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Background and purpose — The direct superior approach
(DSA) is a modification of the classic posterolateral approach
(PLA) for total hip arthroplasty (THA), in which the iliotib-
ial band and short external rotators are spared. The revision
rate of the DSA has not been investigated previously using
arthroplasty registry data. We examined the reasons and risk
of revision of the DSA, compared with the direct anterior
approach (DAA) and PLA.

Patients and methods — In this population-based
cohort study we included 175,543 primary THAs performed
between 2014 and 2020 (PLA, n = 117,576; DAA, n =
56,626; DSA, n = 1,341). Competing risk survival analy-
sis and multivariable Cox proportional hazard analyses,
adjusted for potential confounders, were performed.

Results — After 3 years, crude revision rates due to any
reason were 2.1% (95% confidence interval [CI] 1.3-3.3)
for DSA, and 2.9% (CI 2.8-3.0) for PLA. Crude dislocation
revision rates were 0.3% (CI 0.1-0.8) for DSA, versus 1.0%
(CI10.9-1.0) for PLA. Dislocation revision rate for DSA did
not differ from DAA (0.3% [CI 0.2-0.3]). Multivariable Cox
regression analysis demonstrated no overall difference in
revision rates for the DSA (HR 0.6 [CI 0.4—1.09) compared
with the PLA. Lower risk of revision due to dislocation was
found in patients operated on through the DSA (HR 0.3 [0.1-
0.9]) compared with the PLA.

Conclusion — Early nationwide results suggest that the
DSA for total hip arthroplasty seems to show a tendency
towards a lower risk of revision for dislocation but no overall
reduced revision risk compared with the PLA.

Recurrent dislocation is the most common cause of early revi-
sion in primary total hip arthroplasty (THA) (1,2). Risk factors
associated with recurrent dislocation are surgical approach and
femoral head size (1,3-5). In the Netherlands, the posterolateral
approach (PLA) is the most frequently used approach (50%)
in hip replacement, although the direct anterior approach
(DAA) has gained considerable popularity over the past years
(2). The DAA has been associated with a reduced risk of revi-
sion for dislocation, compared with the PLA, but a higher risk
of femoral stem revisions has previously been reported (1,6-7).

To reduce dislocation rates and enhance recovery of patients
operated on through the classic PLA, the direct superior
approach (DSA) was developed. The DSA is an adaptation
of the PLA, in which the iliotibial band and short external
rotators (except for the piriformis or conjoint tendon) are pre-
served (8-10). The main goals of a muscle-sparing approach
are to enhance early recovery and decrease complications. In
comparison with the PLA, the DSA should therefore improve
implant stability. Outcomes of THA with the DSA have shown
that reliable implant positioning can be obtained with a low
early complication rate (11-13). Shorter length of hospital stay
and enhanced recovery with higher functional scores were
recorded in comparison with the PLA (14-19). Contrary to
the DAA, the learning curve seems to be limited (10-11,20).
Whether a limited learning curve will be found outside spe-
cialist centers remains to be proven. In addition, there is need
for stronger evidence to support the claim for a reduced dislo-
cation risk with the DSA.

We examined the early outcomes of the DSA, using Dutch
nationwide arthroplasty data. Specifically, we examined the
risk of revision for dislocation, as well as the risk of revision
for any other reason than dislocation.

© 2023 The Author(s). Published by Medical Journals Sweden, on behalf of the Nordic Orthopedic Federation. This is an Open Access article distributed
under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/), allowing
third parties to copy and redistribute the material in any medium or format and to remix, transform, and build upon the material for non-commercial purposes,
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Patients and methods

Study design

This is a population-based cohort study of all primary THAS
using the DAA, PLA, or DSA in a Dutch hospital. Data from
January 1, 2014 to December 31, 2020, was retrieved from
the Dutch Arthroplasty Register (LROI). The study is reported
according to the STROBE/RECORD guideline.

