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Background and purpose — There is no consensus
on the treatment of patients with femoral neck fractures
between internal fixation (IF) or directly treated with a total
hip arthroplasty (fracture-THA) in particular for the age
group 6070 years. Failure of IF is not uncommon, result-
ing in salvage total hip arthroplasty (salvage-THA). The aim
of our study was to compare revision rates of salvage-THA
with fracture-THA and osteoarthritis (OA)-THA.

Patients and methods — Revision rates and reasons
for revision were compared. Data collected in the Dutch
Arthroplasty Register (LROI) between 2007 and 2018 was
used. The study included 4,310 salvage-THAs, 12,159 frac-
ture-THAS, and 274,147 OA-THAs. We performed Kaplan—
Meier survival analyses and Cox regression to evaluate THA
survival.

Results — No statistically significant difference in revi-
sion rates between salvage-THAs and fracture-THAs was
found (HR 1.0, 95% CI 0.7-1.3) whereas the revision rate
was higher compared with OA-THAs (HR 1.3, CI 1.0-1.5).
The 5-year revision rate was 5.0% (CI 4.4-5.8) in salvage-
THAs, 4.5% (CI 4.1-5.0) in fracture-THAs, and 3.1% (CI
3.0-3.2) in OA-THAs. A higher revision rate for infection
was found in salvage-THAs in comparison with fracture-
THAs (HR 1.6, CI 1.0-2.3).

Conclusion — We found no difference in revision rates
for salvage-THAs compared with fracture-THAs. The risk of
revision for infection was higher for salvage-THA.

In general, elderly patients with a displaced femoral neck frac-
ture are treated with (hemi)arthroplasty, whereas internal fixa-
tion of the fracture is mainly reserved for non-elderly patients
in an attempt to preserve the hip joint. However, there is a lack
of consensus in the literature concerning the best treatment in
the age group 60-70 years [1]. Failure of internal fixation is
not uncommon, even in the non-elderly (10-59%) [1-5]. Con-
sequently, THA is still required after these failures, but now
as a salvage procedure (salvage-THA). Internal fixation may
negatively influence the outcome of these salvage-THAs, for
example by higher complication rates such as infection [6].
However, literature is inconclusive regarding the results of
salvage-THA.

A systematic review found a statistically significant higher
risk of complications after salvage-THA compared with frac-
ture-THA [7]. A retrospective study reported on the survival of
a salvage-THA in comparison with a fracture-THA and found
a higher risk of revision after salvage-THA [8]. On the other
hand, a study from the Swedish Hip Arthroplasty Register
found a similar revision rate for both groups [9].

If there is a higher risk of revision of salvage-THA in com-
parison with fracture-THA, it needs to be weighed against any
benefits of preserving the hip joint by internal fixation of the
fracture. Consequently, this information can be used in shared
decision-making to choose between fracture-THA or internal
fixation. A study based on national registers offers possibili-
ties other than single or multicenter studies to monitor revi-
sion rates in salvage-THA versus fracture-THA.

The aim of our study was to determine the revision rates of
salvage-THAs after failed internal fixation in comparison with
fracture-THAs and OA-THAs. Furthermore, we compared the
3 most common reasons for revision in these groups.
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Patients and methods

The LROI is a nationwide population-based register, cover-
ing all hospitals in the Netherlands, collecting data on arthro-
plasties. The database has a completeness of 98% for primary
THA, 88% for hip revision arthroplasty to 2018 [10], and 98%
for both primary and revision THA from 2018 [11]. In 2007,
the LROI started to collect data prospectively on patient, pro-
cedure, and prosthesis characteristics. Earlier ipsilateral hip
interventions such as internal fixation, arthroscopy, arthrod-
esis, osteotomy, and Girdlestone resection were registered as
well. In mid-2013, body mass index, smoking behavior, and
Charnley score were added to the database [10].

We included all registered patients who were treated with
THA in the Netherlands between January 2007 and December
2018. Patients with any previous operation on the affected hip
other than internal fixation of a femoral neck fracture were
excluded. Based on indication and the history of the affected
hip, 3 groups were distinguished: (1) THA as a salvage pro-
cedure for a failed previous internal fixation (salvage-THA),
(2) THA as a direct treatment for a femoral neck fracture
(fracture-THA), and (3) THA for primary osteoarthritis (OA-
THA).

