +
a)]} + 180-J.

Figure 2 The schematic diagram of superior axial coverage
angle of acetabulum to femoral head in the presence of
acetabulum and femoral neck anteversion.

The mathematical calculation of anterior axial coverage angle
of acetabulum to femoral head in the presence of acetabulum
and femoral neck anteversion

As shown in Figure 3, the 3D coordinate system was built by
setting O as the hip rotation center, X axis as coronal axis of the
body, Y-axis as the body vertical axis, Z-axis as the body sagittal
axis. In this system, AB was the femoral shaft axis, DA as femoral
head-neck axis, and Y-axis parallel to AB. ∠OAB was the femoral
neck-shaft angle indicated by J and the plane COD was
perpendicular to the acetabular exit plane in the absence of
acetabular and femoral neck anteversion. ∠EOD was formed by
segment OD (femoral head-neck axis) and segment OE. Segment
OE was formed by the intersection of the plane where Z-axis and
femoral head-neck axis lie in and the acetabular exit plane.
∠EOD was named as anterior axial coverage angle of
acetabulum to femoral head. Y-axis was perpendicular to the
plane FOG. ∠HOC' was acetabular abduction angle b.

Based on the system, the anterior axial coverage angle of
acetabulum to femoral head can be calculated by ∠GOD =
∠FOD-∠FOE = 90-∠FOE. ∠GOF equals to femoral neck
anteversion plus acetabular anteversion A. ∠HOC' was
acetabular abduction angle b, which was a projection angle in
the coronal plane formed by ∠HOC forward A+a around the Y
axis. So ∠HOC = arctg [tgb / (cosA + a)]. ∠GOF was A + a, which
was a projection angle in the cross section formed by ∠FOE
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rotate arctg [tgb / (cosA + a)] - (J-90) around the Z axis. So ∠FOE
= arctg [tg (A + a) / cos {arctg [tgb / (cosA + a)] - (J-90)}]. Thus,
the anterior axial coverage angle of acetabulum to femoral head
can be expressed as ∠GOD = 90- arctg [tg (A + a) / cos {arctg
[tgb / (cosA + a)] - (J-90)}].

Figure 3 The schematic diagram of anterior axial coverage
angle of acetabulum to femoral head in the presence of
acetabulum and femoral neck anteversion.

Results
In the absence of acetabular and femoral neck anteversion,

the superior axial coverage angle of acetabulum to femoral head
equals to the abduction angle plus the supplementary angle of
femoral neck-shaft angle. It can be expressed as: ∠COD = b +
180-J (Figure 1). It was observed that the superior axial coverage
angle of acetabulum to femoral head was positively correlated
with acetabulum abduction angle and negatively with femoral
neck-shaft angle. The anterior axial coverage angle of
acetabulum to femoral head equals to 90 degrees. However, the
anterior axial coverage angle of acetabulum to femoral head was
not correlated with acetabular abduction angle and femoral
neck-shaft angle.

In the presence of acetabulum and femoral neck anteversion,
the superior axial coverage angle of acetabulum to femoral head
can be expressed as: arctg {tgb / [cosAcos (A + a)]} + 180-J
(Figure 2) and the anterior axial coverage angle of acetabulum
to femoral head can be calculated using the following formula:
90- arctg [tg (A + a) / cos {arctg [tgb / (cosA + a)] - (J-90) }]
(Figure 3). According to the principle known trigonometric
functions, the superior axial coverage angle of acetabulum to
femoral head was positively correlated with acetabular
abduction angle, negatively with femoral neck-shaft angle,
positively with acetabular and femoral neck anteversion. The
anterior axial coverage angle of acetabulum to femoral head was
negatively correlated with acetabular abduction angle, positively
with femoral neck-shaft angle, negatively with acetabular and
femoral neck anteversion.

Discussion
The coverage acetabular to the femoral head was essential for

the stability of the hip joint. The radiographic parameters for

characterizing it include anterior acetabutar sector angle(AASA),
posterior acetabutar sector angle(PASA), horizontal acetabutar
sector angle(HASA), and the center-edge angle(CE).

