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Abstract
Purpose We investigated the various impingement angles (in-
cluding both bony and prosthetic impingement) and impinge-
ment types that can occur after THA, even when the same
combined anteversion parameter is used. We also investigated
the relationship between impingement angle and acetabular
morphology or femoral anteversion.
Methods We evaluated 83 patients with no hip arthritis. We di-
vided them into six groups according to acetabular CE angle
(≤15°, >15–≤25°, and >25°) and femoral anteversion (≤20° and
>20°).Usingthree-dimensional templatingsoftware,wechanged
stemand cup anteversion to satisfy a combined anteversion (CA)
of 50° in eachhip (stemanteversion+ cupanteversion=50°) and
investigated the resulting impingement angles.
Results Even with the same CA, differences in impingement
angle occurred: 18.3° ± 7.2° with flexion, 30.2° ± 9.7° with
internal rotation at 90° flexion, 20.2° ± 12.5° with extension,
and 26.2° ± 7.8° with external rotation. As stem anteversion
increased, the impingement type changed from prosthetic

impingement to bony impingement in flexion and internal
rotation and from bony impingement to prosthetic impinge-
ment in extension and external rotation. The flexion angle and
internal rotation angle at 90° flexion increased (p < 0.016) as
CE angle decreased. There were no significant differences
between high and low femoral anteversion.
Conclusions Combined anteversion theory should be usedwith
care because of large differences in impingement angles. A stem
anteversion of 30° and cup anteversion of 20° appear to be ideal
for obtaining a larger impingement angle under this condition.

Keywords Total hip arthroplasty . Same combined
anteversion . Range ofmotion . Impingement

Introduction

Dislocation is one of the major complications that can occur
following total hip arthroplasty (THA) [1]. To reduce the
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dislocation rate, a number of reports have suggested a safe
zone of cup orientation [2–4]. Recently, variations on the
Bcombined anteversion (CA) theory^ have been established.
The most well-known of these was proposed byWidmer et al.
[5]. Others, including Masaoka et al. [6] and Nakashima et al.
[7], recommend a CA of 40–60°. However, combined
anteversion has not yet been studied in sufficient detail. For
example, theWidmer et al. study [5] considered only prosthet-
ic impingement, but in clinical practice there are many cases in
which bony impingement can cause earlier problems [8, 9].
Bartz et al. [10] described three different dislocation mecha-
nisms: prosthetic impingement, bony impingement, and spon-
taneous dislocation. Thus, in clinical practice, we should con-
sider both prosthetic and bony impingement when describing
the range of motion after THA. In addition, various stem and
cup anteversion parameters can be combined to result in the
same CA. When stem anteversion changes, the relationship
between the femur and pelvis changes, and the impingement
angle may thus also change. Femoral antetorsion and acetab-
ular morphology also may influence the impingement angle.

In this study, we sought to answer the following questions.
When the requirement for the same CA (stem anteversion +
cup anteversion = 50°) is satisfied:

(1) How does the impingement angle (including bony and
prosthetic impingement) change?

(2) Which impingement type occurs first?
(3) Do differences in the acetabular morphology (based on

the center-edge [CE] angle) affect the change in impinge-
ment angle?

(4) Do differences in femoral antetorsion affect the change in
impingement angle?

Materials and methods

Study design

This was a case-control study.

Methods and measurements

Patients

This study included patients who had undergone primary
THA or who had been diagnosed with developmental dyspla-
sia of the hip at our hospital between 2012 and 2015. Bilateral
osteoarthritis cases, patients with insufficient data, and pa-
tients with inappropriate images were excluded based on
pre-operative computed tomography (CT) (Fig. 1). We chose
the other side with no arthritis change. For this study we
reviewed data from 83 patients (83 hips) without osteoarthritis
changes, including 16 men and 67 women. The mean age was
59.3 ± 13.1 years (16–86 years) (Table 1). We divided the
patients into three groups according to the center-edge (CE)
angle (CE ≤15°, 15° < CE ≤ 25°, and CE >25°) [11]. We also
divided them into two groups according to femoral
anteversion (≤20° and >20°) [12]. Thus, the 83 patients were
divided into six groups. The number of patients in each group
is shown in Table 2. Information for each group divided

