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Abstract

Background The treatment of acetabular fractures ranges from non-operative with no restrictions in mobilisation
to some of the more complex operative treatments in orthopaedics. Treatment strategies are developing, and out-
comes need to be studied continuously. The study’s primary aim was to assess the rate of secondary treatment

in patients with acetabular fractures treated non-operatively or operatively. A secondary aim was to study mortality.

Methods Data were retrieved from the Swedish Fracture Register and cross-referenced with the Swedish Arthro-
plasty Register for all patients aged > 18 years with an acetabular fracture between 2014 and 2023. Patients were
divided into three primary treatment groups: non-operative treatment, open reduction and internal fixation (ORIF),
and total hip arthroplasty (THA) with/without combined ORIF (THA/combined hip procedure, CHP). The study exam-
ined mortality rates within each treatment group.

Results Of the 3318 patients included in the study, 74% were treated non-operatively, 18% with ORIF, and 8%

with THA/CHP. 4% of non-operatively treated patients and 17% of patients treated with ORIF had been converted

to THA at 5 years, 12% of patients with THA as primary treatment had been revised. Patients who underwent THA

as their initial treatment were more likely to undergo secondary treatment early. However, in those initially treated
with ORIF the prevalence of secondary treatment increased after the first year. The non-operatively treated group had
the highest mortality rate (19% at 1 year), followed by the THA group (14% at 1 year).

Conclusions This observational nationwide register study on acetabular fractures shows that surgically treated
patients have a relatively high reoperation rate. Younger patients are predominately treated with ORIF and display
low mortality rates. Older patients with complex fracture patterns may benefit from primary treatment with THA/CHP
being more frequently performed compared to prevailing practice.

Keywords Acetabular fractures, Secondary treatment, Reoperations, Revision surgery, Total hip arthroplasty,
Mortality, Swedish fracture register

*Correspondence:

Madelene Albrektsson

madelene.albrektsson@vgregion.se

Full list of author information is available at the end of the article

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13018-025-05796-y&domain=pdf
http://orcid.org/0009-0001-6321-8387
http://orcid.org/0000-0001-7394-6057
http://orcid.org/0009-0001-8104-4325
http://orcid.org/0000-0001-9882-6414
http://orcid.org/0000-0001-6668-8715

Albrektsson et al. Journal of Orthopaedic Surgery and Research

Background

Acetabular fractures have a profound impact on indi-
viduals of all age groups, leading to life-altering conse-
quences and persisting impairments in both function
and mobility. Patients sustaining acetabular fractures are
often divided into two main groups: The younger popula-
tion who suffers high-energy trauma and the older popu-
lation who sustains an acetabular fracture resulting from
a simple fall [1]. Treatment options differ between these
patient groups. Younger patients with displaced fractures
are more often treated with open reduction and internal
fixation (ORIF). Older and frailer patients may encounter
technical difficulties with ORIF due to comminution and
poor bone quality, resulting in discouraging outcomes for
this specific patient demographic [2-5]. For many older
patients with acetabular fractures, non-operative treat-
ment is a viable and commonly pursued option. Still, an
active patient’s more complex and displaced fractures
also need stabilisation at a higher age [6]. Primary total
hip arthroplasty (THA) alone or in combination with
ORIF (known as combined hip procedure, CHP) has
become a more frequent treatment option for this patient
group [7-9].

This observational register study used Swedish national
quality registers to assess the rate of secondary treatment
after either non-operative primary treatment or opera-
tive primary treatment with ORIF or THA/CHP for ace-
tabular fracture patients. Due to the rising incidence of
acetabular fractures in the elderly with a population that
is becoming increasingly similar to hip fracture patients
with a well-known increased risk of death, mortality
within each treatment group was investigated as a sec-
ondary aim [1, 10].

