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Postoperative dislocation remains a common complication 
of primary total hip arthroplasties (THAs), affecting less 
than 1% to more than 10% in reported series.1,2 In large 

datasets for modern implants, the incidence of dislocation is 2% 
to 4%.3,4 Given that more than 200,000 THAs are performed in 

the United States each year,5 these low percentages represent a 
large number of patients. The multiplex patient variables that 
affect THA stability include age, sex, body mass index (BMI), 
and comorbid conditions.6-8 Surgical approach, restoration of leg 
length and femoral offset, femoral head size, and component 
positioning are also important surgical factors that can increase 
or decrease the incidence of dislocation.3,8,9 In particular, appro-
priate acetabular component orientation is crucial; surgeons can 
control this factor and thereby limit the occurrence of disloca-
tion.10 Furthermore, acetabular malpositioning can increase the 
risk of liner fractures and accelerate bearing-surface wear.11-14

To minimize the risk of postoperative dislocation, surgeons 
traditionally have targeted the Lewinnek safe zone, with its 
mean (SD) inclination of 40° (10°) and mean (SD) antever-
sion of 15° (10°), for acetabular component orientation.15 
However, the applicability of this target zone to preventing hip 
instability using modern implant designs, components, and 
surgical techniques remains unknown. Achieving acetabular 
orientation based on maximizing range of motion (ROM) 
before impingement may be optimal, with anteversion from 
20° to 30° and inclination from 40° to 45°.16,17 Furthermore, 
mean (SD) native acetabular anteversion ranges from 21.3° 
(6.2°) for men to 24.6° (6.6°) for women.18 Placing THA ac-
etabular components near the native range for anteversion may 
best provide impingement-free ROM and thus optimize THA 
stability,16,19 but this has not been proved in a clinical study.

Early dislocation is typically classified as occurring within  
6 months after surgery,9 with almost 80% of dislocations occur-
ring within 3 months after surgery.10 Surgeon-specific factors, 
such as acetabular component positioning, are thought to have 
a predominant effect on dislocations in the early postoperative 
period.10 Computer-assisted surgery (CAS), such as imageless 
navigation, is more accurate than conventional methods for 
acetabular component placement,20-23 but the clinical relevance 
of improving accuracy for acetabular component placement 
has not been shown with respect to altering patient outcomes.23

We conducted a study in a large single-surgeon patient co-
hort to determine the incidence of early postoperative disloca-
tion with target anteversion increased to 25°, approximating 
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Surgeons often target the Lewinnek zone, with its mean 
(SD) inclination of 40° (10°) and mean (SD) anteversion 
of 15° (10°), for acetabular orientation during total hip 
arthroplasty (THA). However, matching native antever-
sion (20°-25°) may achieve optimal stability.

We conducted a study in a large single-surgeon 
patient cohort to determine the incidence of early 
postoperative dislocation with increased acetabular 
anteversion and the accuracy of imageless navigation 
in achieving target acetabular position. Soft-tissue re-
pair through a posterolateral approach was performed 
in 553 THAs that met the inclusion criteria. Mean (SD) 
target acetabular orientation was 40° (10°) of inclina-
tion and 25° (10°) of anteversion. Software was used 
to measure acetabular positioning on postoperative 
radiographs. Incidence of dislocation within 6 months 
after surgery was determined.

Mean (SD) inclination was 42.2° (4.9°), and mean 
(SD) anteversion was 23.9° (6.5°). Approximately 82% 
of cups were placed in the target zone. Variation in 
anteversion accounted for 67.3% of outliers. Only body 
mass index was associated with inclination outside 
the target range (P = .017), and only female sex was 
associated with anteversion outside the target range  
(P = .030). Six THAs (1.1%) experienced early dislo-
cation, and 3 (0.54%) of these were revised for mul-
tiple dislocations. There was no relationship between 
dislocation and component placement in either the 
Lewinnek zone (P = .224) or the target zone (P = .287).
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mean native acetabular anteversion.16,19 In addition, we sought 
to determine the accuracy of imageless navigation in achieving 
target acetabular component placement.

