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Abstract

Purpose The number of patients undergoing total hip arthroplasty (THA) surgery after previous lumbar arthrodesis (LA) is
rising. Literature suggests that LA may significantly impact pelvic biomechanics and potentially compromise the success of
prosthetic hip replacement. This study aims to evaluate complication rates, dislocation rates, and revision rates in patients
with prior LA undergoing THA surgery compared to those undergoing THA surgery without prior LA.

Methods A systematic review and meta-analysis were conducted following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. A PICOS template was developed to ensure a structured approach. The
search for relevant studies was performed across five databases, including Pubmed, Scopus, Embase, Medline, and Cochrane.
The selected articles were evaluated based on the Levels of Evidence (LoE) criteria. The Coleman Methodology Score
(mCMS) was employed to analyze the retrospective studies. This systematic review and meta-analysis were registered in the
International Prospective Register of Systematic Reviews (PROSPERO). For the outcomes that allowed for a meta-analysis
performed using R software, a p <0.05 was considered statistically significant.

Results The final analysis included seventeen studies comprising a total of 3,139,164 cases of THA. Among these cases,
3,081,137 underwent THA surgery alone, while 58,027 patients underwent THA with a previous LA. The study investigated
various factors, including dislocation rates, revision rates, and complication, as well as the surgical approach and type of
implant used, for both the THA-only group and the group of patients who underwent THA with prior LA. The analysis
revealed a statistically significant difference (p < 0.05) for all variables studied, favoring the group of patients who underwent
THA alone without prior LA.

Conclusions This systematic review and meta-analysis demonstrated a statistically significant superiority in all analyzed
outcomes for patients who underwent THA-only without prior LA. Specifically, patients with isolated THA implants expe-
rienced significantly lower incidences of THA dislocation, wound complications, periprosthetic joint infection, revision,
and mechanical complications.

Level of evidence Level IV.

Keywords Total hip arthroplasty - Hip replacement - Lumbar arthrodesis - Spinal fusion - Pelvic biomechanics -
Complication - Dislocation
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Introduction

Total hip arthroplasty (THA) is a highly effective surgical
procedure that has revolutionized the lives of millions of
patients suffering from hip joint degeneration, osteoarthri-
tis, or severe hip pain. It provides significant advancements
in pain relief, functional outcomes, and overall quality of
life. However, orthopedic surgeons face a unique challenge
regarding a specific subset of patients requiring THA: those
with a history of prior spinal arthrodesis.

The number of patients with a history of previous spi-
nal stabilization undergoing total hip replacement (THR)
surgery has been increasing substantially. This trend may
be attributed to the widespread use of both techniques and
the aging population. As a result, more and more patients
are undergoing THR surgery after spinal arthrodesis. Some
authors in Literature indicate a staggering 293% increase in
patients undergoing both THR and spinal arthrodesis surgery
over the past 10 years [1-3].

Patients undergoing spinal stabilization before THR sur-
gery are at a higher risk of dislocation and subsequent revi-
sion than those without prior spinal arthrodesis, as reported
in the Literature [2-9].

When the lumbar spine is fused through arthrodesis,
known as lumbar arthrodesis (LA), the spine's ability to
adjust and change lordosis during postural shifts is compro-
mised. This limitation also affects the pelvis and its mecha-
nisms for pelvic variation during postural adjustments men-
tioned earlier [10, 11]. Essentially, the patient's pelvis may
be locked in two ways: either as if they are always standing
or "stuck standing," resulting in reduced PT and reduced
acetabular anteversion, or as if they are always sitting or
"stuck sitting," leading to increased PT and acetabular ante-
version [8].

Our body employs compensatory mechanisms by increas-
ing femoral mobility for these biomechanical changes. How-
ever, this increased mobility increases the risk of anterior
and posterior impingement, further elevating the risk of
dislocation, especially during postural changes as described
above [6-8, 12]. A comprehensive evaluation of the patient's
spine is required to address the unique challenges posed by
THA with prior LA. This evaluation involves thoroughly
reviewing imaging studies, clinical examinations, and metic-
ulous preoperative planning.