Setting and data source

The Dutch Arthroplasty Register (LROI) is a nationwide
population-based register that has prospectively collected
data on joint arthroplasties in the Netherlands since 2007.
The LROI was initiated by the Dutch Orthopaedic Associa-
tion (NOV). Data from arthroplasties performed in the Neth-
erlands can be entered directly into the LROI databases using
the LROI webforms or by uploads from the electronic patient
file of the healthcare provider. In this manner patient, proce-
dure (e.g., surgical approach), and prosthesis characteristics
are uniformly and completely collected. Internal checks and
defaults are included in the system to stimulate valid and opti-
mal registration. Completeness of records is validated every
year by comparing the number of procedures in the LROI with
the number of procedures in the hospital information system
(HIS). Therefore, high validity and data quality is retained for
both primary and revision THAs (21,22). The register covers
100% of Dutch hospitals with a completeness of 99% for pri-
mary THAs and over 97% for hip revision arthroplasty in the
last 5 years (2,21).

Participants

Eligible patients who received a primary non-metal-on-metal
(MoM) THA using the DAA, PLA, or DSA in a Dutch hospi-
tal between 2014 and 2020 and registered in the LROI were
included. Demographic data, procedure, prosthesis character-
istics, and outcome measures were provided by the LROI.

Outcome

The primary outcome is the short-term risk of revision for any
reason, for dislocation, and for any other reason except dislo-
cation. Revision was defined as a change, addition, or removal
of 1 or more components of the prosthesis (2). All revision
procedures and reasons for revision are registered during revi-
sion surgery. Multiple reasons for revision can be registered
(e.g., infection, dislocation, periprosthetic fracture, liner wear,
and/or loosening). An overview of revision procedures was
provided by the LROI. Afterwards, reasons for revision were
categorized by the authors as dislocation and non-dislocation
including all reasons for revision except dislocation.

Surgical technique

DSA data has been collected in the LROI since 2014. The
orthopedic surgeon fills out which surgical approach is used

during surgery using mandatory LROI webforms. DSA is
performed by selected dedicated hospitals in the Netherlands
with a strong interest in this technique. Registration for DSA
is therefore optimal. Validity for the registration of surgical
approaches for primary THA is checked annually and was
99.3% in the past year (22). The DSA has been described in
detail by Roger and Hill (18). In short, the patient is in lat-
eral decubitus position. From the posterosuperior corner of
the greater trochanter extending proximally in line with the
gluteus maximus fibers, the skin, subcutis, and gluteus maxi-
mus fascia are minimally incised, sparing the iliotibial band.
The gluteus maximus is split and the piriformis and, if con-
joined, the obturator internus tendon are detached, tagged, and
reflected posteriorly. The gluteus minimus is elevated and,
after a capsulotomy in line with the collum femoris, the hip
is dislocated, followed by femoral neck resection, acetabulum
reaming, and implantation of acetabular and femoral com-
ponents using long DSA Hohmann retractors (GerMedUSA,
Garden City Park, NY, USA) and specialized reamers. The
capsule is closed side-to-side, the piriformis reattached, and
the fascia, subcutaneous tissue, and skin closed in layers.

Statistics

Group comparisons were made using a chi-square test. Sur-
vival time was calculated as the time from primary THA to
first revision arthroplasty for any reason, death of the patient,
or the end of the follow-up period (January 1, 2021) using
competing risk analysis. We calculated the 1-, 3-, and 5-year
crude cumulative incidence of revision for any reason, dislo-
cation, and other reason except dislocation.

Multivariable Cox proportional hazard analyses were per-
formed to test for differences in risk of revision for any reason,
revision for dislocation, and revision for all other causes than
dislocation, adjusted for possible confounding variables (i.e.,
age, sex, ASA score, body mass index (BMI), diagnosis, pre-
vious surgery, femoral head size, and fixation and articulation
type). For all categorical covariates added to the model, the
proportional hazards assumption was checked and met by
inspecting log-minus-log curves. P-values below 0.05 were
considered statistically significant. Results were reported as
hazard ratios (HR) with 95% confidence intervals (CI). All
analyses were performed using SPSS version 24.0 (IBM Corp,
Armonk, NY, USA).