Fig. 1 Patient selection flow chart

Table 1 Data for all patients

Patients, N = 83 (men = 16, women = 67) Value

Age 59.3 ± 13.1

Height (cm) 156.2 ± 8.5

Weight (kg) 57.0 ± 10.3

BMI (kg/m2) 23.3 ± 3.4

CE angle (°) 19.5 ± 8.0

Femoral anteversion (°) 21.6 ± 10.1

Table 2 Number of patients per group divided by center-edge angle
and femoral anteversion

Femoral anteversion CE angle

≤ 15° 15° < CE ≤ 25° > 25° Total

> 20° 16 15 14 45

≤ 20° 11 14 13 38

Total 27 29 27 83

Table 3 Characteristics of patients in each group divided by centre-
edge angle

All patients
(N = 83)

CE angle

≤ 15°
(n = 27)

15° < CE ≤ 25°
(n = 29)

> 25°
(n = 27)

P value

CE angle (°) 10.1 ± 3.1 20.0 ± 3.4 28.4 ± 3.0 p < 0.001

Femoral
anteversion
(°)

23.5 ± 10.9 21.9 ± 9.2 19.3 ± 10.1 p = 0.37
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according to CE angle and femoral anteversion is shown in
Tables 3 and 4, respectively.

Anatomical model and reference planes

For each subject we constructed separate three-dimensional
models of the pelvis and femur from CT images
(LightSpeed VCT Series/Discovery CT750; GE Healthcare,
Tokyo, Japan). All imaging data were transferred to a CT-
based three-dimensional templating system (Zed Hip™ Lexi
Co., Ltd., Tokyo, Japan). Zed Hip can investigate different
impingement types, including bone-to-bone, bone-to-pros-
thetic, and prosthetic-to-prosthetic.

For all measurements and simulations, we defined the co-
ordinate system of the pelvis relative to the anterior pelvic
plane (APP). On the APP, the x-axis was defined by a line

connecting the right and left anterior superior iliac spines. The
z-axis was defined as a line passing through the pubic sym-
physis in the APP perpendicular to the x-axis. The y-axis was
defined by a horizontal line passing through the middle point
of the right and left anterior superior iliac spines perpendicular
to the APP (Fig. 2a). The coordinate system for the femur was
defined relative to the posterior condylar plane of the femur,
which was formed by the proximal posterior surface, lateral
condyle, and medial condyle. The point of origin of the plane
was defined by projecting a point from the trochanteric fossa
onto the posterior condylar plane. The z-axis was defined as a
projected line onto the posterior condylar plane, passing
through the knee centre and trochanteric fossa. The x-axis
was defined by a projected line onto the posterior condylar
plane and perpendicular to the z-axis. The y-axis was defined
by a line perpendicular to the posterior condylar plane and
bisecting the x-axis (Fig. 2b).

Definition of hip range of motion

The definition of hip range of motion is shown in Fig. 2c and
d. The angle of hip flexion/extension along the sagittal plane
ofmotionwas defined as the angle between the APP and the z-
axis on the posterior condylar plane (Fig. 2c). The angle of hip
internal/external rotation was defined as the angle between the
APP and the x-axis on the posterior condylar plane (Fig. 2d).

Table 4 Characteristics of patients in each group divided by femoral
anteversion

All patients (N = 83) Femoral anteversion

> 20° (n = 45) ≤ 20° (n = 38) P value

CE angle (°) 19.3 ± 8.1 19.8 ± 7.8 p = 0.75

Femoral anteversion (°) 29.4 ± 6.4 12.5 ± 4.6 p < 0.001

Fig. 2 a and b Definitions for the axes in the anterior plane of the pelvis
and the posterior condylar plane. (a) Axes in the anterior plane of the
pelvis. The XZ plane is shown on the left, and the XYplane on the right.
In the left panel, the x-axis is defined by a line connecting the right and left
anterior superior iliac spines, and the z-axis by a line passing through the
pubic symphysis in the anterior plane of the pelvis, perpendicular to the x-
axis. In the right panel, the y-axis is defined by a horizontal line passing
through the pubic symphysis perpendicular to the anterior plane of the
pelvis. (b) Axes in the posterior condylar plane. The XZ plane is shown
on the left, where the x-axis is defined as a line connecting the posterior

