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Abstract

Background Dislocation remains common after total hip
arthroplasty. Efforts have been made to identify and min-
imize risk factors. One such factor, jump distance, or the
distance the femoral head must travel before dislocating,
has been poorly characterized with respect to three-
dimensional kinematics.
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Questions/purposes We therefore determined: (1) the
three-dimensional stability of four different component
designs; (2) whether the degree of abduction and antever-
sion affects the stability; (3) whether pelvic inclination
angles affected stability; and (4) which combination of
these three factors had the greatest stability.

Methods We created a positionable three-dimensional
model of a THA. Acetabular components were modeled in
various abduction and anteversion angles and in two dif-
ferent pelvic inclinations which simulate standing and
chair-rising activities.

Results The posterior horizontal dislocation distance
increased as inclination angle and femoral head size
increased. The 48-mm resurfacing typically had lower
jump distances and was at risk of posterior edge loading at
30° inclination. The highest jump distance for all positions
and activities occurred with the dual-mobility bearing.
Conclusion These findings suggest that monoblock cups
require extremely accurate positioning for low dislocation
risk and that pelvic orientation may increase dislocation
risks.

Clinical Relevance As a result of the dual-mobility
designs having the greatest resistance to dislocation, these
cups may be appropriate for patients who are at risk for
dislocation in difficult primary situations and in revision
hip arthroplasty procedures in which proper component
orientation may be less likely to be achieved.

Introduction
Dislocation remains a major complication after THA, often
requiring revision surgery. In a recent study of 51,345

revision hip arthroplasties from a Medicare database, dis-
location was the leading cause of revision (22%), which
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was higher than both infection and aseptic loosening [10].
In addition, the revision burden is expected to increase over
the next 20 years from 10% presently to over 20% of all
THAs by the year 2030 [25]. Dislocation causes are mul-
tifactorial and are associated with femoral stem design [1,
48], acetabular component orientation [2, 7, 28], surgical
approach [7, 31, 34], soft tissue laxity [40], femoral head
size [12, 21, 23, 34], and other patient-specific factors [7,
18, 34].

Mechanisms described for the characterization of dis-
location using these testing conditions include levering the
femoral head out of the acetabulum secondary to
impingement [2, 33] as well as femoral head translation
resulting from muscle weakness [6, 33] or soft tissue laxity
[11]. Regardless of the mechanism of dislocation, the
femoral head must travel a certain distance, typically
termed the jump distance, before it can be unseated from
the acetabular component. Prior studies to quantify these
measurements did so by using simplified two-dimensional
geometry (Fig. 1) to compare the effect of varying femoral
head sizes on the jump distance required for dislocation.
Additionally, these studies used a range of acetabular cup
positions (varying through the extremes of 0° to 90° of
abduction), which can generate results that might never be
realized in an in vivo setting. However, the continued
prevalence of dislocation after THA suggests that although
jump distance may be a valid indicator for dislocation risk,
the way this value is determined may require a more
sophisticated approach and that for any given bearing size,
there may be multiple other factors that affect it [16]. In
this study, our approach will analyze various clinical rel-
evant designs and component orientations to further clarify
our understanding of dislocation risk.

We therefore evaluated: (1) the three-dimensional sta-
bility of four different component designs; (2) whether
various clinically relevant positions of abduction and
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Fig. 1 This is a schematic diagram illustrative of traditional jump
distance measurements at 45° (left) and 0° (right).

@ Springer

anteversion affect the stability; (3) whether varying pelvic
inclination angles as measured during standing and during
rising from a seated position affect stability; and (4) which
combinations of implant type, component orientation, and
pelvic tilt had the greatest stability.

Materials and Methods

We first defined a three-dimensional posterior horizontal
dislocation distance (PHDD) or three-dimensional jump
distance. The PHDD was determined using a three-
dimensional solid model, whereby the following various
factors were varied for four different prosthetic designs:
acetabular inclination angle, acetabular anteversion, and
forward pelvic tilt. The dependent output of the model was
the distance traveled by the femoral head just before dis-
location (PHDD), which was then compared between the
different implants as well as the other variables. The def-
inition of PHDD and the model characteristics are
described subsequently.