Sensitivity analyses

Separate post-hoc sensitivity analyses were conducted to
assess whether altering any of our assumptions or inclusions
within the model may lead to different final interpretations of
our data (23). First, the multivariable Cox proportional hazard
analysis was repeated for the period 20072020 without BMI
as this confounder was available in the LROI only from 2014
onward. Second, we repeated the multivariable Cox propor-
tional hazard analysis for the period 20162020 to obtain more
equal follow-up time among approaches, since the DSA was
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Primary total hip arthroplasties in LROI
database 2007-2020 (n = 266,005):

- direct anterior approach, 64,171

- direct superior approach, 1,341

- posterolateral approach, 200,493

Excluded 2007-2013
BMI missing
n = 90,462

Primary total hip arthroplasties in LROI
database 2014-2020 (n = 175,543):

- direct anterior approach, 56,626

- direct superior approach, 1,341

- posterolateral approach, 117,576

Figure 1. Flow chart included patients

introduced more recently compared with the DAA
and PLA. Furthermore, we performed a sensitivity
analysis where all dual mobility cups were excluded
from the analysis. Finally, we performed a sensitivity
analysis for THA procedures for osteoarthritis (OA),
because a higher risk of revision is seen in THAs for
acute fracture (24).

Ethics, funding, data sharing, and disclosures

The study was approved by the LROI board and sci-
entific advisory board of the LROI and the Medical
Ethical Committee of the University Medical Center
Groningen (No. METc 2021/280). The dataset was
processed in compliance with the regulations of the
LROI governing research on registry data. Restric-
tions apply to the availability of this data, which was
used under license for the current study. This project
was supported by an unrestricted grant from a non-
profit foundation, Stichting MCL fonds. No benefits
in any form have been received or will be received
related directly or indirectly to the subject of this
article. No conflicting interests were declared. Com-
pleted disclosure forms for this article following the
ICMIE template are available on the article page, doi:
10.2340/17453674.2023.11959

Results

175,543 primary non-MoM THAs were analyzed
(Figure 1).

Patient characteristics

175,543 primary THAs performed between 2014 and
2020 were included (PLA 117,576; DAA 56,626;
DSA 1,341). The median length of follow-up was 2.9
years (range 0-7), with a shorter follow-up for the
DSA (1.6 years; range 0—6) compared with the PLA
(3.3 years; range 0—7). An overview of patient charac-
teristics is set out in Table 1.

Table 1. Patient and procedure characteristics of all primary THA with pos-
terolateral DSA or anterior approach from 2014-2020. Values are count (%)

PLA DSA DAA Total
n=117,576 n=1,341 n = 56,626 n=175,543
67% 0.8% 32%

Age b a
<60 19,605 (17) 253 (19) 9,789 (17) 29,647 (17)
60-74 60,049 (51) 703 (52) 31,062 (55) 91,814 (52)
=75 37,741 (32) 385 (29) 15,759 (29) 53,885 (31)

Sex a
Male 41,758 (36) 496 (37) 19,202 (34) 61,456 (35)
Female 75,702 (64) 845 (63) 37,413 (66) 113,960 (65)

ASA score a
I 18,773 (16) 241 (18) 11,372(20) 30,386 (17)
Il 74,300 (63) 858 (64) 36,204 (64) 111,362 (64)
-1V 24,368 (21) 242 (18) 9,002 (16) 33,612 (19)

Diagnosis a
OA 99,379 (85) 1,220 (91) 52,167 (92) 152,766 (87)
Non-OA 17,964 (15) 120 (9.0) 4,398 (7.8) 22,482 (13)

Previous operation a
Yes 6,728 (5.8) 32 (2.4) 1,117 (2.0) 7,877 (4.6)
No 108,933 (94) 1,304 (98) 54,692 (98) 164,929 (95)

