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HOT TOPICS

Total Hip Instability and the Spinopelvic Link

Zachary C. Lum1
& Mauro Giordani1 & John P. Meehan1

# Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract
Purpose of Review Advances in technology, implant design, and surgical technique have lowered the dislocation rate in primary
total hip arthroplasty (THA). Despite these advances, there remain a large number of instability episodes without a known
etiology. Recent research suggests that the pelvic and lumbar spine interrelationship may be the explanation in prosthetic
dislocations without a known cause. In this review, we describe the biomechanics, measurements, diagnoses, classification,
management, and outcomes of total hip and revision total hip instability as it relates to spinopelvic alignment.
Recent Findings As a person goes from standing to sitting, lumbar lordosis decreases, and the sacrum and entire pelvis tilts
posteriorly with sacrum and coccyx rotating posterior-inferiorly, resulting in increased acetabular cup anteversion to accommo-
date femoral flexion. A fused spine and associated fixed acetabulum can result in abnormal pelvic femoral motion, impingement,
and dislocation. Classifying the spinopelvic mechanics by sacral motion based on sitting and standing lateral radiographs
provides an understanding of how the acetabulum behaves in space. This information helps appropriate cup positioning, reducing
the risk of femoral side impingement and subsequent dislocation.
Summary Surgical techniques to consider in the spinopelvic at-risk patient are positioning considerations in acetabular cup
inclination and anteversion, high offset femoral stems, high offset acetabular liners, dual mobility articulations, and removal
of impinging structures. Future research is needed to define the safest order of operation in concomitant hip and spine pathology,
the effects on pelvic femoral biomechanics in spine surgery, and whether preoperative and intraoperative management strategies
have a long-term beneficial effect on the dislocation rate.

Keywords Spinopelvicmotion . totalhiparthroplasty instability .Ante-inclination .Sacro-acetabularangle .Spinopelvicmobility

THA Instability

Total hip arthroplasty has been described as one of the most
successful operations of the past century due to decreased
pain, increased functional outcomes, and improved quality
of life. Even with modern implant technology, contemporary
surgical techniques, perioperative pain management, and rap-
id recovery protocols, complications from total hip
arthroplasty (THA) surgery still exist. The most common rea-
son for early revision surgery is prosthetic instability [1].

Traditional risk factors have included those related to sur-
gical technique as well as those related to the individual

patient. Surgical approach, appropriate component selection
and position, capsular repair, length, and offset restoration are
examples of surgery-related factors important for stability.
Age, cerebral dysfunction, neuromuscular disease, gender,
body habitus, and compliance are examples of patient factors
that affect prosthetic stability.

Recently,Wera et al. classified 6 causes for THA instability
requiring revision that were identified at the time of the sur-
gery. Acetabular and femoral component malpositioning to-
gether were the leading causes with 41% (33% and 8% re-
spectively), abductor deficiency was second at 36%, impinge-
ment was 9% of the etiologies, late polyethylene wear was
7%, and unidentifiable factors were another 7% [2]. Other
authors have also listed unidentifiable causes of dislocation
varying from 7 to 18% [3–5].

The historical Lewinnek safe zone, which had been con-
sidered the desired acetabular position for over 30 years, has
been shown to be insufficient [6, 7••, 8–10]. Recent evidence
has identified an additional etiology of THA instability, espe-
cially in late instability development and in people with
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previous or subsequent spinal fusions [11–15, 16••]. We now
know that spinal motion is linked to pelvic motion within a
defined biomechanical relationship [17–23, 24••].
Understanding how the spinopelvic interaction works and
how to identify, manage, and treat people with hip arthritis
and spine pathology will be the goal of this article.

