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Pelvic motion the key to understanding

spine—hip interaction

Javier Pizones'
Eduardo Garcia-Rey?

B Pelvic motion acting as a hinge between the spine and hips
is essential to maintain proper balance during bipedalism.
Pelvic rotation is recruited as a compensation mechanism
when spinal malalignment occurs.

B This pelvic rotation can affect functional acetabular orien-
tation, and consequently functional cup positioning if a
total hip arthroplasty (THA) is needed. Pelvic retroversion,
frequently associated with degenerative spinal changes,
implies an increase of acetabular version.

B Patients with flexible lumbar spines (spine users) protect
the hip joint. Patients with stiff, degenerated or fused lum-
bar spines (hip users) demand higher hip mobility, placing
the THA at risk.

B Pelvises in retroversion place the THA at risk for anterior
dislocation when standing. In contrast, pelvises in ante-
version or with low pelvic incidence (PI) can place THA at
risk for posterior dislocation when sitting.

B Try to set the cup in an anatomic position. However, bear
in mind that low Pl pelvises may need more acetabular
ante-inclination, and high PI pelvises more acetabular ret-
roversion.

B If surgery is needed, start first by addressing the hip, except
in patients with compensation (high pelvic retroversion),
who may need spine surgery first to place the pelvis, and
consequently the acetabulum, in a proper position.

Keywords: acetabular orientation; compensation mecha-
nisms; pelvic incidence; pelvic retroversion; risk for disloca-
tion; spine sagittal profile; total hip arthroplasty

Cite this article: EFORT Open Rev 2020;5:522-533.
DOI: 10.1302/2058-5241.5.200032

Introduction

Humans evolved from primates to become bipeds, leav-
ing their upper limbs free for handling. The morphology
of the pelvis had to change to become thinner, wider and
more horizontal, to be the base upon which the spine

stands erect. The pelvic ring also acts as the hinge
between the spine and the lower limbs, coupling lumbar
lordosis (LL) with hip extension in the standing position
with a minimal energy expenditure.! Recent investiga-
tions have renewed interest in the pelvis as the key to
study spine alignment and hip biomechanics. Surgical
procedures for degenerative lumbar spine and total hip
arthroplasty (THA) projections represent a significant bur-
den, not only in terms of clinical implications but also for
health resources.? Understanding the interactions between
the hip and spine can improve clinical assessment, surgi-
cal planning, and postoperative outcomes of both
disciplines.

In this article, we try to explain and clarify the role of
pelvic morphology and pelvic motion as the key bound-
ing the spine and the hips.

Spine—pelvis—hip
Balance and alignment

Balance is a dynamic concept that reflects how the body
can adapt its centre of mass and gravity while in motion.
Agonist and antagonist forces act to maintain our body
within the conus of energy economics.3 In a well-balanced
individual, this line of gravity is projected onto the ground
and delineated by the feet. If, for whatever reason, we fall
out of the conus zone, the muscles will vigorously act and
counteract in response. If this imbalance continues over
time, the muscles of the spine and pelvis will eventually
require more energy, leading to fatigue, discomfort and
pain.* Then, spinal surgery may be necessary to restore a
more physiological sagittal profile and muscle balance,
and improve the patient’s quality of life.>¢

Alignment is a static concept that refers to the position-
ing of the skeleton and the different skeletal elements
when measured in a fixed image, e.g. as in a conventional
radiograph. In the case of the spine, alignment evaluates
the correct (malalignment being the incorrect) position-
ing of the spinal curves when maintaining the head over
the pelvis.4” The classic parameter to measure alignment
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Fig. 1 (A) Alignment is the correct positioning of the spinal
curves when maintaining the head over the pelvis. (B)
Malaligned but balanced due to compensation: cervical
hyperlordosis, thoracic hypokyphosis, pelvic retroversion, hip
extension, knee/ankle flexion, and posterior trunk shift. (C)
Malaligned and unbalanced: compensation mechanisms are
exhausted; malalignment appears shifting the gravity line
forward, and pushing the body anteriorly.

has been the sagittal vertical axis (SVA).8 The SVA is defined
as the length of a horizontal line connecting the posterior
superior sacral endplate to a vertical plumbline dropped
from the centroid of C7. However, further studies have
analysed other parameters added to the SVA that also
include the pelvis in this evaluation to measure its contri-
bution to compensation (spino-sacral angle [SSA],° T1
pelvic angle [TPA],'° global tilt [GT])."