Methods

Selection criteria

Data on all patients >18 years old at the time of injury
with an acetabular fracture registered from January 1,
2014 to October 18, 2023 were retrieved from the Swed-
ish Fracture Register (SFR). This cohort was cross-refer-
enced with the Swedish Arthroplasty Register (SAR), and
information on both primary and secondary treatment
was retrieved to add information to the SFR data. Patients
were divided into three primary treatment groups: non-
operative, ORIF and primary THA/CHP. The primary
data set from the SFR contained 3861 fractures in 3814
patients. Patients with other primary treatment methods
or missing treatment information were excluded (Fig. 1).
Moreover, individuals who had periprosthetic, pathologi-
cal, stress, or paediatric fractures, as well as those who
received arthroplasty for a femoral neck fracture, were
excluded from the study. After these exclusions, 3350
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3861 fractures in 3814 patients

1 paediatric fracture

137 periprosthetic fractures
40 pathological fractures
43 spontaneous/stress
fractures

v

236 fractures with missing
treatment information in the
SFR

15 with primary treatment
A found in the SAR

v

35 ”Other surgical treatment”
(2 excision of bone fragment, 8 excision
» arthroplasty, 1 external fixation, 1
extraction of implant, 2 open reduction,
10 closed reduction, 11 traction
treatment)

33 Femoral neck fractures

(16 hemiarthroplasty due to femoral
===P' neck fx, 11 concomitant femoral neck fx
treated with THA, 6 late THA due to
later femoral neck fx)

_| 1 late Girdlestone after ORIF
due to infection

v
3350 fractures in 3318 patients ‘

—P{ 12 later additional fractures ‘
_ﬂ 20 bilateral fractures ‘

v
3318 fractures in 3318 patients ‘

Fig. 1 Flowchart of patients included in the study. SFR — Swedish
Fracture Register, SAR — Swedish Arthroplasty Register, ORIF — Open
Reduction Internal Fixation, fx — fracture

fractures in 3318 patients were eligible for the study. To
avoid dependency issues for Kaplan Meier and mortality
analysis, only one fracture per patient was included in the
final study cohort [11]. Only one fracture was included
in the analysis among the 20 patients with simultaneous
bilateral fractures. Only the first fracture was included
for 12 patients with a subsequent acetabular fracture
(nine contralateral, four ipsilateral) during the inclusion
period. The final study cohort was 3318 fractures in 3318
patients.

When multiple early treatment registrations were
found in the registers, a primary THA within 6 weeks of
the injury date was considered primary treatment, which
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allowed a staged CHP to be included in case of for exam-
ple perioperative bleeding during ORIF, or patient to be
resuscitated before THA after ORIF. In the absence of a
primary THA registration in the same period an ORIF
registration within 6 weeks of injury was determined as
the primary treatment, and later THA defined as a reop-
eration due to symptomatic complaints.

Study variables

Variables extracted from the SFR encompassed age,
sex, injury mechanism and date, fracture type, primary
treatment, and date of death. Each individual was cross-
reference with the SAR using their unique personal iden-
tification number (PIN) to identify secondary treatment,
i.e. conversion to THA after primary ORIF or non-oper-
ative treatment, or revision surgery after primary THA
treatment.

Study outcomes

Secondary treatment, as defined above, was the primary
outcome. A secondary outcome was mortality, with com-
parison between treatment groups. The end of follow-up
was set at the time of data extraction from the register
(November 27, 2023).

Statistical methods

Descriptive statistics were used for baseline variables and
presented as medians (range) and proportions. Survival
analyses depicting 1) secondary treatment, and 2) mor-
tality were performed using Kaplan—Meier estimates
with 95% confidence intervals (CIs). Censoring was the
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end of follow-up or death, whichever occurred first.
Unadjusted cumulative 1) secondary treatment, and 2)
mortality rates with 95% ClIs were estimated using the
Kaplan—-Meier method. The association between 1) sec-
ondary treatment and 2) mortality and primary treat-
ment (non-operative, ORIF, or THA/CHP), adjusted
for age and sex, were examined using a Cox regression
model. The calculation and plotting of Schonfeld residu-
als were conducted to verify the underlying assumptions
of the Cox regression model.

