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Background and purpose — Studies suggest increased
revision risk of total hip arthroplasty (THA) in individuals
with lumbar spinal fusion, but studies including non-fused
individuals are lacking. We aimed to investigate whether
individuals undergoing lumbar spinal stenosis surgery with
or without fusion are at an increased risk of reoperation
before or after THA.

Patients and methods — The Swedish Spine Register
and the Swedish arthroplasty register were searched from
2000 through 2021. Chi-square, Kaplan—-Meier and binary
multivariate logistic regression were used to compare reop-
eration rates up to 10 years after THA surgery

Results — 7,908 individuals had undergone lumbar
spinal stenosis surgery (LSSS) (fusion n = 1,281) and THA.
LSSS before THA compared with THA-only controls was
associated with a higher risk of THA reoperations: 87 (2%)
out of 3,892 vs. 123 (1%) out of 11,662 (P < 0.001). LSSS
after THA compared with THA-only controls was not associ-
ated with a higher risk of reoperation, confirmed by Kaplan—
Meier analyses and binary multivariate logistic regression.
Mortality was lower in individuals undergoing both LSSS
and THA, regardless of procedure order. There was no dif-
ference in THA reoperations in individuals who had under-
gone LSSS before THA without fusion or with fusion. The
individuals who had undergone LSSS after THA with fusion
had an increased risk of THA reoperation compared with
those without fusion.

Conclusion — LSSS with or without fusion before THA
is associated with an increased risk of THA reoperation.
Spinal fusion increased the risk of reoperation of THA when
performed after THA.

The coexistence of lumbar spinal stenosis and hip osteoarthri-
tis is common, and an estimated 18% of individuals with total
hip arthroplasty (THA) have a concurrent lumbar spine disor-
der [1]. In Sweden, 3.5% of individuals with THA have had
previous lumbar spine surgery [2]. It is likely that THA and
surgery for lumbar spinal stenosis will increase in the future,
increasing the number of individuals that undergo both proce-
dures [3.4].

Due to the overlap of symptoms in degenerative hip and
lumbar spine conditions, correct diagnosis and treatment is
a challenge for clinicians [5]. Identifying the condition that
primarily drives the pain, and the surgical treatment that has
priority, may be difficult [5,6]. Pre-existing lumbar surgery
in THA individuals may also result in worse patient-reported
outcomes than in those without any spinal surgery [2].

Recent studies have reported an increased risk of disloca-
tion and revision of THA in individuals with a prior or subse-
quent spinal fusion [7-9].

Previous studies on dislocation and revision risk of THA
in individuals with prior or subsequent lumbar spine surgery
have not included individuals without fusion. This is an impor-
tant knowledge gap to fill, as only a minority of the patients
with the most common reason for spine surgery, lumbar spinal
stenosis, need a spinal fusion [10,11].

The aim of our study was to investigate whether individu-
als undergoing lumbar spinal stenosis surgery with or without
fusion are at an increased risk of THA reoperation compared
with controls with THA only, and whether the risk is depen-
dent on the order of the procedures.
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Total hip arthroplasties (THA) in the
Swedish Hip Arthroplasty Register

Lumbar spine procedures in
the Swedish Spine register

between 2000 and 2021 (Swespine)
n = 434,461
Excluded
— Not fulfilling inclusion criteria
n = 130,953
Eligible THAs
n = 303,508
Excluded
Second THA or one
random side in bilateral THA
n = 78,453
Unique individuals
n = 225,055
Excluded
— Errors in registry data
n=9

Unique individuals

n = 225,046
THA only THA + Swespine
n = 215,060 n = 9,986
Excluded
[— Not fulfilling inclusion criteria
n=2,078

Study cohort (n = 7,908):
- spinal surgery before THA, 3,892
- spinal surgery after THA, 4,016

Figure 1. Flowchart. Selection from the Swedish Hip Arthroplasty Reg-
ister and the Swedish Spine Register. THA = total hip arthroplasty.