Malalignment and compensation mechanisms

Spine malalignment is usually derived from spine degen-
eration.’? Secondary causes can also be fractures, tumours,
or spine deformities. Ageing and osteoporosis lead to disc
dehydration with loss of LL, and anterior spinal column
collapse (due to vertebral fragility), which increases tho-
racic kyphosis (TK).? This shifts the gravity line forward,
pushing the body anteriorly,”'3 and a variety of compen-
satory mechanisms react gradually to maintain proper
balance (Fig. 1).'* Compensation commonly starts with
cranial adjacent segment retrolisthesis and thoracic
hypokyphosis. If this is not effective, pelvic retroversion
and subsequently hip extension is recruited. This is usually
sufficient to compensate for disc degeneration. However,
if these mechanisms become exhausted, then knee and
ankle flexion are solicited; and finally, posterior trunk

shifting can occur.’™ To maintain the horizontal gaze a
reactive cervical hyperlordosis also appears. All these
compensation mechanisms try to shift our trunk posteri-
orly to keep our head on top of our pelvis and preserve
balance. Throughout this whole process, pelvic motion
(based on rotation also called version) is essential, demon-
strating the crucial role of the pelvis in bipedalism and
sagittal stability, and the importance of the pelvis acting as
a hinge that connects the spine and the lower limbs.

Spino-pelvic interactions

Pelvic parameters

Pelvic involvement in these adjustments, both balance
and alignment, is crucial. Pelvic morphology is assessed
by the pelvic incidence (PI) angle, a concept that origi-
nated from Duval-Beaupeére’s studies,’® which can be
measured in a sagittal standing radiograph. Pl is defined
as the angle created by the intersection of the line drawn
from the centre of the femoral heads to the middle of the
sacral plate and the line running perpendicular to the
middle of the sacral plate (Fig. 2, red lines). This angle
slowly increases during growth until skeletal maturity is
reached, remaining stable thereafter.’” Nevertheless,
some changes can be found due to sacroiliac joint move-
ment (nutation and contra-nutation) caused by ageing or
surgical lumbar fusion, usually not exceeding 5°.7819 Pl is
closely considered a fixed parameter, characteristic of
each patient’s individuality, and clinically determines
spino-pelvic interactions.2® Furthermore, LL angle (Fig. 2,
light blue), in a healthy situation, is closely related to PI.
Several formulae have been described in the literature to
exactly calculate LL based on PI.2'-24 However, it has been
a simple equation that has stayed as a proxy to calculate
LL (LL = PI £ 9°).7375 Preoperative spine surgical planning
should address this quantitative association to perform
fusion in a correct position, matching Pl and LL in every
patient. However, to plan the ideal sagittal plane correc-
tion, several parameters need to be adjusted to the spe-
cific Pl, the mostimportant being: proper apex positioning,
lumbar distribution (percentage of lordosis in the upper
and lower lumbar arch), ideal pelvic version, and ideal
global alignment. The Global Alignment and Proportion
(GAP) score takes care of all these parameters, and is a use-
ful tool for planning.23

Pl is also the sum of two other angles (PI = SS + PT):
sacral inclination (sacral slope [SS]: the orientation of the
sacral plate in relation to a horizontal line, depicted in Fig.
2, black lines); and pelvic version (pelvic tilt [PT]: the angle
between the vertical line and the line drawn from the cen-
tre of the femoral heads to the centre of the upper sacral
endplate, Fig. 2, green lines), which reflects the rotation of
the pelvis around the femoral heads. These two
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Pelvic Anteversion

Pelvic Normal version

Pelvic Retroversion

Fig. 2 Pelvic parameters. Pelvic anteversion decreases acetabulum version; pelvic retroversion increases acetabulum version; both

can explain changes between standing and sitting.