Materials and Methods
After obtaining institutional review board approval for this 
retrospective clinical study, we reviewed 671 consecutive cases 
of primary THA performed by a single surgeon using an im-
ageless CAS system (AchieveCAS; Smith & Nephew, Memphis, 
Tennessee) between July 2006 and October 2012. THAs were 
excluded if a metal-on-metal bearing surface was used, if an 
adequate 6-week postoperative supine anteroposterior (AP) 
pelvis radiograph was unavailable, or if 6-month clinical fol-
low-up findings were not available (Figure 1). The quality of 
AP radiographs was deemed poor if they were not centered 
on the symphysis pubis and if the sacrococcygeal joint was 
not centered over the symphysis pubis. After exclusion criteria 
were applied, 553 arthroplasties (479 patients) with a mean 
(SD) follow-up of 2.4 (1.4) years remained. Perioperative de-
mographic data and component sizes are listed in Table 1.

During surgery, the anterior pelvic plane, defined by the 
anterior-superior iliac spines and pubic tubercle, was registered 
with the CAS system with the patient in the supine position. 
THA was performed with the patient in the lateral decubitus 
position using a posterolateral technique. For all patients, the 
surgeon used a hemispherical acetabular component (R3 Ac-
etabular System; Smith & Nephew); bearings that were either 
metal on highly cross-linked polyethylene (XLPE) or Oxinium 
(Smith & Nephew) on XLPE; and neutral XLPE acetabular inserts. 
The goals for acetabular inclination and anteversion were 40° 
and 25°, respectively, with ±10° each for the target zone. The 
CAS system was used to adjust target anteversion for sagittal 
pelvic tilt.24 Uncemented femoral components were used for all 
patients, and the goal for femoral component anteversion was 
15°. Transosseous repair of the posterior capsule and short ex-
ternal rotators was performed after component implantation.25

On each 6-week postoperative radiograph, acetabular ori-
entation was measured with Ein-Bild-Röntgen-Analyse (EBRA; 
University of Innsbruck, Austria) software, which provides a 
validated method for measuring acetabular inclination and 
anteversion on supine AP pelvis radiographs.10,26 Pelvic bound-

aries were delineated with grid lines defining pelvic posi-
tion. Reference points around the projections of the prosthetic 
femoral head, the hemispherical cup, and the rim of the cup 
were marked (Figure 2). EBRA calculated radiographic incli-
nation and anteversion of the acetabular component based on 
the spatial position of the cup center in relation to the plane 
of the radiograph and the pelvic position.26

Figure 1. Flowchart for study group formation. 

118 hips (17.6%) excluded:
84 hips (72 patients): metal-on-metal bearings 
30 hips (24 patients): lost to follow-up 
4 hips (3 patients): poor-quality 6-week radiograph

553 hips (479 patients) included

671 hips (578 patients)

Figure 2. Supine anteroposterior pelvis radiograph with Ein-Bild-
Röntgen-Analyse (EBRA; University of Innsbruck, Austria) grid lines 
and landmarks. As determined by the EBRA software, acetabular 
component inclination was 42.9°, and anteversion was 25.8°.

Table 1. Study Demographics and Implant Size

N %

Hips 553 100

Patients 479 100

Side
   Right
   Left
   Bilateral

299
254
74

54.1
45.9
26.8

Sex
   Male
   Female

226
327

40.9
59.1

Primary diagnosis
   Osteoarthritis
   Avascular necrosis
   Childhood hip disease
   Posttraumatic arthritis
   Inflammatory arthropathy
   Acute hip fracture
   Prior arthrodesis

460
35
29
14
10
3
2

83.2
6.3
5.2
2.5
1.8
0.5
0.4

Mean SD Minimum Maximum

Age, y 57.7 12.1 16.7 89.5

Body mass index, kg/m2 29.2 6.4 17.5 59.1

Acetabulum size, mm 52.6 3.0 48 62

Femoral head size, mm 34.9 2.2 28 40
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Charts were reviewed to identify patients with early post-
operative dislocations, as well as dislocation timing, recur-
rence, and other characteristics. We defined early dislocation 
as instability occurring within 6 months after surgery. Revision 
surgery for instability was also identified.