Operation year a
2014-2016 52,244 (44) 88 (6.6) 14,434 (26) 66,766 (38)
2017-2020 65,332 (56) 1,253 (93) 42,192 (74) 108,777 (62)

Smoking a
Yes 12,748 (11) 153 (11) 5,490 (9.8) 18,391 (11)
No 99,580 (89) 1,186 (87) 50,559 (90) 151,325 (89)

BMI b a,b
<185 1,124 (1.0) 19 (1.4) 420 (0.8) 1,563 (0.9)
18.5-25 37,128 (32) 535 (40) 20,739 (37) 58,402 (34)
25-30 48,103 (42) 554 (41) 23,686 (42) 72,343 (42)
30-40 27,436 (24) 229 (17) 10,698 (19) 38,363 (22)
> 40 1,596 (1.4) 4 (0.3) 359 (0.6) 1,959 (1.1)

Charnley b a
A 49,756 (45) 602 (46) 24,779 (45) 75,137 (45)
B1 31,714 (29) 374 (29) 17,227 (32) 49,315 (30)
B2 25,187 (23) 318 (24) 11,520 (21) 37,025 (22)
C 3,510 (3.2) 19 (1.4) 1,067 (2.0) 4,596(2.8)

Fixation b b b
Cemented 35,946 (31) 695 (52) 6,136 (11) 42,777 (24)
Cementless 68,724 (59) 470 (35) 45,411 (80) 114,605 (65)
Reversed hybrid 4,299 (3.7) 138 (10) 2,205 (3.9) 6,642 (3.8)
Hybrid 7,883 (6.7) 27 (2.0) 2,474 (4.4) 10,384 (5.9)
Unknown 522 (0.4) 11 (0.8) 316 (0.6) 849 (0.5)

Head size b ab
22-28 mm 23,211 (20) 380 (29) 6,121 (12) 29,712 (18)
32 mm 66,672 (58) 794 (61) 34,499 (65) 101,965 (60)
36 mm 24,367 (21) 131 (10) 12,072 (23) 36,570 (22)
> 38 mm 681 (0.6) 0 (0) 41 (0.1) 722 (0.4)

Articulation a
CoC 5,494 (4.9) 0 (0) 4,748 (9.2) 10,242 (6.2)
CoM 39 (0) 1(0.1) 1 (0) 41 (0)
CoP 66,108 (59) 1,014 (83) 32,296 (63) 99,418 (60)
MoC 1(0) 0 (0) 1 (0) 2(0)
MoP 29,664 (27) 92 (7.5) 11,077 (21) 40,833 (25)
ZoP 10,598 (9.5) 118 (9.6) 3,585 (6.9) 14,301 (8.7)

ASA score = American Society of Anesthesiology score,
BMI = Body Mass Index,

OA = Osteoarthritis,

Articulation: CoC = ceramic-on-ceramic, CoM = ceramic-on-metal,
CoP = ceramic-on-polyethylene, MoC = metal-on-ceramic,
MoP = metal-on-polyethylene, ZoP: oxidized-zirconium-on -polyethylene.

ap <0.001.

b Numbers do not add up to total due to unknown or missing values.
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Table 3. Crude cumulative incidence of revision in primary THAs
according to surgical approach performed in 2014-2020 in the

Netherlands (N =175,543). Values are percentage revision and (95%

Table 4. Multivariable survival analysis for revision according to sur-
gical approach in primary THAs in the period 2014-2020

confidence interval)

PLA DSA DAA

Revision for any reason (n = 4,608 revisions)

1 year 1.8 (1.7-1.9) 0.8 (0.5-1.5)2 0.9 (0.9-1.0)®

3years 2.9 (2.8-3.0) 2.1 (1.3-3.3) 1.7 (1.5-1.8)

