
Optimal positioning of the acetabular cup is crucial to 
prevent dislocation and to reduce wear of the bearing sur-
face after total hip arthroplasty (THA).1-3) To accurately 

position the acetabular component, anatomical landmarks 
have been used as intraoperative markers. The transverse 
acetabular ligament has been suggested as a guide for cup 
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positioning.4) However, the ligament is not identifiable due 
to central osteophytes in arthritic hips and its direction has 
a large variation.5)

In 2012, Ha et al.6) developed a method using two 
anatomical landmarks: transverse acetabular notch and 
anterior acetabular notch, to align the cup abduction and 
anteversion. The authors measured the acetabular abduc-
tion and anteversion on preoperative computed tomog-
raphy (CT) scan and they reported an excellent accuracy. 
This method was not popularized due to the high cost of 
CT scans and associated radiation hazards. 

The most common method for cup positioning is 
the free-hand technique and the majority of THAs are 
performed with the patient in a lateral decubitus position. 
In the conventional free-hand technique, surgeons usually 
use the cup holder to guesstimate the cup abduction and 
anteversion. They think the angle between the cup holder 
and the operation table represents cup abduction. Pel-
vic pitch is the rotation of the pelvis in the coronal plane 
(Fig. 1).7) If the pelvis is not pitched, the angle between 
the cup holder and the operation table is the same as the 
cup abduction, and the cup holder would be an accurate 
guide for optimization of the cup abduction. However, in 
most humans, the shoulder width is wider than the pelvic 
width.8) In the lateral decubitus position, the upper hemi-
pelvis is pitched caudally in the coronal plane due to the 
discrepancy between the shoulder width and pelvic width 
(Fig. 2).8) The pelvic pitch varies according to the patient’s 
constitution, and it is a source of error in the free-hand 
technique using the cup holder as the guide to optimize 
cup abduction. In the lateral decubitus position, another 

source of pelvic pitch is the mass of the cup holder. Due to 
its weight, the holder also increases the pitch of the pelvis. 
Pelvic pitch due to pelvic/shoulder width ratio and the 
weight of the cup holder leads to an underestimation of 
the cup abduction in free-hand THA.

We hypothesized that if the pelvic pitch of the pel-
vis in the lateral decubitus position and additional pelvic 
pitch due to the weight of the cup holder were measured 
and adjusted, optimal cup abduction could be obtained. 
According to this assumption, we developed a simple and 
practical method to align cup abduction. In this method, 
the pelvic pitch was measured on a preoperative hip an-
teroposterior (AP) view, which was taken after placing the 
patient in the lateral decubitus position on the operation 
table. We aimed to estimate the accuracy of this method 
and evaluate the dislocation rate after THA. 

METHODS
The present study was approved from Seoul National Uni-
versity Bundang Hospital Institutional Review Board (No. 
B-2102-664-109). As a retrospective study, the protocol 
of this study and waiver of the informed consent were ap-
proved by the institutional review board of the hospital 
where the study was conducted.

From January 2015 to December 2017, 543 patients 
(600 hips) underwent primary THA using our cup posi-
tioning method at our institution. We excluded 14 patients 
(16 hips) who had scoliosis (Cobb’s angle > 20°) or asym-
metric pelvis because we could not use the inter-teardrop 

Fig. 1. Pelvic pitch is the rotation of the pelvis in the coronal plane. A 
positive pitch is defined as the caudal rotation of the upper hemi-pelvis 
in the coronal plane.

Fig. 2. The lateral decubitus position to take a hip anteroposterior view. 
The patient is placed in the lateral decubitus position on the operation 
table. The pelvis is held in the neutral tilt and neutral rotation with two 
posts: one posterior post that was applied against the sacrum and one 
anterior post applied against the symphysis pubis. The hips and knees 
are fully extended. 
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line as the reference to measure the cup abduction; 5 pa-
tients (5 hips) with fused hips because the teardrop of the 
acetabulum was not identifiable and 24 patients who had 
a leg length discrepancy > 2 cm because the predefined 
target abduction of the cup was not applicable due to the 
postoperative residual leg length discrepancy. 

