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Abstract

Background The acetabular cup should be properly ori-

ented to prevent dislocation and to reduce wear. However,

achieving proper cup placement is challenging with

potentially large variations of cup position. We propose a

new technique to position the acetabular cup.

Questions/Purposes We used this technique, then deter-

mined actual cup position and subsequent dislocation rate.

Methods We measured acetabular abduction (a�) and

anteversion (b�) on preoperative CT scans in 46 patients

(50 hips) scheduled for THA. During the operation, we

identified the transverse acetabular notch (TAN) and

anterior acetabular notch (AAN), a notch at the anterior

acetabular margin. We then marked two reference points

for 40� abduction at the acetabular rim: the superior point,

which is opposite the TAN, and the inferior point at

|a � 40| mm inside (when a was [ 40�) or outside the

TAN (when a was \ 40�). We also marked two reference

points for 15� anteversion: the posterior point opposite the

AAN and the anterior point at |b � 15| mm inside (when b
was \ 15�) or outside the AAN (when b was [ 15�).

During cup insertion, we aligned cup abduction to the line

between the superior and inferior points and cup antever-

sion to the line between the anterior and posterior points.

We measured cup abduction and anteversion and evaluated

the dislocation rate. One patient was lost to followup

before 60 months; the minimum followup for the other

45 patients was 60 months (mean, 62.8 months; range,

60–65 months).

Results The mean cup abduction was 40� (range,

32�–47�) and the mean cup anteversion was 17� (range,

8�–25�). No dislocation occurred postoperatively in 49 hips

(45 patients) for a minimum of 5 years followup.
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Conclusions We obtained adequate cup position with our

method and none of 45 patients (49 hips) had dislocation.

Level of Evidence Level IV, therapeutic study. See

Guidelines for Authors for a complete description of level

of evidence.

Introduction

Dislocation is the most common early complication after

THA with a reported incidence ranging from 1% to 10%

[3, 6, 7, 11, 29, 31–33, 38]. Among numerous influencing

factors for dislocation, component malposition is an

important factor under control of the surgeon [3, 6, 29,

31, 33].

Archbold et al. [1] used the transverse acetabular liga-

ment as a landmark for acetabular cup positioning.

However, another study criticized the method because the

ligament was identified in only 47% during the operation

and the cup position was not improved using the ligament

for reference [10]. Mechanical guides and computer-

assisted navigation systems have been designed to provide

proper cup positioning [5, 34]. The use of mechanical

guides still results in large variations of cup abduction and

anteversion [5, 16, 24]. Clinical use of the hip navigation

system is ongoing [4, 17, 28]. We therefore developed a

simple, practical, and anatomically based alignment

method to position the acetabular cup.

The purposes of this study were (1) to determine the

accuracy of our method in cup abduction and anteversion;

and (2) to evaluate the dislocation rate of THA after use of

our method.

Patients and Methods

We enrolled the study subjects from 48 patients who

underwent 52 THAs between January 2006 and April 2006.

We excluded two patients with fused hips because the

acetabular margin could not be defined on CT scans and

our method could not be used. The remaining 46 patients

(50 hips) were included in the study. The mean age of the

23 men and 23 women was 53.6 years (range,

19–78 years). The indication for THA was femoral head

osteonecrosis in 28 hips: 16 had Stage III osteonecrosis and

12 had Stage IV osteonecrosis according to the Ficat

classification [12]. Sixteen had osteoarthritis secondary to

hip dysplasia, three had osteoarthritis secondary to septic

arthritis, and three had rheumatoid arthritis. The mean

preoperative Harris hip score (HHS) [14] was 51 points

(range, 24–78 points). All 46 patients (50 hips) had post-

operative 6-week and 3-month radiographs taken. One

patient (one hip) was lost to followup before a minimum of

5 years. In the remaining 45 patients (49 hips), the mini-

mum followup was 60 months (mean, 62.8 months; range,

60–65 months). No patients were recalled specifically for

this study; all data were obtained from medical records and

radiographs.

In the normal pelvis, there are two notches at the rim of

the acetabulum. One is the transverse acetabular notch

(TAN) at the lower margin and the other is at the anterior

margin, which we named the anterior acetabular notch

(AAN) (Fig. 1). To depict the relationships of the TAN to

the acetabular inferior pole and the AAN to the acetabular

anterior pole, we studied three-dimensional (3-D) CT

images of the pelvis of 47 patients who underwent CT

scanning between January 2005 and December 2005,

41 patients for preoperative evaluation of femoral head

osteonecrosis and six patients for pelvic trauma. The scans

were obtained with a 16-slice multidetector CT (Mx8000

IDT; Philips, Eindhoven, The Netherlands) using the

standard acquisition of 16 9 1.5-mm beam collimation,

350-mm field of view, and reconstruction with 2.0-mm

slice thickness and 1.0-mm increment. In the reconstructed

3-D images, the femur was deleted so as to expose the

acetabulum and the pelvis was rotated to obtain an en facet

view of the acetabulum.

