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Abstract

Objective: Total hip arthroplasty (THA) affects pelvic posture and spinal alignment. These

postural changes may further predispose patients to mechanical complications (MCs) after

THA. The aim of this study was to conduct a systematic review to investigate whether any

high-quality studies have assessed the association between sagittal spinal alignment and MCs

after primary THA.

Methods: Inclusion criteria for studies were adult patients (age �18 years), primary THA, pre-

and postoperative spinopelvic standing sagittal radiographs acquired preoperatively and at a

minimum of 6-month follow-up, measurements of spinopelvic parameters, and reporting of pos-

sible MCs after THA. The review was conducted according to the Preferred Reporting Items for

Systematic Reviews and Meta-analyses guidelines.

Results: Six articles met the inclusion criteria. Although several studies confirmed the impor-

tance of spinal alignment when planning THA, these mainly investigated pelvic mobility as a risk

factor for THA dislocation. Radiological follow-up imaging practices varied, and studies focused

on different individual spinopelvic parameters.
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Conclusion: Based on our study findings, no conclusions can be drawn regarding the association

between sagittal spinal alignment and MCs after primary THA. Further research is needed to

improve our knowledge of the connection between MCs after THA and sagittal spinal alignment.
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Introduction

Since the early years of modern total hip

arthroplasty (THA), the Lewinnek safe
zone (determined according to an inclina-

tion of 40� � 10� and an anteversion of
15� � 10�) has been used for optimal ace-

tabular component orientation to reduce
the risk of hip dislocation.1 However, sev-

eral studies have since provided evidence
that the Lewinnek safe zone does not

always predict stability.2–4 When
Lewinnek first described the safe zone, the

acetabular anteversion and inclination were
measured from a supine radiograph taken

perpendicular to the anterior pelvic plane
(APP).1,2 During postural changes, howev-

er, the acetabular cup does not remain
static and instead moves with the spinopel-

vic motion. Furthermore, spinal malalign-
ment may change pelvic mobility and
position, which can result in an acetabular

cup being out of the expected safe zone.3–5

Sagittal spinal malalignment and com-
pensatory mechanisms are common in

adults with symptomatic degenerative
spinal conditions without previously diag-

nosed adult spinal deformity.6,7 Increased
pelvic tilt (PT) leads to pelvic retroversion

and excessively anteverted acetabular com-
ponents and is one of the earliest changes
seen in the development of spinal malalign-

ment.6,8–10 Additionally, THA affects
pelvic posture and spinal alignment.11–16

These changes may further predispose to
mechanical complications (MCs), such as
hip dislocation, in cases where the sagittal
spinal malalignment has not been adjusted
with optimal acetabular cup positioning,
even though the cup is positioned within
the Lewinnek safe zone.11,12,14,17–20

Despite advances in surgical techniques
and improvements in implant design, dislo-
cation is still a common complication
(3.5%–4.8%) after THA21,22 that leads to
early revision surgery (17%–33% of THA
revisions).23–26 Recent studies on THA revi-
sion and THA dislocation rarely acknowl-
edge the aspect of spinal alignment or
mobility.5,12 Conversely, some studies
appear to emphasize the importance of
full spine radiographs in analyzing spinal
alignment and compensatory mechanisms
in patients undergoing THA surgery.6,12,27

The aim of this study was to conduct a
systematic review to investigate whether the
association between sagittal spinal align-
ment and MCs after THA has been inves-
tigated in high-quality studies. A further
aim of the study was to ascertain whether
there are uniform methods for radiographic
imaging and assessment of sagittal spinal
alignment with spinopelvic parameters.

Methods

This systematic review was conducted
according to the Preferred Reporting
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Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines.28 The
review was registered in the PROSPERO
international database of prospectively reg-
istered systematic reviews on April 28, 2020
(CRD42020167209). In this study, we
received funding for a literature search
and English language proofreading from
Central Finland Hospital Nova,
Jyv€askyl€a, Finland.

Because of the systematic review study
design, the data were anonymized, and
none of the patients can be identified.
Thus, approval from an ethics review com-
mittee for the study and patient consent was
not required.

Literature search and study selection

We searched MEDLINE, Scopus, Web of
Science, the Cochrane Central Register of
Controlled Trials, and Medic (University
of Helsinki) databases. A trained informa-
tician (TO) assisted in the development of
the search strategy (Appendix A). The
search period was from January 2000
through 6 May 2021. The initiation date
was pre-evaluated to cover all recent pub-
lished literature that includes THA and spi-
nopelvic parameters. The end date was set
to the beginning of the analysis. Any pub-
lished observational studies, case–control
studies, or randomized controlled trials
assessing the association between the MCs
of primary THA and spinopelvic parame-
ters were considered.

