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Abstract

Purpose of Review The orientation of the spine relative to the pelvis—particularly that in the sagittal plane—has been shown in both
kinematic and radiographic studies to be paramount in governance of acetabular alignment during normal bodily motion. The
purpose of this review is to better understand the challenges faced by arthroplasty surgeons in treating patients that have concurrent
lumbar disease and are therefore more likely to have poorer clinical outcomes after THA than in patients without disease.

Recent Findings The concept of an “acetabular safe zone” has been well described in the past regarding the appropriate
orientation of acetabular component in THA. However, this concept is now under scrutiny, and rising forth is a concept of
functional acetabular orientation that is based on clinically evaluable factors that are patient and motion specific.

Summary The interplay between the functional position of the acetabulum and the lumbar spine is complex. The challenges that
are thereby faced by arthroplasty surgeons in terms of proper acetabular cup positioning when treating patients with concomitant
lumbar disease need to be better understood and studied, so as to prevent catastrophic and costly complications such as

periprosthetic joint dislocations and revision surgeries.
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Introduction

The orientation of the acetabular component in the sagittal plane
is intrinsically linked to the mobility of the lumbosacral region
and the dynamic position of the pelvis. Patient specific under-
standing of the dynamic relationship between the spine and pel-
vis has led to a concept of functional acetabular orientation.
Knowledge of sagittal pelvic kinematics is essential for appropri-
ate placement of acetabular components in total hip arthroplasty
to optimize and avoid instability, impingement, and dislocation.

Spinopelvic Parameters

The orientation of the pelvis in the sagittal plane is commonly
described utilizing three radiographic angles as measured on
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standing lateral lumbopelvic radiographs: pelvic tilt, sacral slope,
and pelvic incidence (Fig. 1) [1]. Pelvic tilt (PT) is the angle
between the vertical and a line extending from the midpoint of
the superior sacral endplate to the bicoxofemoral axis [1]. Its
value is positional and denotes the spatial orientation of the pelvis
in relation to the spine. In hip arthroplasty literature, anterior
pelvic plane (APP) is used synonymously with pelvic tilt to
describe the rotational profile of the pelvis in the sagittal plane
[2, 3]. Defined by a line that connects the pubic symphysis to the
anterior superior iliac spine, the APP serves as a reference during
navigation for implantation of acetabular components [4].

Sacral slope (SS) is a parameter that denotes the angle
between a line parallel to the superior endplate of S1 and the
horizontal plane [1]. Changes in pelvic rotation have direct
inverse effects on the value of the sacral slope (SS) and pelvic
tilt (PT). When added to the pelvic tilt, a third value is created
(SS +PT =PI), the pelvic incidence (PI). Unlike the sacral
slope (SS) and pelvic tilt (PT), pelvic incidence (PI) is not
position dependent and remains an anatomic constant for ev-
ery person [1, 5]. Pelvic incidence is a morphologic parameter
that relates the bicoxofemoral axis to the obliquity of the sa-
crum relative to the ilium [5]. It denotes the natural shape of
the sacrum which defines the optimal and appropriate lumbar
lordosis of each patient during reconstructive spinal surgeries
(see the “Sagittal Spinal Deformity” section) [1].


http://crossmark.crossref.org/dialog/?doi=10.1007/s12178-020-09628-w&domain=pdf
mailto:sstrom@uabmc.edu

Curr Rev Musculoskelet Med (2020) 13:240-246

241

Fig. 1 Spinopelvic parameters.
From Delsole EM, Vigdorchik
IM, Schwarzkopf R, Errico TJ,
and Buckland AJ. Total hip
arthroplasty in the spinal
deformity population: does
degree of sagittal deformity affect
rates of safe zone placement,
instability, or revision? J
Arthroplasty. 2017; 32(6):1910—
1917

Sagittal Spinopelvic Mobility

Changes in pelvic rotation in the sagittal plane are dependent
on the flexibility of the lumbar spine [5]. In the standing po-
sition, the pelvis is in a forwardly (anteriorly) rotated position
(low pelvic tilt, high lumbar lordosis) allowing the axial skel-
eton’s center of gravity to closely align with the center of
rotation of the femoral head. With transition to sitting, the
pelvis rotates posteriorly with a corresponding decrease in
the curvature of the lumbar spine (increased pelvic tilt).