Note. LL, lumbar lordosis; Pl, pelvic incidence; SS, sacral slope; PT, pelvic tilt; APPt, anterior pelvic plane tilt; SFP, sacro-femoral pubic angle; AV, acetabulum version.

parameters (SS and PT) are intrinsically related, so an
increase in one of them will cause a decrease in the other.16
If sacral plateau inclination decreases pelvic retroversion
(PT) increases, and the other way around (Fig. 2). Both SS
and LL are highly correlated,'¢ so when lumbar degenera-
tion begins, and LL decreases, the sacrum aquires a more
horizontal position, SS decreases, thus PT increases.?
These physiological movements also occur during daily
activities in a non-pathologic clinical situation, which is
changing from a standing (increased lordosis, high SS,
low PT) to a sitting position (decreased LL, low SS, high
PT).26
Hip joint
Important changes are found in the hip joint as a conse-
quence of these phenomena. First, pelvic sagittal rotation
directly affects functional acetabular orientation. Pelvic
retroversion (posterior pelvic tilt — increased PT) would
increase the functional anteversion and the inclination of
the acetabulum; whereas, pelvic anteversion (anterior pel-
vic tilt — decreased PT) would decrease functional acetab-
ular anteversion and inclination (Fig. 2).2” This simple
concept can be misleading due to nomenclature: retro-
version, referring to the pelvis, is for spine surgeons what
anteversion, referring acetabulum, is for hip surgeons.
Lembeck et al reported that 1° of pelvic retroversion
increase was associated with 0.7° of acetabular antever-
sion and 0.3° of acetabular inclination increase.?8
Although less frequently, PT can also be measured with
the anterior pelvic plane tilt (APPt) in a pelvic sagittal
view.?? APPt is defined in a lateral view as the angle
between the vertical and a line connecting the midpoint
of the two superior iliac spines with the pubic symphysis
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(Fig. 2, purple lines).3° Less commonly, PT can also be
evaluated by measuring the sacro-femoral-pubic angle
(SFP).3" This is defined in a pelvis AP view as the midpoint
of S1 endplate to the centroid of acetabuli to the superior
border of the pubic symphysis (Fig. 2, dark blue lines).32

The sagittal rotation of the pelvis and, consequently,
the changes in functional acetabular orientation between
sitting and standing, have been well studied. When stand-
ing, the tilt of the pelvis is dictated by Pl and the flexible
lumbar spine adapts, accommodating the needed lordo-
sis to SS, as the lower limbs remain extended. When sit-
ting the pelvis tilts posteriorly (PT increase), while LL and
SS decrease. It has been reported that when sitting, PT
increases a mean of 20°, and a hip flexion of 55° to 70° is
recruited; however, this amount of variation depends on
pelvic morphology (PI). As pelvic retroversion increases
during sitting, acetabular inclination and anteversion ori-
entation increase (acetabulum opening) to allow motion
of the femoral head and neck during hip flexion.33

The importance of lumbar lordosis

LL is identified as starting from the S1 plateau and ending
cranially at the inflection point (which is the turning point
where the orientation of the curves change from lordosis
to kyphosis) regardless of its location (Fig. 3).2° Overall
standing LL angle is determined by PI,34 and by SS as men-
tioned above.!

LL is divided by the lumbar apex (Fig. 3) in a lower lum-
bar arch (LLA), and an upper lumbar arch (ULA). The lum-
bar apex is located at the most anterior point of the lumbar
spine joining the vertical line.” The ULA is symmetric and
reciprocal to the lower thoracic arch (LTA), which expands
from the thoracic apex down to the inflection point.3> The
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Fig. 3 Sagittal curves distribution. Inflection point (blue dot),
lumbar apex (green dot), lower lumbar arch angle (LLA, green),
upper lumbar arch (ULA), lower thoracic arch (LTA), upper
thoracic arch (UTA) thoracic apex (brown dark vertebra), sacral
slope angle (SS, yellow).