In the horizontal plane, the PHDD is the minimum pos-
terior-directed distance the femoral head must travel to be
located tangential to the edge of the acetabular component
in a direction directly posterior. The femoral component
was initially seated within the acetabular component. The
axes origin was located at the center of the femoral head.
The x-axis was pointed anteriorly, the y-axis superiorly, and
the z-axis laterally from this origin. For a right hip, we then
established a point at 270° (9 o’clock) as the location where
a posterior dislocation would occur. The head of the femoral
component was then placed tangential to this point and the
distance between the current center of the femoral (Fig. 2C)
head and the previously defined origin was calculated as
the PHDD (denoted as distance X in Fig. 2). We imported
a CT scan of an adult pelvis into Pro/Engineer computer-
aided design software (Parametric Technology Corpora-
tion, Needham, MA, USA). The scan used was a thin slice,
high resolution that can create a three-dimensional solid
model of the pelvis. This was used for visualization pur-
poses only and did not affect the analysis. Four different
combinations of acetabular and femoral components were
modeled in Pro/Engineer and were used to calculate
PHDD.

We studied four implant designs. The first two implants
(Trident Alumina Ceramic Bearing; Stryker Orthopaedics,
Mahwah, NJ, USA) had 28- and 36-mm inner acetabular
diameters and were internally hemispheric. The third
design was a resurfacing-type cup (Cormet Hip Resurfac-
ing System; Corin, Gloucestershire, UK) with a bearing
that was lateralized by 3.5 mm and had a 48-mm bearing
diameter. This bearing had approximately 163° of coverage
of the femoral head. The fourth design was a monoblock
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<«Fig. 2A-C The images depict the modeled pelvic orientation for the
low chair rise position (A); the three-dimensional posterior horizontal
dislocation distance (B; denoted by X, center) as well as the predicted
posterior dislocation distance for the dislocated dual-mobility hip
prosthesis (C).

Fig. 3A-B The Anatomic Dual Mobility design has a unique rim
shape (A), with a cutout for the psoas tendon. (B) The complete
assembly for the implant is shown with the anatomically shaped
acetabular shell, the soft-on-hard articulation, and inner hard-on-soft
bearing surface.

dual-mobility cup (Anatomic Dual Mobility™; Stryker
Orthopaedics) with an anatomic-shaped rim with a 48-mm
diameter head (Fig. 3). The anatomic shape allows the cup
to be deeper than a hemisphere in areas. For the dual-
mobility design, the three-dimensional measurement was
taken with the cup implanted in the recommended orien-
tation (as illustrated in Fig. 2C).

We used various acetabular inclination and abduction
angles to determine their effect on the PHDD for two
different pelvic tilt angles. The acetabular component was
placed at varying positions, angles of inclination of 30°,

@ Springer



522 Nevelos et al.

Clinical Orthopaedics and Related Research®

45°, and 60°, and anteversion angles of 0°, 10°, and 20°,
leading to a total of nine experimental acetabular positions.

Values for pelvic inclination angles were obtained from
gait analysis laboratory measurements taken from healthy
volunteers and have been reported previously. We modeled
two typical positions: a standing (5°) and an extreme
position with the greatest value of pelvic tilt, which
occurred when rising from a low, seated position (26°). We
hypothesized that the increased pelvic tilt that results from
the rising from a seated position may be a risk factor for
posterior dislocation [35]. When combined with the various
inclination and anteversion angles, the PHDD was mea-
sured in 18 different orientations for each specific implant.

All data were initially generated by measurements taken
from Pro/Engineer and were compiled in an Excel
spreadsheet (Microsoft, Redmond, WA, USA). We used
these data for comparative analyses among all four com-
ponent designs and across all acetabular and pelvic
orientations tested.

Results

Within the three standard THA designs, the PHDD
increased as the femoral head size increased. There was
minimal difference in PHDD between the 28- and 36-mm
femoral heads at lower acetabular inclination angles, but
the difference became more pronounced at 60° of acetab-
ular inclination (Fig. 4). The resurfacing 48-mm prosthesis
demonstrated a more complicated relationship. At 30° of

Fig. 4 This figure illustrates the
effect of PHDD as a function of

acetabular inclination, the resurfacing had the lowest
PHDD and was in fact negative for all three anteversion
angles. This means that the posterior edge of the cup was
actually medial to the head center and this may therefore
indicate a risk of edge loading. When positioned at 45° of
acetabular inclination, the resurfacing cup was comparable
to the 28- and 36-mm hemispherical heads; and at 60° of
inclination, the resurfacing had a larger PHDD than the 28-
and 36-mm heads. The 48-mm head of the dual-mobility
cup consistently had the largest PHDD in all positions and
both pelvic tilt angles.

