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Spine balance can alter THA outcomes, but the exact mechanism
is not yet well recognized. We aimed at bridging the gap between
hip and spine surgeons with an up-to-date analysis of the best
available literature review concerning to data as for total hip
arthroplasty results of those patient with concomitant spine
disorders. In total hip arthroplasty accurate acetabular cup
placement is essential for impingement free and stable range
of motion. For decades, hip surgeons have relied on traditional
safe acetabular zones to reduce prosthetic instability. Neverthe-
less, hip dislocation is one of the most common complications
following total hip arthroplasty. Numerous studies have shown
that patients with abnormal spinopelvic mobility due to degene-
rative spinal diseases and after spinal fusion surgery had an
increased rate of dislocations after THA. In our review we de-
scribed the main spine-pelvic parameters, such as pelvic tilt,
sacral slope, pelvic incidence, lumbar lordosis etc. and spino-
pelvic motions and how they can change in standing and sitting
postures. Measurements of these parameters are necessary for
presurgical planning before hip arthroplasty especially those
patients who had previously made spine fusion. A review of lite-
rature shows that sagittal pelvic kinematics, but not the pelvic
incidence, influences the risk of prosthetic impingement or dis-
location. Pelvic position is dynamic during gait and other daily
living activities. Variations in anteroposterior pelvic tilt affects
the resulting spatial orientation of the acetabulum. Recommen-
dations for cup positioning are switching from a classic Lewin-
neck safe zone to a patient-specific approach, with the stand-
ing cup orientation giving way to a new parameter of interest:
the functional orientation of the cup. Thus, functional cup anter-
version should be taken into consideration. Abnormal spinopel-
vic mobility is a risk factor for THA dislocation. Thus patients
with combined spine and hip pathology are at higher risk for fur-
ther complications and they should be identified and screened
more carefully.

Xpebmosuii 6ananc moxce 3MiHUMU Pe3yILMAMU MOMAILHO2O
endonpome3sysanns kyavuiosozo cyenooa (TEKC), are mounuii
Mexauizm enausy medocmamuvo euguenuti. Mema. O6’eonamu
npayio Xipypeie-opmoneoig i 6epme0Opos02i6 WLIAXOM AHAI-
3y cyuacHoi nimepamypu w000 3azanvHux pezyromamie TEKC
v nayienmie 3i cynymuimu 3axeopiosaunamu xpeoma. TEKC
Mae 8ajxciuge 3HayeHHs O GLIbHO20 MA CMAOIILHO2O PYXY.
Tlpomszom decamunime opmonedu opicHmyOmMsbCs Ha Mpaouyii-
Hi Oe3neuni napamempu ayemaOyiapHOi 30HU, WOO 3MeHuUmu
Hecmabinbricmb endonpomesie. IIlpome 6usux 20106k eHOO-
npomesa € 00OHUM i3 Hatnowupeniwux yckaaoneus nicasi TEKC.
Busnaueno nidsuujeHuil pigeHb GUBUXIE Y NAYIEHMIE 3 AHOMANb-
HOI0O pyxomicmio y XpeOmoeo-maszo8omy ce2menmi GHACNIO0K
OdeceHepamusHux 3axeopio6ans i nicia cnonounooe3y xpebma.
Y pobomi onucano ocnoeni xpebmogo-ma3zosi napamempu (na-
XU Ma3a, KpUstCo8Ull HaxXul1, NONepexosull 10poo3 moujo), pyxu
y xpebmi ma cyenobax i ixui 3MiHU 6 NOLOAHCEHHT CMOoAYY MdA CU-
Osyu. Bumiprosanns yux napamempie HeoOXioHe 015 XipypeiuHo2o
naanysanns neped TEKC, ocobnuso mum nayicumam, AKum pami-
wie uKoHaau cnonounooes. Bemanoesneno, wo cazimanvha xine-
MamuKa masa 6naueae Ha PU3UK GUHUKHEHHA IMNIHONCMEHMY a00
susuxy enoonpomesa. Ilonodcenns masa € OUHAMIYHUM NIO Yac
X00b6u Ul iHWUX nOBCAKOeHHUX Oill. Bapiayii nepednbo-3a0Hb020
HAXULy masa naueaionms Ha OMmpumMary npocmopoesy OpieHmayiio
Kyabuio60i sanaounu. Pexomenoayii wjo0o nozuyionyeants dau-
Ku — ye nepexio i knacuyHoi 6esneunoi 301u Jleginexa 0o inou-
8i0yAIbHO20 NIOX00Y Ol NAYIEHMA 3 YPAXYBAHHAM OpieHmayii
KYIbUOBOI 3ana0uHy 8 NON0JICEHH] CIOAYU, WO NOCMYNAEMbCS
Micyem HOBOMY napamempy — (QYHKYIOHAAbHIU opieHmayii yawu-
ku. Cnio ypaxogysami QYHKYIOHATbHE NOTONCEHHS 3ANAOUHU 3d
eHOONnpome3y8ans. AHOMAIbHA PYXOMICHb XPeOMOBO-MAa308020
ceeMenma € YUHHUKOM PUBUKY UGUXIB NICIsL eHOONPOMe3Y8aHH.
Tobmo nayienmu 3 NOEOHAHO NAMOJIOZIEI0 XPedbma ma Kyibuio-
6020 cyen06a marmy OiTbWUUI PUSUK YCKIAOHEHb, MOMY DAHHSA
Oiaenocmuka 1 pemenviiuie 00CMenCcenHs Oiisl HUX € OOYLIbHUM.
Kuiouosi ciosa. Xpe6mogo-mazo6i 63aeM0GIOHOWEHHS, ca2imaib-
HUTL KOHMYP Xpebma, eHoonpome3y8anis, UsUX eHoonpomesd.
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Introduction