LLA has the same magnitude as the SS angle. This relation
between arches (lumbar distribution) is dictated by SS
and again by pelvic morphology (P1)." Ideal surgical resto-
ration of these parameters is important to try to avoid
mechanical complications.36:37

Pelvic morphology and spine sagittal profile

Four different types of sagittal profile have been described
by Roussouly in a healthy population according to SS
measurements (Fig. 4).38 As SS draws LL, patients with a
low SS would show a straighter lumbar spine (static as
named by Stagnara), whereas patients with a greater SS
would show a more curved lumbar spine (dynamic as
stated by Stagnara). In that way (Fig. 4), a wide pelvis will
have a high PI, high SS and high LL, a more cranial lumbar
apex, a longer lumbar lower arch and a higher inflection
point, a more homogeneous lumbar distribution, and
more vertebrae included in the lordosis. On the contrary,
a narrow pelvis with low PI, low SS and low LL will have a
more caudal lumbar apex and inflection point with a dis-
proportion lumbar distribution, and fewer vertebrae in
the lordosis.#20

Degenerative lumbar changes and thoracolumbar cor-
onal deformity can modify LL,%3° and consequently SS.
These effects alter the ideal Roussouly sagittal shape.’? SS
then becomes an inadequate tool to classify sagittal types in
pathologic patients, as it is not a constant parameter, being
affected by these pathologic changes. Pl, which is considered
not to vary with pathology or compensation,’¢ now plays a
critical role and has been incorporated as the basic parame-
ter to found a renewed Roussouly sagittal profile classifica-
tion.*® In this classification, low Pl patients (< 45°) are
classified as type 1 or type 2, intermediate Pl (Pl 45-60°) as
type 3, while high PI patients (> 60°) have a type 4 profile.

This concept is important to realign patients after spine
surgery. When planning sagittal surgical correction of a
one-level disc degeneration*! up to an anterior malaligned
deformity spine, restoring the ideal sagittal profile based on
Pl has been proven to be a key parameter to obtain a better
result and lower rates of mechanical complications.23:36:42,43

Sagittal profile and spine pathology

It has also been reported that each pattern of the Rous-
souly sagittal profile classification predisposes to different
spine pathologies, all originated from bipedalism.* Type 1
patients concentrate all the lordosis between L4 and S1,
the thoracolumbar junction runs deeply in kyphosis into
L4. With degeneration, thoracolumbar kyphosis increases,
retrolisthesis appears in the adjacent segments as well as
hyperlordosis between L4 and S1, leading to distal facet
arthritis and overload. In type 2 spines, upper lumbar arch
disc orientation is very horizontal and has to withstand
high-pressure forces, which can lead to central disc herni-
ations. It is the pattern less adapted for weight-bearing or
sports. Types 3 and 4 profiles support high mechanical
forces in the lower lumbar segments which are more verti-
cally orientated. The shear forces concentrated at the pos-
terior aspect of L4/L5 can lead to L5 isthmic spondylolysis
or L4-L5 spondylolisthesis by a sliding mechanism.*

Pelvic morphology and hip joints

This sagittal spine classification, and in the end pelvic mor-
phology, also dictates hip range of motion. Narrower and
more vertical pelvises, with low Pl and low SS, have less
ability to rotate (retrovert), creating a stiffer lumbosacral
junction. Pelvic motion is then transferred to the hip joints.
These patients are called ‘hip users’.** The hip range of
motion is very wide and mainly supported by femoral
flexion-extension mobility. Because pelvic retroversion is
limited, compensation quickly fails if recruited due to spi-
nal malalignment.” Anatomically, the pelvis compensates
for greater acetabular inclination (45-50°) and anteversion
(20-25°) to accommodate femoral head movement.+4

