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Abstract

Background There has been a growing interest in pathologic spine-hip relations (PSHR) in current literature, with the aim
of reducing the risk of prosthetic impingement, dislocation, and edge loading in total hip arthroplasty (THA). The primary
objective of this review is to determine the effect of different PSHR on primary THA outcomes and complication profile.
The secondary objective is to stratify the risk of different subgroups of PSHR patients.

Methods A systematic review of the literature was performed in accordance with PRISMA guidelines. Randomised con-
trolled trials, comparative cohort studies and case—control studies comparing outcomes and complication rates of primary
THA in patients with and without a PSHR (spinal fusion; degenerative spinal conditions determining stiff spine and/or spinal
misalignment) were included. The quality of the included studies and the risk of bias were assessed. The revision rate, com-
plications, and clinical and radiological data were analysed. Complications included: aseptic loosening (AL), periprosthetic
joint infections (PJI), hip dislocations and periprosthetic fractures (PF).

Results Fifteen articles were included with 3.306.342 THAs. The mean follow-up (FU) was 31.4 +21.7 months. The popu-
lation was divided into three subgroups: spinal fusion patients (48.315 THAs); non-fused patients with spinal stiffness
(106.110 THAs); non-fused patients with normal spines (3.151.917 THAs). A statistically significant risk stratification was
observed about dislocation rate (5.98 +6.9% SF, 3.0+ 1.9% non-SF Stiff and 2.26 + 1.4% non-SF; p=0.028). Similarly,
about THA revision rate, a statistically significant risk stratification was also observed (7.3 +6.8% SF, 6.4 +3.1% non-SF
Stiff and 2.7 + 1.7% non-SF; p=0.020). No statistically significant difference was observed when analysing AL, PJI and PF.
Conclusion A statistically significant risk stratification of dislocation and revision rate was observed in the different PHSR, as
theorised by the Bordeaux classification. Fused patients present a higher risk, degenerated and/or stiff spine an intermediate
risk and mobile spines a lower risk profile. A standardised approach to THA candidate patients must consider the possible
PSHR to improve clinical outcomes and reduce adverse events of THA.
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Introduction

The concept of lumbopelvic complex (LPC) has attracted
increasing interest in the current literature [1]. The pelvis
represents the core of a very complex biomechanical rela-
tionship between the spine and the lower limbs, especially
with the hips [1, 2]. Alterations in one joint can potentially
have an impact on the other [2]. This pathological situation
is referred to as spine-hip syndrome (SHS) or hip-spine
syndrome (HSS), depending on whether the primary patho-
logical structure is the spine or the hip, respectively [2, 3].

Over the last decade, spine surgeons have extensively
studied the compensation mechanism of the pelvis and
lower limbs to sagittal misalignment to establish correc-
tive surgical strategies and prevent mechanical complica-
tions in adult spinal deformity surgery [4-6].

Similarly, hip surgeons have shown growing interest in
pathological spine-hip relations (PSHR) to reduce the risk of
prosthetic impingement/dislocation and edge loading in THA.

In the current literature, unidentifiable causes of THA
instability ranging from 7 to 18% have been reported [7].
A PSHR is very frequent (26% to 41%) in patients sched-
uled for primary THA [3, 8].

The Bordeaux Classification of Spine-Hip relations [9]
is considered the most comprehensive and exhaustive [1].
It proposes an estimation of prosthetic impingement, pros-
thetic instability and edge loading risk based on a) type of
LPC (according to individual Pelvic Incidence value), b)
sagittal LPC kinematics and c) global sagittal spinal align-
ment. Three risk categories were therefore hypothesised:
Category A—very low/low risk: mobile LPC; Category
B and C—moderate/elevated risk: stiff LPC in a degener-
ated spine with a compensated spinal misalignment; Cat-
egory D and E—very high risk: spine degeneration with an
uncompensated spinal misalignment or fused spine.

Other authors have proposed simpler approaches to
describe PSHR considering global sagittal spinal align-
ment and spinal stiffness/flexibility [10, 11].

Previous published reports, systematic reviews and
meta-analysis have mainly investigated exclusively the
effects of lumbar fusion on THA. Moreover, the analysis
was limited to THA instability and revisions rates [12,
13]. These studies did not evaluate significant outcomes
in THA such as AL, PF and PJI [14].