Spinopelvic mobility represents the complex in-
teraction of hip, pelvis, and spine. Understanding
this interaction is relevant for both arthroplasty and
spine surgeons, as a predicted increasing number
of patients who suffer from hip and spinal patholo-
gies simultaneously. Spinopelvic mobility can be af-
fected by degenerative diseases of the spine and hip
and by spinal fusion surgery. In an aging society,
the prevalence of degenerative musculoskeletal dise-
ases increases. As a result, there will be more patients
with concurrent degenerative spine and hip patholo-
gies, who will require spinal fusion and total hip arth-
roplasty (THA) [1, 14].

THA is a very successful medical intervention.
However, complications such as THA dislocations
may occur. The incidence of this complication after
primary THA is reported to be approximately 1.5 %
to 4.8 % [3-5]. Approximately 50 % of dislocations
occur within the first 3 months after the primary pro-
cedure [6].

Within the first 2 years postoperatively, dislocation
is the most common cause for revision surgery [7].
Unfortunately, revision surgery to treat hip instabi-
lity, ranging from «simple» head and liner exchange
to all-component revision or use of constrained de-
vices, has met with variable success [8, 9].

Thus, spine disease can decrease motion, through
degenerative disease or surgical fusion, and cause ab-
normal spinopelvic posture due to compensatory pel-
vic rotation in order to maintain sagittal balance with
efficient posture. The lack of proper spinopelvic mo-
tion may jeopardize the functional position of the ace-
tabulum. Techniques and physiologic markers nor-
mally used by the hip surgeon to access relative safe
zone cup placement may not be ideal for degenerative
spine patients. Numerous studies have demonstrated
that THA patients with concomitant spinal deformity
experience episodes of instability and dislocation at
disproportionately high rates despite traditional, safe
zone cup placement [2, 10—12].

As a result, there has been a recent increase in
interest to characterize spinopelvic motion abnorma-
lities and elucidate their impact on total hip arthro-
plasty outcomes.