Inclusion criteria for the studies were
adult patients (age �18 years), primary
THA, pre- and postoperative spinopelvic
standing sagittal radiographs acquired pre-
operatively and at a minimum of 6-month
follow-up, measurement of spinopelvic
parameters, and reporting of possible MCs
after THA. THA dislocation, subluxation,
impingement, or aseptic loosening were
defined as MCs, although studies that did
not provide a more precise definition of

MCs were also included. Exclusion criteria

were case reports or review articles, studies

written in a language other than English,

and those without clear documentation

that the operation was primary THA. The

types of outcome measures were (1) changes

in spinopelvic parameters after THA and

(2) MCs after THA during follow-up.

Data collection and analysis

After removing duplicates, three authors

(JR, KK, SH) together screened the article

titles and abstracts to identify potentially

eligible studies. The full text of potentially

eligible studies was assessed independently

by the authors. Eighty-two full-text articles

failed to meet the inclusion criteria and

were excluded. Finally, six studies were

included in the review (Figure 1).
From the included studies, three authors

(JR, KK, SH) together extracted the study

design, follow-up time points, primary end-

point, main and secondary outcomes, hip

and spine measurements, MCs, inclusion

and exclusion criteria, sample sizes, and

patient characteristics (age, sex, and diag-

nosis leading to THA). Disagreements in

screening, inclusion of studies for full-text

review, and data extraction were resolved

by the senior author (KK).

Measurement of changes in spinopelvic

parameters

Two authors (KK, SH) of this review cal-

culated the change in each spinopelvic

parameter after THA by subtracting the

reported preoperative parameter from

the reported postoperative parameter.

However, it was not possible to perform

the calculation if the preoperative and/or

postoperative parameters were not reported

in the study. The change in spinopelvic

parameters was reported as positive (þ) if

the magnitude of the parameter increased
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after THA and negative (�) if the magni-

tude of the parameter decreased after THA.

Assessment of risk of bias in the

included studies

Two authors (KK, SH) independently

assessed the quality and evaluated the risk

of bias for the included studies using the

Quality In Prognosis Studies tool. This

tool considers six bias domains: selection

of study participants (I), study attrition

(II), prognostic factor measurement (III),

outcome measurement (IV), study con-

founding (V), and statistical analysis and

reporting (VI). The six domains each con-

tain three to seven prompting items for

which the adequacy of reporting is assessed

“yes,” “partial,” “no,” or “unsure” to guide

ratings of “low,” “moderate,” or “high”

risk of bias.29,30 We considered a study to

have a low risk of bias if rated low or mod-

erate in all six domains, with at least four

domains considered to be low. We consid-

ered a study to have high risk of bias if

two or more domains were rated high.

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 2009 flow
diagram.36
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The remaining studies were rated as
having a moderate risk of bias. Any dis-
agreements in the assessment between the
two assessors were resolved by the senior
author (KK).

Results

After exclusion, six studies were included in

the review. The included studies were pub-
lished between 2017 and 2021 (Table 1).

Two studies were conducted in France,

Table 1. Information of six included articles.

Article title

Authors

reference no. Journal (publication year)

Acetabular and femoral anteversions in standing

position are outside the proposed safe zone

after total hip arthroplasty

Lazennec et al.13 Journal of Arthroplasty

(2017)

What preoperative factors predict postoperative

sitting pelvic position one year following total

hip arthroplasty?

Berliner et al.11 Bone & Joint Journal (2018)

Three-dimensional analysis of acetabular cup

orientation and an evaluation of the

relationship with pelvic sagittal parameters

Sahin et al.16 Journal of Orthopedic

Surgery, Hong Kong (2019)

Does it matter: total hip arthroplasty or lumbar

spinal fusion first? Preoperative sagittal

spinopelvic measurements guide patient-

specific surgical strategies in patients requiring

both

Parilla et al.19 Journal of Arthroplasty

(2019)

Impact of spinal alignment and stiffness on

impingement after total hip arthroplasty: a

radiographic study of pre- and postoperative

spinopelvic alignment

Hagiwara et al.12 European Spine Journal

(2021)

Sagittal spinopelvic translation is combined with

pelvic tilt during the standing to sitting position:

pelvic incidence is a key factor in patients who

underwent THA

Lazennec et al.3 Arthroplasty Today (2020)

THA, Total hip arthroplasty.

Table 2. Characteristics of the included articles.

Study reference no. Country

Number of

patients Women Men

Mean age of patients,

years (min–max) [SD]

Lazennec et al. 201713 France 66 40 26 65 (27–84) [N/A]

Berliner et al. 201811 United States 144 N/A N/A 61 (N/A) [11]

Sahin et al. 201916 Turkey 86 48 37 56 (31–75) [12]

Parilla et al. 201919 United States 135* 79 56 68 (N/A) [N/A]

Hagiwara et al. 202112 Japan 95 73 22 62 (21–84) [13]

Lazennec et al. 20203 France 120 59 61 65 (37–81) [14]

*Of the 135 included patients, only 89 had sufficient preoperative and postoperative radiographic data for a complete

series of measurements.