The purpose of this systematic review and meta-analysis
is to highlight the revision, dislocation, periprosthetic joint
infection (PJI) and aseptic loosening rates of patients under-
going THR surgery and compare them with those of patients
undergoing THR surgery with previous LA to help ortho-
pedic surgeons determine the optimal surgical approach,
implant selection, and placement to ensure the stability,
longevity, and functional success of the hip prosthesis.
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Material and methods
Research question

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) flow diagram was used to
perform the research and select the studies included in this
systematic review [13-29]. Two independent authors (RGV
and FB) searched and reviewed the final included articles
to avoid possible bias. In case of discrepancy, a third author
(FG) was consulted.

Methodological quality assessment

Each included article was analyzed in our study according
to the Oxford Centre for Evidence-Based Medicine 2011
Levels of Evidence (LoE). With this tool, articles were clas-
sified from 1 to 5, where LoE 1 represented a better design,
methodological quality, and lower risk of bias in the study
under review. The Coleman Methodology Score (mCMS),
modified by Ramponi et al. [30], was used to analyze the
retrospective studies. These tools were used by three authors
(RGV, FO, DCS), and a fourth author (FB) was considered
to resolve any uncertainties further. Statistical analysis was
performed by a professional statistician (AL).

Inclusion and exclusion criteria

The Patient, Intervention, Comparison, Outcomes, and
Study (PICOS) design was used to classify and answer clini-
cal questions according to the PRISMA checklist: patient
(P), patients who sustained a total hip arthroplasty after LA;
intervention (I) patients who underwent total hip replace-
ment after LA; comparison (C), patients who underwent
THR without previous LA; outcomes (O) clinical, radio-
graphic outcomes and dislocation and revision rates; studies
(S) retrospective studies. Inclusion criteria for the reviewed
studies were articles about patients undergoing total hip
replacement with prior LA compared to patients undergoing
THR without prior LA surgery, written in English, studying
human subjects, published between 2000 and 2023 with a
minimum follow-up of 12 months, RCTs and retrospective
studies with LoE 1 to 4. Biochemical and in vitro studies,
case reports, editorials, book chapters, technical reports, pre-
clinical studies, and review articles were excluded from the
search. We also excluded studies with LoE 5 for a better-
quality study.

Study selection and search strategy

A comprehensive literature search was conducted in five
databases (PubMed, Scopus, Embase, Cochrane databases,
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and MEDLINE) with the following MeSH terms: ((Total
Hip arthroplast*) OR (THA) OR (Total hip replacement)
OR (THR)) AND ((lumbar stabilization) OR (lumbar arthro-
desis) OR (lumbar spine fusion)). With the above MeSH
terms, we found a total of 658 studies. After the exclusion
of duplicates, 368 studies were included. After reviewing the
title and abstract of these studies, 331 studies were excluded
resulting in 31 eligible studies. These studies underwent a

thorough full-text evaluation to determine their eligibility,
and based on the predetermined exclusion and inclusion
criteria, a total of 17 studies [13-29] were deemed suitable
for qualitative analysis. The selected studies specifically
examined and compared complication and revision rates in
patients who underwent THA with previous LA and those
who only underwent THA. The PRISMA diagram illustrat-
ing the study selection process is presented in Fig. 1.