SPSS Statistics (version 29, IBM Corporation, USA)
and R v4.3.1 (R Foundation for Statistical Computing,
Vienna, Austria) were used for statistical analyses.

Ethical approval

The Swedish Ethical Review Authority (registration num-
bers 2020-03775 and 2023-01499-02) granted ethical
approval.

Results

Of the 3318 fractures in 3318 patients included in the
study, 2468 (74%) were treated non-surgically, 585 (18%)
with ORIF and 265 (8%) received primary THA/CHP.
Sex, age, and fracture classifications for the three primary
treatment groups are shown in Table 1. Men accounted
for 64% of the total fractures. The ORIF group was pre-
dominantly male, with men accounting for 79% of the
patients. The median age was 59 years. The THA/CHP
group had a median age of 78 years, and the non-opera-
tively treated group had a median age of 79 years.

Table 1 Demographics of 3318 patients with acetabular fractures (sex, age, and fracture classification) by primary treatment

Non-operative ORIF THA/CHP Total
treatment N=585 N=265 N=3318
N=2468

Sex, N (%)
Male 1481 (60) 462 (79) 172 (65) 2115 (64)
Female 987 (40) 123 (21) 93(35) 1203 (36)
Median age, yrs (range) 79 (18-102) 59 (18-95) 78 (45-95) 76 (18-102)
Type of fracture, N (%)
Elementary fracture types
Posterior wall 244 (10) 123 (21) 34(13) 401 (12)
Posterior column 242 (10) 13 (2) 9(3) 264 (8)
Anterior wall 672 (27) 27 (5) 21 (8) 720 (22)
Anterior column 215(9) 80 (14) 28(11) 323(10)
Pure transverse 208 (8) 31(5) 10 (4) 249 (8)
Associated fracture types
Posterior column and posterior wall 103 (4) 34 (6) 25(9) 162 (5)
Transverse and posterior wall 94 (4) 41(7) 7 (3) 142 (4)
T-shaped 156 (6) 46 (8) 30(11) 232(7)
Anterior and posterior hemitransverse 73 (3) 80 (14) 37 (14) 190 (6)
Both column 111 (4) 100 (17) 54 (20) 265 (8)
Unclassified 350 (14) 10(2) 10 (4) 370 (11)

ORIF Open reduction internal fixation, THA Total hip arthroplasty, CHP Combined hip procedure
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Secondary treatment

At 1 year, the cumulative secondary treatment rate was
1.7% (CI 1.1-2.3) for the non-operative group, 6.2% (CI
4.1-8.2) for ORIFE, and 7.5% (CI 4.1-10.8) for THA/CHP
(Fig. 2 and Table 2). At 5 years, secondary treatment rates
were 4.4% (CI 3.3-5.6), 17.3% (CI 13.5-20.8), and 11.8%
(CI 6.5-16.8) for the respective groups. The Kaplan-—
Meier survival curve shows that most secondary proce-
dures are performed within the first year for the THA/
CHP group and within the first 2 years for the ORIF
group. In the non-operatively treated group, the occur-
rence of joint failure leading to late THA develops gradu-
ally over the 10-year follow-up period with approximately
5% requiring secondary intervention. However, no statis-
tically significant long-term differences were observed
between the ORIF and THA/CHP groups.

Cox regression analysis revealed a higher hazard ratio
(HR) for secondary treatment in both the ORIF (HR 4.4,
CI 3.1-6.3), and THA/CHP groups (HR 3.3, CI 2.0-5.3)
compared to the non-operative group, adjusted for age
and sex.