Rotation of the pelvis in the sagittal plane is directly linked
to the spatial profile of the acetabulum. With forward
(anterior) rotation of the pelvis (decreased PT), the anteversion
of the acetabulum decreases. By contrast, a transition from
standing to sitting causes the acetabulum to assume a more
anteverted position and a more posteriorly rotated pelvis.
(Fig. 2). Observation studies have computed that every one-
degree of pelvic tilt corresponds to a 0.7-degree change in
acetabular version [6].

Functional Acetabular Orientation

Knowledge of sagittal spinopelvic mobility has led to a new
concept of functional acetabular orientation that has chal-
lenged the notion of a static acetabular safe zone. In 1978,
Lewinnek et al. proposed that optimal positioning of the ace-
tabular cup with anteversion of 15+ 10° and an inclination of
40+ 10° was associated with a decrease incidence of disloca-
tion in primary total hip arthroplasty [7]. Over the last decade,
numerous articles have demonstrated limited correlation be-
tween the Lewinnek’s safe zone and the incidence of THA
dislocation. Abdel et al. reviewed 9784 primary THA and
found that the majority of patients (58 %) that dislocated were
within the safe zone [8]. Similarly, Esposito et al. examined
147 dislocators in a database of 7040 primary THA and found
no difference among the radiographic zones [9]. Furthermore,

computer models depict impingement in up to 80% of indi-
viduals during squatting, picking up, and low chair rise despite
acetabular component placement within Lewinnek’s safe zone
[10].

Current research demonstrates dynamic pelvic rotation dur-
ing physiologic changes in posture changes (PT) varies by a
mean 10-14° in healthy individuals between supine and
standing [11, 12]. When correlating this with acetabular
changes, postural changes correspond to approximately 10-
degree variations in acetabular cup version [12]. In their study,
Au and colleagues demonstrated 53% of the acetabular cups
thought to be inside the safe zone on supine images deviated
outside the safe zone on standing images [12]. Tiberi et al.
showed that 43% of acetabular cups outside the safe zone
became well-positioned and 31% of well-positioned cups fell
outside of the safe zone when x-rays were obtained standing
[13]. Thus, a growing body of literature supports the concept
that a static safe zone is overly simplistic [10]. Although any
two patients may have similar spinopelvic parameters during
static supine radiographs, their pelvic tilt and acetabular ori-
entation during sitting or standing may be different depending
on spinopelvic mobility [14].

Instability, Impingement, and Dislocation

The sagittal orientation of the acetabular component is intrin-
sically linked to total hip stability. Mechanistically, an increase
in acetabular anteversion is protective against posterior dislo-
cation due to an increase in posterior acetabular coverage and
decrease risk of anterior impingement of the femoral neck on
the acetabular component [11, 15]. The increased anteversion
does, however, place patients at increased risk of posterior
impingement and anterior dislocation. By contrast, low
anteversion or neutral positioning of the acetabular compo-
nent is protective against anterior dislocation but places
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Fig. 2 Relationship between
pelvic rotation and acetabular
anteversion during postural
changes. Picture on left (labeled
C) is standing and right (labeled
D) is sitting. From Kanawade V,
Dorr LD, Wan Z. Predictability of
acetabular component angular
change with postural shift from
standing to sitting position. J
Bone Joint Surg Am. 2014;
96(12):978-986

patients at risk of anterior impingement and posterior disloca-
tion [15].

Concurrent Lumbar Disease

Concurrent degeneration of the spine and pelvis has long been
acknowledged but until recently, a knowledge gap existed in
the understanding of how the appendicular and axial skeleton
interacts between spine and hip surgeons [16—18]. Patients
with lumbar pathology who undergo primary total hip
arthroplasty have worse clinical outcomes with higher rates
of dislocation and revision surgery [17-20].

Historically reported incidence of dislocation is commonly
believed to occur in 1-3% of primary total hip replacements
[21]. In patients with concurrent lumbar disease, rates of dis-
location have been widely reported with incidence between 3
and 16% [18, 22]. The widely reported incidence is not only
the result of small case series but also due to a heterogenous
population of patients with and without prior spine fusion
surgery. Using a state-wide database, Perffetti et al. evaluated
the incidence of dislocation in patients with prior spinal fusion
[20-]. Using a propensity score-matched pair analysis, a seven
time—increased incidence of dislocation was observed in pa-
tients with prior fusion in comparison with controls [20¢].

