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Background and purpose — Dislocation of a hip pros-
thesis is the 3rd most frequent cause (after loosening and
infection) for hip revision in Norway. Recently there has been
a shift in surgical practice including preferred head size, sur-
gical approach, articulation, and fixation. We explored factors
associated with the risk of revision due to dislocation within 1
year and analyzed the impact of changes in surgical practice.

Patients and methods — 111,711 cases of primary total
hip arthroplasty (THA) from the Norwegian Arthroplasty
Register were included (2005-2019) after primary THA with
either 28 mm, 32 mm, or 36 mm femoral heads, or dual-
mobility articulations. A flexible parametric survival model
was used to calculate hazard ratios for risk factors. Kaplan—
Meier survival rates were calculated.

Results — There was an increased risk of revision due
to dislocation with 28 mm femoral heads (HR 2.6, 95% CI
2.0-3.3) compared with 32 mm heads. Furthermore, there
was a reduced risk of cemented fixation (HR 0.6, CI 0.5—
0.8) and reverse hybrid (HR 0.6, CI 0.5-0.8) compared with
uncemented. Also, both anterolateral (HR 0.5, CI 0.4-0.7)
and lateral (HR 0.6, CI 0.5-0.7) approaches were associated
with a reduced risk compared with the posterior approach.
The time-period 2010-2014 had the lowest risk of revision
due to dislocation. The trend during the study period was
towards using larger head sizes, a posterior approach, and
uncemented fixation for primary THA.

Interpretation — Patients with 28 mm head size, a pos-
terior approach, or uncemented fixation had an increased
risk of revision due to dislocation within 1 year after pri-
mary THA. The shift from lateral to posterior approach and

more uncemented fixation was a plausible explanation for
the increased risk of revision due to dislocation observed in
the most recent time-period. The increased risk of revision
due to dislocation was not fully compensated for by increas-
ing femoral head size from 28 to 32 mm.

The incidence of dislocation after primary THA ranges from
1.7% to 3.5% (1,2). Approximately 50% of patients who sus-
tain 1 or more dislocations after primary THA end up with
revision surgery (3). In 2019, 20% of all revisions in Norway
were due to dislocation, according to the Norwegian Arthro-
plasty Register (NAR) (4). Factors associated with dislocation
include patient (age/sex/comorbidities), surgical technique
(component positioning/approach) and choice of prosthesis
design (head size/dual-mobility/articulation/fixation) (5-9).

During the past 2 decades, arthroplasty surgeons in Norway
have changed surgical practice. Uncemented fixation has
increased, 32 mm femoral heads are now the standard choice,
and both dual-mobility articulations and the use of highly
cross-linked polyethylene liners were implemented during the
mid-2000s, whereas hip resurfacing was abandoned. The pos-
terior approach is now the most common choice and surpassed
the lateral approach in 2015, while the direct anterior (Smith—
Petersen) and anterolateral (Watson—Jones) approaches are
used in about 20% of patients (4). Currently, we are not aware
of the effect of the above-mentioned changes on the revision
rates for dislocation.
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Figure 1. Directed acyclic graph (DAG) showing approach as expo-
sure (E, yellow) and revision due to dislocation as outcome (O, dark
blue). Other associated factors are listed with arrows depicting causal-
ity towards E and O. Smoking, hospital routines, and BMI are listed
as unobserved factors (grey). Age, diagnosis, prior operations, and
time periods are confounding factors (white) and should be adjusted
for. Sex is an ancestor of E and O (red) and should not be adjusted
for (sex does not influence the exposure directly). Head size, fixation,
duration of surgery, and ASA are mediators (blue) and should not be
adjusted for since this potentially could introduce bias. For each mea-
sured factor we created a separate DAG similar to the one depicted
for approach (above) in order to determine which factors to adjust for
in flexible parametric survival model.

This study reports factors associated with the risk of revi-
sion due to dislocation within 1 year after primary THA. A
secondary aim was to report the impact of changes in surgical
technique and prosthesis fixation on the risk of revision due to
dislocation in 3 time-periods.

Patients and methods

Study population

This is a register-study based on the prospectively collected
data from NAR, which is a national population-based regis-
ter. NAR records THAs in Norway (population 5.2 million)
and permits surveillance of contemporary implants and sur-
gical techniques (10). The NAR completeness of reporting
range for the years 2008-2018 was 96.7-97.5% for primary
THA and 88.3-93.1% for revision surgery when compared
with the compulsory Norwegian Patient Registry, and this has
remained unchanged since the 1990s (4,11).