The secondary treatment rate among patients primar-
ily treated non-operatively was highest for associated
fracture types and for posterior wall fractures (Table 3).
When primarily treated with ORIF, the associated pos-
terior column and posterior wall fractures had the high-
est secondary treatment rates, followed by T-shaped and
elementary posterior wall fractures. Secondary treatment
rates after THA/CHP were highest for the pure trans-
verse and the transverse and posterior wall fractures.

Primary Treatment
NonOp

== ORIF
THA/CHP

20%1
15% 1

10%1

£

y
/

Secondary Treatment rate

5% 1

0% 1
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Table 2 Unadjusted secondary treatment rates (95% Cl) at 1,
2,and 5 years for patients with acetabular fractures primarily
treated non-operatively, with ORIF, or with THA/CHP

Non-operative ORIF % (95%CI) THA/CHP % (95%Cl)
treatment %
(95%Cl)

Tyear 1.7(1.1-23) 6.2 (4.1-8.2) 7.5(4.1-10.8)

2years 2.6(1.9-34) 12.5(9.5-15.3) 9.2 (53-13.0)

5years 44(33-56) 17.3(135-208) 11.8(6.5-16.8)

ORIF Open reduction internal fixation, THA Total hip arthroplasty, CHP Combined
hip procedure

Mortality

The unadjusted crude 30-day mortality was 5.7% (CI
4.8-6.6) in patients treated non-operatively, 1.5% (CI
0.2-2.5) in ORIF-treated patients and 2.6% (CI 0.7-4.6)
in patients primarily treated with THA/CHP (Fig. 3 and
Table 4). After 1 year, mortality rates were 18.8% (CI
17.2-20.4), 4.4% (CI 2.7-6.0), and 14.4% (CI 10.0-18.7)
for the respective treatment groups.

Cox regression analysis showed a lower HR for death
for both the ORIF (HR 0.6, CI 0.5-0.8), and the THA/
CHP (HR 0.7, CI 0.6-0.9) groups when compared to
the non-operative group, adjusted for age and sex.

Mortality in the ORIF group was significantly lower
at all time points, except compared to THA/CHP at 30
days.

1 2

5 10
Years

Fig. 2 Secondary treatment rates up to 10 years after fracture for patients with acetabular fracture treated non-operatively, with ORIF, or with THA/
CHP. Kaplan—Meier survival curve with 95% confidence intervals. NonOp — Non-operative treatment. ORIF — Open reduction and internal fixation.

THA/CHP —Total hip arthroplasty/Combined hip procedure
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Table 3 Secondary treatment rates, expressed in percentage (%), per fracture type for patients with acetabular fractures primarily

treated non-operatively, with ORIF, or with THA/CHP

Non-operative treatment % ORIF % THA/CHP %
Elementary fracture types
Posterior wall 49 17.1 838
Posterior column 1.2 154 11.1
Anterior wall 1.6 1.1 0.0
Anterior column 1.9 12.5 10.7
Pure transverse 3.8 9.7 30.0
Associated fracture types
Posterior column and posterior wall 6.8 17.6 8.0
Transverse and posterior wall 32 14.6 286
T-shaped 5.1 174 10.0
Anterior and posterior hemitransverse 55 12.5 8.1
Both column 4.5 10.0 1.9
Unclassified 0.9 0.0 20.0

ORIF Open reduction internal fixation, THA Total hip arthroplasty, CHP Combined hip procedure

Discussion

The majority of patients with acetabular fractures in this
national observational register study were treated non-
operatively. The comparison included three main treat-
ment methods. The ORIF group is younger, and nearly
four out of five patients are men.

Secondary treatment

Secondary treatment was the least common for patients
with initial non-operative treatment. This finding can
have several explanations but suggests that the indica-
tions for non-operative treatment are reasonable in this
population. The treatment method is based on multi-
ple factors including fracture type and displacement,
the patient’s functional demand, and comorbidities. The
small number of non-operatively treated patients who
underwent secondary treatment with later THA can be
attributed to either a simple, undisplaced fracture that
heals without complications, or a frail patient unsuitable
for any surgery either early or at a later stage. In a review
by Cacciola et al. the overall conversion rate to THA
after non-operative treatment of acetabular fractures in
patients > 60 years was 8.3%, slightly higher than the rate
observed in the current study [6].