Studies data as for THA outcomes at combined
spine and hip pathology

A considerable number of THA dislocations with-
out known cause awaked an increased attention to ab-
normal spinopelvic mobility at THA, especially on
cup positioning. Focusing on patients with suspected
abnormal spinopelvic mobility due to degenerative

spinal diseases and after spinal fusion surgery, an in-
creased incidence of dislocations in THA of 7.4 %
to 8.3 % was reported. Malkani found hip instabi-
lity to be the most common reason for failure leading
to revision surgery in patients with lumbar fusion be-
fore THA. In this study, the risk of THA dislocation
in patients with lumbar fusion before THA was found
to be 7.4 %, compared to 4.8 % in those without fu-
sion [13—15].

One study to date has described increased THA
prosthetic-related complications and revision in pa-
tients with prior lumbar spinal fusion, from 6 months
to 2 years following THA when compared to the ge-
neral Medicare database [16]. Buckland and Sing
et al. proved the correlation of an increased disloca-
tion rate after THA with a larger number of spinal
fusion levels. D. J. Blizzard et al. [17]. using the same
Medicare database but selecting for lumbar spine dis-
ease rather than lumbar fusion procedures similarly
found an increase in prosthetic joint dislocation and
revision THA at 2 years when compared to the gen-
eral Medicare patient data. Gausden reported history
of spinal fusion as the strongest independent predictor
of dislocation in THA [18]. A meta-analysis including
six studies revealed a twofold increased risk of dis-
location and a threefold increased risk for revision
surgery in patients with spinal fusion [19]. Whereas
D. O. Perfetti et al. reported spinal fusion patients to
be seven times more likely to experience THA dislo-
cation [11].

The impact of spinopelvic imbalance is particular-
ly profound in THA late dislocations. N. Heckmann
et al., reported that 90 % of their late dislocations (de-
fined as > 1 year) in patients who had spinopelvic
imbalance [20].

In summary, restricted spinopelvic mobility, regard-
less of whether it is due to spinal fusion or degenera-
tive, has an influence on the alignment of the acetabu-
lum and is considered to increase risk for dislocations
in THA. It should be mentioned that spinopelvic im-
balance does not necessarily lead to dislocation, as
the majority of THA patients remain without com-
plications despite progressive spine degeneration, as
it was shown in 10 year follow up study on THA pa-
tients which found 62 % had abnormal spinopelvic
motion [21].

Spinopelvic parameters

Spinopelvic parameters are dynamic and change
in different positions to ensure movement and pos-
ture. In order to understand and define the spine —
hip relationship (SHR), it is important to understand
the significance of the spino-pelvic parameters, such
as sacral slope (SS), pelvic tilt (PT), pelvic inci-
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dence (PI), lumbar lordosis (LL) and the C7 plumb
line (C7pl) (fig. 1). SS, PT and LL are «functional
parametersy, as their value varies with body position;
Pl is a «morphological parameter» as it is constant for
an individual.

H. Ike et al. provided an excellent list of many
of the common terms that are used in the literature
and defined them [22]. The authors of this review
have chosen additional terms that are used.

The term pelvic tilt (PT) used in arthroplasty lite-
rature for hip navigation is the rotation of the pelvis
in the sagittal plane as measured by the angle formed
between the coronal plane and the anterior pelvic
plane (APP) which is defined by a line from the an-
terior superior iliac spine (ASIS) to pubic symphysis.
APPt can be performed both anteriorly and poste-
riorly. Posterior APPt describes a backward motion
of the pelvis and is the equivalent motion to pelvic
retroversion. With posterior pelvic tilt, or pelvic retro-
version, the functional position of the acetabular cup
becomes more anteverted. Pelvic tilt varies according
to posture, age, and other factors and posterior pel-
vic tilt typically increases with age. This progression
is usually gradual, due to the loss of lumber lordosis,
weakness of the back muscles, flexion contracture
of the knee, and other factors [23].

Sacral Slope is an angle between a horizontal line
and the sacral endplate.