On the other hand, wider and more horizontal pelvises
have a higher PI and higher SS. In the absence of
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Fig. 4 Roussouly sagittal shape classification in four types. Lumbar apex in red, inflection point in blue, thoracic apex in green.
Global lumbar lordosis and global thoracic kyphosis are marked between lines. Doted line shows lower lumbar arch angle.

degenerative changes in the lumbar spine, there is a flexi-
ble situation, which increases the amplitude in the lum-
bosacral area, and, conversely, a wider range for pelvic
sagittal rotation. However, there is a limited range of
motion of the hip joints; both acetabular inclination (35—
40°) and acetabular anteversion (12-20°) show lower
anatomical values.* These individuals are called ‘spine
users’. When there is a spinal anterior malalignment, their
pelvis allows these patients a lot of compensation before
becoming exhausted; however, surgical difficulties can be
found when restoring LL, as they usually require big pos-
terior osteotomies or multiple anterior disc cages to recre-
ate the amount of proper lordosis.”

The fate of total hip arthroplasty and
lumbar spine disorders

Pelvic changes and acetabular component positioning

As mentioned above, the position of the pelvis varies
between functional positions, and so does the acetabu-
lum, and this can affect cup placement.?” Achieving ideal
cup orientation is crucial in reducing edge-loading and
articular impingement, which would otherwise lead to
accelerated wear, squeaking, increased dislocation risk*
and prosthetic impingement (polyethylene liner fracture,
neck notching and metallosis in case of ceramic liner).
Low PI pelvises have lower pelvic rotation ability (stiff
lumbosacral movement) but hypermobile hip joints (lead-
ing to less protected THA). The excess of femoral flexion
when sitting can produce anterior prosthetic impinge-
ment and leave an uncovered acetabular posterior space
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(posterior articular edge-loading) with an inherent risk of
posterior dislocation.3344

In high PI pelvises, there is a high potential for pelvic
rotation, and less mobile hip joints (having better protec-
tion for THA). As femoral excursion is lower, the uncov-
ered posterior acetabular space when sitting is low and
the risk of posterior dislocation decreases. However,
excessive pelvic retroversion leads to excessive acetabular
anteversion, increased risk of posterior-superior edge-
loading and posterior articular impingement. Thus, these
patients are at higher risk for anterior dislocation while
standing at maximum hip extension.*4

Finally, although pelvic tilt does not seem to signifi-
cantly change after primary THA, at least in short-term
follow-up and analysing average values,*’ it can vary over
time due to ageing and the possible appearance of sagit-
tal spinal disorders, leading to anterior malalignment and
pelvic compensation with acetabuli ante-inclination, thus
functional cup positioning relative to the stem can be
influenced with time due to these changes (Fig. 5).3046

Lumbar stiffness and acetabular component positioning

If one part of a mobile lumbar spine segment becomes
stiff (due to degeneration changes or surgical lumbar
fusion), other anatomical regions must accommodate to
improve mobility, thus influencing THA (this is called
spine hip syndrome). These phenomena have direct
effects on complications, with a very large number of
patients showing that THA dislocation rates are higher in
patients undergoing lumbar spine fusion.#’48 On the
contrary, hip surgery releases preoperative contractures
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Fig. 5 (A) Initially this patient had a lumbar lordosis of 57°, and SS of 37°, being Pl 52°, her PT was 15°. Due to degenerative
discopathy she underwent an L2—S1 posterior fusion and central decompression. (B) Two years after that she underwent a right-side
THA. (C) After some years, an adjacent segment degeneration occurred, LL decreased to 24°, PT increased to 24° (pelvic retroversion)

and SFP decreased to 62° (cup anteversion), and the patient suffered an anterior THA dislocation.
Note. SS, sacral slope; Pl, pelvic incidence; PT, pelvic tilt; THA, total hip arthroplasty; LL, lumbar lordosis; SFP, sacro-femoral pubic angle.