We included THAs performed from January 1, 2005 until
December 31, 2019 and followed these for 1 year after index
surgery. Inclusion criteria were primary THAs with either 28
mm, 32 mm or 36 mm femoral heads, or dual-mobility artic-
ulation performed within the inclusion period (2005-2019).
Patients operated on with a hip resurfacing prosthesis (metal-on-
metal, MoM) or big head MoM (> 36 mm) stemmed prosthesis
were excluded. Patients with 22 mm heads were excluded as
this head size is no longer relevant in primary THA (not includ-
ing those in combination with dual-mobility articulation), and
40 mm heads (n = 31) were excluded due to small sample size.

Eligibility
Patients operated with primary THA in Norway
from January 1st, 2005 to December 31st, 2019
n =118,467

Excluded (n= 6,756):

- hip resurfacing prosthesis, 478

- big head MoM stemmed prosthesis, 92

— primary THA with 22 mm head size, 5,628
not including those in combination with
dual-mobility articulation

— 26 mm head size, 9

— 30 mm head size, 2

—> 36 mm head size, 31

- missing head size, 516

Included
Primary THA with 28, 32, 36 mm heads
or dual-mobility articulation (n = 111,711):
- Period 1 (2005-2009), 27,934
- Period 2 (2010-2014), 37,812
- Period 3 (2015-2019), 45,965

Figure 2. Flowchart showing distribution of eligible and included
patients from January 1, 2005 until December 31, 2019. Included
patients were divided into 3 time-periods based on time of operation to
evaluate differences over time. MoM = metal-on-metal

111,711 THAs were included in the study. Each THA was
treated as an independent observation, regardless of whether it
originated from the same patient (i.e., bilateral THA).

Variables and outcomes

The endpoint in the analyses was revision surgery due to dislo-
cation. Only THAs that underwent revision due to dislocation
within 1 year after primary THA surgery were included. Revi-
sion surgery due to dislocation superseded any other causes of
revision if multiple reasons were registered. The patients were
censored if they had revision due to other reasons, were dead,
or emigrated. Risk of revision due to dislocation within 1 year
ensured equal follow-up time for all THAs performed within
the inclusion period, and a large proportion of revisions due to
dislocation occur in the first year (12).

Statistics

We used STATA SE Version 17.0 (StataCorp, College Station,
TX, USA) and SPSS Version 26 (IBM Corp, Armonk, NY,
USA) for statistical analyses. The inclusion period of 15 years
was divided into 3 time-periods (2005-2009, 2010-2014,
2015-2019) to detect differences over time. The following
factors were evaluated for a possible impact on the risk of
being revised due to dislocation: head size, duration of sur-
gery, prior operations, time-period of operation, ASA classi-
fication, age, surgical approach, diagnosis, fixation, and sex.
We opted for using a flexible parametric survival model for
the analysis (13). Under standard conditions these models esti-
mate the same as Cox models. However, the flexible models
handle deviations for proportional hazards in an easier way
and with more opportunities for predictions. We calculated
hazard ratios (HR) to evaluate risks for revision due to dis-
location for each factor. Reference groups for the HR calcu-
lation were based on the group with the highest frequency,
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most common current practice in Norway,
or most recent time-period for all catego-
ries (4). In the flexible parametric survival
model, time-to-failure event (revision due
to dislocation within 1 year after primary
THA) was recorded. The proportional
hazard assumption was evaluated for all
factors both graphically and with numeri-
cal p-value to assess differences in hazard
ratio during the entire 1-year follow-up
period (Supplementary data).

We calculated cumulative survival rates
with revision due to dislocation within 1
year using Kaplan—-Meier analysis. We
also explored cumulative survival using
Kaplan—Meier survival analysis stratified by
approach for each of the 3 time-periods and
separately for the entire inclusion period.

To better identify variables to adjust for
in the flexible parametric survival model
we developed a directed acyclic graph
(DAG). The HR for each exposure was
adjusted according to this model. Using
the program DAGitty (www.dagitty.net)
we determined which factors to adjust for
given each specific exposure. The causal
inferences and how they influenced each
other were represented in a DAG. For
each measured factor we created a sepa-
rate DAG. The DAG (Figure 1) showing
which factors were adjusted for in the flex-
ible parametric survival model given each
specific exposure are listed at the bottom
of Table 2..

The study is reported in accordance with
the RECORD guidelines.