Two of us (YCH, JJY) measured the distance between

the inferior pole of the acetabulum and the TAN and the

distance between the anterior pole and the AAN. Two lines

were drawn passing the center of the acetabulum, a parallel

line and a perpendicular line with respect to the anterior

pelvic plane. The crossing point of the parallel line and the

lower margin of acetabulum was defined as the inferior

pole and that of the vertical line and the anterior acetabular

margin was the anterior pole. The distance between the

inferior pole and the TAN ranged from 0 to 5 mm (mean,

1.7 mm) and that between the anterior pole and the AAN

ranged from 0 to 3 mm (mean, 1.4 mm) (Fig. 2). Thus, we

presumed the TAN, a proxy of the inferior pole, could be

used as an intraoperatively identifiable landmark to align

cup abduction and the AAN, a proxy of the anterior pole, as

a landmark to align cup anteversion. To locate the TAN

and AAN on the radiograph, we performed a study using a

plastic pelvic model (Sawbones, Vashon, WA, USA). The

TAN appeared at the lowest point of the teardrop and the

AAN appeared at the middle of the anterior acetabular

margin on the AP radiograph of the hip. Thus, we assumed

the TAN appears as the teardrop in the midcoronal image

of the reconstructed CT scan and the AAN at the anterior

point in the midaxial image. Two of us (YKL, JYK)

measured acetabular abduction and anteversion on preop-

erative CT scans, which were performed with the same

scanner and the same acquisition protocol as described in

the baseline study. Acetabular abduction was obtained on

the midcoronal image by measuring the angle between a
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line drawn from the acetabular teardrop to the lateral

acetabular margin and the interteardrop line (Fig. 3A) [36].

The acetabular anteversion was obtained on the midaxial

image by measuring the angle between a line drawn from

the anterior acetabular margin to the posterior acetabular

margin and a line perpendicular to the line connecting the

centers of both femoral heads (Fig. 3B) [36]. In osteoar-

thritic hips, osteophytes are present at the anterior rim of

the acetabulum, which obscure the AAN, and the cotyloid

fossa frequently is covered by a bony spur, a so-called

central osteophyte [25], which obscures the TAN. We

measured acetabular anteversion at the margin of the native

acetabulum excluding the anterior osteophyte and acetab-

ular abduction at the teardrop excluding the central

osteophyte.

We set the goal of cup position at 40� abduction and 15�
anteversion as suggested by Lewinnek et al. [23]. We used

acetabular abduction as a reference to adjust cup abduction

and acetabular anteversion as a reference to adjust cup

anteversion. We determined four points to align cup posi-

tion at the acetabular rim: the superior and inferior points

of 40� abduction and the anterior and posterior points of

15� anteversion. The superior point was the opposite point

of the TAN and posterior point was the opposite point of

the AAN.

Murtha et al. [26] reported that the mean diameter of the

normal acetabulum is 52 mm (range, 43.4–57.4 mm). A

circumferential length of an arc (a) in a circle of a radius

(R) can be calculated by the formula; 2 9 p 9 R (a� 7
360�). When acetabular abduction is a�, the distance

between the inferior point of 40� abduction and the

TAN can be calculated by the formula:|2 9 p 9 52 mm

(a� � 40�) 7 360�| = 0.91 9 |a � 40| mm * |a � 40|

mm (Fig. 4A). Likewise, when acetabular anteversion is

b�, the distance between the anterior point of 15� ante-

version and the AAN is |b � 15| mm (Fig. 4B). When

acetabular abduction was greater than 40�, the inferior

Fig. 1A–B The (A) AAN is at the middle of the anterior rim (arrowhead) and the (B) TAN is at the lower margin of the cotyloid fossa

(arrowhead).

Fig. 2 The AAN (arrowhead) is at the vicinity of the anterior pole of

the acetabulum and the TAN (arrow) is at the vicinity of the inferior

pole.
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point was inside the TAN and when less than 40�, it was

outside the TAN. Likewise, when acetabular anteversion

was greater than 15�, the anterior point was outside the

AAN and when less than 15�, it was inside the AAN

(Fig. 5). The size of cups used in our patients ranged from

46 to 54 mm. In this range, the difference of the distance

(0.03–0.11 mm per 1�) according to the cup size in our

calculation was negligible.