Furthermore, spinal fusion represents a subgroup of spi-
nal stiffness, and the analysis could be extended to degen-
erative spinal conditions that result in spinal stiffness and/
or spinal misalignment [15, 16]. Vigdorchik et al. reported
that the vast majority (81%) of THA patients with a stiff
spine condition weren’t instrumented lumbar fusions [16].

The primary objective of this systematic review of the
literature is to determine the effect of different PSHR on
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primary THA outcomes and complication profile. The sec-
ondary objective is to stratify the risk of different subgroups
of PSHR patients.

Materials and methods
Eligibility criteria

We included all retrospective or prospective English-lan-
guage studies, which included randomised controlled trials,
comparative cohort studies and case—control studies compar-
ing the outcomes and complication rates of primary THA
in patients with and without a PSHR. A PSHR was defined
in case of spinal fusion and degenerative spinal conditions
leading to spinal stiffness and/or spinal misalignment. All
non-English articles, case reports, literature reviews, meta-
analyses, technical notes, expert opinions, and editorial
letters were excluded. Studies with no comparison or con-
trol groups, with revision THA surgeries and papers that
included cases of hemiarthroplasty or hip resurfacing not
distinguishable from THA cases were excluded. The use of
dual mobility cup was also a reason for exclusion. If several
studies were based on data from the same registry during
the same period, the most recent study was included, and the
others excluded to avoid overestimation. Furthermore, we
excluded studies reporting indistinctly outcomes and compli-
cations of THAs performed before or after a lumbar fusion.

Search strategy

A systematic review of the available literature was per-
formed in accordance with Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [17]. The following databases were searched up to
February 2023: Medline through PubMed, Embase and the
Cochrane Central Register of Controlled Trials. The follow-
ing keywords were combined using the Boolean operators
AND/OR: “total hip arthroplasty”, “total hip replacement”,
“spinal fusion”, “lumbar fusion”, “Ankylosing spondylitis”,

“Bechterew disease”, “ankylosing spine”, “spinal ankylo-

LR LT3 LEIT3

sis”, “stiff spine”, “adult spinal deformity”, “sagittal imbal-
ance” and “spine-hip syndrome”.

Selection and data collection

Once duplicates were removed, two authors (CU and EF)
evaluated the relevance of the articles based on the title and
abstract. The full text of the selected articles was obtained
and then assessed according to pre-defined inclusion and
exclusion criteria. Discrepancies were discussed and
the final decision was made by a third author (EQ). The
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references section of the identified articles was manually
checked for other relevant papers.

Data items

The included studies were classified according to types of
pathological spine-hip relations analysed. Then, pooling the
data, three subgroups of PSHR were assembled for the pre-
sent analysis: spinal fusion patients (SF); non-fused patients
with stiff spines (non-SF Stiff) and non-fused patients with
normal spines (non-SF).

The following data were extracted: number of patients,
mean age of the population (years), gender distribution,
mean follow-up (months), number of THAs, type of
implant fixation (cemented, uncemented), femoral head
size (mm), number of fused levels and mean time from
fusion to THA in case of spinal fusion, type of degenera-
tive spine conditions, type of surgical approach for THA,
clinical outcomes (patient-reported outcome measures
(PROM)), radiological parameters (acetabular cup ante-
version and inclination) and hip dislocation rates, rein-
terventions, revisions and complications. Complications
included all operative and non-operative complications
related to the THA procedure (AL, PJI, PF).

Every new operation was considered as a reoperation;
revisions, on the other hand, included any prosthetic com-
ponent revision, including liner change.

Appraisal of studies’ quality and risk of bias

The level of evidence of the included studies was evaluated
through the adjusted Oxford Centre For Evidence-Based
Medicine 2011 Levels of Evidence [18].

The Grading of Recommendations, Assessment, Develop-
ment and Evaluations (GRADE) system was used to define
the quality of the studies [19]. The criteria of the Methodo-
logical Index for Non-Randomized Studies (MINORS) were
used to assess the quality of the methodology of the included
studies [20].

Statistical analysis

Statistical analysis was performed with SPSS version 20.0
for Windows (IBM Corporation, Armonk, NY, USA).
Categorical variables were expressed as number of cases
or percentage. Continuous variables were reported as
mean =+ standard deviation (SD). Lower and upper limits of
95% confidence intervals (CI) were calculated. Between-
group comparisons for continuous variables were assessed
using the Mann—Whitney (MW) and the Kruskal-Wallis
(KW) tests. Statistical significance was accepted for p <0.05.