Ethics and potential conflicts of
interest

Registration of data in NAR and the pres-
ent register study is based on informed
consent from patients and according to the
Norwegian Data Protection Regulations
(reference number 03/00058-20/CGN)
and EU regulations. There is no conflict of
interest declared.

Results

Table 1. Descriptive data for all primary THAs included in the study (n = 111,711) from
2005 to 2019. Values are count (%) unless otherwise specified

Period 1 Period 2 Period 3
2005-2009 2010-2014 2015-2019 Total

Factor n = 27,934 n=237,812 n = 45,965 n=111,711
Mean age, years (SD) 68.7 (11.5) 68.3 (11.3) 68.3 (11.3) 68.4 (11.3)
Females 18,776 (67) 24,591 (65) 29,440 (64) 72,807 (65)
Males 9,158 (33) 13,221 (35) 16,525 (36) 38,904 (35)
Diagnosis

Primary osteoarthritis 21,635 (78) 29,868 (79) 36,632 (80) 88,135 (79)

Rheumatoid arthritis 560 (2.0) 624 (1.7) 539 (1.2) 1,723 (1.5)

Sequelae after

femoral neck fracture 1,978 (7.1) 1,746 (4.6) 1,567 (3.4) 5,291 (4.7)
dysplasia 2,080 (7.4)  2972(7.9) 3,249 (7.1) 8,301 (7.4)
with high dislocation 98 (0.4) 93 (0.2) 77 (0.2) 268 (0.2)
Perthes disease 38 (0.1) 260 (0.7) 393 (0.9) 691 (0.6)
epiphysiolysis 0 (0.0) 78 (0.2) 131 (0.3) 209 (0.2)
Ankylosing spondylitis 95 (0.3) 145 (0.4) 107 (0.2) 347 (0.3)
Femoral neck fracture 510 (1.8) 1,088 (2.9) 2,226 (4.8) 3,824 (3.4)
Other 1,690 (6.0) 2,069 (5.5) 2,668 (5.8) 6,427 (5.8)
Missing 65 (0.2) 138 (0.4) 72 (0.2) 275 (0.2)
Head size
28 mm 23,913 (86) 17,987 (48) 3792 (8.2) 45,692 (41)
32 mm 3,019 (11) 16,700 (44) 36,351 (79) 56,070 (50)
36 mm 684 (2.4) 2,314 (6.1) 4,466 (9.7) 7,464 (6.7)
Dual-mobility 318 (1.1) 811 (2.1) 1,356 (3.0) 2,485 (2.2)
Fixation
Cemented 16,767 (60) 11,929 (32) 12,444 (27) 41,140 (37)
Hybrid 467 (1.7) 693 (1.8) 3,876 (8.4) 5,036 (4.5)
Reverse hybrid 5,255 (19) 14,551 (39) 11,942 (26) 31,748 (28)
Uncemented 5,207 (19) 10,058 (27) 17,451 (38) 32,716 (29)
Missing 238 (0.9) 581 (1.5) 252 (0.5) 1,071 (1.0)
Approach
Direct anterior (S—P) 2 412 (1.5) 2,165 (5.7) 3,461 (7.5) 6,038 (5.4)
Anterolateral (W-J) @ 1,523 (5.5) 4,282 (11) 6,139 (13) 11,944 (11)
Direct lateral 17,395 (62) 17,908 (47) 5,250 (11) 40,553 (36)
Posterior 8,114 (29) 11,729 (31) 29,210 (64) 49,053 (44)
Other 30 (0.1) 130 (0.3) 77 (0.2) 237 (0.2)
Missing 459 (1.6) 1,598 (4.2) 1,824 (4.0) 3,881 (3.5)
Duration of surgery
0-60 minutes 1,867 (6.7) 4,932 (13.0) 7,842 (17) 14,641 (13)
60-90 minutes 11,695 (42) 15,704 (42) 20,413 (44) 47,812 (43)
90-120 minutes 9,059 (32) 10,756 (28) 11,577 (25) 31,392 (28)
> 120 minutes P 4,903 (18) 5,557 (15) 5,352 (12) 15,812 (14)
Missing 410 (1.5) 863 (2.3) 781 (1.7) 2,054 (1.8)
ASA classification:
1-2 21,868 (78) 30,031 (79) 36,003 (78) 87,902 (79)
=3 5,092 (18) 7,390 (20) 9,601 (21) 22,083 (20)
Missing 974 (3.5) 391 (1.0) 361 (0.8) 1,726 (1.5)
Prior operations
Yes 2,755 (9.9) 2,790 (7.4) 2,991 (6.5) 8,536 (7.6)
No 25,161 (90) 35,012 (93) 42,962 (94) 103,135 (92)
Missing 18 (0.1) 10 (0.0) 12 (0.0) 40 (0.0)
Revisions due to dislocation
within 1 year 170 (0.6) 157(0.4) 300 (0.7) 627 (0.5)

a8 S—P = Smith-Petersen; W—J =Watson-Jones.
b Reported values > 600 minutes for the duration of surgery category are set as “missing.”