The sum of pelvic tilt and sacral slope SS is the pel-
vic incidence (PI), a position-independent interindivi-
dual different anatomical parameter (PI =SS + (s PT)).
When changing position, the change in pelvic tilt
(APPt and (s)PT) correlates inversely with the change

Fig. 1. The main spino-pelvic parameters: the sacral slope SS;
the pelvic tilt PT; the pelvic incidence PI; lumbar lordosis LL

in sacral slope, and this correlates directly with
lumbar lordosis to maintain an upright posture. Pel-
vic incidence (PI) determines the degree of femo-
ral flexion required to sit. The lower the PI, the less
the pelvis will tilt so greater femoral flexion is re-
quired and thus higher risk for bony impingement and
dislocation [24].

Normal spinopelvic motion

A normal SHR occurs when a healthy flexible
lumbar-pelvis complex interacts with healthy flexi-
ble hips. Normal standing posture consists of slight
anterior pelvic tilt with a mean sacral slope of 40° and
adequate physiologic lumbar lordosis (LL) to achieve
sagittal balance. Normally, from standing to sitting,
adaptation processes are performed: the sacrum
moves posteriorly (pelvis is retroverted), the lum-
bar lordosis decreases, and the acetabular antever-
sion increases. The posterior tilt of the pelvis reduces
the sacral slope to the same amount. So, as it was
mentioned for each degree 1.0° of posterior pelvic
movement, there is an increase of 0.7° to 0.8° in ace-
abular anteversion. With 20° of posterior pelvic tilt,
the hip needs to only flex 55° to 70° to achieve proper
sitting posture (fig. 2) [25].

When changing position from standing to supine,
the pelvis moves anteriorly and leads to a reduction in
acetabular anteversion. The anterior tilt of the pelvis
is performed to a smaller extent than the posterior tilt.

Abnormal spinopelvic motion

Degenerative spinal changes can lead to a sagittal
imbalance.

Fig. 2. Normal spinopelvic motion with an increase in posterior
pelvic tilt (APPt line) and decrease of sacral slope (SS) and
lumbar lordosis (LL) in lateral standing (a) and sitting (b)
radiographs [26]
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Spine mobility is limited by spinal fusion or de-
generative changes (lumbar stiffness) is associated
with loss of posterior tilt. The normal spine can ac-
commodate a mean posterior APPt of 20° (AAPPt or
ASS of 20°) when transitioning from standing to sit-
ting. Spinal stiffness is defined as ASS less than 10°
[27]. Patients with spinal stiffness cannot increase
their functional acetabular anteversion when chang-
ing position for sitting, instead trying to compen-
sate with femoral hyperflexion at the risk of anterior
impingement and consequent posterior dislocation
(fig. 3).

Spinal sagittal imbalance occurs as the aging spine
becomes progressive more kyphotic due to degenera-
tive disease. In order to regain sagittal balance com-
pensatory mechanisms are employed which include
obligatory posterior APPt. The limit of posterior
APPt is dependent on individual PI and hip extension
reserve [29]. Especially, hip extension can be affected
by hip osteoarthritis. So, while standing, the acetabu-
lum is functionally anteverted so there is a risk for
posterior impingement and subsequent anterior dislo-
cation with hip extension [30].

Pelvic tilt and cup orientation

So, it is likely that most of the atraumatic dis-
locations that happen with modern implants are
the result of atypical pelvic kinematics. In total hip
replacement, achieving ideal orientation of the cup
is essential in reducing edge loading and articular im-
pingement, which would otherwise lead to acceler-
ated wear, squeaking, and increased dislocation risk
[24, 31]. Lazennec et al. pioneered the study of the hip
and spine relationship in 2004 has introduced the idea
of a «functional» acetabular cup position in the sagit-
tal plane [25]. This parameter allows us to understand

the pathophysiology of prosthetic dislocation and
to explain why patients with normal standing cup
orientation sometime dislocate, while other patients
with abnormal ones do not. The fact that functional
cup orientation is likely related to pelvic kinematics,
which in turn is mostly influenced by lumbar mobi-
lity [32].