Revision arthroplasty was defined as any change, addition,
or removal of at least 1 component of the prosthesis [10]. In
the LROI more than 1 cause of revision could be registered.
Therefore, a hierarchical order of reasons for revision was
used, i.e., infection, aseptic loosening, periprosthetic fracture,
dislocation, and other [12]. The study is reported according to
the STROBE guidelines [13].

Statistics

Kaplan—Meier survival analyses were performed to evalu-
ate revision rates of the implants in all 3 groups. Results
of Kaplan—Meier analyses (KM) were reported with 95%
confidence intervals (CI). The median follow-up time and
interquartile range (IQR) was calculated using the reversed
Kaplan—Meier method [14]. The proportional hazard (PH)
assumption was assessed through visual assessment of KM
curves, log(—log) plots and testing of scaled Schoenfeld resid-
uals. As the PH assumption was violated, we used weighted
Cox regression as described in detail by Dunkler (2018) and
Schemper (2009) [15,16] to compare revision rates in the 3
groups adjusted for age, sex, American Society of Anesthesi-
ologists (ASA) score, approach (anterior, direct lateral, pos-
terolateral, other), type of fixation (cemented, uncemented,
hybrid), and implanted femoral head size. As missing values
in potential confounders ranged between 0.2% and 6.6% and
were assumed to be missing completely at random, listwise
deletion (i.e., complete case analysis) was preferred to mul-
tiple imputation as biases and loss of power are both likely to
be inconsequential [17]. Statistical analyses were performed
using R (version 4.1.2, R Foundation for Statistical Comput-

THAs registered in
the Dutch Arthroplasty Register
January 2007 to December 2018
n = 295,562

Excluded (n = 4,946):

- previous operation other than internal fixation, 2,067

- primary THA with other indication than OA and
acute fracture, 2,879

1 1
Salvage-THA Fracture-THA OA-THA
n=4,310 n=12,159 n=274,147

Figure 1. Flowchart patient selection.

ing, Vienna, Austria) with package “coxphw” (version 4.0.2;
Dunkler 2018).
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Results

Between January 2007 and December 2018, 4,310 salvage-
THAs (4,174 patients), 12,159 fracture-THAs (11,750
patients), and 274,147 OA-THAs (273,692 patients) were
registered (Figure 1). Mean age at time of primary operation
was 67.7 (standard deviation [SD] 12.3) years, 70.2 (SD 9.4)
years, and 69.7 (SD 9.5) years in these 3 groups, respectively.
Median time of follow-up (IQR) was 4.8 (2.3-7.8) years for
all patients, and 4.0 (1.9-6.4) years after salvage-THA, 3.5
(1.5-6.2) years after fracture-THA, and 4.9 (2.3-7.9) years
after OA-THA. Patient and implant characteristics are listed
in Table 1.

Revision rates

The 5-year revision rates of the salvage-THAs were 5.0% (CI
4.4-5.8) and 6.8% (CI 5.7-8.2) after 10 years. The revision
rates of the fracture-THAs were 4.5% (CI 4.1-5.0) at 5-year
follow-up and 5.8% (CI 5.2-6.5) after 10 years. The OA-
THAs showed a revision rate of 3.1% (CI 3.0-3.2) after 5-year
follow-up and 4.7% (CI 4.6—4.8) after 10 years (Figure 2).

After adjustment for potential confounders, no statistical dif-
ference in revision rates between salvage-THAs and fracture-
THAs was found (HR 1.0, CI 0.7-1.3). Both salvage-THAs
and fracture-THAs showed a higher revision rate than OA-
THAs (HR 1.3, CI 1.0-1.5 and HR 1.3, CI 1.1-1.7, respec-
tively). Unadjusted hazard ratios (CI) for revision among the
3 groups are presented in Table 2.
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Table 1. Patient and implant characteristics (January 2007 to
December 2018). Values are count (%) unless otherwise specified