Definitions

Several spinopelvic parameters have been developed to help
understand the biomechanics of this motion (Table 1; Fig. 1).
Well established by Legaye et al., pelvic incidence (PI) is a
fixed angle measuring from the center of the S1 end plate with
one arm perpendicular to the slope of the S1 endplate and the
other towards the center of the femoral head on a lateral view
of the pelvis showing the lower lumbar spine from L3 down,
sacrum, and hip joint and proximal femur. Pelvic tilt (PT)
angle uses the same arm from the center of the S1 endplate
to the center of the femoral head and then projects vertically
[25]. Sacral slope (SS) also known as sacral tilt is the angle
between the S1 endplate and a horizontal line drawn perpen-
dicular to the vertical lines used to determine the PI and the
PT. These three angles are balanced in the equation: PI = PT +
SS. Similarly, Lazennec and Dorr reported a fixed angle called
the sacro-acetabular angle (SAA) and its relationship with

ante-inclination (AI) also known as sagittal tilt or acetabular
tilt (AT) and sacral tilt also known as sacral slope (SS), cumu-
lating in the equation: SAA = AI + SS [17, 19, 26]. Ante-
inclination is the horizontal line and a line between the edges
of the walls of the acetabulum. What is confusing for readers
is that Lazennec originally named this angle acetabular tilt, or
sagittal acetabular tilt. Dorr named this angle ante-inclination.
We will name this angle ante-inclination to prevent confusion.
SS or sacral tilt was previously described, and SAA is the
angle formed from the crossing arms of AI and SS. The field
of spine surgery usually refers to sacral tilt as sacral slope
(SS). Additionally, they typically describe pelvic motion in
respect to the pelvis and not the acetabulum. Pelvic
anteversion means the pelvis rotates counterclockwise on a
lateral radiograph, with the ASIS rotating anteriorly and infe-
riorly and the coccyx moving posteriorly superiorly.

Recently, pelvic femoral angle (PFA) has been suggested
as an additional measurement representative of motion be-
tween these two angles. It may be helpful as impingement
and dislocation in spinopelvic motion occurs between the fe-
mur and the pelvis, not between the spine and the pelvis.
Dorr’s research group has investigated their averages in sitting
and standing, suggesting numbers outside of this range may
be at risk for impingement and subsequent dislocation
(Table 1) [10, 26, 27•]. Lower angles in sitting suggest the

Table 1 Spinopelvic radiographic parameters, performed on lateral pelvic radiographs

Angle How to measure Normal values (Lazennec) Normal values (Dorr)

Pelvic tilt (PT) Angle from center of femoral head; one arm goes
vertical and the other arm goes towards center
of S1 sacral endplate

Sacral slope (SS)
or sacral tilt (ST)

Angle from anterior S1 end plate; one arm travels
along the tangent of the end plate and the other
arm goes horizontal

40° standing, 20° sitting 40° ± 10° standing,
20° ± 9° sitting

Pelvic incidence (PI) Fixed angle from middle of S1 endplate; one arm
goes towards center of femoral head and the
other arm goes perpendicular to slope of S1
end plate

56–58° 53° ± 11° standing
or sitting

Ante-inclination (AI)
or sagittal tilt

Angle from posterior inferior edge of acetabulum;
one arm goes horizontal and the other arm
travels to anterior edge. This measures the
cup opening angle.

36–47° standing,
51–58° sitting

35° ± 10° standing,
52° ± 11° sitting

Sagittal acetabular angle (SAA) Fixed angle created from slope of S1 end plate
and line from posterior inferior acetabulum to
anterior edge of acetabulum

69° 75° ± 15°

Anterior pelvic plane (APP) Angle from pubic tubercle; one arm goes towards
ASIS and the other arm travels directly vertically.
Surrogate for pelvic tilt using computer navigation

Lumbar lordosis (LL) Angle between superior L1 endplate and inferior
L5 endplate

Pelvic femoral angle (PFA) Angle centered over femoral head; one arm goes
towards middle of S1 endplate and the other arm
travels parallel to proximal femur.