In general, the PHDD increased as acetabular inclination
angle increased. All implants demonstrated linearly
increasing PHDD values as inclination angles increased
from 30° to 60°. At 30° of inclination and 26° of pelvic tilt,
negative values for PHDD were calculated for the resur-
facing prosthesis. Depending on acetabular anteversion and
pelvic tilt, the mean increase in PHDD as inclination angle
increased was 8 and 10 mm for the 28- and 36-mm heads and
11 mm for the dual-mobility cup. The 48-mm resurfacing
had the highest increase in PHDD with increasing inclination
angle with a mean 15-mm increase, although its PHDD value
was still always lower than the dual-mobility design.

For any given anteversion, an inclination angle of 30° at
a standing pelvic inclination resulted in a smaller PHDD
than an inclination angle of 60° when rising from a seated
position (Fig. 5). Of note, the PHDD was lower (greater
dislocation risk) for any given anteversion when there was
a shallow inclination angle at a standing pelvic tilt (30°
inclination and 5° pelvic tilt) when compared with a more
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Fig. 5 This figure illustrates
PHDD as a function of pelvic
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severe inclination angle at the seated pelvic tilt (60°
inclination and 26° pelvic tilt).

The smallest PHDD values were determined for 26°
pelvic tilt and 30° of acetabular inclination. In the analysis
of the effect of pelvic tilt in relation to acetabular incli-
nation and/or anteversion, in a general sense, there was
more stability with 5° of pelvic tilt than 26° for all of the
prostheses tested. All implants had an overall lower PHDD
for the 26° pelvic inclination angle than the 5° angle. For
both pelvic inclination angles, each implant showed a lin-
ear increase in PHDD with respect to both acetabular
inclination angle and acetabular anteversion.

Discussion

Jump distance has been related to THA dislocation rates and
has commonly been studied in two-dimensional models.
However, to the best of our knowledge, there has been little
published work on the effect of bearing design, acetabular
orientation, or pelvic inclination on jump distance. Because
of continued problems with hip dislocation after THA, we
created a model that determined that the following factors
influenced PHDD: specific acetabular design, acetabular
orientation, and pelvic inclination.

There were several limitations of the current study.
First, this model was purely based on prosthetic character-
istics and designs, and future models could incorporate
bony anatomy as well as soft tissues. Despite this limi-
tation, our model has shown that the interplay among

36mm Hemispherical

“ 48mm Dual Mobility

acetabular orientation, pelvic position, femoral head size,
and prosthetic design is more complex than previously
understood. These data further our understanding of the
sensitivity of some implant designs to component posi-
tioning but assume a purely posterior dislocation and do not
account for soft tissue stabilizers. Bench validation could
further validate the model, assess the effect of soft tissues
and kinetic factors on stability, and determine if the pros-
thetic head dislocates in a purely posterior fashion (as
modeled here, with dislocation modeled at 270° for sim-
plicity of calculation) or if it follows more of a path of least
resistance in the generalized posterior direction. However,
we believe holding all factors constant, as we did in this
model, allows us to identify general trends that can later be
refined with more sophisticated cadaveric or dynamic
models. Second, this model considers only a translational
dislocation mechanism and does not take into account the
levering mechanism that occurs from bony or prosthetic
impingement. In vivo, dislocation mechanisms are more
likely to be a combination of these two mechanisms
(levering from impingement with translational movement
of the femoral head) with additional stability provided by
the soft tissues. The load provided by the patient’s body
weight will also affect the in vivo mechanism of dislocation
with this load possibly conferring some protective benefits
when the pelvis is in certain orientations (eg, standing) and
may contribute to amplify the dislocation risk when in other
positions (eg, rising from a seated position). All studies such
as this one may be limited by application to each patient’s
unique anatomy (dysplastic hips, extraarticular femoral
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deformities, prior acetabular or femoral trauma, etc), which
may influence component positioning and cannot be accounted
for here.