Patients who underwent ORIF as their initial treat-
ment had the highest rate of secondary treatment with
conversion to arthroplasty in long-term follow up (12.5%
at 2 years and 17.3% at 5 years). These patients have
undergone an intervention to preserve the integrity
of the native hip. Hence, they are at risk of developing
post-traumatic arthritis or necrosis of the femoral head,
resulting in the need for late THA surgery. Previous

studies have reported the rate of late THA after primary
ORIF to be 13-21% [12-16]. Other complications such as
heterotopic ossification and postoperative infections add
to patients’ residual dysfunction and prolonged hospital
stay. Although follow-up times differ between studies, the
current national observational study suggests comparable
or slightly lower rates of late THA in the ORIF group. The
reason for a lower national rate could be attributed to the
centralisation of most ORIF cases in Sweden to university
hospitals.

Given that the selection of ORIF-treated patients is
based on surgical indications, it is crucial to determine
which patients are at the highest likelihood of requiring
a THA within the initial years following surgery. Tan-
nast et al. identified patient age over 40 years, marginal
impaction, posterior wall involvement, femoral head
lesions, and an initial articular displacement of 20 mm
or more to have a negative impact of the survival of the
native hip [17]. Prior to surgery, it is essential to pro-
vide comprehensive preoperative counselling to patients
with fracture configurations that pose a high risk of early
conversion. This counselling should address the poten-
tial risks and benefits associated with various treatment
options, taking into account the patient’s age. Unless the
patient is quite young, it may be more advisable to pri-
oritise treatment with a THA/CHP to minimise unnec-
essary surgeries and patient distress. Consistent with
previous studies, complex fracture patterns and fractures
involving the posterior wall have been associated with a
poor prognosis, leading to a higher rate of late THA in
both non-operatively and ORIF-treated patients [14, 18,
19]. Extra care should be taken when assessing and deter-
mining treatment strategies for these patients.
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Fig. 3 a Unadjusted cumulative mortality up to 1 year for patients with an acetabular fractures depending on primary treatment (non-operative,
ORIF, or THA/CHP). Kaplan—-Meier survival curves with 95% confidence intervals. b Unadjusted cumulative mortality up to 10 years for patients

with an acetabular fracture depending on primary treatment (non-operative, ORIF, or THA/CHP). Kaplan-Meier survival curves with 95% confidence
intervals. NonOp — Non-operative treatment. ORIF — Open reduction and internal fixation. THA/CHP - Total hip arthroplasty/Combined hip

procedure

The study revealed that when THA/CHP was the pri-
mary treatment, 7.5% of patients with acetabular frac-
tures necessitated secondary treatment within the first
year after the injury. This percentage is similar or lower
compared to other studies on acute THA but higher than
elective THA due to coxarthrosis, where the revision rate
within 2 years is approximately 2% in Sweden [12, 13, 20].
Previous studies have shown that primary THA/CHP
has a higher risk of hip dislocation and postoperative

infection compared to elective THA due to suboptimal
circumstances in the acute setting, such as preoperative
preparations and soft tissue injuries [21]. Nevertheless,
the long-term findings of the present study indicate a
tendency towards reduced rates of secondary treatment
for THA/CHP compared to the ORIF treatment group.
Secondary treatment with arthroplasty procedures
comes earlier in the THA/CHP group, probably because
infection and dislocation are indications compared to the
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Table 4 Unadjusted mortality rates (95% Cl) at 30 days, 3
months, and 1 year for patients with acetabular fractures
primarily treated non-operatively, with ORIF, or with THA/CHP