Results

Fifteen articles were included in the final review: nine
were LoE IV [21-29] and six LoE III [30-35]. Six stud-
ies were register-based [21-25, 29]. The flow chart of the
selection process is illustrated according to the PRISMA
guidelines (Fig. 1). The overall quality of the included
studies was considered low to very low according to the
GRADE system. The bias risk was very high with a mean
MINORS score of 15.5+1.46 (CI 95% 14.7 to 16.3).
GRADE and MINORS scores were reported as supple-
mentary material.

Study population

The global population analysed included 3.306.342 hip
prostheses, divided in three subgroups: SF patients (48.315
THASs); non-SF patients (3.151.917 THAs); non-SF Stiff
patients (e.g. Ankylosing Spondylitis) (106.110 THAS).
Regarding fused populations, only three studies [21-29]
reported fusion length and only one paper reported the
extension of the fusion to the pelvis [29].

Women (F) accounted for 60.8% of the overall popula-
tion (SF, 63.9% F; non-SF, 60.7% F; non-SF Stiff, 61.7%
F; p>0.05). The mean age was 63.2+ 8.1 years (CI 95%
55.7 to 70.7) with the non-SF Stiff subgroup being statis-
tically younger (SF 65.5+4.4 Vs non-SF 66.6 +3.8 Vs
non-SF Stiff 47.2 + 15.4; p <0.05). The mean BMI was
27.6+2.3 (C195% 23.9 to 31.2) with no statistically sig-
nificant difference between groups (p > 0.05). Mean fol-
low-up (FU) was 31.4+21.7 months (CI1 95% 18.8 to 43.9)
with no differences between groups (p > 0.05) (Table 1).

Regarding the type of surgical approach used for THAs,
the posterior approach was the most used (Posterior,
76.4%; Lateral, 16.6%; Anterior, 7%) (Table 2). Only four
authors [28, 31, 34, 35] reported on femoral head size.
With regard to the type of femoral stem fixation (cemented
versus uncemented), mixed populations were analysed in
the included studies.

Radiological parameters

The mean cup inclination was similar between the differ-
ent groups with a mean value of: SF: 41.1 +4.3° (CI1 95%
34.3 to 48), non-SF: 41.3 +2.4° (CI1 95% 19.7 to 62.9) and
non-SF stiff (AS): 42.2+3.7° (C1 95% 8.7 to 75.8)) (KW:
p=0.840; MW: SF Vs non-SF, p=0.741; SF Vs non-SF
Stiff, p=0.977; non-SF Vs Non SF Stiff, p=0.799). Simi-
larly, no differences were noticed in cup anteversion, the
mean value of which was: SF: 21.3+3.7° (CI1 95% 15.4 to
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Fig. 1 PRISMA search flowchart and inclusion strategy

27.2); Non SF: 19.7+2.4° (C195% -1.9 to 41.3); Non SF
stiff (AS): 19.8+1.2° (CI1 95% 9 to 30.5) (KW: p=0.846;
SF Vs Non SF, p=0.621; SF Vs Non SF Stiff, p=0.615;
Non SF Vs Non SF Stiff, p=0.980) (Table 3).

Clinical outcomes

An analysis of patient-reported outcome measures (PROM)
could not be performed because they were reported by one
single author that found significantly better clinical out-
comes in non-SF compared to SF patients [31].

Dislocation, revision and complication rates

The mean dislocation rates were 5.98 +6.9% in the SF,
3.0+ 1.9% in the non-SF Stiff and 2.26 + 1.4% in the non-
SF groups, respectively, and a statistically significant dif-
ference was observed between the three groups (KW,
p=0.028). More specifically, in the one Vs one analysis,
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dislocations were clearly more frequent in the SF group
than in the non-SF one (MW: p=0.007) whereas no differ-
ences were observed in the other groups (SF Vs non-SF Stiff,
MW: p=0.171; Non-SF Vs non-SF Stiff, MW: p=0.512)
(Table 4). When analysing the risk of dislocation in rela-
tion to the surgical approach, no statistically significant
difference was observed between the three groups using
the KW test (Anterior, p=0.861; Lateral, p=0.135; Pos-
terior, p=0.621). The authors did not report a significant
correlation between femoral head size and the risk of THA
instability.

