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Previous lumbar spine fusion increases the risk
of dislocation following total hip arthroplasty
in patients with hip-spine syndrome:

a systematic review and meta-analysis
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Abstract

Background With life expectancy on the rise, there has been an increase in patients with concomitant degenerative
hip and spine pathology, defined as hip-spine syndrome (HSS). Patients affected by HSS may require both total hip
arthroplasty (THA) and lumbar spinal fusion (LSF), although there is a paucity of data regarding how the sequential
timing of these procedures may influence clinical outcomes. This study aims to compare complications and
spinopelvic parameters in patients with HSS who underwent either LSF first or THA first.

Methods A systematic search of PubMed and Scopus was conducted for randomized and nonrandomized studies
investigating complications and spinopelvic parameters in patients with HSS who had undergone THA and LSF. The
Methodological Index for Non-Randomized Studies (MINORS) tool was utilized to assess the risk of bias in included
studies. Relevant outcomes were pooled for meta-analysis.

Results Eleven articles were included in this study. There was a significantly higher THA dislocation rate in patients
who had undergone LSF first compared to those who had THA first (OR: 3.17, 95% ClI 1.23-8.15, P=0.02). No
significant difference was found in terms of THA aseptic loosening (OR: 0.86; 95% Cl 0.32-2.32, p=0.77) and revision
rate (OR: 1.18, 95% Cl: 0.53-2.62) between these two groups. Individuals who received THA only showed a significantly
lower risk of hip dislocation (OR: 0.14, 95% Cl: 0.08-0.25, P<0.00001) and THA revision (OR: 0.22, 95% Cl: 0.14-0.36,
P<0.00001) compared to patients with a previous LSF.

Conclusions In HSS patients who underwent both LSF and THA, those who received LSF first displayed an increased
risk of hip dislocation after subsequent THA. Additionally, the relative risks of dislocation and revision rate appeared
significantly lower in patients who had undergone THA only when compared to THA patients with a history of
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previous LSF. Due to the impact of LSF on spinopelvic biomechanics, caution must be exercised when performing

THA in individuals with instrumented spines.
PROSPERO ID CRD42023412447.
Level of evidence LL.

Keywords Spine fusion, Total hip arthroplasty, Spinal stenosis, Hip osteoarthritis, Hip-spine syndrome, Spinopelvic

Background

Degenerative hip and spine disorders are becoming
more prevalent in the aging population, especially with
the global increase of life expectancy. Among adults
above the age of 60, 19-47% are estimated to have spi-
nal stenosis [1]. Furthermore, hip osteoarthritis (OA)
has been estimated to nearly affect 7.95% of adults in
North America, with prevalence increasing with age
[2, 3]. Oftentimes, elderly adults may present with
radiographic evidence of both hip and spine degenera-
tive pathologies, and the overlap in symptomatology
between the two can portend a complex clinical pic-
ture. This concomitant presence of degenerative hip
and spine pathology has been termed hip-spine syn-
drome (HSS) [4].

In patients with severe hip OA and advanced degen-
erative changes of the spine, it can be difficult to ascer-
tain which condition is most symptomatic and, thus,
which pathology to address first. Severe degenerative
LSS is typically managed with decompressive surgery
such as laminectomy or foraminotomy [5, 6]. However,
lumbar spinal fusion (LSF) may be required in addi-
tion to bony decompression, especially in the case of
concomitant spondylolisthesis, degenerative scoliosis,
or following extensive removal of stabilizing structures
to avoid iatrogenic instability. The standard of care
for symptomatic end-stage hip OA is total hip arthro-
plasty (THA), which has been shown to be highly suc-
cessful and cost-effective [7].

Although both THA and LSF are effective treat-
ments for symptomatic hip and spine pathologies, less
is known about outcomes in patients who require both
interventions. Previous studies have indicated that a
history of LSF can lead to increased rates of hip dislo-
cation and revision surgery after subsequent THA due
to the interrelation of spinopelvic biomechanics [8].
Careful consideration of the spinopelvic balance dur-
ing preoperative planning is advised in patients with
a previous LSF due to the strict relationships between
spinopelvic parameters and clinical outcomes and
complications following THA [9]. However, there is a
paucity of data regarding the clinical outcomes and spi-
nopelvic balance of patients with HSS who have under-
gone both THA and LSEF, and whether the sequence
of surgery affects these variables. The primary objec-
tive of this systematic review and meta-analysis was

to compare postoperative complications (e.g., THA
dislocation, revision, aseptic loosening, infection) in
patients affected by HSS who underwent both LSF and
THA, taking into consideration surgical timing (LSF
first vs. THA first). Our secondary objective was to
assess the effect of surgery sequencing on radiographic
indicators of spinopelvic balance (e.g., sacral slope,
pelvic tilt, pelvic incidence, lumbar lordosis, etc.).

