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A Specific Anteversion of Cup and Combined
Anteversion for Total Hip Arthroplasty Using

Lateral Approach
Li Li1, Yu Zhang2, Yuan-yuan Lin2, Zhen-xing Li2, Liang Chen2, Dao-sen Chen2, Pei Fan2,3

Zhejiang Provincial 1Key Laboratory of Anesthesiology, 2Key Laboratory of Orthopedics and 3Department of Orthopaedics, The Second
Affiliated Hospital of Wenzhou Medical University, Yuying Children’s Hospital, Wenzhou, China

Objective: To determine the implant orientation, especially the combined anteversion measurements in total hip
arthroplasty (THA) using lateral approach, and to compare with implant orientation using posterior-lateral (P-L)
approach. The secondary goal was to identify the factors associated with implant orientation.

Methods: Five hundred and one patients (545 hips) who underwent primary THA with the modified Hardinge approach
between January 2016 and November 2019 by one senior surgeon in our department in a retrospective study were
followed up. A survey to inquire about the history of dislocation of the hip after THA was designed and responses were
gathered by telephone, WeChat software, and outpatient follow-up. The mean age of the patients was
61.97 � 11.72 years, and there were 254 males and 247 females. The average follow-up time was
25.2 � 13.7 months (range, 3.2–49.7 months). Among the patients who were followed up, 97 patients (104 hips)
underwent computed tomography (CT) scans from L4 to the tuberosity of the tibia. The implant orientation, including
the anteversion and inclination of the cup, anteversion of the stem, combined anteversion, and pelvic tilt were mea-
sured based on CT scans of these patients. The results were compared with the implant orientation reported in previ-
ous reports measured by CT. Factors that may be associated with implant orientation were investigated, including the
patient’s age, sex, body mass index (BMI), and diagnosis; size of the cup; diameter of the femoral head component;
and pelvic tilt. Data and statistical analyses were performed using SPSS 20.0.

Results: No cases of dislocation were found in the 501 patients (545 hips) who underwent primary THA during this
period. The mean inclination and anteversion of the cups were 38.83� � 5.04� (24.5�–53.1�) and 9.26� � 11.19�

(−15�–48�), respectively. The mean anteversion of the stem was 13.83� � 10.7� (−10.2�–42.3�). The combined
anteversion was 23.1� � 13.4� (−7.4�–54.6�). Compared with the reported combined anteversion and anteversion of
the cup, the mean anteversion of the cup and combined anteversion using the lateral approach were much lower than
the reported values in the literature using the P-L approach. Pelvic tilt was found to be the only independent factor for
cup anteversion. Factors including age, sex, BMI, diagnosis, cup size, and diameter of the femoral head component
were not associated with implant orientation.

Conclusion: THA using the lateral approach yields smaller cup anteversion and combined anteversion values than
using the P-L approach. Pelvic tilt is the only predictor for cup anteversion.
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Introduction

Total hip arthroplasty (THA) is the most important treat-
ment for the late stage of hip osteoarthritis, femoral head

necrosis, as well as many hip diseases and achieves great suc-
cess1. Dislocation commonly occurs after THA and this is
believed to be the main cause leading to revision within the
first 2 years after operation2. There are numerous factors
associated with dislocation. Among them, the implant orien-
tation, as an important evaluation of implant factors, plays a
particularly critical role in the stability of prostheses3. The
implant orientation mainly includes the anteversion and
inclination of the cup and the anteversion of the femoral
head component. In the 1970s, Lewinnek first defined the
safe zone of the cup as an anteversion of 15� � 10� and an
inclination of 40� � 10�, and showed that the rate of disloca-
tion in the safe zone was much lower than that outside of
the safe zone4. Since then, many studies have focused on the
effect of implant orientation on dislocations and reported
different conclusions regarding the ideal implant
orientation5–8. For example, a study concluded that the dislo-
cation risk was 1.9 times higher if cup anteversion was not
between 10� and 30�, which is different from the Lewinneck
safe zone9. Moreover, many studies have also focused on the
factors influencing implant orientation5,10. For instance, after
analyzing numerous factors related to dislocation, Callanan
found that surgical approach, surgeon volume, and obesity
(body mass index, BMI > 30 kg/m2) were independent fac-
tors related to mal-positioned cups5. Migliorini also reported
the effect of surgical approach on implant orientation11.
Therefore, surgical approach is an important determinant of
implant orientation. Although numerous reports have shown
that, compared with the posterior-lateral (P-L) and anterior
approaches, the lateral approach has the lowest rate of dislo-
cation, only a few reports on implant orientation with this
approach have been published12–14.