surface of the lateral and medial condyles parallel to the posterior
condylar plane, and the z-axis is defined by a line projected onto the
posterior condylar plane that bisects the x-axis and passes along the mid-
line of the knee and the trochanteric fossa. The YZ plane is shown on the
right, with the y-axis defined by a line perpendicular to the posterior
condylar plane and bisecting the z-axis. c and d Definitions for the range
of motion used for the simulation analysis. (c) Flexion/extension, with 0°
hip flexion on the left and 90° hip flexion on the right. (d) Internal
rotation/external rotation, with the 0° internal hip rotation on the left
and 30° internal hip rotation on the right
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Impingement angle

Impingement angle was defined as the largest angle achieved
before impingement occurred, which could be bone-to-bone,
bone-to-prosthetic, or prosthetic-to-prosthetic.

Implant type and positioning

For our simulations, the Zimmer Biomet THA system was
used (Zimmer Biomet, Warsaw, IN, USA). We chose a
Continuum Shell, which was of a suitable size in each case,
with a cup diameter that was approximately 6 mm larger than
the femoral head diameter and a 32-mm flat liner. We selected
the Wagner Cone Prosthesis (125°), which was of a suitable
size in each case; the osteotomy level was fixed at a position
15 mm proximal from the apex of the lesser trochanter. A
ceramic head with a 32-mm diameter was used in all cases.
According to some registries, a 32-mm head is the most com-
mon [13, 14]. We placed the cup in contact with the outer wall
of the tear drop, at the same height as the original femoral
head. The radiographic inclination angle was fixed at 40° to
the APP. Radiographic anteversion was varied from 0° to 50°
to the APP. After placing the cup, we placed the stem, making
leg length, position of the great trochanter, and position of the

centre of the head the same as those in the original by chang-
ing the neck length and the depth of penetration of the stem.
This position was defined as the reference point.

The anteversion orientation of the stem was defined by the
angle between the posterior condylar plane and the reference
plane of the stem.We changed stem and cup anteversion so as to
satisfy the requirement for a CA of 50° (stem anteversion + cup
anteversion = 50°). Stem anteversion was varied from 0° to 50°.

Measurements

We investigated the impingement angle, including bony and
prosthetic impingement, in each case based on the flexion
angle, internal rotation angle with 90° flexion, extension,
and external rotation.

Statistical analysis

All data were expressed as means ± standard deviation (SD),
and differences were analyzed using statistical software (SPSS
version 23). Patients were divided into three groups according
to CE angle. An analysis of variance was used to determine
significant differences (p < 0.05) among the three groups.
When there were significant differences, three pairwise t-

Fig. 3 Change of impingement angle with (a) flexion, (b) internal rotation with 90° flexion, (c) extension and (d) external rotation
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tests were used to determine whether there was a significant
difference (p < 0.016) between two groups. Patients were then
divided into two groups according to femoral antetorsion.
First, the F-test was used to investigate the state of dispersion.
Second, the Student t-test was used to determine significant
differences (p < 0.05).

Informed consent was obtained from all individual partic-
ipants included in the study, and the study was approved by
the Institutional Review Board of our university.

Results

#1

Results for changes in the impingement angle are shown in
Fig. 3. The flexion angle increased significantly as stem
anteversion increased from 0° to 30° (p < 0.001). However,
when stem anteversion was ≥40°, the flexion angle decreased

significantly (p < 0.001). The mean difference between the
maximum and minimum angle was 18.3° ± 7.2° (8–40°)
(Fig. 3a). The internal rotation angle at 90° flexion increased
significantly as stem anteversion increased from 0° to 40°
(p < 0.001), but when stem anteversion was >40°, the internal
rotation angle did not change (p > 0.05). The mean difference
between the maximum and minimum angles was 30.2° ± 9.7°
(13–65°) (Fig. 3b). The extension angle increased significant-
ly as stem anteversion increased from 0° to 30° (p < 0.001),
and decreased significantly (p < 0.001) when stem anteversion
was >40°. The mean difference between the maximum and
minimum angle was 20.2° ± 12.5° (6–50°) (Fig. 3c). The
external rotation angle increased significantly as stem
anteversion increased from 0° to 30° (p < 0.001) then de-
creased significantly (p < 0.001) when stem anteversion was
>30°. The mean difference between the maximum and mini-
mum angle was 26.2° ± 7.8° (15–51°) (Fig. 3d).

