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Abstract

Background Numerous factors influence total hip

arthroplasty (THA) stability including surgical approach

and soft tissue tension, patient compliance, and component

position. One long-held tenet regarding component posi-

tion is that cup inclination and anteversion of 40� ± 10�
and 15� ± 10�, respectively, represent a ‘‘safe zone’’ as

defined by Lewinnek that minimizes dislocation after pri-

mary THA; however, it is clear that components positioned

in this zone can and do dislocate.

Questions/purposes We sought to determine if these

classic radiographic targets for cup inclination and

anteversion accurately predicted a safe zone limiting dis-

location in a contemporary THA practice.

Methods From a cohort of 9784 primary THAs per-

formed between 2003 and 2012 at one institution, we

retrospectively identified 206 THAs (2%) that subsequently

dislocated. Radiographic parameters including inclination,

anteversion, center of rotation, and limb length discrepancy

were analyzed. Mean followup was 27 months (range,

0–133 months).

Results The majority (58% [120 of 206]) of dislocated

THAs had a socket within the Lewinnek safe zone.Mean cup

inclination was 44� ± 8� with 84% within the safe zone for

inclination.Mean anteversion was 15�± 9�with 69%within

the safe zone for anteversion. Sixty-five percent of dislocated

THAs that were performed through a posterior approach had

an acetabular component within the combined acetabular

safe zones, whereas this was true for only 33% performed

through an anterolateral approach. An acetabular component

performed through a posterior approach was three times as

likely to be within the combined acetabular safe zones (odds

ratio [OR], 1.3; 95% confidence interval [CI], 1.1–1.6) than

after an anterolateral approach (OR, 0.4; 95% CI, 0.2–0.7; p

\ 0.0001). In contrast, acetabular components performed

through a posterior approach (OR, 1.6; 95%CI, 1.2–1.9) had

an increased risk of dislocation compared with those per-

formed through an anterolateral approach (OR, 0.8; 95% CI,

0.7–0.9; p\0.0001).

Conclusions The historical target values for cup inclina-

tion and anteversion may be useful but should not be

considered a safe zone given that the majority of these

contemporary THAs that dislocated were within those

target values. Stability is likely multifactorial; the ideal cup

position for some patients may lie outside the Lewinnek

safe zone and more advanced analysis is required to

identify the right target in that subgroup.
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Level of Evidence Level III, therapeutic study.

Introduction

Dislocation is among the most common complications after

primary THA with an estimated range between 0% and 5%

[12, 14, 22, 30, 32]. Approximately 50% of dislocations

occur within the first 3 months after the index procedure,

and more than 75% occur within the first year [7]. Within

the first 2 years postoperatively, dislocation is the most

common cause for revision surgery [8]. Unfortunately,

revision surgery to treat hip instability, ranging from

‘‘simple’’ head and liner exchange to all-component revi-

sion or use of constrained devices, has met with variable

success [6, 11, 26, 30, 32].

The positioning of implants, restoration of joint

biomechanics, and appropriate soft tissue preservation and

tensioning are known to play a role in obtaining a stable

THA [13, 15, 16]. In addition, head size, cup diameter, and

the surgical approach itself may influence hip stability [16,

17, 34]. In an often cited paper, Lewinnek et al. proposed a

‘‘safe zone’’ of cup inclination of 40� ± 10� and antever-

sion of 15� ± 10� to minimize dislocation risk after

primary THA [20]. In their paper, all procedures were

completed through a posterolateral approach. However,

even if the implants are oriented based on this safe zone,

dislocations still occur [1, 17].

The primary goal of this study was to determine if the

radiographic target values for cup inclination and antev-

ersion proposed as the Lewinnek et al. safe zone accurately

predicted dislocation in a contemporary THA practice. The

secondary goal was to determine if the achievement of

these radiographic target values varied based on surgical

approach.