increasing lumbo-sacral mobility, which endangers
patients with previous lumbar instability.33

THA is probably the most cost-effective orthopaedic
surgical procedure.*® However, there is an increasing
number and projections for revision surgeries.2 Most revi-
sion cases are performed in the acetabular side due to
wear/edge-loading, dislocation or impingement; factors
determined by cup positioning.>%-5# Classically, the ace-
tabular component safe zone has been calculated accord-
ing to Lewinnek’s criteria.>> However, further studies are
changing this consensus,>¢ due to the spatial position of
the hip influenced by functional pelvic and femur motion;
the new concept of functional stability.>”

In patients with low spino-pelvic mobility, the acetabu-
lar component requires more coronal inclination and
anteversion (except in patients with high compensation/
retroversion).33 If the spine is fused with a fixed pelvic
anteversion (uncommon situation), the functional cup
version does not increase when sitting, leading to a higher
risk for posterior dislocation; here, the cup may also need
more anteversion. In the more common fused spine with
a pelvic retroversion or a bad flat shape (flat back), or in
pelvises forced to recruit more pelvic retroversion to com-
pensate for malalignment (Fig. 6), there will be a higher
risk of anterior dislocation with full standing; here the cup
may need less anteversion (Fig. 7).44
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Fig. 6 Patient with adult scoliosis, Pl 62°. SS of 35° compensating with PT 26°, SFP 59°. She underwent long lumbar fusion to pelvis
with insufficient lordosis correction and residual postoperative mismatch (PI-LL 26°), and still compensating SS 34° and PT 27°, SFP

57°. Fused in pelvic retroversion, care must be taken not to put the cup in anteversion as it would be at risk of anterior dislocation.
Note. Pl, pelvic incidence; SS, sacral slope; PT, pelvic tilt; SFP, sacro-femoral pubic angle; LL, lumbar lordosis.

Controversy still exists in terms of sacrificing an optimal
acetabular component position according to these findings.
Be aware that life is a kyphotic event, with associated ret-
roversion of the pelvis expected with ageing, and, conse-
quently, changes in the functional position of the cup
increasing the risk for a late dislocation (Fig. 8) and poor
prosthetic biomechanics (prosthetic impingement and
edge-loading). Alternative acetabular component designs
such as dual mobility cups may also be useful in patients
with hip hypermobility and stiff degenerative lumbar
spines, to lower dislocation rates.>8 Other issues must be
also analysed individually such as age, physical activity,
and hip osteoarthritis aetiology, to find the best indication
for each patient.*®

Clinical outcome and instability: THA and lumbar pathology

It has been reported that patients with unilateral hip oste-
oarthritis and concomitant low back pain have a marked
femoral neck anteversion in the arthritic hip and greater
spino-pelvic malalignment. An improvement in align-
ment and relief from both hip and back pain is observed
after THA.60

In a case-control-matched study, Grammatopoulos
etal analysed acetabular and spinal parameters in patients
undergoing THA with or without spinal fusion. They
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found a better clinical outcome (for hip and spine scores),
lower dislocation rate, and fewer revision surgeries in
patients without a lumbar fusion. Their observations were
associated with a difference in spino-pelvic mobility
between both groups due to a narrow zone of an opti-
mum cup position. So they recommended preoperatively
determining spinopelvic hypermobility.6 Knowing the
role of the pelvis in spine-pelvis-hip biomechanics can
help us improve our practice in the future.62

There are other factors associated with hip biomechan-
ics than cup positioning. Edge-loading, soft-tissue balance
(stiffness/laxity), femoral component positioning, leg
length discrepancy, acetabular and femoral offsets, surgi-
cal approach, implant (femoral head size, bearings materi-
als), and proper reconstruction of hip rotation centre are
equally important.63-67 All these issues can affect both
clinical outcomes and complication rates in THA. The kin-
ematic alignment technique for THA aims to restore con-
stitutional hip anatomy (unless caused by obvious
developmental hip disease) and to adapt the cup position
to the individual spine-hip relationship.68