Materials and methods

This review was conducted in accordance with the
Preferred Reporting Items of Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [10]. The review
protocol has been approved by the International Pro-
spective Register of Systematic Reviews (PROSPERO)
under the ID CRD42023412447.

Literature search

A systematic search was performed on May 9, 2024
using the PubMed and Scopus databases for literature
published before May 2024. According to the PICOS
framework, we searched for studies including adult
individuals diagnosed with HSS (P) who had under-
gone LSF (I) and THA (C), reported which procedure
had been completed first, and investigated postop-
erative complications and spinopelvic parameters (O).
Randomized controlled trials (RCTs), prospective and
retrospective observational cohort studies and case
series with >10 patients per group were included (S).
Non-English language studies, case series with <10
patients, case reports, reviews, database studies, edito-
rials, book chapters, and studies that did not delineate
the order in which the surgical procedures were per-
formed, were excluded. The complete search strategy
is available as a Supplementary File.

Study selection

The initial search of the articles was independently
conducted by two reviewers (LA and AH). The follow-
ing research order was used: titles and abstract were
screened first, then full texts of papers not excluded
based on abstract nor title were analyzed. Conflicts
regarding the inclusion of studies were mutually
resolved after a thorough discussion between the two
screening authors. The article screening workflow is
reported in a PRISMA flow diagram (Fig. 1).
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Fig. 1 Flow diagram as per the preferred reporting items for systematic reviews and meta-analyses (PRISMA) protocol

Data extraction

General study characteristics extracted included:
authors, country, sample size, mean age, mean fol-
low-up, study design, level of evidence (LOE), year
of publication, demographic characteristics, and data
regarding both the interventions (type of LSF tech-
nique, number of levels involved, extension to the
pelvis and/or sacrum) and comparator (type of THA
approach, type of implant utilized). Outcomes col-
lected included spinopelvic radiographic measure-
ments, namely sacral slope (SS), lumbar lordosis (LL),
pelvic tilt (PT), pelvic incidence (PI), PI-LL mismatch,
femoral offset (FO), femoral angle (FA), acetabular
inclination (AI), acetabular anteversion (AA), acetabu-
lar anteinclination angle (AAA), and sagittal vertical
axis (SVA). Moreover, postoperative complications
were reported.

Risk of bias

The Methodological Index for Non-Randomized Stud-
ies (MINORS) tool for non-randomized clinical tri-
als [11] was used to assess the risk of bias in included
studies. Papers were independently rated by two
reviewers (LA and AH) and verified by a third reviewer
(FR).

Statistical analysis

Meta-analysis was performed using odds ratios (OR)
with 95% confidence intervals (Cl) to describe categor-
ical variables. The level of significance was set at 0.05.
Heterogeneity among comparisons was calculated
by the I? statistics and classified as “low” (I><25%),
“moderate” (I>=26-74%), or “high” (I>>75%). Pooled
estimates were calculated by the Mantel-Haenszel
method for dislocation, aseptic loosening, and revi-
sion rates. Considering the high variability among
different surgical approaches and implants utilized to
perform THA in included studies, no meta-analysis of
spinopelvic parameters was performed. Random effect
models were employed when heterogeneity was statis-
tically significant; otherwise, a fixed effect model was
applied. Due to the low number of studies per single
outcome, publication bias was not evaluated. Formal
analysis was performed with Review Manager (v. 5.4,
Cochrane Collaboration, UK).

Results

Study selection

The initial search from the databases yielded 2,296
articles. After duplicates were removed, 2,239 unique
articles remained. 2,218 articles were excluded follow-
ing title and abstract screening. Six additional stud-
ies were found through manual citation searching.
Then, 27 full-text articles were screened and 16 were
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excluded due to various reasons (noncomparative
studies=4, inappropriate outcomes=>5, inappropriate
populations=7). Eventually, 11 articles met the eligi-
bility criteria and were included (Fig. 1).