Combined anteversion, which is defined as the sum of
the anteversion of the cup and that of the femoral compo-
nent, is used to further illustrate the ideal orientation for the
stability of prostheses. Many studies have summarized the
angle of combined anteversion in clinic practice6, 8, 15. How-
ever, the range of combined anteversion varies in different
reports. Dorr concluded that the combined anteversion was
37.6� � 7� (range, 19�–50�)6. Kubota reported that com-
bined anteversion is 41.2� � 8.9� with navigation and
33.6� � 20.5� without navigation15. Although the ideal com-
bined anteversion still needs to be investigated, numerous
studies have used the combined anteversion technique to
guide their operations and achieve good results16–19. For
example, Zhang found that the use of combined anteversion
in THA could achieve stable and functioning joints for
patients with developmental dysplasia of the hip (DDH)18.
Another study reported that the use of combined anteversion
in revision THA obtained favorable dislocation results20.
Therefore, THA with the concept of combined anteversion
decreases the dislocation rate and is widely used in clinical
practice19. However, although the range of combined

anteversion varies across reports6,15, no studies have investi-
gated combined anteversion using the lateral approach.
Moreover, because different approaches may require differ-
ent implant orientations for hip stability, whether the
required combined anteversion is similar to the angle used in
the P-L approach remains unknown. If it is not the same,
the combined anteversion angle used with the P-L approach
may lead to an improper implant position in procedures per-
formed with the lateral approach. Therefore, it is necessary
to identify the combined anteversion angle using the lateral
approach and compare it with the P-L approach.

Several studies of the factors affecting the implant ori-
entation have been conducted, but most of them have been
based on the P-L approach. These factors can be classified as
patient-dependent factors and patient-independent factors.
For example, patient-dependent factors such as BMI were
found to be important factors associated with cup malposi-
tion5. Zhu et al. showed that pelvic tilt contributes to cup
anteversion and that each degree of tilt changes the cup
anteversion by 0.8�, while another study concluded that
cup anteversion is not correlated with the native acetabular
anteversion21,22. Patient-independent factors such as the sur-
gical approach and size of the femoral head component were
found to be important factors associated with cup
anteversion5,11. However, the factors affecting implant orien-
tation with the lateral approach have not been identified.

Therefore: (i) the primary goal of this study was to
determine the implant orientation in patients who under-
went THA using the lateral approach, especially the com-
bined anteversion angles; (ii) the secondary goal was to
compare these values with implant orientation using the P-L
approach; (iii) the third goal was to identify the factors asso-
ciated with implant orientation. The elucidation of the above
goals is not only useful for further understanding the implant
orientation using the lateral approach, but also for guiding
THA operations using the lateral approach during clinical
practice.

Materials and Methods

Ethics Statement
Ethics approval was obtained from our institutional review
board. Informed consent was obtained from all patients.

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: (i) patients with late
stage of hip diseases who underwent primary THA in our
department between January 2016 and November 2019;
(ii) underwent the lateral approach and cementless prosthe-
sis; (iii) the major comparison variables included dislocation
of hip after THA, inclination of cup and anteversion of cup
and stem measured on computed tomography (CT) scans as
well as the combined anteversion; (iv) the main outcome was
whether patients had a dislocation history after THA and
implant orientation in these THAs; and (v) a retrospective
study. The exclusion criteria were as follows: (i) revision
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cases; and (ii) periprosthetic fracture during the follow-
up time.