Dislocations represented the leading cause of THA revi-
sion. In fact, the mean THA revision rate was statistically
different between the three groups (7.3 +£6.8% in the SF,
6.4 +3.1% in the non-SF Stiff and 2.7 + 1.7% in the non-SF
groups; KW, p=0.020). In one vs one analysis, differences
were found between SF Vs non-SF groups (7.3 +6.8% Vs
2.7+ 1.7%, respectively, MW: p=0.008) and the non-SF
Vs non-SF Stiff groups (2.7+1.7% Vs 6.4+3.1%, MW:
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Table 2 THA approach: SF, spinal fusion
Article THA approach

SF Non-SF Non-SF Stiff

Anterior Lateral Posterior Anterior Lateral Posterior Anterior Lateral Posterior
Sing et al. 2016 - - - — — — — — —
Barry et al. 2017 1 18 16 6 43 21
Buckland et al. 2017 - — - — - — — — —
Loh et al. 2017 - - - — — — — — -
Perfetti et al. 2017 - - - — - — — — —
Blizzard et al. 2017 - - - - - - — - —
Malkani et al. 2018 - - - — - — — - —
York et al. 2018 — - 31 — - 478 — — —
Salib et al. 2019 9 49 39 18 98 78
Bala et al. 2019 - - - — — — — — —
Katakam et al. 2020 38 3 94 - - - 25 9 108
Pollard et al. 2021 - — — — — — — — —
Ofa et al. 2021 - - - - — - — — —
Guan et al. 2021 - 5 68 - - - 1 7 138

Yang et al. 2022 - - - —

Table 3 Patients cup anteversion and inclination angles: SF, spinal
fusion

Atrticle Outcome measure SF No SF Non SF Stiff

Sing et al. 2016
Barry et al. 2017  — - - -

Buckland et al.
2017

Loh et al. 2017
Perfetti et al. 2017 — — — _

Blizzard et al. - - — _
2017

Malkani et al. - — - —
2018

York et al. 2018

Cup Anteversion® 26.8 21.4 -
Cup Inclination ®° 399 39.6 -
Cup Anteversion® 20 18 -
Cup Inclination® 45 43 -
Bala et al. 2019 - - - -

Salib et al. 2019

Katakam et al. Cup Anteversion® 18.96 — 18.91
2020 Cup Inclination®  44.02 — 44.85
Pollard et al. 2021 — - - -
Ofa et al. 2021 - - - -
Guan et al. 2021 Cup Anteversion® 194 — 20.6
Cup Inclination®  39.59 39.57

Yang et al. 2022 - - - _

p=0.023), whereas no difference was observed comparing
SF Vs non-SF Stiff (MW, p=0.855) (Table 5).
Furthermore, no statistically significant difference was
observed when analysing the rate of the other major THA
complications: PJI, KW: p=0.379 (MW: SF Vs non-SF,
p=0.18; SF Vs non-SF Stiff, p=0.643; non-SF Vs non-SF
Stiff, p=0.857); PF, KW: p=0.875 (MW: SF Vs non-SF,
p=0.559; SF Vs non-SF Stiff, p=0.604; non-SF Vs non-SF
Stiff, p=0.692); AL, MW: p=0.589 (the latter comparison
could only be performed between SF and non-SF due to
missing data in the non-SF Stiff subgroup) (Table 6).

Discussion

In recent years, great improvements have been achieved in
understanding the physiological and pathological biome-
chanical relationships between the spine and the hips. Nev-
ertheless, the current literature is characterised by a poor
overall quality of the studies with a considerable risk of
bias. The present analysis demonstrates a statistically sig-
nificant risk stratification regarding the dislocation rate as
theorised by the Bordeaux classification (5.98 +6.9% in the
SF, 3.0+ 1.9% in the non-SF Stiff and 2.26 + 1.4% events in
the non-SF (KW, p=0.028)). The THA instability appears
to be the primary indication for THA revision. Similarly, in a

@ Springer
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Table 4 Hip dislocations: SF,

. . Article SF Non SF Non SF Stiff
spinal fusion
Events (%) Total Events (%) Total Events (%) Total
Sing et al. 2016 488 (5.03%) 9695 13,907 589,300 — -
(2.36%)