Study characteristics

Included articles consisted of ten retrospective cohort
studies [12-22] and one case-control study [23] pub-
lished between 2016 [12] and 2024 [22] from the USA
[14, 16, 18-20, 22], Italy [13], Japan [15], UK [17],
France [23], and China [21]. Collectively, a total of
4,508 patients were assessed: 2,129 patients underwent
LSF first followed by THA, 747 underwent THA first
followed by LSEF, and 1,632 underwent THA only, with
a mean age of 65.7, 63.9, and 63.4 years, respectively.
Follow-up ranged from a minimum of 6 months [15] to
5.2 years [13] (Table 1). The surgical characteristics of
included patients are summarized in Table 2. Accord-
ing to the MINORS tool, the average score of included
studies was 15.7/24, which is indicative of a substantial
risk of bias (Table 1).

Clinical outcomes

Seven studies [13-17, 21, 22] compared patients who
underwent both THA and LSF with specific mention
of which procedure was performed first. Across these
studies, there were 1,032 patients who underwent
LSF first, and 760 patients who underwent THA first.
There was a significantly higher hip dislocation rate in
patients who had undergone THA after LSF compared
to THA before LSF (5 studies, LSF first, n=948; THA
first, n=674; OR: 3.17, 95% CI 1.23-8.15, P=0.02,
Fig. 2A). The sequence of surgery had no significant
effect on THA aseptic loosening (3 studies, LSF first,
n=470; THA first, n=391; OR: 0.86; 95% CI 0.32-2.32,
P=0.77, Fig. 2B) and revision rate (2 studies, LSF first,
n=397; THA first, n=329; OR: 1.18, 95% CI: 0.53-
2.62, Fig. 2C). Khan et al. [22] showed no statistically
significant difference between patients undergoing
LSF or THA first in terms of 30-day and 90-day read-
mission rates. Similarly, Di Martino et al. [13] reported
that the sequence of surgery did not significantly con-
tribute to hip implant breakage (LSF first: 0%, THA
first: 0.7%), polyethylene insert wear (LSF first: 0%,
THA first: 1%), and hip instability (LSF first: 0.5%,
THA first: 0%). The authors also showed a signifi-
cantly higher mechanical complication rate (e.g., dis-
location, hip instability, etc.) during the first two years
following THA in patients undergoing THA 4+ LSF vs.
THA alone, as well as in patients undergoing LSF first
vs. THA first. Likewise, Perfetti and colleagues [19]
demonstrated that medium times to dislocation and
revision surgeries were 170.8 and 139.3% shortened
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in patients with a prior LSF compared to patients who
received THA alone.

Four studies [18-20, 23] compared 1,097 patients
who underwent LSF first followed by THA with 1,619
patients who received THA only. Individuals who
received THA only had a significantly lower risk of hip
dislocation (3 studies, THA only, n=1571; LSF+ THA,
n=1067; OR: 0.14, 95% CI: 0.08-0.25, P<0.00001,
Fig. 3A) and revision rate (2 studies, THA only,
n=1013; LSF+THA, n=978; OR: 0.22, 95% CI: 0.14—
0.36, P<0.00001, Fig. 3B) compared to patients with
a previous LSF. Barry and colleagues [20] reported
that during the first 90 postoperative days patients
who underwent LSF first presented a significantly
higher rate of nonsurgical complications (i.e., super-
ficial wound infection, pneumonia, intensive care unit
transfer, delirium, conservatively treated dislocation,
fall, C. difficile infection) compared to patients under-
going primary THA (20 vs. 5.7%, P=0.039).

Spinopelvic parameters

Five studies [14, 15, 17, 21, 23] investigated spino-
pelvic parameters (Table 3). In patients who received
both THA and LSF, Furuhashi et al. [15] reported that
a higher PT and a lower AA were significantly associ-
ated with increased postoperative dislocations. Gram-
matopoulos et al. [17] did not show any significant
difference between patients who underwent LSF first
and THA first in terms of SS, Al, and AA. Zhang et
al. [21] did not find any substantial differences con-
cerning LL, PT, SS, and SVA, although AA was signifi-
cantly lower in subjects who received LSF first. Goyal
and coauthors [14] evaluated the differences among
spinopelvic parameters between the same two groups,
although comparing values subgrouping patients based
on the surgical approach to the hip (direct anterior
vs. direct lateral). No significant differences between
the two techniques in patients who underwent LSF
first or THA first were reported in terms of LL, SS,
PT, PI, FA, Al and AAA. The PI-LL mismatch was
significantly lower in patients who underwent THA
with a direct lateral approach after LSF compared to
a direct anterior approach, while there was no differ-
ence in PI-LL mismatch between the anterior and lat-
eral hip approaches in patients who underwent THA
before LSF. Similarly, in the same group, FO was sig-
nificantly lower with the direct anterior approach than
with the direct lateral approach, whereas no difference
was found in patients who received THA first with
both techniques. In another study, Lazennec et al. [23]
reported that patients who underwent LSF first did
not show relevant differences in terms of standing Al
compared to subjects who received THA only. How-
ever, mean standing SS, sitting SS, sitting Al, standing
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AA, and sitting AA significantly differed between the
two groups. Interestingly, the mean SS change from
standing to sitting position was significantly lower
in patients with a previous LSF, as well as the mean
AI change and AA change. The authors found that,
for each additional fused level, the mean SS change
decreased by 1.6°, the mean AI change decreased by
0.8°, and the mean AA change decreased by 0.9°. Fur-
thermore, decreases in these indices were even higher
when comparing LSF patients who received a lumbar
fusion with individuals who underwent a thoracolum-
bar or lumbosacral fusion.