For the statistical analysis, orientation error was defined as 
the absolute value of the difference between target orientation 
(40° inclination, 25° anteversion) and radiographic measure-
ments. Repeated-measures multiple regression with the gen-
eralized estimating equations approach was used to identify 
baseline patient characteristics (age, sex, BMI, primary diagno-
sis, laterality) associated with component positioning outside 
of our targeted ranges for inclination and anteversion. Fisher 
exact tests were used to examine the relationship between 
dislocation and component placement in either the Lewinnek 
safe zone or our targeted zone. All tests were 2-sided with a 
significance level of .05. All analyses were performed with SAS 
for Windows 9.3 (SAS Institute, Cary, North Carolina).

Results
Mean (SD) acetabular inclination was 42.2° (4.9°) (range, 
27.6°-65.0°), with a mean (SD) orientation error of 4.2° (3.4°) 
(Figure 3A). Mean (SD) anteversion was 23.9° (6.5°) (range, 

6.2°-48.0°), with a mean (SD) orientation error of 5.2° (4.1°) 
(Figure 3B). Components were placed outside the Lewinnek 
safe zone for inclination or anteversion in 46.5% of cases and 
outside the target zone in 17.7% of cases (Figure 4). Variation 
in acetabular anteversion alone accounted for 67.3% of target 
zone outliers (Table 2). Only 0.9% of components were placed 
outside the target ranges for both inclination and anteversion.

Regression analysis was performed separately for inclina-
tion and anteversion to determine the risk factors for placing 
the acetabular component outside the target orientation ranges. 
Only higher BMI was associated with malposition with respect 
to inclination (hazard ratio [HR], 1.059; 95% confidence inter-
val [CI], 1.011-1.111; P = .017). Of obese patients with inclina-
tion outside the target range, 90.9% had an inclination angle 
of more than 50°. Associations between inclination outside the 
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Figure 4. Scatterplot of acetabular component position depicted 
as anteversion versus inclination values for all patients, including 
those with early dislocation. Safe range as defined by Lewinnek  
is delineated by dashed rectangle; our target range is delineated 
by solid rectangle. There was no relationship between incidence 
of dislocation and component placement in Lewinnek zone  
(P = .224) or our target zone (P = .287).
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Figure 3. Histograms of acetabular component (A) inclination and (B) 
anteversion show frequency of components within various degree 
ranges. 
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Table 2. Target Zone Outliers

Inclination Anteversion Totala

n % n % N %

Lewinnek zone  
outliers

33 6.0 241 43.6 257 46.5

Target zone  
outliers

33 6.0 70 12.7 98 17.7

aSeventeen patients were Lewinnek zone outliers for both inclination and anteversion; 
5 patients were target zone outliers for both inclination and anteversion.AJO 
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target range and age (P = .769), sex (P = .217), preoperative 
diagnosis (P > .99), and laterality (P = .106) were statistically 
insignificant. Only female sex was associated with position of 
the acetabular component outside the target range for antever-
sion (HR, 1.871; 95% CI, 1.061-3.299; P = .030). Of female 
patients with anteversion outside the target range, 70.0% had 
anteversion of less than 15°. Associations between anteversion 
outside the target range and age (P = .762), BMI (P = .583), 
preoperative diagnosis (P > .99), and laterality (P = .235) were 
statistically insignificant.