Barry et al. 2017 1(2.86%) 35 0 (0%) 70 - -
Buckland et al. 2017 464 (3.16%) 14,668 12,982 (1.55%) 839,004 — -
Loh et al. 2017 1(1.21%) 82 1(1.21%) 82 - -
Perfetti et al. 2017 28 (3%) 934 4 (0.43%) 934 - -
Blizzard et al. 2017 - - 22,989 (3.48%) 660.240 53 (5.29%) 1002
Malkani et al. 2018 134 (7.41%) 1809 2908 (4.8%) 60,578 - -
York et al. 2018 9 (29%) 31 19 (3.97%) 478 - -
Salib et al. 2019 5(5.15%) 97 4 (2.06%) 194 -
Bala et al. 2019 608 (4.64%) 13,102 11,229 (2.28%) 492,654 3329 (3.18%) 104,820
Katakam et al. 2020 16 (4.44) 135 - - 4 (2.82%) 142
Pollard et al. 2021 28 (8.54%) 328 567 (3.99%) 14,217 - -
Ofa et al. 2021 3(0.79%) 382 341 (1.19%) 28,608 - -
Guan et al. 2021 34.11%) 73 - - 1 (0.68%) 146
Yang et al. 2022 303 (4.36%) 6944 9437 (2.03%) 465,558 — -

Table5 THA Revisions: SE, Article SF Non SF Non SF Stiff

spinal fusion

Events (%) Total Events (%) Total Events (%) Total
Sing et al. 2016 589 (6.7%) 9695 20,213 589,300 — -
(3.43%)

Barry et al. 2017 5(14.3%) 35 2 (2.86%) 70 - -
Buckland et al. 2017 43 (0.36%) 12,079 1691 (0.2%) 839,004 — -
Loh et al. 2017 0 (0%) 82 0 (0%) 82 - -
Perfetti et al. 2017 36 (3.85%) 934 8 (0.85%) 934
Blizzard et al. 2017 - - 36,729 (5.56%) 660,240 86 (8.58%) 1002
Malkani et al. 2018 125(6.91%) 1809 2787 (4.6%) 60,578 - -
York et al. 2018 8 (25.1%) 31 5 (1.04%) 478
Salib et al. 2019 4 (4.12%) 97 5(2.58%) 194
Bala et al. 2019 745 (5.69%) 13,102 16,198 (3.29%) 492.654 4387 (4.19%) 104.820
Katakam et al. 2020  — - - - - -
Pollard et al. 2021 31 (945%) 328 605 (4.26%) 14,217 - -
Ofa et al. 2021 18 (4.71%) 382 1036 (3.62%) 28,608 - -
Guan et al. 2021 - - - - - -
Yang et al. 2022 392 (6.65%) 6944 14.405 (3.09%) 465558 — -

global comparison concerning THA revision rate, a statisti-
cally significant risk stratification was also noted (7.3 +6.8%
in SF, 6.4 +3.1% in the non-SF Stiff and 2.7+ 1.7% in the
non-SF (KW, p=0.020)). Nevertheless, if a direct compari-
son between one group and the other is performed, the find-
ing is more evident in the revision rate analysis, showing
significant differences between SF and non-SF groups (MW:
p=0.008) and the non-SF Vs non-SF Stiff groups (MW:
p=0.023), whereas no difference was observed between SF
and non-SF Stiff (MW, p=0.855). Regarding THA insta-
bility, dislocations were clearly more frequent in the SF

@ Springer

group than in the non-SF one (MW: p=0.007), whereas no
differences were observed in the other groups. The type of
surgical approach used to perform THA does not appear
to be a risk factor for dislocation. In the current literature,
the use of large diameter femoral heads and dual mobil-
ity cups are proposed as possible solutions to reduce THA
instability and consequently the revisions rate [36]. With
regard to this review, only four studies analysed the role of
the femoral head size and implant instability [28, 31, 34, 35].
These authors did not report significant correlation between
femoral head size and the risk of THA instability. Katakam