AASA was formed by the connecting line of two centers of the
femoral head and the connecting line of acetabulum front edge
and femoral head center. PASA was formed by the connecting
line of two centers of the femoral head and the connecting line
of the rear edge of the acetabulum and femoral head center.
HASA is the combination of AASA and PASA. AASA, PASA, and
HASA can provide anterior and posterior containment situation
of acetabulum to femoral head [10]. Nevertheless, it was only
impacted by the acetabular anteversion, not by acetabular
abduction angle, femoral neck-shaft angle, and anteversion.

CE angle was the center-edge angle formed by the connecting
line of the femoral head center and the outer-superior edge of
the acetabulum and the vertical line through the femoral head
center. It was the reflection of upper containment of acetabulum
to femoral head [11], which only correlated with the acetabular
abduction angle and anteversion. It was not relevant with
femoral neck-shaft angle and anteversion. CE angle was not a
true reflection of containment of acetabulum to femoral head.

In current study, the anterior and superior axial coverage
angles of acetabulum to femoral head were determined by
acetabular abduction angle, acetabular anteversion, femoral
neck-shaft angle, and femoral neck anteversion. It not only
locked the spatial alignment of acetabulum to femoral head, but
also was a true reflection of containment situation of the
acetabulum to femoral head. There was a close inherent
relationship between acetabular abduction angle, acetabular
anteversion, femoral neck-shaft angle, and femoral neck
anteversion.

In the absence of acetabular and femoral neck anteversion,
the superior axial coverage angle of acetabulum to femoral head
equals to the abduction angle plus the supplementary angle of
the femoral neck-shaft angle. It was positively correlated with
acetabulum abduction angle, negatively with femoral neck-shaft
angle.

The anterior axial coverage angle of acetabulum to femoral
head equals to 90°.

In the presence of the acetabular and femoral neck
anteversion, the superior axial coverage angle of acetabulum to
femoral head equals to arctg {tgb / [cosAcos (A + a)]} + 180-J. It
was positively correlated with acetabular abduction angle,
negatively with femoral neck-shaft angle, positively with
acetabular and femoral neck anteversion. The anterior axial
coverage angle of acetabulum to femoral head equals to 90-
arctg [tg (A + a) / cos {arctg [tgb / (cosA + a)] - (J-90)}]. It was
negatively correlated with acetabular abduction angle, positively
with femoral neck-shaft angle, negatively with acetabulum and
femoral neck anteversion.

Although the present study was based on semi-circular
acetabulum, even acetabulum in the weak semi-circle, the
anterior and superior axial coverage angle of acetabulum to
femoral head can also similarly lock the spatial alignment of
acetabulum to femoral head. In short, there was a close inner
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relationship of spatial angles between the acetabulum and
femoral head, which exactly maintain the anterior and superior
axial coverage of the acetabulum to the femoral head, maintain
hip stability and meet hip normal range of motion. At present,
direct imaging measurement of the anterior and superior axial
coverage angle of acetabulum to femoral head is difficult. The
imaging measurement of the acetabular abduction angle,
anteversion, femoral neck anteversion and neck-shaft angle has
been established. Consequently, the anterior and superior axial
coverage angle of acetabulum to femoral head could be readily
calculated using the mathematical formulas built in the current
study. For example, based on the normal range of acetabular
abduction angle (45° ± 10°) [12-16], acetabular anteversion (15°
± 10°) [12-15,17-19], femoral neck-shaft angle (110°-140°) [20],
and the femoral neck anteversion (12°-15°) [21,22] in the
previous studies, the normal ranges of the superior and anterior
axial coverage angle of acetabulum to femoral head can be
calculated out by the mathematical formulas being
76.32°~134.07° and 41.62°~72.91°, respectively.

Conclusions
In summary, the formula was built based on a 3D coordinate

system established in this study. The formula reflects the inner
relationship of spatial orientation angle of acetabulum to
femoral head, which will offer a simple, novel and efficient
mathematical method to calculate the anterior and superior
axial coverage angle.
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