()
Records identified through Additional records identified
S database searching through other sources
I (n=648) Reference list of included articles
& (n=10)
e
c
)
k]
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Records after duplicates removed
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- v excluded, with reasons
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for eligibility > distinction between THA
> (n=31) before and after LA
=)
= -Three papers talked about
S S
) LA, comparing it to other
o spinal disorders
- Three papers talked about
Studies included in spinopelvic angles and
ualitative sunthesis alteration in postural
\ ) q = 1;) changes and post arthrodesis
= - One paper was not
accessible for the full-text
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- One paper was a poster
g - Two papers only talked
e Studies included in about revision THA
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Fig.1 PRISMA flow diagram. THA total hip arthroplasty, LA lumbar arthrodesis. CI confidence interval, OR odds ratio
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Data extraction

The data extracted from the included articles were systemati-
cally recorded on a template, which comprised the following
elements: author and publication year, study design, patient
sample size, mean age of the participants, rates of com-
plications and revision, and details regarding the surgical
approach employed for total hip replacement. This compre-
hensive template allowed for the organization and analysis
of key information. The template facilitated the capture of
relevant data providing a more comprehensive understand-
ing of the study findings.

Statistical analysis

Statistical analyses were performed using R software, ver-
sion 4.1.3 (2022; R Core Team, Vienna, Austria). A com-
prehensive meta-analysis was conducted on six variables:
90 day THA revision rate, 1 year THA revision rate, overall
THA revision rate, overall THA PJI rate, overall THA dis-
location rate, and overall THA aseptic loosening rate. In
this analysis, a total of eleven studies were included [13,
15, 16, 21-24, 26-29], with each study providing data on
one or more of the variables mentioned above. For each
variable, the odds ratio (OR) was calculated to compare the
occurrence of events between two groups: THA and THA
with prior LA. The Mantel-Haenszel Method was applied
to obtain a weighted estimate under a fixed-effects model.
To assess heterogeneity among the studies, Cochran's Q test
and Higgins' I*2 statistics were conducted. A p value of 0.05
was used as the threshold to determine the statistical sig-
nificance of the odds ratio. Additionally, funnel plots and
Egger's tests were performed to examine the possibility of
publication bias.

Results

A total of 3,139,164 THAs were considered in this com-
prehensive analysis, incorporating data from 17 studies
[13-29]. Among these, 58,027 patients underwent THA
after a previous LA, while 3,081,137 patients were treated
with THA only. It is worth noting that four studies [13-16]
contributed a disproportionately high number of patients,
accounting for 50,025 THAs with LA and 2,756,489 THA-
only cases. In terms of study design, all the included studies
were retrospective. These articles were published within the
last 6 years, from 2017 to 2022. Table 1 provides a concise
summary of the main demographic characteristics of the
study population.

Five studies [13-15, 18, 19] reported their outcomes by
distinguishing spinal fusion procedures based on the number
of vertebral levels involved in the arthrodesis. As for the
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surgical techniques utilized in THA, considerable hetero-
geneity was observed, except for two studies [20, 21] that
exclusively included patients treated with the posterolateral
approach. For detailed information on surgical approaches
and complications specific to each study, refer to Tables 2, 3.
The analysis of revision rates at different time points consist-
ently revealed an increased incidence of revision rate when
THA was performed after LA, as presented in Table 4.

The meta-analysis conducted demonstrated better results
in the outcomes analyzed for THA alone than for THA after
LA. Forest plots illustrating the 90 day, 1 year, and overall
THA revision rate [13, 15, 16, 21-24, 26-29] favored THA
alone, as depicted in Fig. 2. Furthermore, forest plots of
overall THA PJI rate [13, 21, 29] and overall THA disloca-
tion rate [13, 22, 24, 26, 29] favored THA alone, as shown in
Figs. 3, 4. Lastly, concerning the overall THA aseptic loos-
ening rate, one study significantly favored THA alone [13],
while another favored THA with LA [24]. Nevertheless, the
comprehensive analysis revealed a significant advantage for
THA alone, as shown in Fig. 5.

Discussion

The most important finding of this study was the presence
of superior outcomes in patients who underwent THA com-
pared to patients who received a THA after a previous LA.
Specifically, patients with isolated THA implants observed
a significantly lower incidence of THA dislocation, wound
complications, PJI, revision, and mechanical complications.