Patients and Methods

All patients who had a dislocation after a primary THA

completed at our institution between 2003 and 2012 were

identified. Patients were identified through our total joint

registry, which has followed all patients with a THA since

1969. Clinical and radiographic followup was performed at

3 months, 1 year, 2 years, 5 years, and then every 5 years

thereafter. Patients who were unable to return for followup

were mailed a questionnaire and were asked to return

radiographic images. If they did not respond, they were

contacted by telephone. Dislocations were defined as any

episode that required closed or open reduction or a revision

arthroplasty. Two percent of living patients did not have a

minimum of 2 years of followup. The study cohort only

included primary THAs. As such, all immediate THAs

after fracture, hemiarthroplasties and resurfacings, or

conversions from a previous resurfacing were excluded.

Institutional review board approval was obtained before

initiation of the study.

Radiographic analysis included inclination and antev-

ersion of the acetabular component based on a pelvic AP

radiograph (Fig. 1) on the most recent radiographs before

dislocation as described earlier [2, 29]. This method was

selected given it is the most clinically applicable method in

Fig. 1 AP radiograph depicting the method used to measure antev-

ersion (AV) as previously described [2]. The long (A to B, AB) and

short (C to D, CD) axes of the ellipse of the acetabular component are

drawn, which intersect each other at a right angle. The angle of

anteversion is calculated through the formula AV = sin�1 (CD/AB).

The inclination is the angle between the teardrop line and the long

axis of the ellipse.

Fig. 2 AP radiograph showing the measured parameters (femoral

offset, blue lines; former center of rotation, green lines; leg length,

yellow lines). The red line depicts the teardrop line as a baseline for

all measurements.
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contemporary practice used by surgeons on a day-to-day

basis. In the current study the term ‘‘combined safe zone’’

describes the fact that both acetabular safe zones, antev-

ersion and inclination, were reached. Additional

radiographic analysis included femoral offset, acetabular

offset, horizontal and vertical change of the center of

rotation, and limb length discrepancy as previously

described (Fig. 2) [27, 28]. All radiographs were reviewed

by two of the authors (PvR, MTJ) and was completed twice

by each of the reviewers at least 2 weeks apart. For all

radiographic parameters, the mean correlation coefficient

of the interobserver reliability was 0.89 (range, 0.84–0.94),

and the mean correlation coefficient of the intraobserver

reliability was 0.89 (range, 0.75–0.97). Eighty-five percent

of patients had complete preoperative and postoperative

radiographs for analysis (ie, AP pelvis, AP hip, and

crosstable lateral). The remaining 15% had preoperative

and postoperative radiographs available for review, but not

the complete complement.

The study cohort consisted of 206 hips in 206 patients.

Demographic analysis included the mean age at the time of

primary THA, the distribution of sex, time to dislocation,

mean body mass index, and mean followup (Table 1).

Diagnoses included degenerative joint disease, posttrau-

matic arthritis, avascular necrosis, inflammatory arthritis,

and neuropathic arthritis (Table 1). During the study per-

iod, 9784 primary THAs were completed at our institution

with 5765 having a posterior approach, 3384 having an

anterolateral approach, and 71 having an extended tro-

chanteric osteotomy. The approach used depended on

surgeon preference. A repair of the capsule was performed

in all cases with a posterior approach.

A total of eight acetabular component designs were used

in this series, but all had uncemented fixation. Similarly, 16

femoral component designs were used with 152 of 206

stems (74%) being inserted in an uncemented fashion.

Statistical Methods

Data are presented as mean values with ranges or 95%

confidence interval (CI). Log-rank test was applied to test

for significant differences [18]. Differences in the survival

of subgroups were tested with the log-rank test [18]. Sta-

tistical analysis was performed with use of SPSS software

(IBM, Armonk, NY, USA).

Results

Proportion of Cups in the Safe Zone

The mean cup inclination was 44� ± 8� (95% CI, 42�–45�)
and anteversion was 15� ± 9� (95% CI, 13�–16�). The cup
inclination was within the safe zone in 84% (174 of 206) of

hips. The anteversion was within the safe zone in 69% (143

of 206) of hips. In 58% (120 of 206) of hips, both safe

zones were achieved (Fig. 3). The mean femoral offset was

38 ± 7 mm (95% CI, 37–39 mm). The mean acetabular

offset was 32 ± 4 mm (95% CI, 31–33 mm). The mean

lateralization of the center of rotation was +6 ± 4 mm

(95% CI, +5–+6 mm) from the native center of rotation,

and the mean limb length difference was 4 ± 7 mm (95%

CI, 3–5 mm) longer.