N/A, not available; SD, standard deviation.
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two in the United States, one in Turkey,

and one in Japan. Among 646 participants,

sex was reported for 501 (78%). Of these

501 participants, 299 (60%) were women

and 202 (40%) were men. Participants’

ages ranged from 21 to 84 years (mean

63 years) (Table 2). Time points, follow-

up periods, and the included views in radio-

graphs are presented in Table 3.
The mean postoperative changes in spi-

nopelvic parameters are shown in Table 4.

In the six included studies, spinopelvic

parameters were measured pre- and

postoperatively at a minimum of 6 months

follow-up, as follows: sacral slope in all six

studies, lumbar lordosis in four studies, spi-

nopelvic tilt in three studies, pelvic inci-

dence in four studies, sagittal vertical axis

(SVA) in two studies, APP in one study,

sagittal spinopelvic translation (SSPT) in

one study, and pelvic incidence minus

lumbar lordosis mismatch (PI-LL) in one

study. Thoracic kyphosis or any other

angular measurement of global sagittal

spinal alignment (T1 pelvic angle, T1 or

T9 sagittal angle) were not measured in

any of the six included studies. The mea-

surement of sagittal spinopelvic parameters

is shown in Figure 2.

During follow-up, MCs of THA were

reported in two studies.3,19 No MCs

occurred in the remaining studies. In total,

29 of the 646 (4.5%) patients had an MC

(Table 5).
Three studies were considered to have

low risk of bias, two to have moderate

risk, and one to have high risk (Table 6).

Study participation was rated as moderate

risk of bias in all studies. Study attrition

was judged as low risk of bias in only two

studies. Prognostic factor measurement was

the only domain rated as low risk of bias in

every study; outcome measurement was

rated as low risk of bias in five studies.

Study confounding was scored as low risk

of bias in three studies, moderate in two

studies, and high risk in one study.

Statistical analysis and reporting were

assessed as low risk of bias in four studies,

moderate in one, and high risk in one study.

Discussion

The findings of this systematic review sug-

gested that there is limited evidence on how

spinopelvic parameters change after prima-

ry THA and whether these changes are a

risk factor for MCs, such as dislocation.

Table 4. Postoperative changes in spinopelvic parameters in different positions.

Study reference no. Position DPI DSS DLL D(S)PT DPI-LL DAPP DSVA DSSPT

Lazennec et al. 201713 Standing �0.19 �2.1 – 1.9 – 2.4 – –

Berliner et al. 201811 Standing – �1.0 0.0 – – – – –

Sitting – 5.0 7.0 – – – – –

Sahin et al. 201916 Standing 0.80 �0.50 – 1.3 – – – –

Parilla et al. 201919 Standing 3.4 0.29 �1.1 3.2 4.5 – – –

Hagiwara et al. 202112 Standing – �2.3 �1.1 – – – �3.1 –

Sitting – �0.40 0.0 – – – �2.3 –

Lazennec et al. 20203 Standing 0.0 �0.90 0.70 – – – �8.6 11

Sitting 0.0 1.4 �0.60 – – – �5.5 0.80

Mean value Standing 1.0 �1.1 �0.38 2.1 4.5 2.4 �5.9 11

Sitting 0.0 2.0 2.1 – – – �3.9 0.80

PI, pelvic incidence; SS, sacral slope; LL, lumbar lordosis; (S)PT, (spino)pelvic tilt; PI-LL, pelvic incidence minus lumbar

lordosis mismatch; APP, anterior pelvic plane; SVA, sagittal vertical axis; SSPT, sagittal spinopelvic translation.

(�) Information unavailable or mean could not be calculated.

Hiltunen et al. 7



Even though three of the included studies

were judged to have a low risk of bias

because of incompletely reported and het-

erogeneous data, no clear conclusions could

be drawn regarding how spinal sagittal

alignment and MCs after primary THA

are associated.
According to our review, it can be con-

cluded that radiographic imaging practices

are neither standard nor uniform. Indeed,

in some studies included in this review, spi-
nopelvic parameters were followed with a
full-body low-dose 2D or 3D X-ray imaging
system (EOS) whereas in other studies,
spinopelvic parameters were followed
with lumbopelvic or full-spine radiographs
(Table 3).