Onggo et al. [12] conducted a meta-analysis and system-
atic review, including ten studies (28,396 versus 1,578,687
with and without LA, respectively). PROMs were lower, and
the rate of dislocations, revisions, and all other complica-
tions were 5.4, 6.3, and 4.6, higher in the LA group, respec-
tively [12]. Recently, the same authors conducted another
systematic review, comparing patients who received the LA
either before (N=43,880) or after (N=25,558) THA [31].
The analysis did not find a statistically significant difference
in the rate of [31], suggesting that the timing of LA could
be an independent risk factor for complications. An et al.
[32] investigated the impact of LA on patients undergoing
THA in six studies (1,456,898 patients), showing a lower
functional outcome for the LA group, along with a twofold
higher risk of dislocation and a threefold higher risk of revi-
sion surgery [32].

The reason for the higher rate of complication in
patients undergoing LA before THR surgery is likely due
to biomechanical changes caused by vertebral arthrodesis,
specifically resulting in reduced pelvic tilt (PT) [8, 33,
34]. PT is the angle formed between a line connecting
the femoral head's center to the sacral endplate's midpoint
and a line starting from the center of the femoral head and
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Table 2 Surgical approaches used in the included studies
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Surgical approach THA +LA

Surgical approach THA alone

Authors and year of publication

Other
% (N)

Posterolateral

% (N)

Direct lateral

% (N)

Antero lateral
% (N)

Anterior

Other
% (N)

Posterolateral

% (N)

Direct lateral

Antero lateral

% (N)

Anterior
% (N)

% (N)

% (N)

0(0)
0(0)

40 (39)

0(0)
0(0)
0(0)
61.3

51 (49)

0(0)
0(0)

909
0(0)
0(0)
7.9

0(0)
0(0)
0(0)

0.8

40 (78)
100.0
100.0
32.8

0(0)
0(0)

51 (98)
0 (0)
0(0)

9 (18)
0 (0)
0(0)

6.9

Salib et al. 2019 [19]

100.0
100.0
29.3

Huerfano et al. 2020 [20]

0(0)
1.5

0 (0)
59.5

Grammatopoulos et al. 2019 [21]
Di Martino et al. 2021 [24]
Goyal et al. 2022 [25]

Nessler et al. 2020 [17]

Barry et al. 2017 [23]

0(0)

0(0)

73.2 (243)
16.1 (15)

0(0)

0(0)

/

26.8 (89)

0 (0)
0(0)
0(0)

0(0)

0(0)
0 (0)
0(0)

0(0)

0(0)
0 (0)

4.3 (4)
0(0)

67.7 (63)
45.7 (16)

11.9 (11)
29 (1)

0(0)

0(0)

51.4(18)

3021)

614(43)

8.6(6)

THA total hip arthroplasty, LA lumbar arthrodesis, N number % percentage, / not reported

perpendicular to the ground. The PT is closely related to
pelvic incidence (PI), which represents a constant ratio
inversely proportional to sacral slope (SS), and it means
the angle between a line drawn from the midpoint of the
sacral endplate to the center of the femoral heads and a
perpendicular line dropped from the midpoint of the sacral
endplate to the sagittal plane. The SS is the angle formed
between a line drawn from the midpoint of the sacral
endplate to the center of the femoral head and a hori-
zontal line. In the standing position, PT decreases as SS
increases. However, in the sitting position, PT is greater
than SS [5]. During the transition from standing to sitting,
there is a consistent increase in acetabular anteversion.
Specifically, for every 1° of retroversion (increase in PT),
there is a 0.7° increase in acetabular anteversion [6-9].
Normal biomechanics are impacted following LA, and the
natural variation in angles between a typical spine's stand-
ing and sitting positions is not observed in patients treated
with a previous LA (Figs. 6, 7).