Between January 1, 2005 and December 31, 2019, there were Risk factors for revision due to dislocation
118,467 primary THAs recorded in NAR. 111,711 (94%) of = There was an increased risk of revision due to dislocation
these THASs were included in this study according to the inclu-  within 1 year after primary THA with 28 mm femoral heads

sion criteria (Figure 2 and Table 1).

(HR 2.6, 95% CI 2.0-3.3) compared with 32 mm heads.
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Figure 3. Kaplan—-Meier survival curves
for the 3 time-periods, 1-3 (2005-2009,
20102014, 2015-2019) showing cumu-
lative revision for dislocation within 1 year
from primary THA.

The risk of revision due to dislocation
was reduced for cemented (HR 0.6, CI
0.5-0.8) and reverse hybrid (HR 0.6,
CI 0.5-0.8) fixations compared with
uncemented. Both anterolateral (HR
0.5, CI 0.4-0.7) and lateral (HR 0.6, CI
0.5-0.7) approaches were associated
with a reduced risk compared with the
posterior approach. However, the direct
anterior approach (HR 0.8, CI 0.6-1.2)
was not associated with a reduced risk
compared with the posterior approach.

Cumulative survival rates

Kaplan—Meier curves stratified for
time-period showed the highest cumu-
lative survival rate for Time-period 2

Annual distribution (%)

100
80
60
40
28 mm
32 mm
36 mm
20 W pual Mobility

Other
Missing

0
2005 2007 2009 2011 2013 2015 2017 2019

Figure 4. Bar chart showing different femoral
head sizes and dual-mobility articulations for all
primary THAs performed in Norway from Janu-
ary 1, 2005 through December 31, 2019 (based
on eligible patients, n = 118,467). “Other” cat-
egory contains hip resurfacing prosthesis, big
head metal-on-metal stemmed prosthesis, 26
mm, 30 mm, and > 36 mm head sizes.
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Figure 6. Bar chart showing different fixation
combinations for all primary THAs performed
in Norway from January 1, 2005 through
December 31, 2019 (based on eligible
patients, n = 118,467).
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Figure 5. Bar chart showing surgical
approach for all primary THAs performed
in Norway from January 1, 2005 through
December 31, 2019 (based on eligible
patients, n = 118,467). “Other” category
contains trochanteric osteotomy.
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Figure 7. Relationship between annual rate
(%) of revision due to dislocation within 1 year
after primary THA (blue bars) and use of 28
mm heads and posterior approach depicted
in the graph as their annual proportion.

(2010-2014), and similar rates for Time-period 1 (2005-
2009) and Time-period 3 (2015-2019) (Figure 3 and Table
2). Adjusting for head size removed the difference between
Time-periods 1 and 2 (not shown). When the Kaplan—Meier
curves were stratified by approach for the 3 time-periods, the
direct anterior and anterolateral approaches had the lowest
cumulative survival rates (free of revision for dislocation)
in Time-period 1, and anterolateral the highest survival rate
in Time-period 3 (not shown). There was no apparent dif-
ference between the lateral and posterior approach in Time-
period 1, but a difference was observed in Time-period 3
(posterior approach had lowest survival). In Time-period 3
the posterior approach had a lower cumulative survival rate
than in Time-period 1.

The trends over time regarding femoral head size, surgical
approach, and fixation are represented in bar charts (Figures
4-7). The trend during the study period was towards using
larger head sizes, a posterior approach, and uncemented fixa-
tion. The relationships between annual early revision rate
(%) due to dislocation (within 1 year) and both posterior
approach and head size are illustrated in Figure 7. Generally,
annual revision rate due to dislocation was low (< 1%); how-
ever, there was a trend towards an increasing revision risk in
the most recent time-period (2015-2019), when most of the
THAs were performed using larger head sizes and posterior
approach (HR 0.6, CI 0.5-0.8, for 2010-2014 compared with
2015-2019). There was no difference between the 1st and last
time-period (Table 2).
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Table 2. Hazard ratios (HR) for each factor based on a flexible parametric survival model