Patients and methods
Sources of data

Data collection has been done prospectively, but the study
design is retrospective. The study was designed before data
retrieval. Data from the Swedish Spine Register (Swespine),
the Swedish Hip Arthroplasty Register (SHAR), and the
National Board of Health and Welfare Mortality register was
used. The coverage of Swespine is 95% [12] and of SHAR
98% [13]. Between 93% and 96% of reoperations are regis-
tered in SHAR [13]. Mortality data is considered complete in
Sweden. All registers use the same unique personal identifica-
tion number (PIN) for data linkage.

The checklist STrengthening the Reporting of OBserva-
tional studies in Epidemiology (STROBE) has been used
when preparing this manuscript.

Selection of cases and controls

The selection process for cases and controls is shown in Figure
1. The Swedish Spine Register and the Swedish Arthroplasty
Register were searched from 2000 through 2021 as follows.

Cases: were individuals that had undergone both lumbar
spinal stenosis surgery and primary total hip arthroplasty at
any time from 2000 through 2021.

We included individuals 40 years of age or older at the
time of the primary THA with surgery performed with only
lateral or posterior surgical approaches. If an individual were
to receive 2 primary THAs, only the first prosthesis was
included. If both THAs were inserted at the same time 1 of
them was included randomly.

Individuals in Swespine had to have 1 of the following
diagnoses at surgery: central spinal stenosis with or without
degenerative olisthesis, lateral spinal stenosis, recess stenosis,
or foraminal stenosis. Surgery had to be decompression only
(any type), or decompression with fusion (instrumented or
non-instrumented, with or without interbody fusion) limited
to any segment(s) between the first lumbar vertebra and the
sacrum.

The cases were grouped together or subdivided into those
that had undergone lumbar spinal stenosis surgery, with or
without fusion, before or after the THA.

Controls: were individuals who had undergone THA with
the same inclusion criteria as the cases but lacked a record of
lumbar spine surgery (of any type) in Swespine.

Cases and controls were for some analyses matched for
age, sex, and year of THA surgery. For each case that under-
went lumbar spinal stenosis surgery before THA we were able
to identify 3 controls. For each case that underwent lumbar
spinal stenosis surgery after THA we were able to identify
5 controls. Matched controls had neither undergone a THA
reoperation nor were deceased at the time of the second sur-
gery (lumbar spinal stenosis surgery or THA, depending on
order) of its matched case.

Follow-up

The follow-up period ended with the first reoperation on the
THA and was limited to a maximum of 10 years starting from
the time of the second surgical procedure (lumbar spinal ste-
nosis surgery or THA, depending on order).

Outcome

The outcome was THA reoperation due to any cause, with the
exception of metastasis or infection.

Statistics

Means and standard deviation (SD) were used to present con-
tinuous variables and numbers (%) were used for categorical
variables. P values for categorical values were calculated with
chi-square tests.

The absolute risk and cumulative reoperation rates were
used to assess the difference in risk between cases and con-
trols. The cumulative reoperation rate and the cumulative
mortality rate were assessed using the Kaplan—-Meier method,
presented with 95% confidence intervals (CI).

Further comparisons of the risk of reoperation between
cases and controls were made using binary multivariate logis-
tic regression models, presented as odds ratio with a CI. The
dependent variable was THA reoperation. Independent vari-
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Table 1. Characteristics and number of individuals in treatment and matched control
groups: number of reoperations within the 10-year follow-up is shown. Data shown as
mean (SD) or number (%)

LSSS Matched
before THA controls 2

LSSS
after THA

Matched
controls P

Factor n=3892 n=11,662 Pvalue n=4,016 n=20,072 P value
Age, mean (SD) 71.3(8.3) 71.3(8.3) 66.8 (8.2) 66.8(8.2)
Female 2,307 (59) 6,921 (59) 2,213 (55) 11,065 (55)
Reoperation © 87 (2) 123 (1) <0.001 130 (3) 549 (3) 0.08
LSSS = lumbar spinal stenosis surgery, SD = standard deviation,
THA = total hip arthroplasty.
2 Matched, 3 controls (THA only) per LSSS case.
b Matched, 5 controls (THA only) per LSSS case.
¢ THA reoperation.
Cumulative revision rate (%) Cumulative revision rate (%)
6 6
Spinal surgery before THA Spinal surgery after THA
5| THA matched controls 5 | THA matched controls
4 4
3 3
2 2
1 14
0 T T T T 0 1 T T T T
0 2 4 6 8 10 0 2 4 6 8 10
Years after THA Years after THA
At risk At risk
11,662 9,496 6,976 4,968 3,338 2,012 20,072 16,946 12,107 7,989 5,075 2,929