Surgical Procedures
All of the patients underwent THA with the modified
Hardinge approach (Fig. 1). (i) Anesthesia and position:
patients under general or spinal anaesthesia were positioned
in a lateral position. (ii) Approach and exposure: a lateral
incision above the greater trochanter was made (Fig. 1A).
After the anterior 1/3 of the gluteus medius and vastus
lateralis was detached (Fig. 1B and C), the gluteus minimus
was split vertically and the capsule and labrum were partly
removed. Then, the femoral head was exposed, and the joint
was dislocated from the anterior direction (Fig. 1D and E).
(iii) Preparation and fixation of prosthesis: we prepared the
proximal femur first to determine the degree of anteversion
and create more operative space for the acetabulum
(Fig. 1F). Then, after the acetabulum was reamed, the cup
was implanted into the acetabulum (Fig. 1G), and the femo-
ral component was implanted (Fig. 1H). During the opera-
tion, we used the transverse acetabular ligament or the native
acetabular rim or patient position as the guide for cup orien-
tation. (iv) Prosthesis evaluation: after the joint was reduced,
the joint stability and range of motion were assessed and
confirmed that no dislocation occurred during flexion/exten-
sion, abduction/adduction, or external/internal rotation
(Fig. 1I). (v) Wound closure and rehabilitation: the incision
was closed without drainage after suture of the gluteus med-
ius onto greater trochanter. After the operation, a standard
protocol was used for rehabilitation. The cups used in our
department were press fit and hemispherical shells, and the
models used included the Pinnacle (DePuy, Warsaw, USA),
Trabecular Metal (Zimmer, Warsaw, USA), and Trident
(Stryker, Mahwah, USA) models. The femoral components
used were Trilock (DePuy, Warsaw, USA), Trabecular Metal
(Zimmer, Warsaw, USA), and Accolade (Stryker,
Mahwah, USA).

Data Collection
A survey was designed and administered by telephone,
WeChat software (Tencent Tech Co., Ltd., Shenzhen, China),
and outpatient follow-up. This survey collected two catego-
ries of information: demographics and dislocation
information.

Demographics
During this period, 564 patients (613 hips) who underwent
THA in our department by a senior surgeon (ZY) using the
modified Hardinge approach were identified. Among these
patients, 54 were lost to follow-up, and nine died. Therefore,
a total of 501 patients (545 hips) completed the survey in
this study. The mean age of the patients was
61.97 � 11.72 years, and there were 254 males and
247 females. The average follow-up time was
25.2 � 13.7 months (range, 3.2–49.7 months). The diagnoses
of the patients included femoral head necrosis (n = 247,

45.3%), femoral neck fracture (n = 63, 11.6%), hip osteoar-
thritis (n = 193, 35.4%), developmental hip dysplasia (DDH)
(n = 36, 6.6%), and other conditions (n = 6, 1.1%).

Among the patients who were followed up, 97 patients
(104 hips) underwent CT scans from L4 to the tuberosity of
the tibia after THA. The mean age of the patients was
59.6 � 12.5 years (range, 24–82 years), and there were
49 males and 48 females. The average follow-up time was
20.4 � 10.2 months (range, 3.3–38.9 months) and the mean
BMI was 23.81 � 3.58 kg/m2 (range, 16.80–34.37 kg/m2).
The diagnoses of the patients included femoral head necrosis
(n = 47), femoral neck fracture (n = 11), hip osteoarthritis
(n = 34), DDH (n = 9), and other conditions (n = 3). The
femoral head sizes used in these THAs were 28 mm
(n = 16), 32 mm (n = 63) and 36 mm (n = 25), and the cup
size varied from 44 mm–60 mm: 44 mm (n = 7), 46 mm
(n = 10), 48 mm (n = 35), 50 mm (n = 13), 52 mm (n = 24),
54 mm (n = 8), 56 mm (n = 4), 58 mm (n = 2), and
60 mm (n = 1).

Dislocation Information
Dislocation after THA means the femoral head component
comes out from the implanted cup. The patients will lose the
ability to walk and limbs will not be equal in length if the
dislocation occurrs after THA. Dislocation was confirmed by
an X-ray screen of hip. The survey inquired as to whether
the patient had a history of dislocation after THA operation
during the follow-up. This was a binary variable that
included “dislocation” and “no dislocation.” The variable
reflects one of the most important complications leading to
revision.