Salvage-THA  Fracture-THA OA-THA
Factor n=4,.310 n=12,159 n = 274,147
Age, mean (SD) 67.7 (12.3) 70.2 (9.4) 69.8 (9.6)
Missing 0 (0.0) 0 (0.0) 0 (0.0)
Sex
Male 1,617 (38) 3,782 (31) 90,824 (33)
Female 2,691 (62) 8,356 (69) 182,882 (67)
Missing 2 (0.0) 21 (0.2) 441 (0.2)
ASA
1 717 (17) 1,767 (15) 56,085 (21)
2 2,479 (57) 6,787 (56) 17,1135 (62)
34 1,071 (25) 3,196 (26) 39,669 (14)
Missing 43 (1.0) 409 (3.4) 7,258 (2.6)
Charnley 2P
A 1,678 (39) 2,916 (24) 65,399 (24)
B1 149 (3.5) 387 (3.2) 47,146 (17)
B2 143 (3.3) 451 (3.7) 34,763 (13)
C 63 (1.5) 158 (1.3) 3,857 (1.4)
Missing 2,277 (53) 8,247 (68) 122,982 (45)
BMI @, mean (SD) 25.6 (4.3) 25.0 (4.3) 27.5 (4.5)
Missing 1,422 (33) 4,436 (36) 11,3467 (41)
Smoking @
Yes 555 (13) 1,156 (9.5) 16,000 (5.8)
No 2,246 (52) 6,638 (55) 138,275 (50)
Missing 1,509 (35) 4,365 (36) 119,872 (44)
Approach
Anterior 247 (5.7) 1,253 (10) 48,077 (17)
Anterolateral 253 (5.9) 937 (7.7) 17,840 (6.5)
Straight lateral 892 (21) 2,553 (21) 46,357 (17)
Posterolateral 2,899 (67) 7,258 (60) 158,287 (58)
Other 12 (0.3) 46 (0.4) 1,364 (0.5)
Missing 7 (0.2) 112 (0.9) 2,222 (0.8)
Fixation
Cemented 1,626 (38) 4,280 (35) 72,441 (26)
Uncemented 1,951 (45) 6,277 (52) 176,180 (64)
Hybrid 703 (16) 1,426 (12) 23,297 (8.5)
Missing 30 (0.7) 176 (1.4) 2,229 (0.8)
Femoral head size, mm
> 38 40 (0.9) 592 (4.9) 3,674 (1.3)
36 632 (4.7) 2,283 (19) 51,284 (19)
32 1,953 (45) 4,946 (41) 133,025 (48)
22-28 1,401 (32) 3,539 (29) 70,811 (26)
Missing 284 (6.6) 799 (6.6) 15,353 (5.6)

aBMI, smoking behavior, and Charnley score were registered since
mid-2013.

b Charnley score is a 4-item clinical classification system: A: one
joint affected; B1: both joints affected; B2: contralateral joint with
a prosthesis; C: several joints affected or a chronic disease that
affects quality of life.

Reason for revision

The 3 most common reasons for revision were infection, dis-
location, and aseptic loosening. Infection was the reason for
revision in salvage-THAsS, in the fracture-THAs, and in OA-
THAs in 1.2%, 0.6%, and 0.6%, dislocation in 1.2%, 1.4%,
and 0.7%, and aseptic loosening in 1.0%, 1.0%, and 0.8%,
respectively (Figure 3 and Table 3).

After adjustment for potential confounders, a higher revi-
sion rate for infection was found in salvage-THAs than in
fracture-THAs (HR 1.6, CI 1.0-2.3) and OA-THAs (HR 1.6,
CI 1.2-2.2). The revision rate for dislocation was not differ-

Proportion revised (%) for any indication
15

Salvage-THA
Fracture-THA
OA-THA

10

0 T T T T T T
0 2 4 6 8 10 12 14

Years from index operation

Figure 2. Crude analysis of Kaplan—Meier curves for revision with 95%
confidence intervals in the 3 groups.

Table 2. Unadjusted hazard ratios (95% ClI) for revision and reason
for revision among the 3 groups (before weighted Cox regression)

Salvage-THA  Salvage-THA  Fracture-THA
versus versus versus
Factor fracture-THA OA-THA OA-THA
Total revision 12 (0.94-15) 1.4(1.2-1.7) 1.2(1.1-1.4)
Infection 19 (1.3-2.8) 2.1 (1.6-2.9) 1.1(0.87-1.4)
Aseptic loosening 1.1 (0.62-1.8) 1.1 (0.78-1.6) 1.1 (0.70-1.6)
Dislocation 0.78 (0.54-1.2) 1.6 (1.2-2.1) 2.0 (1.5-2.6)
Table 3. Reason for revision. Values are count (%)
Salvage-THA  Fracture-THA OA-THA
Factor n=4,310 n=12,159 n=274,147
Infection 52 (1.2) 76 (0.6) 1,584 (0.6)
Aseptic loosening 43 (1.0) 108 (1.0) 2,403 (0.8)
Periprosthetic fracture 17 (0.4) 67 (0.6) 826 (0.3)
Dislocation 50 (1.2) 165 (1.4) 1,958 (0.7)
Other 31 (0.7) 52 (0.4) 1,518 (0.6)

ent in salvage-THAs compared with fracture-THAs (HR 0.7,
CI 0.4-1.1), whereas a higher revision rate for dislocation
was found in both salvage-THAs (HR 1.5, CI 1.1-2.0) and
fracture-THAs (HR 2.1, CI 1.5-3.0) than in OA-THAs. No
differences were found in revision rates for aseptic loosening
in salvage-THAs compared with fracture-THAs (HR 0.6, CI
0.3-1.3) and OA-THAs (HR 0.8, C1 0.5-2.1).