939

931-943

International Orthopaedics (2024) 48

0z8°v01

2001

809°8T

¥S9°T6Y

Y61

L8LT

0¥T099

€6

78

0L

00£'68¢

(%TD) 1vE

(%98°0) 9Ty

(%¥'6) 29T

(%1€°1) 8298

Ber D 1

(%L8°0) 9TIS

(%L8Y) ¥6€ET

(%EL'T) 1€S8

(%9°9) 951
(%190
8ITLI

(%0) 0

(%18°1)
£78°01

(%L0°8) 60€T

(%1€61) 91T°S6

(%850 §

(%58'6) TS0'S9

(%980) 8

»TTD 1

(%L5'8) 9

(%€'L) 610°¢r

8¢

T01°el

L6

Scl

€6

78

53

€696

(4114
‘Te 10 Suex

120T
‘e 10 ueno

1202 'Te 1@ 8o
120T

‘Te 19 prefjod
020T

‘T8 10 weyeIey]
610C

‘Te 19 eleg
610¢

‘1819 ques
810C

‘Te 12 10X
810C

‘[e 39 uey ey
L10T

‘Te 12 prezzig
L10T

‘e 30 Mg
L10T

‘e oy
L10T 'Te 32

puepong
L10T

‘Te 10 Kireg

910c
‘Te 30 Surg

[e10L,

[el0L,

(%) dd

(%) 1d

[CAR1N4

[e10],

4S UON

QponIy

Suruasoo] ondase “Ty ‘armoely onayisordirad ‘44 cuonosqur jurof onoyisorduad ‘Ird cuorsny reurds ‘4§ :suoneordwoos [[y 9 3jqeL

pringer

a's



940

International Orthopaedics (2024) 48:931-943

et al. [35] in their analysis observed an increasing temporal
trend in the use of larger diameter femoral heads without a
reduction in dislocation rate. Nevertheless, the lack of an
extensive and precise analysis of femoral head diameter as
a risk factor for THA instability in pathological spine-hip
relations appears to be an important limitation of the cur-
rent literature.

The use of dual mobility cups has been advocated by sev-
eral authors as protective factor against impingement and
THA dislocations [1-3], however the evidence in the litera-
ture is limited. Nessler et al. [37], in a retrospective mul-
ticentre study of 93 patients with previous lumbar fusion,
reported no dislocations. These very promising results were
characterised by several limitations, such as the small popu-
lation, the retrospective multicentre design and the short-
term follow-up. In particular, short-term follow-up could
underestimate the rate of intra-prosthetic dislocations sec-
ondary to component impingement in PSHR. Further studies
should analyse results of dual mobility cups in the PSHR
population in a medium-to-long follow-up.

No statistically significant difference was observed when
analysing the rate of the other major THA complications
(PJI, AL and PF). A limitation of the present review is the
lack of precise analyses on the type of stem fixation and
periprosthetic fractures.

A comparative analysis of patient-reported outcome
measures (PROM) between the groups could not be per-
formed, underlining a significant limitation of the current
literature. Mean cup inclination and cup anteversion were
similar between groups, demonstrating the lack of a tailored
approach to different patient LPC kinematics.

The present review highlights the enormous limitations of
the current literature due to the lack of routine reporting of
key parameters such as type of previous spinal surgery, num-
ber of fused levels (short Vs long fusions), fused spinal area,
sagittal characteristics of spinal fusion (good alignment, flat
back, hypercorrection etc.), type of spinal fusion and timing
between spinal fusion and THA surgery. The literature non-
specifically reports ‘previous spinal surgery’ as a risk factor
for THA instability and implant-related complications; how-
ever, neural decompression or total disc arthroplasty do not
affect spinal mobility [38, 39]. The lack of an estimated num-
ber of fused levels appears to be the most obvious limitation.
The spine is a sequence of motion segments and when one
of these is blocked, the contiguous regions of the spine with
free movement can compensate for the physiological kin-
ematics of the LPC during daily activities. If more segments
are blocked, the compensation may be less. Only in three
studies [21-29] was the SF population classified according
to fusion length: Sing et al. [21] reported a dislocation rate of
4.26% in less than two fused levels and of 7.51% in more than
three fused levels; similarly, Buckland et al. [22] reported a
dislocation rate of 2.96% in less than two fused levels and

@ Springer

of 4.12% in more than three fused levels; finally, Yang et al.
[29] further stratified the dislocation risk rates in 4.3% in
one level, 4.7% in two to five levels and 9% in spinopelvic
fixations. Furthermore, the compensatory ability of the spine
must be considered: the adjacent non-fused spine could not
be able to compensate due to degenerative processes. This
consideration can justify the high dislocation rate even in the
presence of a single fused motion segment compared to long
fusion, as reported by Yang et al. [29].