Number of  Revisions due Flexible parametric survival model
primary to dislocation 1-year unadjusted adjusted
THAs <1 year, n (%) survival (Cl) HR (Cl) p-value HR (Cl) p-value

Age @

<60 22,946 113 (0.5) 99.5 (99.4-99.6) 0.81(0.65-1.02) 0.07 0.81 (0.65-1.02)  0.09

60-70 35,222 165 (0.5) 99.6 (99.5-99.6)  0.77 (0.63-0.94) 0.01 0.78 (0.64-0.96) 0.03

70-80 37,371 226 (0.6) 99.4 (99.3-99.5) 1 (reference) 1 (reference)

> 80 16,172 123 (0.8) 99.3 (99.1-99.4) .27 (1.02-1.59) 0.03 1.29 (1.03-1.60) 0.04
Sex

Male 38,904 276 (0.7)  99.3(99.2-99.4)  1.48 (1.27-1.73) <0.001

Female 72,807 351 (0.5) 99.5 (99.5-99.6) 1 (reference)
Diagnosis ©

Primary osteoarthritis 88,135 414 (0.5) 99.6 (99.5-99.6) 1 (reference) 1  (reference)

Other 23,576 213 (0.9) 99.1 (99.0-99.2) 1.94 (1.65-2.29 < 0.001 1.93 (1.63-2.27) < 0.001
Head size 9 )

28 mm 45,692 284 (0.6) 99.4 (99.3-99.5)  1.25(1.06-1.47)  0.009 2.59 (2.03-3.31) < 0.001

32 mm 56,070 279 (0.5) 99.5 (99.5-99.6) 1 (reference) 1  (reference)

36 mm 7,464 44 (0.6) 99.4 (99.2-99.6) 1.19 (0.86-1.63) 0.3 0.74 (0.53-1.05)  0.09

Dual-mobility 2,485 20 (0.8) 99.2 (98.8-99.5) 1.68 (1.07-2.64) 0.03 0.70 (0.40-1.25) 0.2
Fixation ©

Cemented 41,140 224 (0.5) 99.5 (99.4-99.5) 0.75(0.63-0.91)  0.002 0.61 (0.49-0.76) <0.001

Hybrid 5,036 7 (0.7) 99.3 (99.0-99.5) 1.02 (0.72-1.45) 0.9 0.77 (0.54-1.10) 0.1

Reverse hybrid 31,748 116 (0.4) 99.7 (99.6-99.7)  0.51 (0.40-0.63) < 0.001 0.62 (0.49-0.78) <0.001

Uncemented 32,716 236 (0.7) 99.3 (99.2-99.4) 1 (reference) 1  (reference)
Approach f

Direct anterior (S—P) 6,038 0 (0.5) 99.6 (99.3-99.7)  0.68 (0.47-0.99) 0.046 0.80 (0.55-1.16) 0.2

Anterolateral (W-J) 11,944 ( 4) 99.7 (99.6-99.8) 0.44 (0.31-0.61) < 0.001 0.49 (0.35-0.68) < 0.001

Direct lateral 40,553 182 (0.5) 99.6 (99.5-99.6)  0.62 (0.52-0.74) <0.001 0.59 (0.48-0.72) < 0.001

Posterior 49,053 356 (0.7) 99.3 (99.2-99.4) 1 (reference) 1
Duration of surgery 9

0-60 minutes 14,641 70 (0.5) 99.5 (99.4-99.6) 1.04 (0.80-1.36) 0.8 0.85 (0.64-1.12) 0.2

60-90 minutes 47,812 219 (0.5) 99.6 (99.5-99.6) 1 (reference) 1  (reference)

90-120 minutes 31,392 189 (0.6) 99.4 (99.3-99.5) 1.32(1.09-1.60)  0.005 1.37 (1.12-1.68)  0.002

> 120 minutes 15,812 131 (0.8) 99.2 (99.1-99.3) 1.82 (1.47-2.26) < 0.001 1.79 (1.42-2.26) < 0.001
ASA classification N

1-2 87,902 423 (0.5) 99.5 (99.5-99.6) 1 (reference) 1 (reference)

=3 22,083 193 (0.9) 99.1 (99.0-99.3) 1.85(1.56—2.20) < 0.001 1.74 (1.46-2.08) < 0.001
Prior operations |

Yes 8,536 97 (1.1) 98.9 (98.6-99.1) 2.25(1.81-2.79) < 0.001 1.57 (1.22-2.02)  0.001