Relationship Between Surgical Approach and Safe

Zone

When analyzing based on approach, cup inclination was

within the safe zone in 92% (190 of 206) of cases for the

posterior approach and 62% of cases for the anterolateral

approach. Similarly, anteversion was within the safe zone

in 73% of cases after a posterior approach and 49% of

cases with an anterolateral approach. As such, the com-

bined safe zone was achieved in 65% of cases with the

posterior approach (Fig. 4) and 33% of cases with the

anterolateral approach (Fig. 5). An acetabular component

performed through a posterior approach was three times as

likely to be within the combined safe zone (odds ratio

[OR], 1.3; 95% CI, 1.1–1.6) than after an anterolateral

approach (OR, 0.4; 95% CI, 0.2–0.7; p \ 0.0001). In

contrast, acetabular components performed through a

Table 1. Demographics, indication, and approach

Variable Value SD Range

Demographics

Age (years) 63 ± 16.1 17–94

Sex female (%) 63 (130/206) NA NA

Time to dislocation (months) 7 ± 18.7 0–115

BMI (kg/m2) 30 ± 6.9 16–52

Followup (months) 27 ± 30 0–133

Indication for surgery

Degenerative joint disease 151 NA NA

Posttraumatic arthritis 27 NA NA

Avascular necrosis 23 NA NA

Inflammatory arthritis 3 NA NA

Neuropathic arthritis 2 NA NA

Approach

Posterior 140 NA NA

Anterolateral 60 NA NA

Extended trochanteric

trochanteric osteotomy

6 NA NA

BMI = body mass index; NA = not applicable.
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posterior approach (OR, 1.6; 95% CI, 1.2–1.9) had an

increased risk of dislocation compared with those per-

formed through an anterolateral approach (OR, 0.8; 95%

CI, 0.7–0.9; p\ 0.0001).

Discussion

Instability is one of the most common complications after

primary THA, occurring in 0.3% to 10% of cases [9, 25].

Prior studies distinguish between patient-related factors

such as abductor weakness or neurologic deficits and

technique-related risk factors [9, 32, 39]. Technical factors

under the surgeon’s direction include approach, soft tissue

management, implant design choice, and component posi-

tion [9]. In 1978, Lewinnek et al. [20] defined their safe

zone for the acetabular component to avoid dislocation.

Although the concept of a safe zone is widely accepted and

used in clinical practice, dislocations still occur. As such,

the primary goal of this study was to determine if the

radiographic target values for cup inclination and antev-

ersion proposed by Lewinnek et al. accurately predict

dislocation in a contemporary THA practice.

There are numerous limitations to the current study.

First, the study was based on AP radiographs: femoral

version, and thus combined femoral and acetabular antev-

ersion, was not evaluated. In the future, more advanced

analyses (eg, cross-sectional and dynamic imaging) will be

required. However, the focus of this investigation was on

the concept of an acetabular safe zone with the information

the practicing clinician typically has available. In addition,

all procedures were completed at a high-volume tertiary

care institution. As such, the findings may not be widely

Fig. 4 Diagram depicting the number of patients with a posterior

approach who dislocated and were within the Lewinnek safe zones.

Fig. 5 Diagram depicting the number of patients with an anterolat-

eral approach who dislocated and were within the Lewinnek safe

zones.

Fig. 3 Diagram depicting number of patients who dislocated that

were within the Lewinnek safe zones.

Volume 474, Number 2, February 2016 Total Hip Dislocations and Safe Zone 389

123



expandable. Third, multiple surgeons and implants were

involved. Although some may see this is a drawback, it

actually represents a contemporary cohort of patients with

multiple femoral head size options and multiple liner

options available.