Six THAs (1.1%) in 6 patients experienced dislocation 

within 6 months after surgery (Table 3); mean (SD) time of 
dislocation was 58.3 (13.8) days after surgery. There was no 
relationship between dislocation incidence and component 
placement in the Lewinnek zone (P = .224) or our target zone 
(P = .287). Of the dislocation cases, 50% involved female pa-
tients, and 50% involved right hips. Mean (SD) age of these 
patients was 53.3 (7.6) years. Mean (SD) BMI was 25.4 (0.9) 
kg/m2. Osteoarthritis was the primary diagnosis for all patients 
with early dislocation; 32- or 36-mm femoral heads were used 
in these cases. Two patients had acetabular components placed 
outside of our target zone. One patient, who had abnormal 

Figure 5. (A) Standing anteroposterior spine radiograph, (B) standing lateral spine radiograph, and (C) supine anteroposterior pelvis 
radiograph of only patient with dislocation and acetabular placement outside of both target zone and Lewinnek zone, secondary to 36° 
of acetabular anteversion measured on supine pelvis radiograph. (A, B) There is significant lumbar spine deformity, coronal imbalance, 
and sagittal imbalance. (A, B) On standing, there is increased posterior pelvic tilt (~27°) with consequent increase in apparent acetabular 
anteversion compared with (C) supine radiograph.

A B C

Table 3. Characteristics of Patients With Early Dislocationa

Pt

Age at
Surgery,  

y Sex
BMI,
kg/m2 Side

Time to
Dislocation, 

d

Size,  
mm

Acetabular  
Component

Within  
Zone

Risk  
Factors

Multiple
Dislo­

cations
Revi­
sionCup

Femoral 
Head

Inclination,  
°

Anteversion,  
° Target Lewinnek

1 62.1 M 26.7 L 81 54 36 43.2 23.9 Y Y None Y Y

2 48.1 F 25.7 R 65 48 32 38.8 22.1 Y Y Trauma N N

3 65.8 F 24.6 R 54 52 36 43.4 12.5 N Y Trauma N N

4 47.5 M 26.0 R 61 54 36 32.8 19.3 Y Y Cerebral  
palsy

Y Y

5 47.5 M 24.8 L 54 52 36 41.8 17.3 Y Y Hyperlaxity N N

6 48.9 F 24.3 L 35 50 32 39.0 36.0 N N Pelvic  
obliquity,  
scoliosis

Y Y

Abbreviations: BMI, body mass index; Pt, patient.
aIn each case, the primary diagnosis was osteoarthritis.
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pelvic obliquity and sagittal tilt from scoliosis (Figures 5A, 5B), 
had an acetabular component placed outside both the target 
zone and the Lewinnek safe zone. Mean (SD) acetabular incli-
nation was 39.8° (3.6°), and mean (SD) anteversion was 21.8° 
(7.3°) (Figure 5C). Two dislocations resulted from trauma, 1 
dislocation was related to hyperlaxity, 1 patient had cerebral 
palsy, and 1 patient had no evident predisposing risk factors. 
Three patients (0.54%) had multiple episodes of instability 
requiring revision during the follow-up period.

Discussion
To our knowledge, this study represents the largest cohort of 
primary THAs performed with an imageless navigation sys-
tem. Our results showed that increasing targeted acetabular 
anteversion to 25° using a posterolateral surgical approach 
and modern implants resulted in a 1.1% incidence of early 
dislocation and a 0.54% incidence of recurrent instability re-
quiring reoperation. Of the patients with a dislocation, only 
1 did not experience trauma and did not have a risk factor for 
dislocation. Only 1 patient with a dislocation had acetabular 
components positioned outside both the target zone and the 
Lewinnek safe zone. The acetabular component was placed 
within the target zone in 82.3% of cases in which the imageless 
navigation system was used. In our cohort, BMI was the only 
risk factor for placement of the acetabular component outside 
our target range for inclination, and sex was associated with 
components outside the target range for anteversion.