Discussion

Considering the increased life expectancy and higher
prevalence of age-related musculoskeletal diseases, the
burden of hip and spine degenerative disorders is pre-
sumed to promptly rise in the near future [1, 2]. These
two conditions often overlap in the complex and mul-
tifaceted HSS, which frequently requires surgical care
[4]. According to previous evidence, the treatment of
symptomatic HSS is usually based on the predominant
complaint, although it is not uncommon to perform
both LSF and THA in the same patient [24]. Due to the
complex biomechanical relationships between the hip
and the spine, decreased sagittal motion after LSF has
been shown to accommodate less for PT changes and
consequently affect femoral impingement, which may
ultimately cause hip dislocation following subsequent
THA [25].

In this study, our meta-analysis showed that patients
who have undergone LSF prior to THA present a 3.2-
fold higher risk of dislocation compared to subjects
who received LSF after THA. Conversely, there was
no statistically significant difference in the risk of
aseptic loosening and revision surgery between these
two groups. However, when comparing patients who
have undergone THA only versus patients who have
received LSF first followed by THA, the latter showed
an 86% higher risk of dislocation and a 78% higher risk
of revision. This is in line with the outcomes of a pre-
vious large database study demonstrating that patients
with prior LSF undergoing THA had a 106% increased
risk of dislocation compared to those with LSF done
five years after THA [26]. Conversely, another data-
base study recently showed no differences in disloca-
tion emerged between patients undergoing LSF in
the year prior or in the year after THA [27]. Previous
studies have also reported an increased rate of peri-
prosthetic joint infections in patients who underwent
LSF first. This has been imputed to a combination of
higher opioid consumption, increased risk of falls,
delirium, and pneumonia [17].
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Physiologically, when moving from standing to sit-
ting, the pelvis tilts posteriorly, the SS decreases, and
AA increases, therefore providing anterior clearance
to allow the proximal femur to flex more. In the fused
spine, the posterior PT is abolished or even paradoxi-
cally inverted, thus posing the risk of femoral impinge-
ment and subsequent posterior dislocation [28]. In
addition, the reduced posterior PT when sitting is fre-
quently compensated by increased hip flexion, which
further contributes to the higher risk of dislocation
[29]. Collectively, these mechanisms may explain the
increased rate of mechanical complications in patients
undergoing THA after being treated with a previous
LSF. Indeed, previous studies have demonstrated that
THA patients who had a prior LSF reported a dislo-
cation rate ranging from 3.0% at one year to 7.5% at
two years compared to 0.4 to 2.1% dislocation rate in
controls who have undergone THA only. Moreover,
when stratifying cohorts based on the number of
fused segments, the occurrence of complications sig-
nificantly increased with the number of fused levels
[30]. While spinopelvic parameters were collected as
part of this review, there was not enough standardized
data across the studies to perform meta-analysis. This
may represent an area for future research, given that
spinopelvic measures are essential in surgical planning
and post-operative assessment of stability and dislo-
cation risk. York et al. [18] found that among patients
who have undergone both THA and LSF, dislocators
had a significantly lower PI and SS compared to non-
dislocators [24]. Notably, all included studies reported
average PI values exceeding 50.0°. A high PI has been
previously associated to an elevated risk of accelerated
disc degeneration and hip OA, due to the increased
mechanical forces transmitted to the lumbar spine and
femoral head, respectively. Therefore, it seems reason-
able that patients with higher PI values may be charac-
terized by a higher risk of HSS [31]. Altogether, these
findings do provide helpful information for orthopae-
dic spine surgeons when planning which intervention
to perform first in a patient who may need both THA
and LSF.