180° ± 15° standing,
132° ± 12° sitting

Values from Lazennec JY, Brusson A, RousseauMA. Hip-spine relations and sagittal balance clinical consequences Eur Spine J. 2011;20 Suppl 5(Suppl
5):686–98 and Ike H, Dorr LD, Trasolini N, Stefl M, McKnight B, Heckmann N. Spine-pelvis-hip relationship in the functioning of a total hip
replacement. J Bone Joint Surg Am. 2018 Sep 19;100(18):1606–1615
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femur has to undergo more flexion, with a possibility of ante-
rior impingement and posterior dislocation if ante-inclination
is low in sitting. High angles in standing suggest the femur
may hyperextend, which places posterior impingement and
anterior dislocation if ante-inclination is too high in standing.
The combination of PFA and AI is called the combined sag-
ittal index (CSI), also termed the functional safe zone by
Tezuka et al. [10, 24••]. They suggested CSI as a replacement
for the Lewinneck safe zone, and that unexplained disloca-
tions due to poor acetabular position is likely attributed to
femoral motion. One caveat is abnormal CSI has not been
validated for etiology of primary THA dislocation because
the research is so recent. Most data will be to follow as studies
unfold.

Spinopelvic Mechanics and Alignment

Lazennec et al. was one of the first to report that the acetabular
position varied based on sitting and supine radiographs of the
pelvis [17]. They evaluated 84 healthy patients in sitting, stand-
ing radiographs, and by supine computer tomography (CT)
scans to define acetabular anteversion and how pelvic position
in sitting and standing affect the anteversion. They reported that
in standing, the pelvis is tilted anteriorly when looking at the
patient in the frontal plane, due to the increased curvature of the
lumbar lordosis. What this means is that if one is looking at a
lateral radiograph with the sacrum and spine on the right-hand
side, the pelvis rotates in a counterclockwise manner in stand-
ing with the coccyx moving more posteriorly and superiorly
with standing and in a clockwise manner with the coccyx mov-
ing more anterior-inferiorly with sitting. The sacral slope is thus
increased in the standing position and is decreased in the sitting
position (Figs. 1 and 2 ). On average, this reduction in sacral
slope from standing to sitting is about 20°. The reduction of
sacral slope in sitting allows the femur to clear the pelvis and
avoid impingement. At the same time, acetabular anteversion

increases in sitting and the acetabular tilt, in the sagittal plane,
increases in sitting by close to the same 20° (on average 17°) of
change in sacral slope, to accommodate the position of the
femur in the sitting position. If the sacral slope is changed from
its normal in the standing position of around 40°, either due to
spinal disease or spinal surgery such as spinal fusion or if the
normal decrease in sacral slope in sitting is not possible for the
same reasons, then the hip joint has to absorb more of the
overall spinopelvic motion and can possibly lead to a disloca-
tion even when the acetabular component is well-positioned
according to the Lewennick safe zone criteria. They furthered
this work by investigating behavior of the static pelvis in dif-
ferent positions utilizing CT as well as EOS with regard to total
hip prostheses [18–21].

Dorr’s work on total hip computer navigation revealed a
quantifiable link between sacral motion, acetabular
anteversion, and subsequently spinopelvic motion. Initially
reported by Lembeck et al. and confirmed by Zhu et al. [27•,
28, 29], 1 degree of decreased sacral slope increases acetabu-
lar anteversion by 0.7 degrees. This was implicated for com-
puter navigated total hip arthroplasty, as acetabular
anteversion was calculated utilizing a surrogate marker of
the pelvis, called the anterior pelvic plane [30, 31]. With
strong evidence of a connection between spine lumbar lordo-
sis and sacral motion, solidifying the connection between lum-
bar lordosis, pelvic tilt, and acetabular cup position was simple
[18, 22, 32].

As one goes from standing to sitting, lumbar lordosis de-
creases, the sacrum and entire pelvis tilts posteriorly with sa-
crum and coccyx rotating posterior-inferiorly, resulting in in-
creased acetabular cup anteversion to accommodate femoral
flexion. If the spinopelvic junction is fused surgically or bio-
logically, the pelvis will move very little, and the acetabular
cup is fixed in space. With regard to dynamic movements of
standing and sitting, the femur may impinge on the acetabu-
lum depending on where the acetabular cup is positioned in

Fig. 1 Sitting and standing
radiographs. ST: sacral tilt (aka
sacral slope), SA: sacro-
acetabular angle, AT: acetabular
tilt (aka ante-inclination)
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space. If the pelvis and acetabulum are in a fused standing
position (anteriorly tilted), when going from standing to sit-
ting, the lumbar lordosis, sacrum, and acetabular cup will not
change, the femur must flex more, and therefore may impinge
on the anterior acetabulum and subsequently dislocate
posteriorly.