Discussion

This study found no certain difference in revision rate in sal-
vage-THAs in comparison with fracture-THAs. The 5-year
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Proportion revised (%) for infection
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Figure 3. Crude analysis of Kaplan—Meier curves for reason for revision with 95% confidence intervals in the 3 groups.

revision rate was 5.0% in salvage-THAs and 4.5% in fracture-
THAs. Both groups had higher revision rates than OA-THAs.
Notably, a higher revision rate for infection was found in sal-
vage-THAs than in fracture-THAs.

Only a few studies report implant survival of salvage-THA
in comparison with fracture-THA, and their results are incon-
clusive. Our findings are in accordance with a study from the
Swedish Hip Arthroplasty Register where a subgroup analy-
sis on the revision rate of salvage-THA and fracture-THA
found a similar revision rate for these groups [9]. On the other
hand, a retrospective cohort study comparing a group of 107
salvage-THAs with an age- and sex-matched group of 107
fracture-THAS found a significantly higher revision rate in the
salvage-THA after 1, 5, and 10 years of follow-up [8]. The
authors found complications in 36% of salvage-THAs and
13% complications after fracture-THAs. Functional outcome
was significantly worse in the salvage-THA group. Further-
more, a systematic review consisting of 11 studies found a
significantly higher risk of complications after salvage-THA
in comparison with fracture-THA [7]. Lastly, a small study
report found better hip function after fracture-THA compared
with salvage-THA [18].

Several studies reported on the results of salvage-THA with-
out the use of a direct comparison with fracture-THA. A large
Norwegian register study found a higher revision rate in both
salvage-THA and fracture-THA compared with OA-THA
[19]. Salvage-THA had a higher revision rate due to disloca-
tion and periprosthetic fracture. The revision rate for infection
was similar after salvage-THA and OA-THA.

Prosthetic joint infection (PJI) was identified as the domi-
nant reason for revision in the salvage-THA group in our
study. A higher risk of PJI in THA after hardware removal
has also been recognized in a retrospective case-series [6]. A
higher risk of infection-related revision after salvage-THA
(7%) in comparison with fracture-THA (2%) was also found
by McKinley et al. [8]. It is well established that the risk for
infection is increased by reoperations [20,21]. The latter prob-

ably explained the higher risk of infection-related revision
after salvage-THA encountered in our study.

Ahigher risk of PJI after earlier internal fixation is important,
as it may affect the clinical outcome of a THA [22]. As such,
the doubled infection rate after a salvage-THA versus fracture-
THAS (1.2% versus 0.6%), which was encountered in our reg-
istry-based studys, is relevant. The knowledge that internal fixa-
tion may negatively influence the outcome of a potential future
THA, as well as the finding of a similar total revision rate after
both fracture-THA and salvage-THA, is important for clinical
decision-making in treatment of femoral neck fracture. These
findings are particularly relevant to the group aged 60-70 years,
where no optimum treatment yet has been established [1,2].

Limitations and strengths

A strength of this registry study is the high number of fracture-
related THAs in comparison with the available literature. Some
potential limitations must be discussed. First, the data on sal-
vage-THAs is not detailed in terms of fracture type. Predomi-
nantly, a femoral neck fracture will have been the indication for
a total hip arthroplasty, but inclusion of some trochanteric frac-
tures cannot be ruled out. Second, information on BMI, smok-
ing, and Charnley classification has only been registered in the
LROI since 2013, preventing us from modelling these covari-
ates in the period 2007 to 2013. However, a sensitivity analysis
performed using complete data registered between 2014 and
2019 showed our results to be robust. Third, a Cox regres-
sion model was performed, adjusted for available covariates.
Despite adjustment for covariates, confounding bias could play
a role because differences in unmeasured covariates may still
exist. Fourth, underestimation of septic loosening is a known
problem as registration of infection is often not sufficient [23].

Conclusions

We found no difference in revision rates for salvage-THAs
that are different from those in fracture-THAs. The risk of
revision for infection was higher for salvage-THAs.
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