A time-dependent relationship has been observed in patient
with lumbar fusions who has dislocation events. In their study,
Perffetti et al. demonstrate that over three-fourths of disloca-
tions that occurred in patients with prior spinal fusion occurred
within 12 months postoperatively, whereas only 25% of the
control group occurred during that time period [20¢]. While
dislocations that occur after 1 year are suggestive of polyeth-
ylene wear or stretching of soft tissues, dislocations in the first
few months postoperatively likely represent mechanical insta-
bility from component mal-positioning [20¢].

In the normal flexible spine, the pelvis undergoes natural
rollback (increased PT) with postural changes from standing
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to sitting (Fig. 3) [22]. The resultant increase in acetabular
anteversion decreases the likelihood of posterior dislocation
for two reasons. First, the increased acetabular anteversion
creates additional acetabular coverage posteriorly providing
a buttress effect to posterior dislocation. Second, the increased
anteversion makes room for the femoral prosthesis during hip
flexion thereby decreasing the likelihood of anterior
femoroacetabular impingement [3, 22]. In patients with prior
lumbar fusion, an increased rigidity is seen in the lumbrosacral
complex that prevents natural rollback of the pelvis during
sitting. The acetabulum is, thus, maintained in a relatively
retroverted position placing it at risk of anterior impingement
and posterior dislocation [3, 22].

As rigidity of the lumbar spine increases, the incidence of
dislocation has been observed to increase [18, 23]. Sing et al.
showed that patients with three or more fusion levels had a
dislocation rate of 7.5%, whereas those with less than three
levels had an incidence of 4.2% [23]. Furthermore, research
has shown that patients with lumbopelvic rigidity require in-
creased hip flexion to rise from a seated position [24, 25]
Esposito et al. demonstrated patients with stiff spines have
10-degree less flexion through the lumbar spine and compen-
sate with 10-degree additional femoroacetabular flexion when
rising from a seating position [25]. The increase in pelvic-hip
flexion angles places patients with lumbar rigidity at further
increased risk of anterior femoroacetabular impingement and
dislocation.

Sagittal Spinal Deformity

Natural global spinal alignment positions the head and trunk
in line with the weight bearing axis of the pelvis and lower
extremity. Patients with pathologic alignment of the spine de-
velop imbalance in the sagittal plane with forward displace-
ment of the head/trunk in relation to the pelvis [26]. To main-
tain upright posture, patients compensate with retroversion of
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Fig. 3 Standing (left image) and
sitting (right image) lateral
radiographs. Note increased
pelvic tilt with corresponding
acetabular rollback (increased
anteversion) when transitioning
from standing to sitting. From: 39.
Stefl M, Lundergan W,
Heckmann N, et al. Spinopelvic
mobility and acetabular
component position for total hip
arthroplasty. Bone Joint J. 2017;
99-B(1 Supple A):37-45

the pelvis (increase pelvic tilt) with corresponding hip and
knee flexion (Fig. 4) [3]. In patients undergoing spinal defor-
mity correction, re-establishing normal economic posture has
been linked to improved outcomes and quality of life [27].
Past studies have shown optimal alignment with pelvic tilt <
22° and/or lumbar lordosis within 11° of pelvic incidence [1,
27].

Patients with sagittal imbalance are unique as changes in
spinal alignment and pelvic tilt impacts the orientation of the
acetabulum in the sagittal plane (Fig. 5). If a patient has a
native acetabulum, the corresponding effect of spinal re-
alignment only affects the portion of articular cartilage that
bears weight. However, if a patient has a total hip arthroplasty,
a change in pelvic tilt results in potential impingement and
dislocation. DelSole and colleagues published outcomes data
on patients with primary THA with concurrent sagittal spine
deformity who have not undergone spinal treatment [28e¢].
They found an 8% dislocation rate and 5.8% revision rate
although duration of follow-up in their study was not

Fig. 4 Lateral body radiographs
with corresponding diagrams
demonstrating worsening sagittal
balance with compensatory pelvic
retroversion and knee flexion.
Note change in acetabular
anteversion corresponding to
changes in global body
alignment. From: Hu J, Qian BP,
Qiu Y, et al. Can acetabular
orientation be restored by lumbar
pedicle subtraction osteotomy in
ankylosing spondylitis patients
with thoracolumbar kyphosis?
Eur Spine J. 2017; 26(7):1826—
1832

specified. While dislocators had a high rate of safe zone place-
ment on both supine and standing films, the authors showed
that patients with an unbalanced pelvis (increased PT and PI-
LL mismatch) were statistically more common to have dislo-
cation events than were patients with a balanced pelvis [28¢¢].