Radiographic Measurements
CT scans from L4 to tibial tuberosity were obtained after sur-
gery. The CT information was stored and transferred in stan-
dard Digital Imaging and Communications in Medicine
(DICOM) format to MIMICS 10.01 measurement software
(Materialize Medical Co, Belgium). A single investigator
(PF) performed all measurements to minimize interobserver
variability.

Inclination and Anteversion of the Cup
The inclination of the cup defined the orientation of the cup
in the coronal plane and sagittal plane, respectively. The
value was measured based on CT images as described in pre-
vious reports7–9. Briefly, the inclination of the cup was calcu-
lated with respect to a horizontal line through the bottom
edge of the ischial tuberosity while the anteversion of the
cup was measured as the angle between a line connecting the
lateral anterior and posterior margins of the cup and a per-
pendicular line connecting two identical points on either side
of the pelvis. Typical images are shown in Figs 2A and B.
According to the safe zone by Lewinnek, the inclination of
the cup should be within 40� � 10� and the anteversion of
the cup should range from 5�–25�. Increasing or decreasing
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Fig. 1 THA using the modified Hardinge approach. (A) The incision was started 3–5 cm proximal to the apex of the greater trochanter and extended

distally about 5–7 cm in line with the femur. (B) and (C) The tendon and muscle fibers of the gluteus medius were visualized and split in a one-third

anterior/two-thirds posterior fashion. (D) and (E) After the gluteus minimus was split, a capsulectomy and labrumectomy was performed to facilitate

exposure and dislocation of the hip. (F) The proximal femur was prepared first to determine the anteversion of the stem. (G) The acetabulum was

prepared, and the press-fit cup was fixed on the acetabulum. (H) The proximal femur was further prepared, and the stem was fixed in the proximal

femur. (I) The hip was reduced after all of the procedures, and the stability was assessed.
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the inclination or anteversion of the cup reduced the stability
of hip and probably led to dislocation.

Anteversion of the Stem
The anteversion of the stem reflects the angle between the
condylar axis and stem neck and was measured based on
CT images and analyzed as described in previous
reports7–9. This angle was calculated as the angle between
a line connecting the posterior aspect of the medial and
lateral femoral condyles and a line from the center of the
femoral head to the center of the neck of femoral compo-
nent. Typical images are shown in Fig. 2C. The standard
of this angle usually varies and largely depends on the
proximal geometry of the femur. Increasing the
anteversion of stem usually leads to anterior dislocation
and vice versa.

Combined Anteversion
Combined anteversion was defined as the sum of the
anteversion of the cup and that of the femoral component. It

was calculated by the sum of the stem and cup anteversion
angles. Dorr concluded that the combined anteversion was
37.6� � 7� (range, 19�–50�)6. This value was used to assess
the appropriateness of overall prosthetic alignment. Too
large or too small combined anteversion may lead to anterior
or posterior dislocation.

Pelvic Tilt
Pelvic tilt was the orientation of the pelvis in respect to the
vertical plane of body. The angle of pelvic tilt was measured
from “the top of the symphysis pubis in the same vertical
plane as the anterior superior spine” in a three-dimensional
(3D) model (Fig. 2D)22,23. This virtual 3D model of the
patient’s pelvis was reconstructed using the DICOM files and
MIMICS software. The pelvic tilt measurements were nega-
tive if the anterior superior iliac spines were posterior to the
pubic symphysis and vice versa. The pelvic tilt was consid-
ered as an important factor contributing to the implant
orientation.

A

B

D

C

Fig. 2 Methods used to measure implant orientation and pelvic tilt using CT. The red line is the measured line, while the green line is the reference

line. The green lines refer to the horizontal plane in (A), sagittal plane in (B) and (D), and coronal plane in (C) and (D). To minimize the effect of

rotation of the pelvis, the angle “β” is used as a reference angle. (A) The inclination of the cup is calculated as (α-β). (B) The anteversion of the