When considering dynamic spinopelvic motion
that changes with position, static versus functional po-
sition also needs to be understood. Various guidelines
have been proposed for the orientation of the ace-
tabular component in total hip arthroplasty. The most
commonly cited guidelines date back to 1978. When
arthroplasty surgeons still focus on placing compo-
nents into the ideal Lewinnek Safe Zones (LSZ) as
determined by inclination of 40° £ 10° and antever-
sion of 15° £ 10° in the static intraoperative supine or
lateral position [33]. However, various authors have
challenged the relevance of these zones and highlight-
ed the lack of consensus between various guidelines.
In a series of more than 9 000 THAs, M. P. Abdel
et al. showed that more than half of the dislocations
occurred with acetabular components which were
placed within the safe-zone [10]. Stability of hip im-
plant is likely multifactorial and the ideal cup posi-
tion for some patients may lie outside the Lewinnek
safe zone. However, dislocation, edge-loading and
impingement more commonly occur during activities
when the position of the pelvis, and thus the acetabu-
lar component, could be significantly different to that
seen with static, non-functional imaging.

There is a lack of data as for the dynamic postural
changes that happen when the patient is standing or
sitting. And the focus should be placed on the «func-
tional» position of the components that takes into

Standing Sitting

[a]

Dislocation

Standing Sitting

[b]

Fig. 3. In the healthy person, pelvis shifts to retroversion in sitting position (a). On the other hand, in the patients with spinal fusion
with pelvic fixation, pelvis cannot shift to retroversion and stays anteverted. In this case the neck impingement occurs at the anterior

edge of the cup, then femoral head is dislocated posteriorly (b) [28]
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Fig. 4. Pelvic tilt and its effect on functional orientation of the cup at total hip arthroplasty [37]

account the functional motion of the pelvis. Pelvic
position is not static, but rather dynamic during gait
and other daily living activities. Variations in antero-
posterior pelvic tilt will affect the resulting spatial
orientation measurement of the cup (fig. 4). In one
of the studies the authors studied the effect of antero-
posterior pelvic tilt on acetabular component position
in THA. Anteroposterior pelvic tilt was measured
in 619 hips. The hips were divided into five groups.
Of the 619 hips measured, 8.6 % had no anteropos-
terior pelvic tilt, 40.4 % had posterior pelvic tilt of 1°
to 9° 12.6 % had posterior pelvic tilt of 10° to 25°,
33.6 % had anterior pelvic tilt of 1° to 9°, and 4.8 %
had anterior pelvic tilt of 10° to 20°. An anteroposte-
rior pelvic tilt of 1° led to an approximate 0.8° change
of functional cup anteversion [34, 35]. These data
confirmed previously published study by B. Lembeck
et al. [36]. It is important to note that, with every 1°
of posterior tilt, patients show an increase in acetabu-
lar anteversion of 0.7° to 0.8° and, thus, functional
anteversion changes.

Conclusions

Spinopelvic mobility is a substantial factor to be
assessed when performing THA. Abnormal spinopel-
vic mobility is a risk factor for THA dislocation. This
is relevant not only for arthroplasty surgeons, but also
for spine surgeons, as the combination of osteoarthri-
tis and spinal pathologies are increased.

THA positioning according to LSZ will be ade-
quate for most people. Patients with combined spine

and hip pathology at high risk should be identified
and screened more carefully, especially in patients
with suspected limited spinopelvic mobility, such as
history of lumbosacral fusion, kyphotic standing pos-
ture, severe spinal degenerative disease, hip flexion
contractures, and history of THA dislocation and re-
vision surgery. Spinopelvic measurements should be
done in both sitting and standing positions.

Most arthroplasty surgeons focus on the aceta-
bular component positioning according to the static
position of the pelvis. However, the functional po-
sition should be used instead.
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