3,892 3,160 2,340 1,695 1,154 724 4,016 3,560 2,689 1,920 1,323 866

Figure 2. Kaplan—Meier curves of cumulative total hip arthroplasty (THA) reoperation
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Results

7908 individuals had undergone lumbar
spinal stenosis surgery, with or without
fusion, and THA, and 215,060 individuals
had undergone THA only (Figure 1).

Order of lumbar spinal stenosis sur-
gery and THA: matched controls
The absolute risk of reoperation was sig-
nificantly higher in individuals undergoing
lumbar spinal stenosis surgery before THA
compared with matched controls, while no
significant difference was seen between indi-
viduals undergoing lumbar spinal stenosis
surgery after THA compared with matched
controls (Table 1).

The Kaplan—Meier curves of cumulative
reoperation rates showed similar findings,

rates, counted once per case, and matched control. Cl is presented as shadowed area.

ables were lumbar spinal stenosis surgery either before or
after THA, age (continuous), sex (female/male), and year of
surgery. To minimize the influence of death as a confounder in
these analyses, regressions results were based on individuals
who had a follow-up period of 5 or 10 years.

SAS 15.2 (SAS Institute Inc., Cary, NC, USA) was used
for processing data. Calculations were made using R 4.2.0 (R
Foundation for Statistical Computing, Vienna, Austria). Sta-
tistical significance was set to P < 0.05.

Ethics, registration, data sharing plan, funding, and
disclosures
Swespine and the Swedish Hip Arthroplasty Register use opt-
out, meaning that patient consent is not needed to be part of
the quality register. Information on the registers is given to the
individual via signs in the hospitals or handouts. The patient
can at any time withdraw their participation in the registers
and all data will then be removed.

This study has been approved by the Swedish Ethical Review
Authority in Stockholm (2018/2705-31/2). PG was supported

with higher reoperation rates in those under-
going lumbar spinal stenosis surgery before
THA compared with their matched controls (Figure 2).

Order of lumbar spinal stenosis surgery and THA: all
controls

Using cases and controls with 5 or 10 years’ follow-up, the
reoperation rate was significantly higher at 5 years, but not
at 10 years, in individuals undergoing lumbar spinal stenosis
surgery before THA compared with individuals undergoing
THA only (Table 2, see Appendix). No significant differences
were seen in reoperation rate between individuals undergoing
lumbar spinal stenosis surgery after THA compared with indi-
viduals undergoing THA only (Table 2, see Appendix).

The risk of reoperation was significantly higher for individ-
uals undergoing lumbar spinal stenosis surgery before THA at
the 5-year follow-up, but not at 10 years, compared with THA
only (Table 3). Older age, more recent surgery, and female sex
was associated with a lower risk of reoperation (Table 3). The
risk of reoperation was not significantly increased for indi-
viduals undergoing lumbar spinal stenosis surgery after THA
(Table 3).
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Table 3. Binary multivariate logistic regression based on individu-
als with a minimum of 5- or 10-year follow-up with dependent vari-
able reoperation of total hip arthroplasty (THA) in cases with lumbar
spinal stenosis surgery (LSSS) before THA (2,028 cases, 149,113

controls) and LSSS after THA (3,723 cases, 18,235 controls)

Minimum 5-year

Minimum 10-year

Independent follow-up follow-up
variables OR (Cl) OR (CI)
LSSS before THA 1.79 (1.26-2.46) 1.03 (0.94-2.05)
Female vs. male 0.84 (0.76-0.91) 0.86 (0.79-0.93)
Age 0.98 (0.98-0.99) 0.97 (0.97-0.98)
Year of surgery 0.96 (0.96-0.97) 0.95 (0.94-0.96)
LSSS after THA 1.15 (0.90-1.43) 1.03 (0.83-1.27)
Female vs. male 0.98 (0.82-1.17) 0.93 (0.79-1.10)
Age 0.96 (0.95-0.97) 0.97 (0.96-0.98)
Year of surgery 0.90 (0.88-0.92) 0.91 (0.89-0.93)

OR = odds ratio, Cl = 95% confidence interval.