No 103,135 530 (0.5) 99.5 (99.5-99.5) 1 (reference) 1 (reference)
Time periods (1-3)

2005-2009 27,934 170 (0.6) 99.4 (99.3-99.5) 0.93 (0.77-1.12) 0.4

2010-2014 37,812 157 (0.4) 99.6 (99.5-99.7)  0.64 (0.52-0.77) < 0.001

2015-2019 45,965 300 (0.7) 99.4 (99.3-99.4) 1  (reference)

2 Adjustments for Time periods.
b No adjustment.
¢ Adjustments for Sex.

d Adjustment for ASA, Age, Approach, Diagnosis, Fixation, Prior operations, Sex, Time periods.
€ Adjustments for Age, Approach, Diagnosis, Prior operations, Sex, Time periods .

f Adjustments for Age, Diagnosis, Prior operations, Time periods.

9 Adjustments for Approach, Diagnosis, Fixation, Prior operations, Sex.
h Adjustments for Age.

! Adjustments for Diagnosis.

I No adjustment.

Discussion

The main factors associated with an increased risk of revision
due to dislocation were 28 mm head size, posterior approach,
and uncemented fixation.

The risk of revision due to dislocation within 1 year after
THA was lower in the 2nd time-period compared with the 1st

time-period and were at a level in the last time-period similar
to that of the 1st time-period.

The shift from lateral to posterior approach and more unce-
mented fixation was a plausible explanation for the slightly
increased risk of revision due to dislocation observed in the
most recent time-period.
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Head size

28 mm femoral heads were associated with an increased
risk of due to dislocation compared with 32 mm and 36 mm
heads, and dual-mobility articulations. Interestingly, for this
analysis the unadjusted model showed a different trend. Dual-
mobility articulations appeared to have an increased risk, but
when adjusting (ASA class, age, approach, diagnosis, fixa-
tion, prior operations, sex, and time-period) there was a trend
towards a reduced risk (similar finding with 36 mm head
sizes). An explanation for this discrepancy is likely selection
bias. Patients at high risk of dislocation most likely have been
selected for dual-mobility articulations or 36 mm head sizes.
Another important detail is that the HR for 28 mm head size
was 1.3 in the unadjusted model and 2.6 in the adjusted model.
Not adjusting for approach resulted in a lower risk because the
majority of the 28 mm femoral heads were used with a lateral
approach, which had a reduced risk of dislocation compared
with a posterior approach. This has also been found by others
(5). A study from 2018 found a reduced risk of revision for
32 mm compared with 28 mm heads, but there was no added
benefit in going from 32 mm to 36 mm heads (14).

Currently, the use of 36 mm heads (n = 4,466, 2015-2019)
and dual-mobility articulations (n = 1,356, 2015-2019) is
quite limited in primary cases in Norway. Commonly, ortho-
pedic surgeons in Norway reserve 36 mm head sizes and dual-
mobility articulations for patients thought to be at increased
risk of dislocation. We found that the dislocation risk with 36
mm heads and DM articulations was similar to that of 32 mm
heads (n = 36,351, 2015-2019), and this finding indicates that
the revision risk for patients at high risk of dislocation is suc-
cessfully reduced with these measures. Using dual-mobility
articulations in THA following hip fracture has shown lower
risk of revision compared with conventional THA in a com-
bined Nordic register study (15). In a recent Danish register
study by Hermansen et al., 32 mm heads had a higher risk of
dislocation compared with 36 mm heads, and dual-mobility
articulations a lower risk than 36 mm heads (2). Interestingly,
our risk estimates showed a similar, but not statistically sig-
nificant trend. This difference may be related to patient selec-
tion and/or power as the relative number of patients receiving
36 mm heads is substantially higher in Denmark, and 36 mm
heads are used in a more unselected group of patients (2).

Approach

The posterior approach was associated with an increased risk of
revision due to dislocation compared with the lateral and antero-
lateral approaches. This has also been documented in other stud-
ies (2,5,8,16,17). However, this in isolation does not justify aban-
doning this approach due to considerations such as lower overall
complication rate (18), and infrequently occurring complications
such as Trendelenburg gait, which is more common with a lateral
approach (19). One reason we did not find a difference in risk of
revision due to dislocation between the direct anterior and the
posterior approach may have been a learning curve effect (Figure

5). To the contrary, the learning curve effect for the anterolat-
eral approach was likely not present in our study because this
approach was introduced prior to our inclusion period (2005—
2019). In the NAR article by Mjaaland et al. from 2017 (17), the
2 anterior approaches (anterolateral, direct anterior) were com-
bined and compared with the lateral approach (inclusion period
2008-2013). They found no difference in risk of revision due to
dislocation between the anterior approaches as a combined group
compared with the lateral approach. The learning curve effect for
the direct anterior approach may have been masked as a result of
combining the two anterior approaches.