Diagnosis of Spinopelvic Abnormalities

The first part to making a diagnosis of a spinopelvic abnor-
mality is to measure the sacral slope on a lateral radiograph
with the patient standing upright in a relaxed position with
arms folded across the chest and sitting 90 degrees with thighs
perpendicular to the trunk with no pressure of the trunk against
the back of the chair in a relaxed position. The lateral radio-
graph should capture at least the L3 lumbar vertebrae (L1
preferred), and also part of the proximal femur. It is more
important to understand the dynamics between the acetabu-
lum and the femur than lumbar lordosis, as lordosis will not
change if sacral tilt does not change between standing and
sitting.

Next, calculate the difference in angles between sitting and
standing and identify which behavior the spinopelvic mechan-
ics belongs to (Table 2). Normal spinopelvic motion tends to
have between 10 and 30° change in sacral slope from sitting to
standing. Hypermobile motion has more than 30°. In both of
these classes of pelvic motion, the acetabulum will accommo-
date femoral flexion by increasing its anteversion. Sacral mo-
tion less than 10° between standing and sitting is called the
stiff pelvis. The stiff pelvis can be positioned a neutral posi-
tion, or in varying degrees of anterior or posterior tilt (stuck in
standing or stuck in sitting, respectively) which is important as
this will dictate cup position. As a general rule of thumb,
sacral tilt > 30° in both sitting and standing positions is usually
in a stuck standing position, and < 10° sacral tilt is usually in a
stuck sitting position. If the sacral motion is < 5°, this is con-
sidered surgically or biologically fused. Another important
sacral position to note is kyphosis. Patients with a sitting sacral
tilt < 5° are deemed kyphotic. These patients may be at risk for
posterior bony impingement and subsequent anterior disloca-
tion when standing. Kyphosis is dangerous for 3 reasons: low
hip joint flexion ability requiring more posterior tilt of the
pelvis in sitting, morbidly obese patients with large trunk mass
inducing posterior pelvic tilt, and patients with neuromuscular
imbalance. Kyphosis may result in posterior impingement and
anterior dislocation in standing. In sitting, it may result in
overly high ante-inclination angles and lack of inferior me-
chanical block, and drop out dislocation can occur, where in
sitting dislocation can occur.

A large amount of work regarding spinopelvic movement
has been discovered using a biplanar radiograph imaging sys-
tem called EOS (EOS Imaging, Paris, France)[12, 19, 20].
Using simultaneous 2D posteroanterior and lateral

Fig. 2 a, b Lateral radiographs of a stiff pelvis patient in a standing and b
sitting positions. Notice the sacral tilt and ante-inclination do not change.
Pelvic femoral angle changes in sitting and standing, which can result in
impingement and dislocation if acetabular component position is
improper
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radiographs, a three-dimensional image is generated with low
amounts of radiation [33, 34]. Studies have demonstrated both
lateral radiographs and EOS imaging result in similar radio-
graphic measures with no difference between angles in some
studies [19]. Lazennec et al. performed both EOS and conven-
tional lateral radiographs on 50 patients with THA and mea-
sured spinopelvic parameters. They reported differences up to
1–2° in pelvic and 2–3° in acetabular angles with higher var-
iability in intra- and interobservability for conventional films
than for EOS. They concluded EOS could be an alternative to
conventional films. Various angles may be measured on con-
ventional lateral radiographs or using EOS imaging with no
significant difference in the measurements between the two
techniques.

Indications for Evaluation

The concept behind spinopelvic imbalance is a loss of motion at
the lumbar spine junction, resulting in compensatory motion at
the hip articulation that may result in impingement and disloca-
tion. Based on this principle, patients who may have decreased
lumbar spine motion may be at risk. These patients include
spondylolisthesis, spondylosis, facet joint arthritis, and degener-
ative disc disease to include a few. Epidemiology studies have
reported risk factors such as older age, male, and Caucasian.
Age appears to be variable depending on histologic studies,
cadaveric, or radiographic. Overall, a strong majority of inci-
dence studies report age over 70 may have a strong prevalence
of lumbar spine pathology [35, 36].