We also excluded 55 patients (57 hips) who had 
more than 10° of posterior pelvic tilt in the standing pos-
ture compared to the supine position because we could 
not use the anterior pelvic plane as the reference line of 
cup anteversion.9) We mandated minimum 2-year follow-
up for the inclusion in this study because dislocation was a 
primary outcome of the study. Three patients (3 hips) died 
and 28 patients (30 hips) were lost to follow-up before 2 
years after the arthroplasty. 

This left 429 patients (478 THAs): 224 men (252 
THAs) and 205 women (226 THAs), who were subjects 
of this study. The mean age at the time of THA was 54.5 
years (range, 21.8–85.9 years), and the mean body mass 
index was 24.9 kg/m2 (range, 15.2-40.7 kg/m2). The pri-
mary diagnoses for THA were femoral head osteonecrosis 
in 275 hips, arthritis due to hip dysplasia in 71, arthritis 
due to previous septic arthritis in 8, rheumatoid arthritis 
in 4, and femoral neck fracture in 2. These patients were 
followed up for 2 to 6 years (mean, 3.8 years).

Preoperative Planning
Measurement of pelvic pitch in the lateral decubitus position 
The patient was placed in the lateral decubitus position 

on the operation table. The pelvis was held in the neutral 
tilt and neutral rotation with two posts: one posterior post 
that was applied against the sacrum and one anterior post 
applied against the symphysis pubis. The hips and knees 
were fully extended. Then, an AP view of the hip was 
taken. On this X-ray, the pelvic pitch was estimated by 
measuring the angle between a vertical line drawn from 
the teardrop of the opposite hip and the inter-teardrop line 
(Fig. 3). A positive pitch was defined as the caudal rotation 
of the upper hemi-pelvis in the coronal plane (Fig. 1).

Additional pelvic pitch due to weight of the cup holder
The cup holder, which was used in this study, weighed 550 
g. When the cup holder was not hung up for the measure-
ment of cup holder abduction, its weight increased the 
caudal pitch of the pelvis. Thus, we conducted a prelimi-
nary study to estimate the increase of pelvic pitch due to 
the weight of the cup holder. In 30 patients, we took 2 hip 
AP radiographs (one with the cup holder and one without 
the cup holder) in lateral decubitus position after insertion 
of the cup and measured the change of the pelvic pitch due 
to the cup holder weight. The cup holder increased the 
pelvic pitch by a mean of 5° (± 2.3°). 

Calculation of target abduction of the cup holder
Our target abduction of the cup was 43°.6) When using the 
cup holder as the guide to optimize the cup abduction, the 
target abduction of the cup holder should be reduced by 
the pelvic pitch in the lateral decubitus position (γ°) and 
the additional pelvic pitch of 5° due to the weight of the 
cup holder (Fig. 4). Thus, the adjusted target angle of the 

Fig. 3. The pelvic pitch is the angle (γ°) between a vertical line drawn 
from the teardrop of the opposite hip and the inter-teardrop line on a 
lateral decubitus hip view. A positive pitch is defined as the caudal 
rotation of the upper hemi-pelvis in the coronal plane.

Fig. 4. A goniometer is placed on the contralateral thigh, and the cup 
holder is aligned to the target anteversion of the cup. 
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cup holder was calculated by a formula: 43° – γ° – 5°.

Operative Technique and Cup Positioning 
All operations were done using a posterolateral approach 
in the lateral position by two senior surgeons (KHK and 
YKL). According to the concept of combined anteversion, 
we prepared the femoral side first and measured the stem 
version using the rasp trial.10) The angle between the tibial 
axis and the neck of the final rasp was measured with a 
goniometer to obtain the stem anteversion. The target 
anteversion of the cup was calculated by the following 
formula: the cup anteversion = 37.3° – 0.7 × stem antever-
sion.10) However, we did not antevert the cup less than 10° 
or more than 35°. 

A 12-inch goniometer was used for the alignment of 
the cup holder. Before adjusting the abduction, we aligned 
the cup holder to the calculated anteversion. After reaming 
of the acetabular cartilage, a goniometer was placed on the 
contralateral thigh, and the cup holder was aligned to the 
target anteversion of the cup. As the cup holder is straight, 
one limb of the goniometer was matched in line with the 
cup holder and the other limb represented the horizontal 
axis (Fig. 4). 