Fixation

There was an increased risk of revision due to dislocation for
uncemented THA, which is consistent with the literature (20).
Some claim that precise positioning of uncemented compo-
nents is more challenging than cemented components, and
that this increases the risk of dislocation (20).

Age, sex, diagnosis, ASA class, and duration of surgery

The factors high age, male sex, diagnosis other than OA, ASA
classification = 3, and long operation time were associated
with an increased risk of revision due to dislocation, and this
has also been shown by other authors (2,7-9,16,21,22).

Prior operations

A prior operation on the hip implicated a higher revision risk
due to dislocation. However, this patient group with a prior
operation is heterogeneous and estimates may be uncertain.

Time-periods

THAs performed in Time-period 1 (2005-2009) and Time-
period 3 (2015-2019) had an increased risk of revision due
to dislocation compared with THAs in Time-period 2 (2010—
2014). There was no difference between Time-period 1 and
Time-period 3 (Table 2). We did no adjustments for time-
period as an exposure in the flexible parametric survival model
(Table 2) because there were no observed factors that exerted
an influence on this exposure. The higher risk of revision due
to dislocation in Time-period 3 coincides with an increased
use of the posterior approach and more use of uncemented
implants in recent years. A Swedish register study including
156,979 THAs from 1999 to 2014 found that in the earliest
time-period (1999-2006) there was an increased risk of revi-
sion due to dislocation for the posterior approach compared
with the lateral approach. However, no difference was found
in the latest time-period (2007-2014) (23).

Adjusting for head size in the flexible parametric model
removed the difference observed between Time-periods 1 and
2. This has a logical connotation since there were substantially
more 28 mm head sizes used in Time-period 1 compared with the
other two time-periods (Figures 4 and 7). Adjusting for approach
in the 3 time-periods did not fully compensate for the differences
due to different effects of approach in the 3 time-periods.
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The direct anterior and anterolateral approaches had the
lowest survival rates in Time-period 1. On the other hand, the
anterolateral approach had the highest survival rate in Time-
period 3 (direct anterior approach 3rd highest). This discrep-
ancy between time-periods is likely due to a learning curve
effect (24). In a NAR study from 2017, comparing approaches
and implant survival, the direct anterior and anterolateral
approaches were not included prior to 2008 due to a proposed
initial learning curve effect and few patients. Also, there were
no differences in survival between these 2 anterior approaches
and the lateral or posterior approaches (17). In our study, there
was no observed difference between the lateral and posterior
approaches in Time-period 1, but there was a difference in
Time-period 3 when the posterior approach had a lower sur-
vival rate than the lateral. In addition, the posterior approach
had a lower survival rate in Time-period 3 than in Time-period
1. This can be explained by a learning curve effect as many
surgeons have swapped from lateral to posterior approach
in recent times. The hospitals in Norway using the posterior
approach during Time-period 1 were high-volume centers
that had been using the posterior approach for a long time.
Currently, the posterior approach is the most commonly used
approach in Norway (Figures 5 and 7).

Strengths and limitations

The study setting (NAR) and trends reflect clinical practice
in Norway and this leads to a high external validity for THA
practice in Norway, and presumably internationally. The fol-
lowing aspects add to the external validity of the study: high
number of included patients, high completeness of reporting
in NAR (few eligible patients are missed), multicenter enrol-
ment, and multiple surgeons involved. Data reported to NAR
has been validated and found valid and reliable (25). Com-
pleteness of data is poorer for revision surgery (1.2% missing)
compared with primary operations (0.2% missing). However,
specific causes for revision surgery (including revision due
to dislocation) have currently not been validated (25). While
there is a theoretical dependency between THAS in the same
patient in arthroplasty register studies (i.e., bilateral THAS),
no impact has been shown on the analysis and ignoring this
possible dependency does not necessarily have an impact on
the results (26,27).