Another important limitation of the current literature is
the lack of differentiation of the spinal fusion area. Spinal
surgeons have demonstrated the key role of the lower lumbar
lordosis (L4S1) and that the more caudally the correction
is applied, the more powerful the effect on the pelvis and
specifically on the LPC [40—42]. In this context, fusion of
the lower lumbar spine extended to the sacrum or to pelvis
has a clear impact on the physiological kinematic of the LPC
during daily activities. Indeed, Yang et al. reported a twice
higher rate of hip dislocations in spinopelvic fixation [29].

The sagittal characteristic of spinal fusion is another criti-
cal issue largely underestimated in the literature concerning
PSHR. The spine can be fused in the target lordosis, creating
a condition known as “stuck-standing” with excess lumbar
lordosis and the inability of pelvic retroversion when sitting,
leading to an increased risk of anterior impingement of the
implant and consequently posterior dislocation [1]. On the
other hand, the spine may be fused in hypo-lordosis or in
kyphosis, creating a condition known as “stuck-sitting” with
lumbar hypo-lordosis, an excess of pelvic retroversion, an
increased risk of posterior implant impingement and conse-
quently anterior dislocation when standing [1]. The clinical
scenario termed “stuck-standing” is also present to a lesser
extent in case of a well-aligned stiff spine. On the other
hand, the clinical scenario kwon as “stuck-sitting” is also
present to a lesser extent in cases of stiff degenerative spinal
deformities. The limitations of the previously discussed lit-
erature adversely impact the current knowledge concerning
clinical outcomes and complication profile of primary THA
in patients with a PSHR.

Recently, the Hip-Spine Classification Group [43] pro-
posed a simpler approach to define a PSHR considering
the presence of spinal deformity (yes or no) and of spi-
nal stiffness (yes or no). Four categories are determined:
1A—normal spinal alignment and normal spinal mobility;
1B—normal spinal alignment and stiff spine; 2A—flat back
deformity and normal spinal mobility; 2B group — flat back
deformity and stiff spine. Groups 1B and 2A present a higher
risk of instability than group 1A. Category 2B has the high-
est risk of dislocation of all. In the current literature, the
concept of functional acetabular safe zones based on patient-
specific factors appears to be the most promising clinical
solution for ensuring optimal component stability compared
to traditional safe zones based on static targets. In the recent
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years, the Hip-spine Classification Group has reported sev-
eral proposals for the most appropriate cup inclination and
anteversion in relation to the type of PSHR [43-45]. Nev-
ertheless, recently, Ramkumar et al. [46] demonstrated that
Hip-spine Classification proposed qualitative component
targets, but a patient-specific mathematical approach based
on the precise analysis of spinopelvic parameters increases
implant stability by significantly reducing the dislocations
rate. Further research is needed to clarify the best and easiest
method to establish components positioning and also the role
of computer navigation and robotics as additional tools to
achieve targeted positioning within the functional safe zone.

The present study has some advantages over previous
reviews and meta-analyses. Firstly, we reported a compre-
hensive overview of THA outcomes (not only instability) in
all possible configurations of PSHR (SF, non-SF stiff spine
and non-SF). Secondly, we attempted to demonstrate the
risk stratification related to THA outcomes theorised by the
Bordeaux classification of separate groups of PSHR. Fur-
thermore, we excluded several recent studies that included
redundant results from the same database. Lastly, we criti-
cally analysed weaknesses in the current literature regarding
the type of previous spinal surgery, number of fused levels
(short Vs long fusions), fused spinal area and sagittal char-
acteristics of spinal fusion.

This review has some important limitations that deserve
consideration. First, there was significant heterogeneity
among the included studies in the definition of complica-
tions. Secondly, a possible bias in the present analysis is the
assumption that non-SF patients reported by the studies as
control groups were non-stiff spines: the current literature
does not investigate this key parameter. Third, the follow-
up duration of the included studies was short, which could
potentially lead to underestimation of THA survival, risk of
aseptic loosening, instability, and revision.

Conclusion

This analysis demonstrates a statistically significant risk
stratification regarding dislocation and revision rate, as the-
orised by the Bordeaux classification for different PSHR.
Fused patients present a higher risk, degenerated and/or stiff
spine an intermediate risk and mobile spine a lower risk
profile. A standardised approach for THA candidate patients
must consider and differentiate possible PSHR to improve
clinical outcomes and reduce adverse events.
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