Although some authors advocate obtaining lateral standing
and sitting radiographs for all patients, it is important to

understandwhich patients are at most risk.Multiple studies have
reported increased instability in spinal fusion patients [16, 37]
and revisions for dislocations and late dislocations [24••]. Some
suggest patients develop a stiff spine by age 65 years with sub-
stantial worsening by age 75 years. Although by the amount of
recent publications it may seem that spinopelvic disease is the
leading contribution to primary THA dislocations, it is not
[24••]. Component malpositioning is still the leading cause of
primary THA instability and should be addressed as such [2].
However, for patients who suffer from late dislocations (>
1 year) or dislocations after revision THA, spinopelvic align-
ment may be a contributing factor for their instability [24••].
Heckmann et al. reported on 20 patients with late instability after
THA. After measuring component positioning and spinopelvic
parameters, they concluded that spinopelvic abnormalities con-
tributed to 90% of the dislocations, in some combination with
component malposition or soft tissue abnormality. Additionally,
they briefly reported on 14 acute dislocations (< 1 year) during
this same period and only one patient had evidence of
spinopelvic abnormalities. If it is an early acute dislocation,
consider other more common etiologies.

Management

The approach to managing a patient with spinopelvic abnor-
malities is first to diagnose them correctly (see previous
section, Table 2). If the difference between their standing
and sitting sacral tilt is 10° or higher, they do not have
spinopelvic stiffness and routine component implantation is
sufficient. If the difference is < 10°, additional radiographic
measurements must be made to understand how the pelvis,

Table 2 Spinopelvic classification. Stiff Kyphotic: patients who are kyphotic have a sacral tilt angle less than 5° in sitting. There are 3 types of
spinopelvic classes: normal, hypermobile, and stiff. There are 4 types of stiff pelvic: anterior tilt, posterior tilt, fused, and kyphotic

Spinopelvic motion Sacral tilt difference Attributes Recommendations

Normal 10–30° Anteversion 15–25°,
Inclination 35–45°,
Combined anteversion 25–45°

Hypermobile >30° Anteversion 15–20°,
Inclination 35–40°,
Combined anteversion 25–35°

Stiff-anterior acetabular tilt < 10° Typically standing ST < 30° (stuck standing),
may cause anterior impingement,
posterior dislocation

Anteversion 20–25°,
Inclination 45–50°,
Combined anteversion 35–45°

Stiff-posterior acetabular tilt < 10° Typically sitting ST > 30° (stuck sitting),
may cause posterior impingement,
anterior dislocation

Anteversion 20–25°,
Inclination 45–50°,
Combined anteversion 35–45°

Stiff-kyphotic < 5° < 5° sitting, suggests posterior acetabular
tilt (stuck sitting) and may result in
posterior impingement and anterior
dislocation. Also, AI > 75° may risk
dislocation

Anteversion 15–20°,
Inclination 35–40°,
Combined anteversion 25–35°

Stiff-fused < 5°
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acetabulum, and femur behave between one another in sitting
and standing. Radiographic measurements (Table 1) of sacral
tilt, sacral slope, pelvic incidence, ante-inclination, sacro-
acetabular angle, and pelvic femoral angle can be performed
in sitting and standing to further delineate where the acetabu-
lum is in space, and how the femur behaves to accommodate
for the lack of spinopelvic motion.

The acetabulum can be categorized into stuck standing,
stuck sitting, or neutral. This is based off where the fixed
sacral tilt is. Standing results in increased lumbar lordosis,
increased sacral tilt, decreased ante-inclination, and thus de-
creased acetabular anteversion. The formula, SAA = ST
(SS) + AI, accounts for this behavior. If the patient has low
ante-inclination in sitting, the risk for anterior impingement
and posterior dislocation is higher (Figs. 1, 2, 3, and 4). In that
same vein of thinking, a posterior tilted acetabulummay result
in posterior impingement and anterior dislocation. The key to
placing the cup in the correct position is to understand how the
pelvis behaves in the dynamic motion between standing and
sitting, and to effectively place the cup in a functional
impingement-free range of motion (i.e., more anteversion
and inclination if pelvis is fixed in stuck standing, and less
anteversion if fixed in stuck sitting; note that we did not say
retroversion). Obtaining preoperative spinopelvic measure-
ments and monitoring postoperative values may be the next

step in understanding how intraoperative techniques can
change these values [Ike JBJS 2019].