The motion of the spine, pelvis, and hip determines the
functional position of the acetabulum. The anterior and pos-
terior pelvic tilting regulated the spinal configuration, which
is essential to maintain the center of mass of the head and
trunk directly above the legs and the position of the acetabu-
lum over the femoral head [35, 36]. During staying, the hip
extends, the pelvis tilts anteriorly, the spine becomes more
lordotic, and the acetabulum relatively comes closer to the
femoral head [12, 37]. During sitting, the hip flexion is asso-
ciated with a posterior tilt of the acetabulum an average of
15°-20°. The spine becomes less lordotic, which allows the
acetabulum to open an average of 15°-20° for the clearance
of the hip [36, 38—40]. The patterns of imbalanced spin-
opelvic mobility due to LA are stuck standing and sitting
[40]. The stuck standing pattern represents the combination
of excess anterior pelvic tilting and hyper-lordosis of the
lumbar spine when sitting [40]. Therefore, these patients
have an increased risk of anterior impingement, leading to
a possible posterior dislocation of the femoral head during
hip flexion [40]. On the other hand, the stuck sitting pattern
refers to excess posterior pelvic tilting and hypo-lordosis of
the lumbar spine during standing [12, 40].

Patients with LA who underwent THA have a greater risk
of posterior impingement and a greater rate of anterior hip
dislocation during hip extension [40]. The fixation of a seg-
ment could lead to a hypolordic spine, resulting in a stuck
sitting phenomenon [41]. The spinopelvic and hip joints act
like two complementary hinges; therefore, every reduction
or augmentation of the proper range of motion is compen-
sated by the counterpart [42]. Subsequently, a decrease of
1° in the spinopelvic movement is related to an increase of
0.9° in the femoral motion [42]. The patients affected by
the stuck sitting phenomenon have a compensatory increase
in hip-femoral extension during functional and postural
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Table 3 Complications, THA alone vs THA + LA

Complication Authors and publication year Dual mobility THA alone THA+LA inci- P value

cup, % incidence dence

90 days hip dislocation Penrose et al. 2018 [13] / 1.5% 3.1% p<0.001
Perfetti et al. 2017 [27] / 0.3% 1.4% p=0.12
Barry et al. 2017 [23] / 0% 2.9% p>0.001
Nessler et al. 2020 [17] 100% / 0% /

1 year hip dislocation Penrose et al. 2018 [13] / 2.2% 4.3% p<0.001
Sing et al. 2016 [14] / 2.0% 4.2% p<0.001
Perfetti et al. 2017 [27] / 0.4% 3.0% p<0.001
Yang et al. 2022 [15] 0% 1.9% 3.8% p<0.001
Huerfano et al. 2020 [20] 0% 0% 20.0% p>0.001
Buckland et al .2017 [16] / 1.5% 31% p<0.001
Pollard et al. 2022 [28] / 3.9% 8.5% p<0.001
Nessler et al. 2020 [17] 100% / 0% /

Overall hip dislocation Penrose et al. 2018 [13] / 3.0% 5.5% p<0.001
Grammatopoulos et al. 2019 [21] / 3.3% 2.1% /
Di Martino et al. 2021 [24] / 0.8% 2.1% p>0.001
Mononen et al .2020 [22] 0.0003% 2.8% 4.7% p<0.001
Goyal et al. 2022 [25] 0% / 0.9% /
Yang et al. 2020 [15] / 2.0% 3.3% p<0.001
Malkani et al. 2018 [26] / 4.8% 7.4% p<0.001
Nessler et al. 2020 [17] 100% / 0% /
Chalmers et al. 2020 [18] 100% / 0% /

Overall aseptic loosening Penrose et al. 2018 [13] / 2.3% 3.1% p<0.001
Di Martino et al. 2021 [24] / 1.8% 1.3% p>0.001
Barry et al. 2017 [23] / 1.4% 0% p>0.001
Nessler et al. 2020 [17] 100% / 1.1% /

Superficial wound infections Penrose et al. 2018 [13] / 0.8% 1.3% p<0.001
Salib et al. 2019 [19] 0% 0% 5.0% /
Yang et al. 2020 [15] / 1.9% 2.4% p=0.007
Barry et al. 2017 [23] / 2.8% 2.8% /
Chalmers 2020 [18] 100% / 1.3% /