#2

Table 5 shows changes based on impingement type (bone-to-
prosthetic impingement was included in bony impingement).
With respect to the flexion angle and internal rotation angle
with 90° flexion, bony impingement occurred before prosthet-
ic impingement when stem anteversion was ≤30°, and the
ratio of prosthetic impingement increased when stem
anteversion was >30°. In contrast, with respect to the exten-
sion and external rotation angles, prosthetic impingement oc-
curred before bony impingement when stem anteversion was
≤20°, and the ratio of bony impingement increased when stem
anteversion was >30°.

#3

Differences in impingement angles by acetabular morphology
(CE angle) are shown in Fig. 4. When stem anteversion varied
from 0° to 30°, the flexion angle increased significantly as the
CE angle decreased (p < 0.016). When stem anteversion was
50°, there were no significant differences among the three
groups (p > 0.016) (Fig. 4a). When stem anteversion varied
from 0° to 30°, the internal rotation angle at 90° flexion in-
creased significantly as the CE angle decreased (p < 0.016).
When stem anteversion was ≥40°, there were no significant
differences among the three groups (p > 0.016) (Fig. 4b).
Neither the extension angle nor the external rotation angle
differed significantly among the three groups at any stem
anteversion angle (p < 0.016) (Fig. 4c and d).

#4

Differences in impingement angle by femoral antetorsion are
shown in Fig. 5. The flexion, internal rotation at 90° flexion,
and extension angles were not significantly different at any

Table 5 Types of impingement by range of motion

Stem anteversion Bony impingement Prosthetic impingement

Flexion

0° 74/83 9/83

10° 74/83 9/83

20° 79/83 4/83

30° 80/83 3/83

40° 58/83 23/83

50° 16/83 64/83

Extension

0° 0/83 83/83

10° 0/83 83/83

20° 0/83 83/83

30° 1/79 82/83

40° 24/83 59/83

50° 50/83 33/83

90° flexion + internal rotation

0° 79/83 4/83

10° 75/83 8/83

20° 69/83 14/83

30° 51/83 32/83

40° 38/83 45/83

50° 33/83 50/83

External rotation

0° 0/83 83/83

10° 2/83 81/83

20° 5/83 78/83

30° 53/83 30/83

40° 72/83 11/83

50° 76/83 7/83
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stem anteversion angle (Fig. 5a–c). Although the external ro-
tation angles were significantly different when stem
anteversion was 0°, 10°, and 20°, these differences were only
1–2° (Fig. 5d).

Discussion

Although the combined anteversion (CA) theory is used wide-
ly throughout the world, there have been no reports describing
differences caused by various combinations of stem and cup
anteversion. This was the first study to assess combined
anteversion in detail. Moreover, this report also describes the
relationship between impingement angle and the pelvic/
femoral form.

The study had three limitations. First, we performed simu-
lations using only one pattern of CA angle (i.e., 50°). We
would likely have obtained additional differences if we had
used different CA patterns. For example, Ranawat et al. [15]
and Dorr et al. [16] recommended a smaller CA angle than
that in our setting (CA of 50°). On the other hand, Jolles et al.
[17] indicated that the dislocation risk was 6.9-fold higher if
the total anteversion was not between 40° and 60°. Moreover,

recently Nakashima et al. [7] and Fujishiro et al. [18] indicated
that CA angles between 40° and 60°, as evaluated on CT,
significantly reduced dislocations. Thus, as noted, it is possi-
ble that there would be differences using another CA angle.
However, we are confident that a CA of 50° is suitable.
Second, we did not consider soft tissue, which in clinical prac-
tice decreases the impingement angle. Third, we did not con-
sider the state after impingement. In clinical practice, disloca-
tion occurs after the head leaves the cup. In other words, we
could not consider the jumping distance.