To re-iterate, a stuck standing position needs more cup
anteversion and higher cup abduction. If a cup is too closed,
and the pelvis does not rotate properly with sitting, the anterior
superior edge of the cup will impinge and will lead to dislo-
cation. This is why the cup abduction angle needs to be in-
creased in this scenario. The opposite is true in a stuck sitting
position, or in patients in reduced lumbar kyphosis. In sitting,
the position of the pelvis will increase the relative anteversion
of the acetabular component and may lead to increased stabil-
ity in flexion, but in extension, the anteversion will not de-
crease and the patient will be at risk of anterior dislocation.
This is why in such cases, the surgeon needs to reduce the
anteversion and close the cup to avoid posterior impingement.

Recommendations for cup implantation are as follows
(Table 2):

– Normal spinopelvic motion: anteversion 15–25°, inclina-
tion 35–45°, combined anteversion 25–45°

– Hypermobile spinopelvic motion: anteversion 15–20°,
inclination 35–40°, combined anteversion 25–35°

– Stiff stuck standing (anterior tilt): anteversion 20–25°,
inclination 45–50°, combined anteversion 35–45°

– Stiff stuck sitting (posterior tilt): anteversion 20–25°, in-
clination 45–50°, combined anteversion 35–45°

– Stiff kyphotic: anteversion 15–20°, inclination 35–40°,
combined anteversion 25–35°

The femoral component is an important factor as impinge-
ment must occur first, prior to dislocation. Dorr and colleagues
[10] suggested a combined sagittal index measurement to in-
corporate femoral motion with acetabular cup position. Some
authors anecdotally recommend high offset to combat the risk
for impingement; however, results have not demonstrated
clear benefit with regard to dislocation [38–43]. Robinson,
Gerhardt, and Cogan et al. all reported no clinical difference
in dislocation rates between patients with low vs high femoral
offset. However, these studies were likely underpowered to
detect the difference in dislocation rates. Brown, Shoji, and
Hayashi suggested in their studies that higher offset may pro-
vide a greater ROM until impingement studies that without
deleterious effects. Although controversial, higher femoral
offset may lower the risk for impingement. More studies
looking at this role are needed.

While time and more research will elucidate whether spinal
fusion or THA should be performed first in patients with con-
current disease, Malkani et al. [14] suggested that patients
who underwent THA first and spinal fusion second at 1–
2 years after had less dislocations than patients who had spinal
fusion first and THA second. Similarly, time and research will
provide a better understanding of the success of these man-
agement concepts. We have yet to validate these strategies,

Fig. 3 Radiographic measurements for pelvic incidence, sacral slope (aka
sacral tilt), pelvic tilt, and lumbar lordosis
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because there has not been enough time, and the current dis-
location rate is low by modern standards.

Treatment Options and Outcomes

Currently, there are several surgical options for managing a
patient with spinopelvic abnormalities.

The concept of constrained liners is to physically prevent
the femoral head from dissociating with the acetabular cup by
placement of a locking mechanism incorporated into the ele-
vated acetabular liner. Usually identified radiographically by a
metal ring around the head, this captured device requires more
force to dislocate the femoral head by more than 7 times an
unconstrained liner [44]. Hernigou et al. reported good suc-
cess with 97% survivorship at 7 years [45], while Berend et al.
initially reported 98.8% survivorship at 6 months, but dropped
to 51.7% at 10.7 years follow up [46]. The main problem with
constrained liners is the subsequent mid- to long-term failure
rate, and theoretically, these devices result in earlier impinge-
ment and loss of functional range ofmotion. Since spinopelvic
abnormalities are due to low functional ROM, we advise
against its use in these situations due to lowering range of
motion even more.

The dual articulating design originated from Pr. Giles
Bousquet and Pr. Andre Rambert in Saint Etienne and
Lyon, France, respectively, in the 1970s and 1980s.