The mean acetabular abduction was 41.6� (SD, 3.8�;

range, 32.7�–49.1�) and the mean acetabular anteversion

was 16.0� (SD, 4.4�; range, 7.5�–26.5�). The distance

between the TAN and the inferior point of 40� abduction

ranged from 9.1 mm inside the TAN to 7.3 mm outside the

TAN (mean, 1.6 mm inside the TAN). The distance

between the AAN and the anterior point of 15� anteversion

ranged from 7.5 mm inside the AAN to 11.5 mm outside

the AAN (mean, 1.0 mm outside the AAN).

One surgeon (KHK) performed all operations using a

posterolateral approach. To obtain complete exposure of

the acetabular rim, we incised the superior and inferior

portions of the capsule vertically and retracted the capsule

flaps. We removed the labrum, transverse acetabular liga-

ment, ligamentum teres, and pulvinar. During the

operation, we removed the anterior osteophyte and central

osteophyte with a gauge or osteotome (Fig. 6A). Reaming

was started with the smallest size (40 mm) reamer, which

Fig. 3A–B Acetabular abduction (a) is measured on (A) a midcoronal CT image and acetabular anteversion (b) is measured on (B) a midaxial

CT image.

Fig. 4A–B (A) When acetabular

abduction isa�, the distance between

the inferior point of 40� abduction

and the TAN (D1) is |2 9 p 9

52 mm 9 (a� � 40�) 7 360�| = |

0.91 9 (a � 40)| mm * |a � 40|

mm. (B) Likewise, when acetabular

anteversion is b�, the distance

between the anterior point of 15�
anteversion and the AAN (D2) is

|b � 15| mm.
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was directed medially down to the cotyloid fossa. Sub-

sequent reamers with 2-mm increments were directed in

the same plane as the opening face of the acetabulum. After

removal of cartilage, we identified the TAN and AAN and

marked four points to obtain 40� cup abduction and 15�
anteversion as described previously (Fig. 6B). A cement-

less acetabular cup (PLASMACUP1 SC; Aesculap AG

& Co, Tuttlingen, Germany), 28 mm-alumina liner

(BIOLOX1 forte; CeramTec AG, Plochingen, Germany),

cementless stem (Bicontact1; Aesculap AG & Co), and

28-mm alumina femoral head (BIOLOX1 forte; Ceram-

Tec AG) were used in all hips. The cup abduction was

adjusted to the line between the superior and inferior points

and the cup anteversion to the line between the anterior and

posterior points. The cups were inserted by repeated tap-

ping until obtaining a secure press-fit. During insertion, we

repeatedly assessed and adjusted the cup alignment. After

implantation, the hip capsule and short external rotators

were repaired to restore soft tissue tension [37].

Postoperatively, patients were instructed to walk with

the aid of two crutches for 4 weeks.

Clinical and radiologic followups were performed at

6 weeks; at 3, 6, 9, and 12 months; and every 6 months

thereafter. We recorded instances of dislocation and the

HHS [14]. To decrease the rate of lost or missed followups,

we sent a text message to patients 1 week before the

scheduled visits and patients who had not returned for the

visits were contacted by telephone. Portions of the fol-

lowups were performed by two nurses and local

orthopaedic surgeons. In these instances, the followup form

and radiographs were forwarded to our department.

We used postoperative 3-month radiographs to measure

cup abduction and anteversion. Cup abduction was mea-

sured on the AP radiograph using the method of Engh et al.

[8]. Various radiologic methods of measuring cup

Fig. 5 When the acetabular abduction is 40� and anteversion is 15�,

the cup is aligned to the native acetabular abduction and anteversion.

The cup abduction is aligned to the superior point (black arrow) and

the TAN (white arrow) and cup anteversion are aligned to the

posterior point (black arrowhead) and the AAN (white arrowhead).

When acetabular abduction is greater than 40�, the cup inferior point

is inside the TAN and when less than 40�, it is outside the TAN.

Likewise, when acetabular anteversion is greater than 15�, the cup

anterior point is outside the AAN and when less than 15�, it is inside

the AAN.

Fig. 6A–B (A) The acetabular

labrum and transverse acetabular

ligament are removed to obtain

complete exposure of the acetab-

ulum. (B) After reaming, the TAN

(lower arrow) and AAN (right

arrowhead) are identified. Then,

four landmarks for cup align-

ment—the superior (upper

arrow), inferior (lower arrow),

anterior (right arrowhead), and

posterior (left arrowhead) points

are marked.
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anteversion have been described. We used the method

described by Woo and Morrey [40], which is reportedly

easy, reliable, and valid [27], on the cross-table lateral

radiograph. Scatterplots of the cup abduction and ante-

version angles were made. The safe zone of the cup

position was defined as 30� to 50� abduction and 5� to 25�
anteversion as suggested by Lewinnek et al. [23].