Early dislocation after THA is often related to improper im-
plant orientation, inadequate restoration of offset and myofas-
cial tension, and decreased femoral head–neck ratio.8 Although 
dislocation rates in the literature vary widely,1,2 Medicare data 
suggest that the rate for the first 6 months after surgery can 
be as high as 4.21%.3,4 Although use of femoral heads with a 
diameter of 32 mm or larger may decrease this rate to 2.14%,3 
accurate acetabular component orientation helps prevent post-
operative dislocation.10 Using an imageless navigation system 
to target 25° of anteversion and 40° of inclination resulted 
in an early-dislocation rate about 49% less than the rate in a 
Medicare population treated with similar, modern implants.3

Callanan and colleagues11 found that freehand techniques 
were inaccurate for acetabular positioning in up to 50% of 
cases, and several studies have demonstrated that imageless 
navigation systems were more accurate than conventional 
guides.20,21,27-29 Higher BMI has been implicated as a risk fac-
tor for acetabular malpositioning in several studies of the 
accuracy of freehand techniques11 and imageless navigation 
techniques.23,30 Soft-tissue impediment to the component in-
sertion handle poses a risk of increased inclination and inad-
equate anteversion, regardless of method used (conventional, 
CAS). When the acetabular component is placed freehand in 
obese patients, it is difficult to judge the position of the pel-
vis on the operating room table. For imageless navigation, a 
larger amount of adipose tissue over bony landmarks may 
limit the accuracy of anterior pelvic plane registration.30 Sex 
typically is not cited as a risk factor for inaccurate acetabular 
component positioning. We speculate that omitted-variable 

bias may explain the observed association between female 
sex and anteversion. For example, changes in postoperative 
pelvic tilt alter apparent anteversion on plain radiographs,31-34 
but preoperative and postoperative sagittal pelvic tilt was not 
recorded in this study.

The proper position of the acetabular component has been 
debated.15,16,35,36 Although it is generally agreed that inclination 
of 40° ± 10° balances ROM, stability, and bearing-surface 
wear,12,13,15,16 proposed targets for anteversion vary widely, 
from 0° to 40°.35,36 Patel and colleagues16 formulated com-
puter models based on cadaveric specimens to determine 
that THA impingement was minimized when the acetabular 
component was placed to match the native anteversion of the 
acetabulum.In their study model, 20° of anteversion paralleled 
native acetabular orientation. Tohtz and colleagues18 reviewed 
computed tomography scans of 144 female hips and 192 male 

hips and found that mean (SD) anteversion was 24.6° (6.6°) for 
women and 21.3° (6.2°) for men. Whether native anatomy is 
a valid reference for acetabular anteversion is controversial,19 
and definitive recommendations for target anteversion can-
not be made, as the effect of acetabular anteversion on the 
wear of various bearing materials is unknown.14 Yet, as with 
inclination, ideal anteversion is likely a compromise between 
maximizing impingement-free ROM and minimizing wear.

The present study had several limitations. A single-surgeon 
patient series was reviewed retrospectively, and there was no 
control group. We determined the incidence only of early 
dislocation, and 5.3% of THAs that were not metal-on-metal 
were either lost to follow-up or had inadequate radiographs. 
However, of the patients excluded for inadequate radiographs, 
none had an early dislocation. The effects of our surgical tech-
niques on long-term outcomes, bearing wear, and dislocation 
are unknown. We were not able to comment on the direction 
of dislocation for any of the 6 patients with early dislocation, 
as all dislocations were reduced at facilities other than our 
hospital. Therefore, we cannot determine whether increasing 
acetabular anteversion resulted in a larger number of anterior 
versus posterior dislocations.15

We did not use CAS to place any of the femoral components. 
Therefore, we could not accurately target combined antever-
sion, defined as the sum of acetabular and femoral version, 

Our results showed that increasing 
targeted acetabular anteversion to 25° 

using a posterolateral surgical approach 
and modern implants resulted in a 1.1% 

incidence of early dislocation and a 
0.54% incidence of recurrent instability 

requiring reoperation.

AJO 
DO NOT COPY



Targeting a New Safe Zone: A Step in the Development of Patient-Specific Component Positioning A. S. McLawhorn et al

www.amjorthopedics.com 	 June 2015  The American Journal of Orthopedics®    275

which may be an important determinant of THA stability.28 Al-
though restoration of femoral offset and leg length is important 
in preventing THA dislocation,8 the CAS techniques used did 
not influence these parameters, and they were not measured.