Overall PJI Penrose et al. 2018 [13] / 2.3% 3.2% p<0.001
Grammatopoulos et al. 2019 [21] / 0% 8.5% p=0.080
Yang et al. 2020 [15] / 2.3% 31% p<0.001
Nessler et al. 2020 [17] 100% / 0% /
Chalmers et al. 2020 [18] 100% / 1.3% /

PJI prosthetic joint infection, THA total hip arthroplasty, LA lumbar arthrodesis, /: not reported

activities with an increased risk of posterior impingement;
subsequently, anterior hip dislocation might occur [40, 43].

Dislocation is one of the most common complications
and may lead to an unstable implant, which indicates revi-
sion [44, 45]. However, the cause of dislocation must be
investigated. Indeed, several factors may promote THA dis-
location, including osteophytes, enormous scar tissue, and
suboptimal positioning of prosthetic elements, causing the
anterior or posterior dislocation of the femoral head [46,
47]. The prosthetic head has a minor superior coverage for
a higher inclination than 60°, while a low inclination below

30° can result in lateral impingement in abduction and flex-
ion [12, 48, 49].

The cup positioning is crucial in preventing hip dis-
location in LA patients [27, 32]. Historically, Lawinnek
et al. [50] asserted that the "safe zone" for THA consists
of 15°+10° of anteversion and 40° + 10° of inclination [9,
50, 51].

The transverse acetabular ligament has been used as a ref-
erence during surgery to guide cup implantation within the
safe zone described by Lawinnek et al. [SO]. However, when
there is an altered pelvic tilt, relying solely on the transverse
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Table 4 Revision rate, THA

Revision rate Authors and year of publication THA alone THA+LA P value
alone vs THA+LA incidence incidence

90 day Penrose et al. 2018 [13] 1.8% 2.7% p<0.001
Perfetti et al. 2017 [27] 0.5% 1.9% p=0.060
Barry et al. 2017 [23] 2.9% 14.3% p=0.040

1 year Penrose et al. 2018 [13] 2.9% 4.9% p<0.001
Perfetti et al. 2017 [27] 0.9% 3.9% p<0.001
Yang et al. 2022 [29] 2.5% 4.9% p<0.001
Buckland et al. 2017 [16] 0.2% 0.4% p<0.001

Overall Penrose et al. 2018 [13] 4.8% 7.0% p<0.001
Grammatopoulos et al. 2019 [21] 0% 8.5% p=0.020
Pollard et al. 2022 [28] 4.3% 9.4% p<0.001
Di Martino et al. 2021 [24] 3.1% 32% p=0.024
Mononen et al .2020 [22] 8.7% 12.0% /
Yang et al. 2020 [15] 3.8% 7.8% p<0.001
Malkani et al. 2018 [26] 4.6% 6.9% p<0.001
Sing et al. 2016 [14] 3.4% 6.1% p<0.001
Chalmers et al. 2020 [18] / 4.0% /

THA total hip arthroplasty, LA lumbar arthrodesis, / not reported

acetabular ligament becomes less reliable, as each degree of
posterior pelvic tilt corresponds to 0.7° of cup anteversion,
leading to inaccurate cup positioning [52, 53].

Furthermore, the femur anteversion is essential in
THA stability and preventing impingement [54, 55]. The
anteverted acetabulum is in LA patients due to spinopelvic
stiffness and hypo-lordosis of the spine, leading to loss of
anterior pelvic tilting. Dandachli et al. [56] estimated that
pelvic tilt changed the acetabular version with a decrease in
anteversion ranging from 2.5° to 5° for every 5° of forward
tilt. Therefore, the loss of pelvic tilt in patients with LA can
be compensated with a minor femoral anteversion to obtain
the hip anteversion in the target range [54, 57].