Two of us (YKL, JYK) assessed fixation of the acetabular

cup on the AP and cross-table lateral radiographs using the

method of Latimer and Lachiewicz [21] and fixation of the

femoral component using the methods of Engh et al. [9] and

Kim and Kim [20]. The cup was considered loose when there

was migration greater than 2 mm or a change of abduction

greater than 4�. The stem was considered definitely loose

when there was subsidence greater than 3 mm and possibly

loose when there was a complete radiolucent line along the

entire porous-coated surface on the AP and lateral radio-

graphs. Postoperative 6-week radiographs were used as the

baseline study and the final radiographic analysis was per-

formed at the last followup. We assessed interobserver

variability for acetabular abduction and anteversion using

interclass correlation coefficients (ICCs). The mean cup

abduction was 39.5� (SD, 2.50�; range, 31.6�–47.4�) and

mean cup anteversion was 16.6� (SD, 4.19�; range, 7.7�–

24.7�). ICCs for the acetabular abduction and anteversion

were 0.853 and 0.832, respectively.

The design and protocol of this prospective study were

approved by the institutional review board in our hospital,

and all patients were informed that his or her medical data

could be used in a scientific study and each provided

consent preoperatively.

Results

The mean cup abduction was 40� (range, 32�–47�) and the

mean cup anteversion was 17� (range, 8�–25�).The mean

error of cup abduction compared with the target abduction of

40� was 1.76� (SD, 1.84�; range, 0.0�–8.4�) and the mean

error of cup anteversion compared with the target antever-

sion of 15� was 3.47� (SD, 2.83�; range, 0.1�–8.8�) (Fig. 7)

(Table 1). In the scatterplot, cup abduction and anteversion

of all 50 hips were within the safe zone (Fig. 8).

During the followup, no hip dislocated and no hip

showed radiographic signs of component loosening. The

mean HHS was 94 points (range, 86–100 points) at the

latest followup.

Discussion

Proper positioning of the acetabular cup has been a chal-

lenging issue of THA [3, 6, 29, 31, 33]. Many efforts have

been made to provide surgeons with more accurate knowl-

edge of cup alignment during THA. Mechanical intra-

operative guides have been used to align the cup with respect

to the longitudinal and coronal planes of the patient. How-

ever, these devices do not consider individual variations in a

patient’s anatomy or the change of pelvic orientation during

the operation. High percentages of inadequate cup orienta-

tions outside the desired alignment have been reported after

the use of mechanical guides [4, 31, 32]. Digioia et al. [5]

showed a mechanical guide was inadequate in achieving the

desired anteversion angle and, to a lesser extent, the

Fig. 7A–E A 36-year-old man had osteonecrosis in the right femoral

head as seen on his (A) preoperative AP radiograph. (B) The

acetabular abduction is 44.6� as measured on the preoperative

midcoronal CT scan. (C) On the preoperative midaxial CT scan, the

acetabular anteversion is 13.7�. (D) The 6-week postoperative AP

radiograph shows the cup abduction is 37.1�. (E) On the lateral

radiograph, the cup anteversion is 14.4�.
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abduction angle; among 74 impacted press-fit cups using the

guide, 78% had an unacceptable acetabular alignment.

The first hip navigation system was developed in 1992. The

system requires a preoperative CT scan and registration of

anatomic landmarks so the computer can determine where

the pelvis lies in space [19]. There has been criticism of the

navigation systems including the extra costs, additional

radiation exposure, time-consuming preoperative planning,

and intraoperative matching procedures [34]. Jolles et al.

[17], using computer-assisted cup placement techniques,

reported 20% of the press-fit cups were outside the desired

cup alignment. We therefore developed a simple, practical,

and anatomically based alignment method to position the

acetabular cup. The purposes of this study were (1) to

determine the accuracy of our method in cup abduction and

anteversion; and (2) to evaluate the dislocation rate of THA

after use of our method.

We acknowledge limitations of our study. First, our

method necessitates preoperative CT scanning to measure

acetabular abduction and anteversion; these scans are

costly and associated with a risk of radiation exposure.