Other recent studies by Buckland and Barry suggest that
spinal realignment surgery in patients with prior THA has
predictable changes in acetabular anteversion with correction
of pelvic tilt and lumbar lordosis [3, 19]. Berry demonstrated a
7-degree change in acetabular version after three-column
osteotomy of the spine [19]. Buckland showed patients with
sagittal spinal deformity had a high prevalence (68%) of ex-
cessively anteverted acetabular components defined as greater
than 25 degrees of anteversion [3]. With restoration of sagittal
alignment, a 1-degree of acetabular retroversion occurred with
every 1.1-degree change in pelvic rotation and 3.1-degree in-
crease in lumbar lordosis [3]. Thus, patients with prior well-
placed acetabular components are at risk of dislocation after
spinal corrective surgery. The results by Buckland, Berry, and
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Fig.5 Acetabular version changes with spinal deformity correction. From: Buckland AJ, Vigdorchik J, Schwab FJ, et al. Acetabular anteversion changes
due to spinal deformity correction: bridging the gap between hip and spine surgeons. J Bone Joint Surg Am. 2015; 97(23):1913-20

Shroeder suggest including the impact of spinal deformity
correction on the orientation of acetabular components during
informed consent in patient with prior THAs [3, 19, 29].

Ankylosing Spondylitis

Patients with ankylosing spondylitis commonly have concur-
rent spine and hip involvement allowing a homogenized co-
hort to study the interaction between the two diseases. The
characteristic spinal deformity in ankylosing spondylitis is
thoracolumbar kyphosis with corresponding knee flexion,
hip extension, and pelvic retroversion in order to tilt the rigid
lumbopelvic segment of the spine upright [30, 31]. The high
pelvic tilt seen in patients with ankylosing spondylitis drives
the acetabulum into a highly anteverted position. Whereas
normal individuals have anteversion of approximately 20°
[32], patients with thoracolumbar kyphosis secondary to an-
kylosing spondylitis have been observed to have mean ace-
tabular anteversion of 31.4° [33].

After primary total hip arthroplasty, high rates of anterior
hip dislocations have been observed in patients with ankylos-
ing spondylitis [26, 31]. Through a stereolithographic model,
Tang et al. showed that patients with ankylosing spondylitis
present with hip hyperextension and fixed pelvic retroversion
(high PT) that do not significantly change with sitting or
standing [30]. If the fixed deformity is not accounted for,
intraoperative placement of acetabular components in exces-
sive anteversion frequently occurs which may lead to posterior
impingement of the prosthetic neck or greater trochanter
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causing anterior instability and potentially dislocation [34].
In a computer model, Tang et al. showed that positioning of
the acetabular component in less acetabular anteversion is
appropriate for any patient with increased pelvic tilt [30].
Through their computer model, the authors suggested
adjusting the acetabular component 5° for every 10° of pelvic
rotation [30].

Debate exists whether patients with ankylosing spondylitis
should undergo hip arthroplasty or spine corrective surgery
first. Proponents of early correction of the hip pathology ad-
vocate that the improvement in range of motion of the hip after
correction of the hip flexion deformity allows for a more pre-
cise calculation of the residual spinal deformity after the hip
flexion contracture is corrected [35]. In 2014, Zheng et al.
observed significantly lower rates of hip dislocations in pa-
tients with ankylosing spondylitis who underwent spinal de-
formity correction prior to hip arthroplasty [26]. More recent-
ly, Hu et al. demonstrated normalization of global sagittal
alignment after three-column osteotomy in the lumbar spine.
In their patient population, pelvic tilt improved from 38 to 23°
with a decrease in 11° of acetabular anteversion [33¢]. The
authors concluded that spinal deformity correction prior to
hip arthroplasty allowed correction of patient’s pelvic retro-
version with normalization of the acetabular anteversion [33¢].

Conclusion

The position of the acetabular component plays a dominant
role in the stability and longevity of total hip replacements
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[36]. Modern research supports that optimal positioning of the
acetabular cup is dependent on the sagittal pelvic mobility.
Future clinical outcome research is required to establish
whether patient-specific, kinematic aligned acetabular compo-
nents can reduce the incidence of dislocation or improve clin-
ical outcomes. Standardized algorithms for placement of ki-
nematically aligned acetabular components need to be devel-
oped and prospectively evaluated.
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