During THA, the acetabular cup and stem position must
be customized to specific patient anatomy and biomechan-
ics. More detailed and dynamic preoperative studies might
help in preventing dislocations. In addition, patient-specific
instrumentation has recently been developed to achieve a
more precise acetabular cup position [58—60].

The strength of this meta-analysis is that the inclusive
analysis of several studies that evaluated different postop-
erative variables comparing outcomes between patients
undergoing THA alone and those undergoing THA after LA
yielded robust results. Appropriate statistical methods were
used to assess heterogeneity and publication bias. This study
provides important clinical insights to guide the manage-
ment of patients undergoing THA and LA surgery.

@ Springer

The limitations of this study include the restricted number
of included studies, the heterogeneity among the analyzed
studies, the possible publication bias, the presence of incon-
clusive results in some studies, the dependence on the data
available in publications, the possible presence of confound-
ing factors that were not considered, the use of only one
statistical software for the analysis, and the possible limited
generalizability of the results due to the specificities of the
targeted populations and procedures. Furthermore, hetero-
geneity and potential bias could affect the validity and reli-
ability of the study conclusions. Therefore, it is essential to
interpret the results cautiously and consider further research
to confirm the results obtained.

Conclusions

This systematic review and meta-analysis provided com-
pelling evidence of a statistically significant superiority in
various outcome measures for patients who underwent THA-
only without prior LA. These findings suggest that prior LA
is associated with worse outcomes, highlighting the need for
further high-quality studies, including randomized clinical
trials. These studies would contribute to clarifying the most
appropriate treatment solutions, such as the optimal surgical
approach, dual mobility implants, or implants with larger
heads, to mitigate the high rates of complications observed
in patients with prior LA.
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90-day THA revision rate

-3

Total Sample Ratio THA Sample THA RatioLA Sample LA
Penrose etal. 2018 881266 00178 862627 00268 18639
Perfetti et al. 2017 1868 0.005 934 0019 934
Barry etal. 2017 105 0029 70 0143 35
Statistics  Heterogeneity: 12 = 63.11%, pvalue <0.10
Estimate: -0.434, z =-9.518 (p-val <0.01)

One-year THA revision rate Total Sample Ratio THA Sample THA Ratio LA Sample LA
Penrose etal. 2018 881266 00202 862627 00487 18639
Perfetti et al. 2017 1868 0.009 934 0039 934
Yang et al. 2022 472502 0025 465558 0049 6944
Buckland et al .2017 853751 0.0021 839004 00035 14747
Statistics Heterogeneity: 142 = 75.41%, pvalue <0.01

Estimate: -0.5808, z =-20.21 (p-val < 0.01)

Overall THA revision rate Total Sample Ratio THA Sample THA RatioAL Sample AL
Penrose etal. 2018 881266 00475 862627 0.0704 18639
Grammatopoulos et al. 2019 107 0 60 0085 47
Pollard et al. 2022 14545 00426 14217 0.0945 328
Di Martino et al. 2021 68598 00315 67919 0.0324 679
Mononen et al 2020 101443 00871 100528 0.1202 915
Yang et al. 2020 82768 0038 80131 0.078 2637
Malkani et al. 2018 62387 0046 60578 0.069 1809

Statistics Heterogeneity: 142 = 79.54%, pvalue < 0.01

Estimate: -0.45, z=-18.117 (p-val <0.01)

In favor of THA OR
—-—
—_
20 -0 05
Infavor of THA OR
T
|
1
|
|
LI
b 2
In favor of THA OR

OR [95% CI]
-0.42[-0.51, -0.33)
-1.35 [-237, -0.33]

-1.72[-8.41,-0.08)

-0.43[-0.52, -0.34)

OR [95% CI]

~0.53 [-0.60, ~0.46]
-1.50 [-2.25, -0.74]
-0.70 [-0.81, -0.59]

-0.51 [-0.79, -0.28]

-0.58 [-0.64, -0.52)

OR [95% CI]