As an imageless navigation system was used, there were no 
preoperative axial images, which could have been used to as-
sess native acetabular orientation. This limited our assessment 
with respect to matching each patient’s natural anteversion. 
Imageless navigation, which references only the anterior pelvic 
plane, may not be reliable in patients with excessive sagittal 
pelvic tilt.37 Furthermore, changes in the functional position 
of the pelvis from supine to sitting to standing were not ac-
counted for, and changes in sagittal tilt between these posi-
tions can be significant.38 Changes in sagittal pelvic tilt affect 
measurement of acetabular anteversion on plain radiographs, 
with anterior tilt reducing apparent anteversion and posterior 
tilt increasing it.32,34 Although postoperative computed tomog-
raphy is the gold standard for assessing acetabular component 
orientation, EBRA significantly reduces errors of measurement 
on plain radiographs.10 Some variability in measured antever-
sion may be explained by our surgical technique. In particular, 
if the cup was uncovered anteriorly, additional anteversion was 
usually accepted during surgery to minimize anterior impinge-
ment and limit the risk of iliopsoas tendonitis.16,39 

Our study results suggested that increasing target acetabular 
anteversion to 25° may reduce the incidence of early postopera-
tive instability relative to rates reported in the literature. Despite 
the higher accuracy of component placement with an image-
less navigation system, dislocations occurred in patients with 
acetabular components positioned in our target zone and in the 
historical safe zone. These dislocations support the notion that 
there likely is no absolute safe range for acetabular component 
positioning, as THA stability depends on many factors. Ideal 
targets for implant orientation for acetabulum and femur may 
be patient-specific.16,19 Investigators should prospectively evalu-
ate patient-specific THA component positioning and determine 
its effect on postoperative dislocation and bearing-surface wear. 
As specific implant targets are further defined, tools that are 
more precise and accurate than conventional techniques will be 
needed to achieve goal component positioning. Our study re-
sults confirmed that imageless navigation is an accurate method 
for achieving acetabular orientation targets.

Dr. McLawhorn is Orthopedic Surgery Resident, Hospital for Special 
Surgery, New York, New York. Dr. Sculco is Orthopedic Surgery 
Fellow, Mayo Clinic, Rochester, Minnesota. Dr. Weeks is Orthopedic 
Surgery Fellow, Hospital for Special Surgery, New York, New York. 
Dr. Nam is Assistant Professor, Department of Orthopedic Surgery, 
Washington University School of Medicine, St. Louis, Missouri. Dr. 
Mayman is Assistant Attending Orthopedic Surgeon, Hospital for 
Special Surgery, New York, New York.

Address correspondence to: Alexander S. McLawhorn, MD, MBA, 
Hospital for Special Surgery, 535 E 70th St, New York, NY 10021 
(tel, 212-606-1466; fax, 212-606-1477; e-mail, mclawhorna@hss.
edu).

Am J Orthop. 2015;44(6):270-276. Copyright Frontline Medical Com-
munications Inc. 2015. All rights reserved.

References
1.	 Kwon MS, Kuskowski M, Mulhall KJ, Macaulay W, Brown TE, Saleh KJ. 

Does surgical approach affect total hip arthroplasty dislocation rates? Clin 
Orthop. 2006;(447):34-38.

2.	 Sierra RJ, Raposo JM, Trousdale RT, Cabanela ME. Dislocation of primary 
THA done through a posterolateral approach in the elderly. Clin Orthop. 
2005;(441):262-267.

3.	 Malkani AL, Ong KL, Lau E, Kurtz SM, Justice BJ, Manley MT. Early- and 
late-term dislocation risk after primary hip arthroplasty in the Medicare 
population. J Arthroplasty. 2010;25(6 suppl):21-25.

4.	 Berry DJ, von Knoch M, Schleck CD, Harmsen WS. Effect of femoral head 
diameter and operative approach on risk of dislocation after primary total 
hip arthroplasty. J Bone Joint Surg Am. 2005;87(11):2456-2463.