Usually preoperative plans for THA are made using AP

radiographs. Acetabular abduction can be measured using

AP radiographs of the hip by obtaining the angle between a

line drawn from the acetabular teardrop to the lateral

acetabular margin and the interteardrop line. In the normal

pelvis, acetabular anteversion also can be measured on the

AP radiograph [18] using the method described by Widmer

[39]. However, the anterior wall margin of the acetabulum

is not clearly seen on AP radiographs. In 39 of 50 hips in

our study, the anterior acetabular margin was not evident

on radiographs. Second, our method is not applicable when

the acetabulum is not identifiable, such as with a fused hip.

Third, our patients were operated on by one surgeon using

a posterolateral approach. Accordingly, we could not

determine whether the surgical approach affected cup

alignment and intraoperator and interoperator variation

could not be evaluated. However, we used bony landmarks

in the acetabular rim to align the cup position. If the rim

were completely exposed, there might be little difference in

cup positioning regardless of the approach method. Fourth,

to use our method, the surgeon should identify the land-

marks, measure and mark the calculated distances, and then

align the cup to the marks, which necessitates a learning

curve. Fifth, our study was not a randomized clinical trial

and we had no control group. However, our dislocation rate

was zero, comparable or better than rates reported using a

mechanical guide [28, 31, 32] or computer-assisted cup

placement method [5, 11, 21, 36]. Sixth, our method might

not be applicable in severely dysplastic hips with excessive

acetabular abduction. However, we could position the cup

properly using the method in our patients with hip

dysplasia who had acetabular abduction of 46� to 49�.

Seventh, we measured cup anteversion on postoperative

Table 1. Studies of acetabular cup position after THA

Study Study type Number

of hips

Cup

abduction (�)

Cup

anteversion (�)

Outliers

(%)

Dislocation

rate

Followup

Digioia et al. [5] Navigation 74 44 18 78 NR NR

Haaker et al. [13] Comparison of

manual and

navigation

69 (manual) 45.7 (manual) 28.5 (manual) 28 NR NR

98 (navigation) 43 (navigation) 22.2 (navigation) 7

Parratte and

Argenson [30]

Comparison of

manual and

navigation

30 (manual) 34 (manual) 16.2 (manual) 57 NR NR

30 (navigation) 34 (navigation) 14.4 (navigation) 20

Current study Anatomic study 50 39.5 16.6 0 0 5 years

NR = not reported.

Fig. 8 The cup abduction and antever-

sion are within the safe zone of 35� to

45� abduction and 10� to 20� antever-

sion in all 50 THAs.
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radiographs. This measurement is inaccurate compared

with CT scan measurement. Thus, we measured cup ante-

version using the method of Woo and Morrey [40], which

is reportedly reliable and valid [27]. Finally, our sample

size was small. Because our study was not a case-control

study, we could not calculate the sample size. The study

design was reviewed by our institutional review board,

which restricted the case number because of the radiation

hazard and cost of CT scans.

Our alignment method needs no additional tools such as a

numerical table, specific formula, or mathematical function.

The method uses anatomic landmarks of the acetabulum,

which are easily identified during THA, as guidance for cup

alignment. In our study, all acetabular cups were positioned

within the safe zone described by Lewinnek et al. [23], and

the clinical results were satisfactory [13, 30] (Table 1). We

used a target of 40� abduction and 15� anteversion. However,

there is controversy in ideal cup positioning and some sur-

geons prefer different abduction and anteversion [2, 15, 35].

Sometimes the target position should be changed according

to the patient’s limb length, kypholordotic deformity of the

spine, and pelvic tilt [22]. In such situations, the target angles

of 40� and 15� in the calculation formula should be changed.

Our method might not seem easy or practical because it

requires comprehensive knowledge of acetabular anatomy,

CT imaging, a functional pelvic plane, and mathematical

formulas. However, the method can be summarized in four

steps for practical use: (1) measure acetabular abduction

(a�) and anteversion (b�) on preoperative CT scans;

(2) calculate a � 40 and b � 15; (3) during the operation,

locate the TAN and AAN and mark four reference points at

the rim of the acetabulum: superior point; the opposite

point of TAN, inferior point; |a � 40| mm inside (when a
was [ 40�) or outside the TAN(when a was \ 40�), pos-

terior point; the opposite point of AAN, and anterior point;

|b � 15| mm inside (when b was \ 15�) or outside the

AAN (when b was [ 15�); and (4) during press-fitting of

the cup, adjust the cup abduction to the line between the

superior and inferior points and cup anteversion to the line

between the anterior and posterior points.

We believe our method using the TAN and AAN as

landmarks for cup alignment can aid positioning of the

acetabular component of a THA. It defines abduction and

anteversion of the acetabulum and acetabular cup without

the need for additional instrumentation and is independent

of the position of the patient. Further studies are required to

verify the accuracy and reproducibility of our method.
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