~0.42 [-0.47, -0.36)
-258(-5.47, 0.42)
-0.85 [-1.28, -0.47)
~0.03 [-0.46, 0.40]
~0.36 [-0.56, -0.16]
-0.76 [-0.91, -0.61)

-0.43 (-0.62, -0.24)

~0.46 [-0.50, -0.41]

Fig.2 90 day, 1 year, and overall THA revision rate. THA total hip arthroplasty, LA lumbar arthrodesis. CI confidence interval, OR odds ratio

Overall THA PJI rate Total Sample Ratio THA Sample THA Ratio LA Sample LA
Penrose et al. 2018 881266 0.0227 862627 0.0318 18639
Grammatopoulos et al. 2019 107 0 60 0.085 47
Yang et al. 2020 82768 0.023 80131 0.031 2637
Statistics  Heterogeneity: 12 = 9.72%, pvalue = 0.33

Estimate: -0.345, z =-8.695 (p-val < 0.01)

3
In favor of THA

OR

OR[95% CI)

-0.35[-0.43, -0.26]

-253[-5.47, 0.42)

-0.31[-0.53, -0.08)

-0.34 042, -027)

Fig.3 Overall THA PJI rate. THA total hip arthroplasty, PJI periprosthetic joint infection, LA lumbar arthrodesis. CI confidence interval, OR

odds ratio
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Overall THA dislocation rate

Total Sample Ratio THA Sample THA Ratio LA Sample LA
Penrose et al. 2018 881266 0.0302 862627 0.055 18639
Di Martino et al. 2021 68598 0.008 67919 0.016 679
Mononen et al 2020 101443 0.0282 100528 0.047 915
Yang et al. 2020 82768 0.02 80131 0.033 2637
Malkani et al. 2018 62387 0.048 60578 0.074 1809

Statistics Heterogeneity: 142 =0 %, pvalue = 0.433

Estimate: -0.597, z =-20.53 (p-val <0.01)

OR[95% CI]

— -0.63(-0.69, -0.56)

-070[-1.31,-0.10]
-0.53[-084,-0.22]
-0.51[-0.73,-0.29]

-0.46 [-0.64, -0.28]

’ 0,60 (~0.66, -0.54]

i

In favor of THA

OR

Fig.4 Overall THA dislocation rate. THA total hip arthroplasty, LA lumbar arthrodesis. CI confidence interval, OR odds ratio

Overall THA aseptic loosening rate Total Sample Ratio THA Sample THA Ratio LA Sample LA
Penrose et al. 2018 881266 0.000235 862627 0.0307 18639
Di Martino et al. 2021 68598 0.018 67919 0013 679

Statistics Heterogeneity: 12 = 99.75%, pvalue < 0.01

Estimate: -3.5643, z = -63.339 (p-val < 0.01)

OR[95% CI]

-4.90 (-5.06, ~4.74)

I E— 0.33(-0.34, 1.00]

-4.62(-4.77, -4.46)

4
In favor of THA

Fig.5 Overall THA aseptic loosening rate. THA total hip arthroplasty, LA lumbar arthrodesis. CI confidence interval, OR odds ratio

Fig.6 This image illustrates
the natural variation in angles
between a typical spine's stand-
ing and sitting positions. On the
left, you can observe a standard
standing posture characterized
by an anteverted pelvis with a
low PT, a high SS, and minimal
AA. On the right, the image
portrays a retroverted pelvis
with a higher PT, increased AA,
and a reduced SS. PT pelvic tilt,
SS sacral slope, AA acetabular
anteversion, P/ pelvic incidence
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Fig.7 This image demonstrates
how normal biomechanics are
affected following LA. Notably,
there is no significant alteration
in the standard angles during
the postural change. The pelvis
remains immobilized, and both
the PT and SS stay consistent,
as does the AA. LA lumbar
arthrodesis, PT pelvic tilt, SS
sacral slope, AA acetabular
anteversion
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