acetabular component is calculated as (α + 90-β). (C) The anteversion of the stem is calculated as (α + β). (D) Pelvic tilt is calculated as the angle (α)
between the line at “the top of the symphysis pubis in the same vertical plane as the anterior superior spine” and the sagittal plane in a 3-D model.
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Statistical Analysis
Data and statistical analyses were performed using SPSS 20.0
(IBM Corp., Armonk, NY, USA). Normally distributed data
are described as the mean and standard deviation. Non-
normally distributed data are reported as the mean and 95%
confidence interval (CI). Correlation coefficients were deter-
mined by the Spearman rank correlation test using two-
tailed P values. A correlation plot was generated using the R
package (Version R 3.5.3, R Core Team, Vienna, Austria).
Multivariate regression analysis using the stepwise method
and seven variables (age, sex, BMI, diagnosis, cup size, diam-
eter of femoral head component, and pelvic tilt) was per-
formed to examine predictors of implant orientation.
P < 0.05 corresponded to a significant difference.

Results

General Result
To investigate the prevalence of dislocation, we investigated
whether the patients experienced dislocation. Fortunately,
none of the THAs (0/545) experienced a history of disloca-
tion during hospitalization as well as during the whole fol-
low-up period.

The Orientation of the Cup and Stem and the Combined
Anteversion

Inclination and Anteversion of the Cup
The mean inclination and anteversion of the cups were
38.83� � 5.04� (24.5�–53.1�) and 9.26� � 11.19� (−15�–48�),
respectively. Among these measurements, 96.2% (100/104) of
the inclination angles and 55.8% (58/104) of the anteversion
angles of the cups were in the safe range according to
Lewinnek’s criteria. In addition, 52.9% of the cases were
within the safe range for both anteversion and inclina-
tion (Fig. 3).

Anteversion of the Stem
The mean anteversion of the stem was 13.83� � 10.7�

(−10.2�–42.3�). The anteversion angles of the cup and stem
for all cases are shown in Fig. 4.

Combined Anteversion
The combined anteversion in these patients who underwent
THA was 23.1� � 13.4� (−7.4�–54.6�). The combined
anteversion and inclination angles of the cup for all cases are
shown in Fig. 5. However, only 44.2% (46/104) of the hips
had measurements within the combined anteversion zone
(25�–50�) suggested by Dorr et al.6.

Taking into consideration the Lewinnek safe zone and
Dorr’s suggestion for combined anteversion, we found
73 outliers (70.2%). Meanwhile, we summarized the implant
orientations measured using CT that were reported in previ-
ous studies and listed the information of dislocation and
implant orientations in Table 1. We found the anteversion of
the cup and the combined anteversion were lower than those
reported in previous studies using the P-L approach
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measured through CT, while the inclination of the cup and
anteversion of the stem were similar to those reported in
previous studies.

Pelvic Tilt Associated with the Implant Orientation
Until now, the factors associated with implant orientation in
THA with the lateral approach have not been identified. To
identify the implant orientation-related factors, seven vari-
ables were analyzed for correlations with implant orientation
using a multivariate regression analysis including age, sex,
BMI, diagnosis, size of the cup, diameter of the femoral head,
and pelvic tilt. In this study, the mean pelvic tilt was
3.1� � 7.8� (range, −32�–17�). This result was similar to
those in previous reports8. The correlation between implant
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Fig. 6 Correlations between implant orientation and seven other

factors. The correlation coefficients were calculated by the Spearman

rank correlation test using two-tailed P values and are shown in the

plot. The different colors and sizes of the circles represent the

correlation coefficients between factors. Blue circles represent positive

correlations, while red circles represent negative correlations.

*P < 0.05, **P < 0.01.
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orientation and factors is shown in Fig. 6. After multivariate
regression analysis was performed, we found that pelvic tilt
was the only independent factor contributing to the
anteversion of the cup (R2 = 0.098, P = 0.008) but not associ-
ated with the inclination of the cup, the anteversion of the
stem, or the combined anteversion angle. One degree of pel-
vic tilt was associated with −0.338� of cup anteversion. How-
ever, factors including age, sex, BMI, cup size, and diameter
of the femoral head component were not associated with the
implant orientation (Table 2).