Then, the cup was gradually press-fitted into the 
acetabulum by multiple tapping. We repeatedly checked 
the abduction of the cup holder (Fig. 5). During the mea-
surement of the cup holder position, all the retractors were 
removed, the pelvis was placed in neutral tilt and neutral 
rotation, and the hip was fully extended. After implanta-

tion, the posterior capsule and short external rotators were 
repaired using a transosseous suture to 3–4 drill holes in 
the trochanteric crest.11)

A cementless acetabular cup (Mirabo; Corentec, 
Cheonan, Korea), cementless stem (M stem; Corentec), 
and Delta ceramic-on-ceramic bearing (Biolox Delta: 
CeramTec AG, Plochingen, Germany) were used in all 
hips. The diameter of the ceramic bearing was 28 mm in 
seven cups of 44/46 mm, 32 mm in 213 cups from 48 to 52 
mm, and 36 mm in 258 cups ≥ 52 mm. On postoperative 
day 1, patients were permitted to walk with the aid of two 
crutches. The crutches were used for 4 weeks. Follow-up 
evaluations were performed at postoperative 6 weeks, at 6 
and 12 months, and annually thereafter.

Measurement of Cup Abduction and Anteversion
Two independent observers (JHP and HSK), who did 
not participate in the THAs, measured the cup position 
and performed radiological evaluations. Cup position 
was measured on postoperative 6-week radiographs. Cup 
abduction was measured on the AP radiograph using the 
method of Engh et al.12) and cup anteversion was measured 
on the cross-table lateral radiograph using the method of 
Woo and Morrey.13) The safe zone of the cup position was 
defined as 30° to 50° abduction and 10° to 35° antever-
sion.14)

Radiological and Clinical Evaluations
Radiological evaluations included prosthetic loosening, 
ceramic wear, and osteolysis. The fixation of the femoral 
stem was assessed using the method of Engh et al.15) and 
the fixation of the acetabular cup with use of the method 
of Latimer and Lachiewicz16) Ceramic wear was calculated 
according to the method developed by Livermore et al.17) 
Osteolytic lesions were defined according the criteria of 
Engh et al.12) The lesions were recorded in the 3 zones de-
scribed by DeLee and Charnley18) on the acetabular side, 
and the 7 zones described by Gruen et al.19) on the femoral 
side. Clinical evaluations were done using modified Harris 
hip score system.20)

RESULTS
Amount of Pelvic Pitch in Lateral Decubitus Position 
The pelvic pitch (γ°) measured on the lateral decubitus 
view ranged from –5° to 17° (mean, 4.5°; standard devia-
tion [SD], 3.0°). Only 18 patients (3.8%) had negative 
(cephalic) pelvic pitch and most patients (96.2%, 460 pa-
tients) had positive (caudal) pitch. 

Fig. 5. The cup is gradually press-fitted into the acetabulum by multiple 
tapping. During this procedure, abduction of the cup holder should be 
repeatedly checked. 
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Target Abduction of Cup Handle 
The target abduction of cup handle calculated according to 
the formula (43° – γ° – 5°) ranged from 21° to 43° (mean, 
33.5°; SD, 3.0°).

Cup Abduction and Version
The mean cup abduction was 43.9° (range, 32.0°–53.0°) 
and the mean error of cup abduction compared with 
the target abduction of 43° was 2.4° (SD, 2.0°; range, 
0.0°–11.0°). The mean cup anteversion was 28.5° (range, 
10.0°–42.0°) and the mean error of cup anteversion com-
pared with the target anteversion, which was calculated 
using the formula (37.3° – 0.7 × stem anteversion but not 
less than 10° and not more than 35°) was 6.7° (SD, 5.2°; 
range, 0.0°–27.6°) (Fig. 6). In the scatterplot of cup abduc-
tion and anteversion, 82.4% of cups (394/478) were within 
the safe zone. When considering only the cup abduction 
angles, 97.9% of the patients were within the safe zone (Fig. 
7).