Lastly, surgeons question whether hip or spine should
be operated first when both are a cause of pain. If the
patient has spine pathology leading to excessive pelvic
retroversion, the spine should be addressed first (this is
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Fig. 7 (A) A 62-year-old patient with 42° PI. Initially SS 34° and SFP 75°. (B) Three years after primary right THA, SS increased to 37°
and SFP to 79°. Sagittal cup anteversion was 33°. (C) In 2019 she suffered an L3 fracture with loss of lordosis and consequently loss
of SS (27°) and SFP 75° (pelvic retroversion), increasing sagittal cup anteversion (44°). (D) Left THA was performed after planning
with previous associated pelvic retroversion; different cup anteversion can be found between both THA in the postoperative

radiograph.

Note. Pl, pelvic incidence; SS, sacral slope; SFP, sacro-femoral pubic angle; THA, total hip replacement.

typical of ankylosing spondylitis), to implant the acetabu-
lar component in a correct position if THA is needed.®®
Otherwise, THA should be performed first. In a very large
Medicare study, both dislocation and revision rates were
much higher in patients with THA after lumbar spine
fusion than in patients with THA and a delayed spinal
arthrodesis.”® In clinical and radiological analysis, Parilla
et al emphasized the importance of the difficult decision
of performing lumbar spine fusion due to PT changes in
patients with THA.”! Despite this, they did not find signifi-
cant differences in the order of procedures. The authors

suggested that THA would be better performed one year
after lumbar spine fusion, since PT changes are minimal
and predictable. Moreover, severe spine deformities and
lumbo-sacral fusion required further assessment.

Conclusions

The pelvis stands as the cornerstone between the spine
and the hips. Pelvic motion is essential to maintain proper
balance and sagittal alignment during bipedalism, and
retroversion is recruited as a compensation mechanism
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Fig. 8 (A) Female, 75 years old, with degenerative lumbar spine Pl 30°, SS 15° and SFP 70° and primary osteoarthritis of the right
hip; she underwent primary THA. (B) Three-year postoperative radiograph showing an SS increase of 10° and pelvic anteversion
gaining. Clinical result in terms of pain, function and mobility was excellent. (C) Seven years after primary THA, SFP decreased due
to degenerative lordosis loss with associated pelvic retroversion and two anterior hip dislocations occurred, requiring hip revision

surgery with a dual mobility cup.

Note. Pl, pelvic incidence; SS, sacral slope; SFP, sacro-femoral pubic angle; THA, total hip replacement.

when spinal malalignment occurs. This pelvic rotation can
affect kinematic cup positioning, and consequently func-
tional cup positioning if a total hip arthroplasty (THA) is
needed. This is because pelvic retroversion, frequently
associated with degenerative spinal changes and ageing,
implies an increase of acetabular version.

Patients with flexible lumbar spines (spine users) pro-
tect the hip joint. Patients with stiff (degenerated or
fused) lumbar spines (hip users) demand higher hip
mobility, placing THA at risk. Pelvises in retroversion
place the THA at risk of anterior dislocation when stand-
ing. In contrast, pelvises in anteversion or with low PI
can place THA at risk for posterior dislocation when
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sitting. All of these concepts need to be taken into
account when planning cup orientation. Although in the
majority of cases the cup needs to be set in an anatomic
position, patients with lumbo-pelvic stiffness and/or sag-
ittal spinal malalignment (poor spine—hip relationship)
may need adjustment (from the anatomical position-
ing) of the cup orientation and use of forgiving cup
implant design. Low Pl pelvises may need more acetab-
ular ante-inclination, and high Pl pelvises more acetabu-
lar retroversion.

If surgery is needed, it is recommend to start address-
ing the hip first, except in patients with compensation
(high pelvic retroversion), who may need spine surgery
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first to place the pelvis, and, consequently the acetabu-
lum, in a proper position.
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