Table 4. Comparison of THA reoperations in individuals with lumbar
spinal stenosis surgery (LSSS) with and without fusion: number of
reoperations within the 10-year follow-up is shown. Data shown as
number (%)

Factor No fusion Fusion P value
LSSS before THA

No reoperation 3,060 (97) 732 (97)

Reoperation @ 79 (3) 19 (3) 0.98
LSSS after THA

No reoperation 3,379 (97) 497 (94)

Reoperation 2 107 (3) 33 (6) < 0.001

THA = total hip arthroplasty.
2 THA reoperation.

Lumbar spinal stenosis surgery with and without fusion

Only in individuals with lumbar spinal stenosis surgery after
THR was there a higher risk of reoperation after a decom-
pression and fusion procedure compared with decompression
alone (Table 4). The Kaplan—Meier curves showed a similar,
but non-significant, trend (Figure 3, see Appendix).

Mortality

Lower mortality rates were seen for individuals undergoing
both lumbar spinal stenosis surgery and THA, irrespective of
order, compared with controls (Figure 4).

Discussion

We aimed to investigate whether individuals undergoing
lumbar spinal stenosis surgery with or without fusion are at an
increased risk of reoperation before or after THA. We found
an increased risk of THA reoperation in individuals undergo-
ing lumbar spinal stenosis surgery before THA compared with

Cumulative mortality (%)
4

Spinal surgery before THA
THA matched controls

0 T T T T

0 2 4 6 8 10
Years after THA

At risk
11,662 9,540 7,024 5,019 3,393 2,068

3,892 3,200 2,381 1,718 1,189 751

Cumulative mortality (%)
4

Spinal surgery after THA
THA matched controls

0 T T T T
0 2 4 6 8 10

Years after THA

At risk
20,072 17,127 12,412 8,323 5,364 3,142
4,016 3,611 2,754 1,991 1,392 917

Figure 4. Kaplan—Meier curves of cumulative mortality. Cl is presented
as shadowed area.

THA-only controls. Our results imply a lower absolute risk of
reoperation when lumbar spinal stenosis surgery is performed
before THA compared with after.

THA reoperation rates presented in our study were slightly
lower than in previous studies [6-9]. One reason could be that
this study included lumbar spinal stenosis surgery both with
and without fusion [7,9,14], although a larger reoperation risk
was noted only for fusion surgery performed after THA in
our cohort, which has data spanning more than 20 years. That
lumbar spinal stenosis is generally treated without fusion is
also reflected in recent figures from Swespine [12].

Previous studies have reported an increased risk of THA
reoperations in individuals with spinal fusion [7-9]. This con-
tributes to the hypothesis that a stiff spine can alter the bio-
mechanics of the spinopelvic unit and increase dislocation
rates compared with the general THA population. Sing et al.
[9] conducted a register study with 589,300 THA patients and
9,695 THA patients with spinal fusion. They showed a 2-year
revision rate of THA of 5-7% for spinal fusion compared with
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34% in the control group. This was in line with the case-
control study conducted by Perfetti et al. [8] comparing 934
THA patients with previous spinal fusion with matched con-
trols, reporting a 12-month revision rate of 3.9% and 0.9%,
respectively.

More limited spinopelvic mobility after lumbar spinal
fusion surgery has been suggested as the cause of an increased
THA dislocation and reoperation risk. However, an individual
does not have to undergo a spinal fusion to have a stiff spine.
A degenerative spine can be stiff as well, also affecting the
stability of the hip joint [15]. Sultan et al. [16] presented an
increased risk of THA dislocation and revision in individuals
with coexisting sagittal plane spinal deformities.