Dislocations, Radiological Changes, and Harris Hip 
Score
During the follow-up, no hip dislocated. There was no 
detectable wear of ceramic parts, and no hip showed ra-
diographic signs of focal osteolysis or component loosen-
ing. The mean preoperative Harris hip score of 53.1 points 
improved to 87.7 points at the latest follow-up. 

DISCUSSION
Our study shows that the new method using the lateral de-
cubitus view and the concept of pelvic pitch was reliable in 
the cup positioning. Adequate alignment of the acetabular 
cup is a challenging issue in THA. Several methods have 
been introduced to provide surgeons with reliable and 
accurate information on cup positioning during THA. In-
traoperative radiographs are widely used for appropriately 
positioning the implants. However, some studies found 
that intraoperative radiographs are related to longer op-
eration time without prominent benefits in outcomes of 
THAs.21,22) To adjust pelvic pitch in the current study, the 
radiographs were taken before the incision after patient 
positioning. Therefore, this method was not related to lon-
ger operation time or elevated infection risk.

Mechanical guides have been used to align the cup 
abduction and anteversion with respect to the sagittal and 
coronal planes of the patient’s pelvis, but they still result 
in large variations of cup abduction and anteversion.23-25) 
These devices do not consider hip/shoulder width ratio, 
caudal pelvic pitch in the lateral decubitus position, and 
intraoperative motion of the pelvis. Previous studies re-
ported high percentages of inadequate cup positions with 
the use of mechanical guides.1,23,26,27) 

The hip navigation was introduced in the early 
1990s. This system has not been popularized due to criti-
cisms including the extra costs, additional radiation expo-
sure, time-consuming preoperative planning, and intraop-
erative matching procedures.28-30) Currently, only 1.9% of 
THAs are performed with use of the navigation system in 
the United States.31) 

We note several limitations. First, our study was 
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Fig. 6. (A) A 55-year-old man had osteoarthritis in the right hip. (B) The 
pelvic pitch in lateral decubitus view is 9°. (C) On the postoperative 
6-week anteroposterior radiograph, the cup abduction is 43°. (D) On the 
translateral radiograph, the cup anteversion is 27°. 
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Fig. 7. Scatterplot of cup abduction and anteversion. Three hundred 
ninety-four of 478 cups (82.4%) are within the safe zone (marked as a 
bold square): 30°–50° abduction and 10°–35° anteversion.
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done in East Asia. The hip/shoulder width ratio and the 
caudal pelvic pitch might be different according to eth-
nicity. Second, the method was used in THAs with the 
patients in the lateral position using a specific hemispheri-
cal cup design. However, the hemispherical cup is the 
most common design among currently used acetabular 
components. Third, the pelvic pitch change caused by the 
cup holder could be different not only according to the 
type of implant but also due to the diversity of cup holders 
even for the same acetabular implant. Various cup holders 
from other manufacturers were measured and the weight 
ranged from 468 to 682 g (mean, 533.5 g). We assume 
that the change of pelvic pitch due to the cup holders are 
probably not significant but further studies are warranted. 
Fourth, our method is not applicable when the teardrop 
of the acetabulum is not identifiable, such as in fused hips. 
Moreover, in patients who have severe imbalance of pelvic 
alignment in the coronal plane, adjusting the position of 
the acetabular cup using this method could be more com-
plex. Fifth, there was no comparison group in this study 
and further randomized controlled studies are warranted 
for more reliable conclusions. 

The strength of this study is that the accurate cup 
positioning was possible only using the preoperative ra-
diograph with the patient in the lateral position. Despite 
the recent increase in the use of the anterior approach, the 

mainstream approach in THA is still the posterolateral or 
lateral, which is performed with the patient in the lateral 
position. Moreover, our method requires only preopera-
tive radiographs and therefore does not necessitate intra-
operative radiographs that consume the operation time or 
additional navigation system.

In the lateral decubitus position, there is a consid-
erable pelvic pitch, which leads to underestimation of 
perceived cup abduction in THA. Our method adjusting 
the pelvic pitch could be useful for the adjustment of cup 
abduction in free-hand THA.
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