Discussion

Different approaches may require different implant ori-
entations to prevent dislocation after THA because dif-

ferent parts of soft tissues are disturbed in various
approaches. Combined anteversion was found to be one of
the most important implant orientation measures in THA.
However, combined anteversion in procedures performed
using the lateral approach has not been investigated previ-
ously. Therefore, this information on the implant orienta-
tion for this approach is not only useful to know but could
also guide operations performed by surgeons using this
approach.

Variation in the Dislocation Rates in THA Using
Different Approaches and Its Possible Reasons
It is well known that different approaches lead to different
rates of dislocation. Among them, the lateral approach has
the lowest rate of dislocation. A review by Petis et al. com-
pared the dislocation rates of different approaches and
showed that the anterior approach has a dislocation rate of
0.61%–1.5% and the lateral approach has a dislocation rate
of 0.4%–0.55%, whereas the P-L approach has a dislocation
rate of 1%–5%14. Masonis reported that the lowest rate of
dislocation after THA occurred with the direct lateral
approach (0.55%) compared with the transtrochanteric
approach (1.27%), P-L approach (3.23%), and anterolateral
approach (2.18%)27. Moreover, Goyal found only one case of
dislocation in 1010 patients (0.09%) who underwent THA
using the modified Hardinge approach28. In our study, we
used the modified Hardinge approach and obtained satisfac-
tory results regarding dislocation. We hypothesize that the
disturbed soft tissue in different approaches acts as a “door”
for the femoral component head, and that different
approaches may lead to different positions of “doors”
(Fig. 7). Good suturing of these tissues will strengthen the
door, while poor suturing of these soft tissues may weaken
the door. A good example of a strong door was shown by
Kwon et al., who found an eight times greater relative risk of
dislocation when posterior soft tissue was not repaired with
the P-L approach, which indicates the importance of com-
plete posterior soft tissue29. Because the door for the lateral
approach is in the anterior-lateral position, the actions
required to open the door include adduction and external
rotation. By contrast, the door for the P-L approach is
located on the posterior lateral side, and the actions required
to open the door include flexion and internal rotation of the
femur, which can be achieved by sitting or squatting and is
commonly performed in daily activities. Therefore, it is rea-
sonable that the lateral approach has a very low rate of
dislocation.

Different Approaches Exhibit Distinct Implant
Orientations
One of most important factors influencing the stability of the
hip is implant orientation. However, because the femur tends

Table 2 Multivariate analysis with implant orientation and seven factors (P value)

Factors Anteversion of cup Inclination of cup Anteversion of stem Combined anteversion

Gender 0.780 0.586 0.986 0.924
Age 0.396 0.747 0.063 0.109
BMI 0.235 0.198 0.688 0.404
Diagnosis 0.403 0.099 0.331 0.586
Femoral Head size 0.860 0.435 0.489 0.489
Cup diameter 0.512 0.496 0.900 0.882
Pelvic tilt 0.008 0.102 0.296 0.509

BMI, body mass index.

Fig. 7 Schematic showing different “doors” with different approaches.

DAA, direct anterior approach; P-L, posterior-lateral approach.
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to dislocate from different “doors” after THA is performed
using different approaches, different implant orientations
may be required for the different approaches to prevent dis-
location through weakened soft tissue. Therefore, it is worth
investigating whether the implant orientation varies across
various approaches. Anteversion angles in X-rays taken in
the standing position and supine position may differ due to
changes in pelvic tilt; therefore, to minimize the effect of pel-
vic tilt, we compared our results with those from CT images
taken in the supine position in previous studies (Table 1).
Compared with previous reports, our study showed similar
inclinations of the cup and anteversion angles of the stem,
while the anteversion of the cup (9.26� � 11.19�) and the
combined anteversion (23.1� � 13.4�) in our study were
obviously smaller.

We also retrieved implant orientation from two studies
in which the lateral approach was used, as illustrated in
Table 3. Our measurements are similar but slightly smaller
than the previously reported measurements. We think this
discrepancy may be related to differences in the methods
used to measure implant orientation and the surgeons’ expe-
rience. Moreover, neither study investigated combined
anteversion, which was shown in our study. However, we
believe our implant orientation measurement is reasonable
for THA using a lateral approach. Because highly anteverted
cups and large angles of combined anteversion lead to an
increased risk of anterior dislocation during THA and vice
versa8, 9, it is necessary to properly decrease the anteversion
of the cup to prevent anterior dislocation. As mentioned
above, decreased anteversion or combined anteversion angles
will decrease the incidence of dislocation from the lat-
eral “door.”