5 years 3.5 (3.4-3.6) 2.6 (1.5-4.6) 1.9 (1.8-2.1)
Revision for dislocation (n =1,360 revisions)

1 year 0.5 (0.5-0.6) 0.15(0.04-0.6) 0.19 (0.16-0.23) P

3 years 1.0 (0.9-1.0) 0.26 (0.1-0.8)2 0.27 (0.23-0.32) P

5 years 1.2(1.1-1.3) 0.84 (0.2-3.4)  0.29 (0.24-0.34)®
Revision for any other reason than dislocation (n = 3,248 revisions)

1 year 1.3 (1.2-1.3) 0.7 (0.4-1.3) 0.8 (0.7-0.8)®

3years 2.0 (1.9-2.1) 1.8 (1.1-3.0) 1.4 (1.3-1.5)b

5 years 2.4 (2.3-2.5) 1.8 (1.1-3.0) 1.6 (1.5-1.8)P

ap <0.05 (DSAvs PLA)
bp <0.05 (DAA vs PLA)

Crude hazard Adjusted hazard

Cases  Revisions ratio (95% CI) ratio (95% ClI) @

Revisions for any reason
DSA 1,341 21
DAA 56,626 899

0.6 (0.4-1.0)> 0.6 (0.4-1.0)®
0.5 (0.5-0.6) 0.6 (0.56-0.64) b
1 1

PLA 117,576 3,688

Revision for dislocation
DSA 1,341 4  0.4(0.1-1.0P 0.3(0.1-0.9)"
DAA 56,626 147 0.3(0.2-0.3)® 0.3 (0.2-0.4)®
PLA 117,576 1,209 1 1

Revision for any other reason than dislocation

DSA 1,341 17 0.8(0.5-1.2) 0.8 (0.5-1.3)
DAA 56,479 752 0.7 (0.6-0.7)P 0.8 (0.7-0.8)
PLA 117,576 2,479 1 1

2 Adjusted for gender, age, ASA-score, diagnosis, previous opera-
tions, femur head diameter, fixation articulation and BMI.
bp <0.05.

Reasons for revision

4,608 (2.6%) THAs were revised during the follow-up period.
21 revisions were performed in the DSA group. Reasons for
revision differed between the surgical approach groups. PLA

years, the overall crude revision rate was comparable for the

THAs were more often revised for dislocation, while DAA

and DSA THAs were revised more often because of loosening
of the femoral component and periprosthetic fractures (Table

2, see Appendix).

Overall revision

The overall crude cumulative incidence of revision for all
causes after 1, 3, and 5 years for THAs using DSA was 0.8%
(CI0.5-1.5),2.1% (CI 1.3-3.3),and 2.6% (CI 1.5-4.6) respec-
tively. After 1 year the crude revision rate was lower for the
DSA compared with the PLA (1.8% [CI 1.7-1.9]). At 3 and 5

Cumulative incidence (%)
revision for any reason

5
Posterolateral

Direct superior
Direct anterior

0 T T T

DSA compared with the PLA (respectively 2.9% [CI 2.9-3.0];
3.5% [CI 3.4-3.6]). The crude revision rates for the DSA were
comparable with the DAA (Table 3, Figure 2a).

Multivariable Cox regression analysis, adjusting for poten-
tial confounders, demonstrated no difference in overall revi-
sion rates for the DSA (HR 0.6 (CI 0.4-1.0) compared with
the PLA (Table 4).