Another strength of this study was creating a directed acy-
clic graph (DAG) prior to data analysis to evaluate which
factors to adjust for in the flexible parametric survival model
(Figure 1). DAGs are illustrative graphs depicting causal
inference pathways and are based on existing literature and
clinical experience. It is valuable to complete a thorough a
priori evaluation of possible causal pathways in a dataset to
determine which factors to adjust for in a model, and thereby
limit bias and avoid Table II fallacy —adjusting for all known
factors without causal pathway consideration (28).

Possible confounding factors that we were not able to con-
trol for were factors such as smoking, BMI, and hospital rou-

tines (i.e., patient position routines, surgeon experience). In
addition, social factors (i.e., income, social deprivation, and
ethnicity) and other comorbidities such as previous spinal sur-
gery (hip—spine syndrome) are not reported in NAR. Register
studies may uncover associations between studied variables
and revision causes but cannot claim causality (29).

The decision to undergo revision surgery due to disloca-
tion is multi-faceted and based on shared decision-making
between the patient and surgeon. There is no absolute con-
sensus among orthopedic surgeons regarding when to advo-
cate revision surgery. Some patients suffer from dislocation;
however, they have not been reported in this study because
not all undergo surgery. Revision surgery due to dislocation is
an indirect measure of hip dislocation, and the actual number
of dislocations is likely substantially larger than the number
of revisions (30). In NAR, only patients who have undergone
revision surgery are registered whereas at present closed
reductions of dislocation are not. Thus, our study is not on the
risk of dislocation, but on the risk of revision surgery due to
dislocation and a subgroup of patients revised due to disloca-
tion within the 1st year after primary THA. In general, the rate
of revision due to dislocation is low (< 1%), and the differ-
ence between the 3 observed time-periods is small. Also, some
patients may have more than one reason for revision.

Conclusions

We found an increased risk of revision due to dislocation
within 1 year after primary THA when using 28 mm head size
compared with 32 or 36 mm head sizes, or with dual-mobility
articulation. Also, there was an increased risk both when using
a posterior approach compared with lateral and anterolateral
approaches, and when using uncemented fixation compared
with cemented and reverse hybrid fixations. The shift from
lateral to posterior approach and more use of uncemented
THA may be a plausible explanation for the slightly increased
risk of revision due to dislocation observed in the most recent
time-period on a national level.
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Supplementary data

Test of proportional hazard assumption Hazard ratio - time periods

All 10 factors evaluated were tested regarding the proportional 2.0
hazard assumption. The 3 factors time-periods, fixation, and

sex did not meet the proportional hazard assumption (p-values

< 0.05 as given above). Graphic representation of the fluc- 157 2005-2009
tuation of the hazard ratio for each of the 3 factors during the

1-year follow-up period is shown to the right. As an example, 1.0
the hazard ratio for males was much higher in reference to
females during the beginning (initial 2 months) of the 1-year
follow-up period.

p = 0.007 Ref: 2015-2019

2009-2014

0.5

Proportional hazard assumption 0.0 : : : :
02 04 06 08 1.0
Years since operation

All factors met the proportional hazard assumption except 0
for time-period (p = 0.007), fixation (p = 0.03), and sex (p =
0.006). During the 1st year after primary THA, the risk for
revision due to dislocation for the 1st time-period (2005— Hazard ratio - fixation
2009) compared with the last (2015-2019) was the same (HR
0.9, 95% CI 0.8-1.1) (Table 2). However, for the initial 2 1.5 -
months the risk was lower (HR < 1) for the Ist time-period
compared with the last. For the cemented, hybrid, and reverse Hybrid
hybrid fixations there was a lower risk of revision in the initial 1.0
3 months before leveling out compared with uncemented fixa- /
tion. Males showed an initial spike in risk of revision due to
dislocation during the initial 2 months, and there was a higher 0.5+
risk for males (HR < 1) compared with females in the first 6
months after primary THA. After the first 6 months the risk of
revision due to dislocation for males compared with females 0.0 ‘ ‘ ‘ ‘
was similar (HR~1). The time-varying hazard ratios for time- 0 02 04 06 08 10
period, fixation, and sex are illustrated to the right. Years since operation
For the 3 factors that did not meet the proportional hazard
assumption (time-period, fixation, sex) the hazard ratios were
not constant throughout the entire follow-up period (1 year

Ref: Uncemented

Cemented

Reverse hybrid

Hazard ratio — sex
2.5

follow-up). The greatest variation in hazard ratios for these p = 0.006 Ref: Females
factors was seen in the initial 3 months of follow-up as shown
to the right. 2.0
1.5
Males
1.0
0.5
I I I I
0 02 04 06 08 10

Years since operation