Complimenting the low-torque friction arthroplasty of the
Charnley design with large head stability of the McKee-
Farrar design, the bipolar prosthesis underwent many designs
until the successful Novae cup (Serf, Decines-Charpieu,
France) was finalized [47]. Survivorship for primary THA
without risks has been very high with 90–97% early survi-
vorship and 89.2% and 73.9% long-term survivorship at 15
and 22 years, respectively [48, 49]. Specifically for high-risk
primary THA patients, several studies have reported less than
1% dislocation rates in small clinical studies and large regis-
try databases [50–52]. Plummer et al. [53] reported on dual
mobility in the revision use setting including recurrent insta-
bility or infection with an 11% revision rate at 2-year follow
up, none for instability. While no studies have specifically
investigated dual mobility designs for spinopelvic abnormal-
ities, one study investigated a 39-patient subset of 1046 pa-
tients who underwent primary THA who were at extremely
high risk for instability including paraplegia, cerebral palsy,
neuromuscular disease, abductor insufficiencies, trisomy 21,
and other extraordinary instability risk factors [52]. They re-
ported no dislocations at 2-year minimum follow up. This
may suggest abnormal spinopelvic parameters may be suit-
able for dual-mobility constructs. Lastly, complications spe-
cific to the dual mobility design such as intra-prosthetic dis-
sociation, backside corrosion wear, or increase polyethylene
particle wear should caution the surgeon to be judicious with

Fig. 4 a–d This patient sustained
a late dislocation 9 years from his
index procedure. In the interim,
he underwent spinopelvic fusion.
He subsequently dislocated and
underwent revision to adjust cup
positioning according to his
spinopelvic diagnosis, anterior
tilt, or “stuck standing”

431Curr Rev Musculoskelet Med (2020) 13:425–434



their use [54, 55]. It should be re-emphasized that a dual-
mobility bearing is not an excuse for an in-attentive cup
position.

Spinopelvic pathology causes impingement and may cu-
mulate into the worst result: dislocation. To prevent impinge-
ment, increasing the distance between both articulating parts
of the femur and the acetabulum may help [56–58].
Matsushita et al. performed a cadaveric study investigating
varying femoral offset and femoral head size on total hip
arthroplasty impingement and dislocation. They concluded
increasing offset would delay impingement, while increased
head size would only increase jump distance. McGrory et al.
evaluated 86 THAs in 64 patients and after checking hip range
of motion and abduction strength concluded that greater fem-
oral offset increased both of these measures [58]. Similarly,
Innmann found better Harris Hip Scores (HHS) in patients
with higher combined acetabular and femoral offset compared
with normal or slightly decreased offset, suggesting a higher
acetabular and femoral offset may provide some benefit [59].
Not all studies have reproduced this result, and while we un-
derstand lowering global offset leads to worse outcomes, in-
creasing offset should be considered with caution as higher
femoral offset may lead to more pain [60].

Lastly, when undergoing hip arthroplasty surgery, it is im-
portant to consider what type of spinopelvic pathology the
patient has and how the acetabulum and femur behave when
going through a standard range of motion. Primary total hip
arthroplasty in the setting of a stiff spine requiring increased
femoral flexion may benefit from a dual mobility articulation
or a high offset component. More care must go into evaluating
and understanding the revision total hip arthroplasty as
spinopelvic abnormalities play a larger role in these patients
[24••]. In addition to dual mobility and high offset compo-
nents, constrained liners may be needed, especially in the set-
ting of abductor insufficiency. An important concept,
impingement-free range of motion, will ensure a satisfactory
outcome.

Conclusion

Technology, surgical technique, and implant design have dra-
matically lowered the dislocation rates of total hip
arthroplasty. To lower them even more, it is important to un-
derstand how the pelvis behaves linked between the spine and
the femur. Diagnosis and classification of spinopelvic motion
will help the arthroplasty surgeon categorize the position of
the cup and femur in sitting and standing positions and help
implant these components to achieve an impingement-free
range of motion. High offset femoral and acetabular liners,
dual-mobility articulations, and constrained liners may lower
the dislocation risk.
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