Classic Safe Zone and Combined Anteversion May Not
Be Suitable for THA Using the Lateral Approach
Interestingly, many studies have noted that THAs using
the lateral approach may lead to a lower rate of implants
being positioned properly in the Lewinnek safe zone
than THAs using the P-L approach, but THAs using the
lateral approach lead to fewer dislocations5, 28. We also
found that only 52.9% of patients had measurements
within the Lewinnek safe zone. In addition, we found
that 44.2% of the hips had combined anteversion angles
within the suggested zone (25�–50�) and there were no
dislocations. However, we believe that these results fur-
ther demonstrate that different approaches require dif-
ferent so-called safe zones for joint stability; therefore,
surgeons place implants with different orientations to
stabilize the hip. In other words, surgeons performing
THAs using the lateral approach place implants with a
decreased cup anteversion on purpose. Therefore, on the
basis of our results and those of previous reports, we
conclude that the lateral approach may require smaller
cup anteversion and combined anteversion angles to
guide the operation.
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Pelvic Tilt is the Only Contributor to Cup Anteversion
Pelvic tilt is the most important factor affecting cup
anteversion. Several studies have reported that the degree of
acetabular anteversion is related to pelvic tilt10, 21, 30, 31.
Lembeck reported that 1� of change in the pelvic tilt can lead
to a change in the cup anteversion by approximately 0.7�31.
Zhu et al. showed that each degree of change in pelvic tilt
leads to a change in the cup anteversion by 0.8�21. However,
their esults are based on changes in the same person. In our
study, we found that pelvic tilt is the only contributor to cup
anteversion. Moreover, our study investigated the effect of
pelvic tilt on implant orientation in different persons and
showed a 0.338� decrease in cup anteversion with each
degree of change in pelvic tilt. This finding is important,
especially for some patients with fixed pelvic tilt, such as
those with late-stage ankylosing spondylitis. Cases of fixed
pelvic tilt require more accurate implant orientations. How-
ever, we found that pelvic tilt was not a contributor to the
combined anteversion angle. In addition, age, sex, BMI, the
size of the cup, and size of the femoral head did not affect
the implant orientation. These results are also similar to
those reported in previous studies32, 33. Therefore, to place
the cup accurately, it is essential to identify the pelvic tilt
before THA is performed using a lateral approach or other
approaches. On the basis of the above results, we recom-
mend paying more attention to pelvic tilt during the opera-
tion to accurately place the implant and prevent dislocations.

Limitations
This study had a number of limitations. First, dislocation
cases were not included because we did not observe any

dislocation cases using this approach during the follow-up
period. Therefore, we cannot compare the implant orienta-
tions between patients with and without dislocation. Second,
this was a retrospective study, which limits our ability to
explore other factors that may affect implant orientation.
Third, we did not have data from patients undergoing THA
using the P-L approach and could not compare the P-L
approach with the lateral approach in this study. However,
combined anteversion has been investigated in several stud-
ies. The results comparing our data with previous reports
using the P-L approach should be sufficient to answer this
question. Fourth, we did not have CT data from all of the
followed patients for various reasons. Therefore, the range of
implant orientation we reported cannot be concluded as a
safe range because of the small sample size. However, we
believe that the information on implant orientation from the
104 hips can mostly represent the group of 545 hips because
there were no cases of dislocation and the same operative
technique was used for all patients.

Conclusion
To the best of our knowledge, this is the first report of com-
bined anteversion angles in THAs performed using the lat-
eral approach. We found that the combined anteversion
angle with the lateral approach may be smaller than that
with the P-L approach. In addition, pelvic tilt is an indepen-
dent factor for cup anteversion. In the future, randomized
controlled trials with large sample sizes using different
approaches should be performed to elucidate the differences
in implant orientations used with varied approaches.
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