Although the vast majority of our cups were within the

safe zone for both inclination and anteversion, dislocations

still occurred. Reize et al. [36] similarly found that 58% of

their cups were within both safe zones (ie, cup inclination

and anteversion) for those who dislocated. However, they

did not report on the proportion of patients who dislocated.

Esposito et al. [13] also noted that 57% of their cups were

within both safe zones for those who dislocated. The mean

cup inclination (44�) and anteversion (15�) of dislocated

hips reported in the current study reflect the standard values

noted for the native hip [35]. In addition, the mean values

of both inclination and anteversion were nearly identical to

the recommended targets by Lewinnek et al. [20].

In the current study, there was an increased risk of

dislocation with the posterior approach although acetabular

components positioned through this approach were nearly

twice as likely to be within the proposed combined safe

zone of anteversion and inclination. However, this differ-

ence was smaller than prior reports [5]. This reinforces the

fact that for the posterior approach, the safe zone is not an

accurate predictor of dislocation. More importantly, it

highlights that for the posterior approach, there is no

‘‘sweet spot’’ and thus no benefit in reorienting the safe

zone. There continues to be debate surrounding the risk of

dislocation based on approach [9, 14]. Masonis and Bourne

[24] reported that 1% and 3% of THAs dislocated after use

of the transtrochanteric and posterior approaches, respec-

tively. However, that was reduced to 2% with a posterior

capsular repair [24]. Similarly, other studies have shown

that a capsular repair and an increased femoral head

diameter after the posterior approach decrease the likeli-

hood of dislocation [5, 32]. Conversely, an analysis of the

dislocations in the anterolateral group reveals that accept-

ing less acetabular anteversion through this approach also

is not protective against dislocation. As exemplified in

graphic format (Fig. 5), those with less anteversion had

more dislocations. Although reorienting the safe zone may

have no clinical benefit for the posterior approach, it may

have a role in the anterolateral approach. However, this

requires further investigation.

In our series of THAs implanted by high-volume sur-

geons, we found that 2% dislocated when followed for a

mean of[2 years. Recently, Esposito et al. [13] described

their frequency of dislocation to be 2% as well. However,

their study period was only the first 6 months from the

surgical intervention. This is important because the fre-

quency of dislocation varies based on length of followup

[4, 10]. In addition, Esposito et al. [13] identified

dislocations through patient self-reporting and mailed sur-

veys as opposed to confirmation through clinical followup.

Finally, the posterior approach was used in 98% of their

patients, limiting analysis with other approaches such as

anterolateral.

Because restoration of the native anatomy also plays a

crucial role in preventing instability after THA [21, 31], we

sought to assess femoral offset, acetabular offset, combined

lateralization, and limb length discrepancy. The femoral

offset in the current study was 38 mm. According to Pre-

ininger et al. [35], the offset of the native hip ranges from

39 to 43 mm. Therefore, the offset in our study cohort was

reconstructed accurately. Next, acetabular offset was

evaluated and found to be 32 mm. Kurtz et al. [19] reported

on the acetabular offset before (40 mm) and after THA (33

mm) and found comparable values. Moreover, the mea-

sured limb length difference in our study was \ 5 mm.

Discrepancies within 1 cm are well tolerated by patients

[23, 38]. Finally, the center of rotation was lateralized by 6

mm. Baghdadi et al. [3] used the same technique to assess

the change of the center of rotation and found a mean of 11

mm.

We found that the historical target values for cup

inclination and anteversion defined by Lewinnek et al. may

be useful but should not be considered a safe zone, in the

sense that positioning the acetabular component within

these parameters does not preclude dislocation. The

majority of our THAs that dislocated were, in fact, within

those target values. Although multiple authors proposed to

keep the safe zones described by Lewinnek [33, 37],

Esposito et al. [13] found no distinct safe zone. It is likely

that the ideal cup position for some patients lies outside the

Lewinnek zone and that more-advanced analysis is

required to identify the right target in that subgroup.

Creating a stable THA remains a balancing act among

appropriate component positioning taking into account

individual patient bony and muscular anatomy in both the

static and dynamic state, soft tissue balance and tensioning,

and appropriate aftercare and rehabilitative efforts.
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