In this study, even with the same CA (cup anteversion +
stem anteversion = 50°), there were differences in impinge-
ment angles. These differences were about 18° with flexion,
30° with internal rotation, 20° with extension, and 26° with
external rotation. A change in stem anteversion led to changes
in the femur’s neutral position. Regarding flexion and internal
rotation angles, the impingement angle were expected to in-
crease as stem anteversion increased. In contrast, extension
and external rotation angles were expected to decrease as stem
anteversion increased. However, because CAwas kept at 50°,
cup anteversion decreased as stem anteversion increased.
With regard to flexion angle and internal rotation angle, bony
impingement occurred before prosthetic impingement when

Fig. 4 Differences in the impingement angle among groups with a low center-edge (CE) angle (≤15°), moderate CE angle (15° < CE angle ≤25°), and
high CE angle (>25°) with (a) flexion, (b) internal rotation with 90° flexion, (c) extension and (d) external rotation
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stem anteversion was ≤30°, and the ratio of prosthetic im-
pingement increased when stem anteversion was >30°.
These changes were caused by increased ratios in which the
cup hung over the acetabulum edge. The impingement angle
decreased considerably after prosthetic impingement oc-
curred. On the other hand, with respect to the extension angle
and external rotation angle, prosthetic impingement occurred
before bony impingement when stem anteversion was ≤20°,
and the ratio of bony impingement increased when stem
anteversion was >30°. The impingement angle decreased con-
siderably after bony impingement occurred. When stem
anteversion was 50°, the ratio of bony impingement was 50/
83 during extension and 76/83 during external rotation. There
was a high rate of bony impingement during external rotation.

This study described the angle to the point where the im-
pingement occurred, including both bony and prosthetic im-
pingement. In terms of the difference in the CE angle, the
flexion angle and internal rotation angle at 90° flexion were
significantly different when stem anteversion was ≤30°. As
noted above, the main type of impingement angle when stem
anteversion was ≤30° was bony impingement. Clearly, pelvic
morphology is an important factor when determining the bony
impingement point. The flexion angle and internal rotation

angle at 90° flexion increased by about 5° as the CE angle
decreased by about 10°. In contrast, with respect to the exten-
sion angle and external rotation angle, prosthetic impingement
occurred before bony impingement when stem anteversion
was <30°, and the ratio of bony impingement increased when
stem anteversion was ≥30°. In terms of extension and external
rotation angle, although the impingement angle tended to be
larger as the CE angle decreased when stem anteversion was
≥40°, these differences were not significant (p > 0.016). Bony
impingement decreased the impingement angle considerably,
while non-bony impingement increased the impingement an-
gle. We clarified that the impingement angle increases when
the CE angle is small, in other words, when dysplasia of the
acetabulum is severe. Shoji et al. [19] and Iftach et al. [20]
showed that the bony impingement angle increases when the
length from the centre of the femur to the antero-inferior iliac
spine (AIIS) is shorter. The impingement angle after THA
depends on the original pelvic morphology as well as the
position of the prosthetics.

We expected that the impingement angle would change as
the position between the pelvis and femur changed when fem-
oral antetorsion was varied. Shoji et al. [21] showed that low
femoral anteversion is a risk factor for bony impingement after

Fig. 5 Differences in the impingement angle between groups with low femoral anteversion (≤20°) and high femoral anteversion (>20°) with (a) flexion,
(b) internal rotation with 90° flexion, (c) extension and (d) external rotation
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bipolar hemiarthroplasty (BHA). However, we found no sig-
nificant differences except for the external rotation angle, and
even in external rotation there was a difference of only 1–2°.
This result is because prosthetic impingement must be consid-
ered in THA, unlike in BHA. As a result, the original femoral
anteversion does not affect the impingement angle after THA.

Conclusion

Care should be taken when determining the prosthetic orienta-
tion based on combined anteversion theory because impinge-
ment angle can have large differences even when the conditions
for the same CA are satisfied. A stem anteversion of 30° and a
cup anteversion of 20° appear to be the ideal conditions for
obtaining a larger impingement angle while satisfying the re-
quirement for a CA of 50°. Our study also showed that the
impingement angle is dependent on morphology and tends to
be larger as CE angle decreases. In contrast, the original femoral
anteversion has little effect on the impingement angle.
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