5.	 Nho SJ, Kymes SM, Callaghan JJ, Felson DT. The burden of hip osteoar-
thritis in the United States: epidemiologic and economic considerations.  
J Am Acad Orthop Surg. 2013;21(suppl 1):S1-S6.

6.	 Sadr Azodi O, Adami J, Lindstrom D, Eriksson KO, Wladis A, Bellocco R. 
High body mass index is associated with increased risk of implant disloca-
tion following primary total hip replacement: 2,106 patients followed for up 
to 8 years. Acta Orthop. 2008;79(1):141-147.

7.	 Conroy JL, Whitehouse SL, Graves SE, Pratt NL, Ryan P, Crawford RW. 
Risk factors for revision for early dislocation in total hip arthroplasty. J Ar-
throplasty. 2008;23(6):867-872.

8.	 Morrey BF. Difficult complications after hip joint replacement. Dislocation. 
Clin Orthop. 1997;(344):179-187.

9.	 Ho KW, Whitwell GS, Young SK. Reducing the rate of early primary hip 
dislocation by combining a change in surgical technique and an increase 
in femoral head diameter to 36 mm. Arch Orthop Trauma Surg. 2012;132(7):
1031-1036.

10.	 Biedermann R, Tonin A, Krismer M, Rachbauer F, Eibl G, Stockl B. Reducing 
the risk of dislocation after total hip arthroplasty: the effect of orientation of 
the acetabular component. J Bone Joint Surg Br. 2005;87(6):762-769.

11.	 Callanan MC, Jarrett B, Bragdon CR, et al. The John Charnley Award: risk 
factors for cup malpositioning: quality improvement through a joint registry 
at a tertiary hospital. Clin Orthop. 2011;469(2):319-329.

12.	 Gallo J, Havranek V, Zapletalova J. Risk factors for accelerated polyethylene 
wear and osteolysis in ABG I total hip arthroplasty. Int Orthop. 2010;34(1):19-26.

13.	 Leslie IJ, Williams S, Isaac G, Ingham E, Fisher J. High cup angle and mi-
croseparation increase the wear of hip surface replacements. Clin Orthop. 
2009;467(9):2259-2265.

14.	 Esposito CI, Walter WL, Roques A, et al. Wear in alumina-on-alumina ce-
ramic total hip replacements: a retrieval analysis of edge loading. J Bone 
Joint Surg Br. 2012;94(7):901-907.

15.	 Lewinnek GE, Lewis JL, Tarr R, Compere CL, Zimmerman JR. Disloca-
tions after total hip-replacement arthroplasties. J Bone Joint Surg Am. 
1978;60(2):217-220.

16.	 Patel AB, Wagle RR, Usrey MM, Thompson MT, Incavo SJ, Noble PC. Guide-
lines for implant placement to minimize impingement during activities of daily 
living after total hip arthroplasty. J Arthroplasty. 2010;25(8):1275-1281.e1.

17.	 Widmer KH, Zurfluh B. Compliant positioning of total hip components for 
optimal range of motion. J Orthop Res. 2004;22(4):815-821.

18.	 Tohtz SW, Sassy D, Matziolis G, Preininger B, Perka C, Hasart O. CT evalu-
ation of native acetabular orientation and localization: sex-specific data 
comparison on 336 hip joints. Technol Health Care. 2010;18(2):129-136.

19.	 Merle C, Grammatopoulos G, Waldstein W, et al. Comparison of native 
anatomy with recommended safe component orientation in total hip arthro-
plasty for primary osteoarthritis. J Bone Joint Surg Am. 2013;95(22):e172.

20.	 Nogler M, Kessler O, Prassl A, et al. Reduced variability of acetabular 
cup positioning with use of an imageless navigation system. Clin Orthop. 
2004;(426):159-163.

21.	 Wixson RL, MacDonald MA. Total hip arthroplasty through a minimal pos-
terior approach using imageless computer-assisted hip navigation. J Ar-
throplasty. 2005;20(7 suppl 3):51-56.