Considering the notable burden of complications
in individuals with THA and a prior LSF, a system-
atic approach should be adopted for high-risk patients
when planning THA to avoid dislocation. First, stand-
ing and sitting lateral spinopelvic radiographs should
be obtained to measure spinopelvic parameters
and their change with posture. A spine with an SS
change <20.0° from standing to sitting should be con-
sidered stiff. In that case, the cup should be anteverted
more to accommodate femoral flexion when sitting,
ideally, 30.0° planned to the functional pelvic plane or
the higher end of the traditional safe zones (15.0-20.0°)
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[28, 32]. Interestingly, a recent study showed that 80%
of dislocators with spinal deformity had a cup antever-
sion value within the range defined by the traditional
Lewinnek safe zone [33]. This further delineates the
importance of accurately planning cup anteversion
based on each individual type and severity of spinal
stiffness. On the other hand, when treating hip OA
first in a patient affected by moderately symptomatic
LSS, it is difficult to anticipate whether LSS will be
necessary in the future and plan any possible technical
adjustments accordingly. In this setting, the increased
risk of posterior dislocation may be reduced by the
selection of an anterior approach with less damage
to the posterior capsule and external rotators. Some
authors have reported the use of a range of motion
simulation test using a three-dimensional software to
assess the implant biomechanics and properly adjust
the cup orientation preoperatively [15]. Furthermore,
the use of high-resistant components (e.g., vitamin
E-stabilized ultrahigh molecular weight polyethylene),
materials with a favorable tribological profile, large-
diameter femoral heads, and dual mobility constructs
may be indicated to reduce the risk of dislocation and
mechanical complications [34]. Whereas the priority
between LSF and THA is dictated by the clinical pic-
ture, previous studies have demonstrated that in case
both surgical procedures are needed, waiting at least
one year between LSF and THA is advisable. Accord-
ing to Parilla et al. [16], further compensatory PT
alterations are less common at one year following LSF,
thus rendering all the needed adjustments based on
PT change more reliable after such time point.

While this review highlights the complications and
spinopelvic parameters in patients undergoing both
THA and LSF, there are a paucity of data regarding
patient-reported outcomes in patients who undergo
both procedures. Eneqvist et al. [35] found that
patients who underwent lumbar surgery prior to THA
generally had more pain, worse health-related quality
of life scores and were less satisfied with their THA
outcome one year postoperatively. Similarly, Gram-
matopoulos et al. [17] demonstrated that patients with
a prior LSF showed significantly lower Oxford Hip
Score values compared to patients undergoing LSF
after THA. However, additional research is needed to
determine if there are significant differences in out-
come measures with regard to timing of performing
LSF first or THA first in patients who must undergo
both procedures.

This study has some limitations. All included stud-
ies were nonrandomized retrospective cohort studies
including one case-control study, thus being inherently
characterized by a low level of evidence. Randomized,
prospective, high-quality clinical trials are therefore

Page 11 of 13

needed to further confirm our data. In addition, the
average MINORS score was indicative of a substan-
tial risk of bias, which may have an impact on the
reliability of the data that were reported. Some of the
analyzed outcomes included a small number of stud-
ies and/or were reported at different time points, thus
further limiting the generalizability of our findings
and possibly introducing confounding. Furthermore,
we did not include studies on patients with HSS who
were treated with lumbar decompression only, such as
laminectomy or laminotomy. However, considering the
smaller effect of these procedures on spinopelvic bal-
ance, uninstrumented spinal decompression may affect
the risk of hip-related complications to a lesser extent.
None of the included studies recruited patients who
underwent LSF only, although the outcomes of inter-
est in our study were mainly related to THA compli-
cations, which would not be applicable in that cohort.
In addition, due to inconsistent reporting among
included studies, our analysis did not take into account
the number of fused levels and the involvement of
the lumbosacral junction. Indeed, longer fusions may
reasonably further increase the risk of hip mechani-
cal complications. Nonetheless, further investigation
into outcomes of patients with HSS who undergo THA
and decompressive surgery without instrumentation is
warranted.

Conclusions

In patients who undergo both LSF and THA, patients
who underwent LSF first are at increased risk of hip
dislocation after subsequent THA. In the setting of a
previously fused spine, careful THA planning is para-
mount to prevent further complications and the risk of
revision surgery.
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