Revision due to dislocation

Cumulative incidence (%)
revision for dislocation
5

Posterolateral
Direct superior
Direct anterior

0 T T T

4 revisions due to dislocation were performed in the DSA
group. The crude cumulative incidence of revision due to dis-
location after 1, 3, and 5 years for the DSA group was 0.2%
(C10.04-0.6),0.3% (C10.1-0.8), and 0.8% (CI1 0.2-3.4) and
was comparable with the DAA group (0.2% (CI 0.16-0.23),

Cumulative incidence (%) of revision for
any other reason than dislocation
5

Posterolateral
Direct superior
Direct anterior

a 0 1 2 3 4 5 6 b 0 1 2 3 4 5 6
Years after primary THA Years after primary THA Years after primary THA
Atrisk 1 year 3 years 5 years Atrisk 1 year 3 years 5 years Atrisk 1 year 3 years 5 years
PLA 107,396 73,018 39,037 PLA 106,401 72,685 38,952 PLA 106,800 72,841 38,997
DAA 49,616 26,611 10,325 DAA 49,287 26,542 10,306 DAA 49,576 26,603 10,321
DSA 1,016 427 7 DSA 1,008 427 7 DSA 1,014 426 7

Figure 2. Crude cumulative incidence of revision for any reason (a), for dislocation (b), and for any other reason than dislocation (c) in primary
THAs according to surgical approach performed in 2014—2020 in the Netherlands including number at risk by time in years (N = 175,543)
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0.3% (CI 0.2-0.3), and 0.3% (CI 0.2-0.3) respectively). PLA
THAs showed a higher 3-year crude cumulative incidence of
revision due to dislocation compared with the DSA (1.0% [CI
0.9-1.0] vs 0.3% [CI 0.1-0.8]). At 1 and 5 years, the crude
revision rates for dislocation were comparable for the DSA
compared with the PLA (Table 3, Figure 2b).

Multivariable Cox regression analysis demonstrated, after
adjusting for potential confounders, a lower risk of revision
due to dislocation for the DSA and the DAA compared with
PLA (respectively HR 0.3 [CI 0.1-0.9] and HR 0.3 [CI 0.2—
0.4] vs. HR 1.0) (Table 4).

Revision due to any other reason except dislocation

3,248 THAs were revised due to any other reason than dislo-
cation. The crude 1-year revision rate was lower for the DAA
(0.8% [CI 0.7-0.8]) and comparable for the DSA (0.7% [CI
0.4-1.3]), compared with the PLA (1.3% [CI 1.2—1.3]) (Table
3, Figure 2c¢). Multivariable Cox regression analyses showed
no statistically significant difference in risk of revision due
to any other reason than dislocation between the different
approaches (Table 4).

Sensitivity analyses

First, we repeated the multivariable Cox proportional hazard
analysis for the period 2016-2020 to obtain more equal
follow-up time between the 3 approaches, with a median
follow-up of respectively 2, 1.6, and 2.4 years for the PLA,
DSA, and DAA. Thereafter, the DSA showed similar HRs
for risk of revision due to any reason (HR 0.6 [CI 0.4—1.0])
and dislocation (HR 0.4 [CI 0.1-1.0]) compared with the
previous analysis (respectively HR 0.6 [C1 0.4—1.0] and 0.3
[CI 0.1-0.9]). Although HRs were similar for dislocation
between the approaches, the difference was not statistically
significant, which can be possibly explained by the reduced
sample size.

Second, the multivariable Cox proportional hazard analysis
was repeated for the period of 20072020 (n = 266,005). BMI
was excluded from the analysis as BMI was only registered
from 2014. Hereafter, the analyses showed that the hazard
ratios for the DSA were comparable for the overall risk of
revision (HR 0.6 [CI 0.4-1.0]) and for revision due to dis-
location (HR 0.3 [CI 0.1-0.9]), compared with the previous
analysis.

Furthermore, we performed a sensitivity analysis without
dual mobility bearings. This analysis showed similar HRs for
the DSA for risk of revision due to any reason (HR 0.7 [CI
0.4-1.0]) and dislocation (HR 0.4 [0.1-0.9]) compared with
the previous analysis.

Finally, after excluding THAs for non-OA, the DSA showed
slightly higher HRs for risk of revision due to any reason (HR
0.8 [CI 0.5-1.2]) and dislocation (HR 0.4 [CI 0.2—-1.1]) com-
pared with the previous analysis. Revision for any reason and
for dislocation did not remain significant compared with the
initial analysis.