22.	 Jolles BM, Genoud P, Hoffmeyer P. Computer-assisted cup placement 
techniques in total hip arthroplasty improve accuracy of placement. Clin 
Orthop. 2004;(426):174-179.

23.	 Lass R, Kubista B, Olischar B, Frantal S, Windhager R, Giurea A. Total hip 
arthroplasty using imageless computer-assisted hip navigation: a prospec-
tive randomized study. J Arthroplasty. 2014;29(4):786-791.

24.	 Babisch JW, Layher F, Amiot LP. The rationale for tilt-adjusted acetabular 
cup navigation. J Bone Joint Surg Am. 2008;90(2):357-365.

25.	 Pellicci PM, Bostrom M, Poss R. Posterior approach to total hip replacement 
using enhanced posterior soft tissue repair. Clin Orthop. 1998;(355):224-228.

26.	 Krismer M, Bauer R, Tschupik J, Mayrhofer P. EBRA: a method to measure 

AJO 
DO NOT COPY



Targeting a New Safe Zone: A Step in the Development of Patient-Specific Component Positioning

migration of acetabular components. J Biomech. 1995;28(10):1225-1236.
27.	 Parratte S, Argenson JN. Validation and usefulness of a computer-assisted 

cup-positioning system in total hip arthroplasty. A prospective, randomized, 
controlled study. J Bone Joint Surg Am. 2007;89(3):494-499.

28.	 Dorr LD, Malik A, Wan Z, Long WT, Harris M. Precision and bias of image-
less computer navigation and surgeon estimates for acetabular component 
position. Clin Orthop. 2007;(465):92-99.

29.	 Najarian BC, Kilgore JE, Markel DC. Evaluation of component position-
ing in primary total hip arthroplasty using an imageless navigation device 
compared with traditional methods. J Arthroplasty. 2009;24(1):15-21.

30.	 Hohmann E, Bryant A, Tetsworth K. Anterior pelvic soft tissue thickness 
influences acetabular cup positioning with imageless navigation. J Arthro-
plasty. 2012;27(6):945-952.

31.	 Nguyen AD, Shultz SJ. Sex differences in clinical measures of lower extrem-
ity alignment. J Orthop Sports Phys Ther. 2007;37(7):389-398.

32.	 Malik A, Wan Z, Jaramaz B, Bowman G, Dorr LD. A validation model for mea-
surement of acetabular component position. J Arthroplasty. 2010;25(5):812-819.

33.	 Tannast M, Murphy SB, Langlotz F, Anderson SE, Siebenrock KA. Estima-
tion of pelvic tilt on anteroposterior X-rays—a comparison of six parameters. 
Skeletal Radiol. 2006;35(3):149-155.

34.	 Parratte S, Pagnano MW, Coleman-Wood K, Kaufman KR, Berry DJ. The 
2008 Frank Stinchfield Award: variation in postoperative pelvic tilt may con-
found the accuracy of hip navigation systems. Clin Orthop. 2009;467(1):43-49.

35.	 McCollum DE, Gray WJ. Dislocation after total hip arthroplasty. Causes and 
prevention. Clin Orthop. 1990;(261):159-170.

36.	 Kummer FJ, Shah S, Iyer S, DiCesare PE. The effect of acetabular cup 
orientations on limiting hip rotation. J Arthroplasty. 1999;14(4):509-513.

37.	 Lin F, Lim D, Wixson RL, Milos S, Hendrix RW, Makhsous M. Limitations 
of imageless computer-assisted navigation for total hip arthroplasty. J Ar-
throplasty. 2011;26(4):596-605.

38.	 Lazennec JY, Riwan A, Gravez F, et al. Hip spine relationships: application 
to total hip arthroplasty. Hip Int. 2007;17(suppl 5):S91-S104.

39.	 Trousdale RT, Cabanela ME, Berry DJ. Anterior iliopsoas impingement after 
total hip arthroplasty. J Arthroplasty. 1995;10(4):546-549.

 
This paper will be judged for the Resident Writer’s Award.

AJO 
DO NOT COPY