Our cohort, with 84% of the cases having a decompression
only as their spinal stenosis surgery, suggests that the preva-
lence of lumbar spinal stenosis itself constitutes a risk for THA
reoperation, possibly through the same mechanisms as in the
setting of spinal deformities. In addition, it seems that lumbar
spine decompression without fusion at least does not increase
the spinal stiffness, supporting the idea that the spinal pathol-
ogy itself may increase the risk, and not necessarily only the
surgical procedure [17,18].

Surgical order

There is no consensus in the literature on the preferred order of
spinal fusion surgery and THA, but a recent systematic review
and meta-analysis evaluating the order of lumbar spinal fusion
and THA showed no significant differences in THA disloca-
tion or revision irrespective of whether spinal fusion was per-
formed subsequent or prior to THA [6].

Our results imply a lower absolute risk of reoperation when
lumbar spinal stenosis surgery is performed before THA as
compared with after (Table 2, see Appendix). Also, there were
a higher number of reoperations when a spinal fusion proce-
dure was performed after THA. In addition, a previous Swed-
ish study showed better health-related quality of life improve-
ments when lumbar spinal stenosis surgery was performed
before THA [19].

This could possibly be supporting spinal surgery as the ini-
tial procedure in cases with symptoms of the same magnitude
from both the hip and the spine, although there is no need to
refrain from lumbar spinal stenosis surgery in general after a
previous THA.

Mortality

To our knowledge, no previous studies have assessed mortal-
ity in individuals with hip-spine syndrome undergoing both
THA and spinal surgery. Other studies have shown decreased
mortality rates in individuals with both previous THA [20-22],
and previous degenerative spinal deformity surgery [23] com-
pared with nonoperated populations. It is likely that this selec-
tion bias is even more evident in individuals undergoing more
than one elective surgery.

Strengths and limitations

Data used in this study comes from well-established national
quality registers with high coverage rates and long follow-ups
giving external validity.

Due to the nature of the observational study, selection bias
cannot be excluded and causality between exposure and out-
come cannot be revealed. Even though the Swedish national
registers have a high degree of coverage with a high number of
individuals included, few undergo both THA and lumbar spinal
stenosis surgery, of whom a minority undergo spinal fusion. In
addition, few of these are undergoing THA reoperation. This
makes it impossible to delineate the relationship between dif-
ferent types of spinal procedures and THA reoperation. Cover-
age is high in the registers, but information not entered cannot
be accounted for. Reliable comorbidity data is not available in
the registers and could not be controlled for. However, we did
include a sub-analysis taking mortality into account, which is
arguably a more reliable measure of sickness.

Data on sagittal and coronal alignment is not available
for individuals undergoing lumbar spinal stenosis surgery in
Swespine, so any relationships between such variables and
reoperation risk cannot be determined. However, individuals
with a degenerative spinal deformity have not been included
in the sample retrieved from Swespine for this specific study.

We used reoperations as outcome. Another tentative out-
come would have been dislocations. However, closed reduc-
tions are not reported to the Swedish Hip Arthroplasty Regis-
ter. For the individual, repeated dislocations may ultimately
lead to the more important outcome, reoperation, which we
chose for this study.

Conclusion

Lumbar spinal stenosis surgery with or without fusion before
THA is associated with an increased risk of reoperation com-
pared with controls undergoing THA only. Our results imply a
lower absolute risk of reoperation when lumbar spinal stenosis
surgery is performed before THA compared with after.

In perspective, doing spinal surgery as the initial procedure
should be considered in cases with symptoms of the same
magnitude from both the hip and the spine.
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Appendix

Table 2. Reoperation rates for individuals with 5- or 10-year follow-up. Values are number (%)

LSSS LSSS
Factor before THA  Controls? P value after THA  Controls2 P value
5-year follow-up 2,028 149,113 3,723 18,235
Reoperation P 36 (2) 1,781 (1) 0.02 92 (2) 397 (2) 0.3
10-year follow-up 751 83,546 2,728 12,549
Reoperation P 27 (4) 2,603(3) 0.5 110 (4) 496 (4) 0.9
LSSS = lumbar spinal stenosis surgery, THA = total hip arthroplasty.
aTHA only.
b THA reoperation.
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Figure 3. Kaplan—Meier curves of cumulative total hip arthroplasty (THA) reoperation rates,
counted once per individual. Cl is presented as shadowed area.