In the discussions, three of the included
studies seem to confirm the importance of
global spinal alignment when planning
THA to better understand the hip–spine
relationship and identify those patients at
high risk for MCs after THA.3,11,12 In the
data, however, the articles did not focus on
spinal alignment. SVA was the only
reported parameter that measures global
sagittal alignment of the spine (Table 4).
Unlike angular measurements, SVA is
prone to image scaling bias and the com-
pensatory mechanisms of the malalign-
ment.31 Global angular parameters were
not reported in any of the included studies.
Other spinopelvic parameters were incon-
sistently measured across the six studies.
The terminology of spinopelvic parameters
was also not completely uniform. As an
example, an anteversion could refer to
either a pelvic anteversion or an acetabular
anteversion, depending on whether the
author was an orthopedic spine surgeon
or a joint replacement orthopedic surgeon.
There is evidence of a strong correlation
between certain spinopelvic parameters
(SVA, PT, and PI-LL) and disability and
health-related quality of life among adult
patients with spinal deformities,32 and
these parameters were measured in some
included studies.

The total number of dislocations was
reported in all studies, but different MCs
were comprehensively specified in only
one study19 (Table 5). Indeed, some of the
included studies mainly investigated pelvic
mobility instead of global spinal alignment
as a risk factor for THA dislocation.
Berliner et al. found that patients with
fixed spinal alignment are at higher risk

Figure 2. Sagittal spinopelvic parameters
reported in the included articles (courtesy of Kati
Kyr€ol€a).
SS, sacral slope; LL, lumbar lordosis; (S)PT, (spino)
pelvic tilt; PI, pelvic incidence; SVA, sagittal vertical
axis; APP, anterior pelvic plane; SSPT, sagittal spi-
nopelvic translation; C, cervical.
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for posterior dislocation in the seated posi-

tion after THA compared with patients

who have normal spinal mobility.11

Moreover, those authors reported that

even when hip arthritis has been treated

with THA, patients with fixed spinal align-

ment are unable to accommodate and flex

through their spine because the pelvis does

not roll back. This may therefore predis-

pose patients to a higher risk for posterior

dislocation in the seated position.11

Hagiwara et al. suggested that a pre-

operative flatback with a rigid spine leads

to post-operative posterior impingement,

and a pre-operative well-balanced spine

leads to post-operative anterior impinge-

ment.12 Lazennec et al. found that patients

with negative sitting SSPT are at higher risk

for THA dislocation than patients with pos-

itive sitting SSPT.3

The main strength of our study is that it

covered the entire period during which the

spinopelvic parameters are in frequent clin-

ical use.33–35 Additionally, we performed a

comprehensive literature search of various

electronic databases. This study has several

limitations, however. For example, our

search did not cover articles published

before 2000. The inclusion criterion con-

cerning possible MCs eliminated several rel-

evant articles. Furthermore, the follow-up

time was relatively short and concentrated

only on the immediate risks related to a

possible association with spinal alignment,

not long-term changes in the spinopelvic

structure.

Table 5. Mechanical complications of total hip arthroplasty during the follow-up period.

Study reference no. Dislocations Subluxations

Aseptic

component

loosening

Periprosthetic

fractures

All mechanical

complications

Lazennec et al. 201713 0/66 N/A N/A N/A 0/66

Berliner et al. 201811 0/144 N/A N/A N/A 0/144

Sahin et al. 201916 0/86 N/A N/A N/A 0/86

Parilla et al. 201919 11/135 N/A 5/135 9/135 25/135

Hagiwara et al. 202112 0/95 N/A N/A N/A 0/95

Lazennec et al. 20203 0/120 4/120 N/A N/A 4/120

Total 11/646 – � – 29/646

N/A, not available.

(�) Total amount could not be calculated because of incomplete information.

Table 6. Summary of risk of bias according to the Quality In Prognosis Studies tool.

Study reference no.

Study

participation

Study

attrition

Prognostic

factor

measurement

Outcome

measurement

Study

confounding

Statistical

analysis and

reporting

Overall

risk of

bias

Lazennec et al. 201713 � ^ ^ ^ � ^ ^
Berliner et al. 201811 � � ^ ^ ^ � �

Sahin et al. 201916 � ^ ^ ^ ^ ^ ^
Parilla et al. 201919 � � ^ ^ h h h

Hagiwara et al. 202112 � h ^ � � ^ �

Lazennec et al. 20203 � � ^ ^ ^ ^ ^

h High risk of bias. � moderate risk of bias. ^ low risk of bias.
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In conclusion, the findings of this sys-

tematic review suggest that there are no

high-quality studies on how spinopelvic

parameters change after primary THA

and whether these changes are risk factors

for MCs. According to our study, no con-

clusions can be drawn regarding the associ-

ation between sagittal spinal alignment and

MCs after primary THA. Because the

mechanical measurement of Lewinnek’s

safe zone does not guarantee the absence

of complications, further studies with larger

patient series, standard uniform full-spine

sagittal radiographs, and long-term follow-

up are required. Such studies would increase

our understanding and knowledge of the

association between MCs after primary

THA and sagittal spinal alignment.
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