Discussion

We found similar crude revision rates for the DSA compared
with the PLA at 3 years postoperatively (2.1%, 2.9%, respec-
tively). Crude dislocation revision rates after 3 years were
lower after DSA than after PLA (0.3%, 1%, respectively).
After correction for confounders, there was no longer a lower
risk of revision for any reason but lower risk of revision due
to dislocation for the DSA compared with the PLA. The out-
comes of the DSA were similar to the outcomes of the DAA.
To our knowledge, this is the first nationwide registry study to
report on the outcomes of the DSA.

To date, most DSA studies have been case series or case-
control studies from specialized centers with limited follow-
up. Based on these retrospective series it may be concluded
that the DSA can reduce the risk for dislocation and enhance
early recovery (14). One prospective single surgeon study of
200 cases did not find any dislocations in the DSA group within
the first year (13). Overall, 2 complications were reported: 1
acute deep and 1 superficial wound infection. Roger and Hill
in 2012 reported 3 complications in 135 patients operated
through the DSA with a mean follow-up of 22 months (range
14-33) (18). No dislocations were observed. In contrast, 1
recent randomized controlled trial compared self-reported and
clinical measurements between subjects after DSA (n = 22)
compared with PLA (n =23). The authors reported 1 peripros-
thetic fracture and 2 dislocations due to falls in the DSA group
compared with 1 complication in the PLA group in the first 3
months after surgery (19). Both dislocations were treated with
closed reduction, without further consequences.

Multiple large registry studies have been performed to com-
pare the revision rate of primary THAs related to surgical
approach (1,6). Hoskins et al. in 2020 examined the revision
rates between surgical approaches with data from the Aus-
tralian Orthopaedic Association National Joint Replacement
Registry between 2015 and 2018 (6). They reported a higher
revision rate for femoral-sided revisions for the DAA com-
pared with the PLA. Furthermore, a higher rate of disloca-
tion was found for the PLA, which is in line with our results.
Likewise, Zijlstra et al. in 2017 reported that the DAA has
been associated with a reduced risk of revision for dislocation,
compared with the PLA, but a higher risk of femoral-sided
revisions was seen (1). To our knowledge, no registry stud-
ies have previously reported on the mid-term survival of the
DSA.

Our results may be affected by case-mix factors. Several
studies demonstrated, based on registry data, that high ASA
scores and severe obesity are the strongest predictors for
short-term revision after a primary THA in patients with
osteoarthritis (25,26). In our study, patients in the PLA and
DSA cohort were more likely to be ASA III-IV compared with
the DAA group and therefore to have a potentially higher risk
of early revision. In addition, our data showed a lower BMI
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in the DSA cohort compared with the PLA and DSA cohorts,
which might partly explain the low number of dislocations.
This may represent an inherent selection bias of the study,
as DSA is generally performed only in patients with a BMI
below 35. Therefore, we corrected for BMI (and other poten-
tial confounders) using multivariable Cox proportional hazard
analyses and found similar outcomes to the unadjusted results.
In addition, sensitivity analyses showed similar HRs for revi-
sion due to dislocation for the DSA after excluding BMI from
the analysis.

Revision for dislocation

At 3 years, crude revision rates for dislocation were lower for
the DSA compared with the PLA. However, at 1 and 5 years
we found comparable crude risk of revision for dislocation
with the DSA approach, compared with the PLA. After cor-
rection for confounders, we found a lower risk of revision due
to dislocation for the DSA compared with the PLA. A pre-
vious study using Dutch arthroplasty data demonstrated an
increased risk of revision due to dislocation for THAs using
22-28-mm femoral head components (1). Our study demon-
strated a higher number of small femoral heads (22-28 mm)
for the DSA compared with the PLA (respectively 29% and
20% of registered THAs). Compared with the PLA, however,
the DSA demonstrated a lower adjusted risk of dislocation
revision, even with a relatively higher number of small femo-
ral heads. This suggests the DSA shows promising results with
regard to dislocation risk, even in the presence of small femo-
ral heads. This is further stressed by the relatively low number
of 36-mm heads with DSA, compared with DAA THA (10%
versus 23%), while demonstrating a similar risk for revision
due to dislocation.