Many basic science [3, 11, 14, 16, 41] and clinical studies
[8, 13-15, 29, 37, 42—-45] support the notion that larger head
sizes correlate with increased jump distance and therefore
decrease THA dislocation risk. For example, in one of the
first cadaver studies on this topic by the Harris Orthopaedic
Laboratory, 36-mm heads had decreased dislocation rates
compared with 26- and 32-mm heads, which was attributed
solely to jump distance [11]. The present study was con-
sistent with the literature because as head size increased (28,
36, to 48 mm), jump distance correspondingly increased.

The effects of acetabular positioning and pelvic tilt
demonstrated more complex, but not unsurprising, inter-
relationships. For example, PHDD was lower at the more
provocative pelvic tilt of 26°; however, as cup inclination
angle increased, anteversion played more of a protective
role when comparing the two pelvic tilt values. This is in
agreement with what should be intuitively concluded in
that a more anteverted cup will provide greater stability
against a posterior dislocation. This also suggests that,
although increased amounts of anteversion and inclination
may not always be optimal, they may provide protection
against dislocation when performing provocative maneu-
vers. Interestingly, the dual-mobility design was more
stable at all component positions when compared with both
hemispherical cups with smaller femoral heads as well as
the resurfacing-type implant with a similar, anatomically
sized femoral head.

In this study, the dual-mobility hip had the highest
PHDD of any design regardless of head size, which held
for all acetabular orientations and pelvic inclinations. This
correlates with the clinical studies with this type of device
that have demonstrated almost no dislocations in the pri-
mary or revision hip arthroplasty setting [4, 9, 19, 20, 22,
26, 38, 39, 46, 47]. For example, in a study by Philippot
and coauthors [39] of 384 primary THAs using a dual-
mobility cup, which was similar in design to the one
presently evaluated, there was no early or late instability at
a mean followup of greater than 15 years (range, 12—
20 years). Multiple other reports have confirmed these low
dislocation rates with these designs in both the primary and
revision setting [9, 19, 20, 22, 26, 39, 46, 47].

Multiple studies have reported the theoretical advanta-
ges of hip resurfacing for reducing dislocation rates [1, 22,
36]. However, in a recent systematic review comparing
resurfacing versus standard THA in young active patients,
the authors found no differences in dislocation rates [22].
This may be partly the result of the less than hemispherical
head coverage and/or because of the low head-neck ratio
that might lead to earlier prosthetic and bony impingement
[5, 24]. In the present study, resurfacing showed increased
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posterior dislocation distances when compared with 28-
and 32-mm heads but these were lower than the dual-
mobility design. The negative PHDD values indicate that
the posterior wall of the resurfacing cup was medial to the
head center, implying a risk for edge loading during chair
rise with low inclination angles. There have been several
reports of high cup inclination angles leading to edge
loading and increased wear of metal-on-metal hip
arthroplasties [17, 27, 30, 32, 41, 49]. Based on the present
study, it also appears that excessively closed cup positions
may also lead to negative wear characteristics.

When evaluating jump distance, most studies have used
purely mathematical techniques for assessments in either
two or three dimensions coupled with characterization of
typically one other factor such as acetabular abduction
angle or head size [14, 41]. Recently, Sariali et al. [41]
evaluated lateral jump distance according to implant
characteristics, increasing head size, and head offset as
well as a function of cup anteversion and abduction angle.
They found that the jump distance decreased as cup
abduction angles increased and increased with increasing
anteversion angles. Additionally, there were increases in
jump distance with increased head diameters, an
improvement that decreased with increases in abduction
angles. They also found head offset was the most important
parameter influencing jump distance (increased offset
reduced jump distance). However, similar to the
Crowninshield et al. [14] study, their model ultimately
resulted in a vertical dislocation mechanism. One must
question the results obtained from these studies because
dislocations clinically occur in either the anterior or, more
commonly, the posterior direction.

In summary, we have described a new model to assess
three-dimensional posterior jump distance (posterior hori-
zontal dislocation distance). We assessed various
acetabular designs and found that the dual-mobility socket
with anatomic rim had the greatest jump distance.
Increasing head size, decreasing acetabular inclination, and
decreasing acetabular anteversion had positive influences
on increased jump distance. Pelvic orientation of 26°
reduced jump distance for all prostheses and acetabular
orientations, which supports the hypothesis that chair rise is
a high-risk activity for dislocation. The clinical importance
of our findings is that newer designs may be useful in
preventing hip dislocation and may be appropriate for
patients who are at increased risk for dislocation in difficult
primary situations and in revision procedures.
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