Limitations

The generalizability of these results is subject to certain limi-
tations. For instance, this is a non-randomized, observational
study and is therefore impacted by selection bias. Second, this
study has a limited number of patients in the DSA subgroup (n
= 1,341) and a limited median follow-up of 19 months. This
is reflected in the relatively broad confidence intervals seen
in our data, some of which border on their significance with
respect to the PLA. Furthermore, based on data from the LROI
annual reports from the last years, we can conclude that the
DSA is used in 5 large-volume centers, which is rather lim-
ited (2). Surgeon experience and annual case volume is not
registered in the LROI (for privacy reasons), hence these fac-
tors may act as possible confounders, for which we cannot
adjust. Moreover, data on non-surgically treated dislocations
after THA is not available in the LROI, as only revision pro-
cedures are registered. Likewise, there is no data on THAs
that were treated for postoperative complications by reopera-
tion using open reduction and internal fixation in the case of
a periprosthetic fracture. Furthermore, some surgical factors
that can potentially affect the risk of revision (e.g., choice of

prosthetic system and implant positioning) were not available.
Lastly, some DSAs may erroneously have been registered as
PLAs, depending on the ICT systems in the hospital, because
not every digital system had the option to separately register
the DSA in addition to the usual approach options. Moreover,
the exact distinctions between DSA, minimally invasive PLA,
and classical PLA are not clearly defined and these approaches
may be used by surgeons as a sliding scale. We cannot fully
rule out that some surgeons may have registered a DSA
approach for what other surgeons would consider a minimally
invasive PLA. A key strength of the present study was that
no exclusion for learning curve was performed. As the DSA
is a relatively new approach the early phases of the learning
curve can potentially affect our results. In our study all THAs
operated on through the DSA were included, strengthening the
generalizability of the DSA results.

The DSA may be promising for the future as this approach
shows similarities to the PLA. The same anatomical land-
marks and lateral decubitus position are used and therefore
the DSA seems to be easy to adopt for surgeons trained with
the PLA. If required, intraoperative conversion to the PLA is
possible.

Conclusion

We found that DSA had a lower risk of revision for dislocation
but not for overall revision. For orthopedic surgeons experi-
enced in the PLA, the DSA offers an attractive opportunity
to modify the PLA in order to improve future outcomes after
THA.
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Table 2. Reasons for revision in primary THA with according to approach in the
period 2014-2020 in the Netherlands (N = 175,543). Values are count (%)

PLA DSA DAA Total

Reasons for revision n=117,576 n=1,341n=56,626 N = 175,543
Revisions, total no. 2 3,688 (3.1) 21 (1.6) 899 (1.6) 4,608 (2.6)
Infection 1,121 (30) 4 (19) 267 (30) 1,392 (30
Periprosthetic fracture 501 (14) 4(19) 190 (21) 695 (15) ©
Dislocation 1,209 (33) 4 (19) 147 (16) 1,360 (30)°¢
Loosening of femoral component 447 (12) 4(19) 174 (19) 625 (14) ¢
Loosening of acetabular component 303 (8.2) 3 (14) 87 (9.7) 393 (8.5)
Cup/ liner wear 58 (1.6) 0(0) 18 (2.0) 76 (1.6)
Periarticular ossification 31(0.8) 0(0) 14 (1.6) 45 (1.0)
Girdlestone 55(1.5) 0(0) 24 (2.7) 79 (1.7)®
Other 490 (13) 2(9.5) 139 (16) 631 (14)

a Percentages of total number of THAs according to approach. A revision may have
more than 1 reason. As such, the total number of reasons is over 100%.

b < 0.05 between different groups.
°p <0.001