Non-operative ORIF % (95%CI) THA/CHP % (95%Cl)

treatment %
(95%Cl)
30days 5.7 (4.8-6.6) 1.5(0.5-2.5) 26(0.7-4.6)
3 months 10.7 (9.5-11.9) 2.7 (14-4.0) 8.7 (5.2-12.0)
1 year 18.8 (17.2-204) 4.4 (2.7-6.0) 14.4(10.0-18.7)

ORIF Open reduction internal fixation, THA Total hip arthroplasty, CHP Combined
hip procedure

ORIF group, where indications are postoperative joint
failure. Acute THA in acetabular fracture patients has
also been shown to have lower revision rates compared
to late THA following failed ORIF [22]. THA/CHP as
primary treatment for acetabular fracture patients has
increased in popularity due to encouraging results, espe-
cially for the osteoporotic patients with certain fracture
patterns such as impaction of the joint surface, commi-
nution of the posterior wall and preexisting hip osteoar-
thritis [23-25]. Our study further supports this concept,
suggesting that through careful selection, improved sur-
gical techniques, and expertise, patients with acetabular
fractures who undergo acute THA/CHP may be able to
avoid subsequent surgeries.

Mortality

Mortality in the three treatment groups differed sig-
nificantly. This mortality difference is likely attributable
to selection bias rather than the treatment itself. The
non-operatively treated group had the highest mortality
rate, comparable to hip fracture patients. However, this
group had the highest median age and can be assumed
to have more comorbidities [10]. The THA/CHP group
had a marginally lower mortality rate despite compara-
ble age and sex distributions to the non-operative group.
They were, however, selected to undergo major surgery
and were likely less comorbid and much healthier. The
ORIF group, which comprised the youngest and presum-
ably the healthiest individuals, had the lowest mortality
rate. The operative groups had a lower HR than the non-
operative group even after adjusting for age and sex, sug-
gesting that other factors might contribute, i.e. residual
confounding. The healthier patients were more prone to
receive operative treatment, and we could not adjust for
comorbidities in this data set.

Strengths and limitations

This study has certain limitations. The coverage and
completeness have increased since the SFR’s introduc-
tion in 2011 because of Sweden’s stepwise affiliation of
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orthopaedic departments. In 2020 SFR reached 100%
coverage of orthopaedic departments [26]. Complete-
ness was 42% for pelvic and acetabular fractures in 2022
compared to data from the National Patient Register,
which is recognised for its inflated rates [27]. This low
completeness is probably mostly due to non-operatively
treated rami fractures not being registered. SFR data on
secondary treatment are known to have limited com-
pleteness [28, 29]. To overcome this all patients were
cross-referenced with the SAR, which have complete-
ness rates for primary THA of 98% in 2021 and 94% for
hip revisions [30]. Outcomes were defined as second-
ary treatment with arthroplasty procedures. Although
other secondary operative therapies could have been
performed in a small group of patients, we feel confi-
dent that our outcomes best capture joint failure or fail-
ure of primary THA.

Despite missing patients in the registers, our cohort
is comparatively large, with excellent control of the pri-
mary outcome, allowing relevant analysis and conclu-
sions to be drawn. Additionally, although the fracture
classifications in SFR have been validated, the correct-
ness differs between fracture types, which needs to be
considered when interpreting results that entail com-
paring fracture types [31].

In conclusion, one in five patients treated with ORIF
for acetabular fracture have undergone an arthroplasty
procedure at 5 years compared to only 4% having been
converted after non-operative primary treatment. Cur-
rent patient selection for treatment of acetabular frac-
tures in Sweden is reasonable, wherein younger patients
undergo ORIF, while older adults are either managed
non-operatively or receive THA/CHP treatment. None-
theless, there is potential for refining patient selection
in the subset currently undergoing ORIF treatment.
To minimise the need for additional surgeries, primary
THA/CHP is recommended as a more extensive treat-
ment option for older healthy adults with complex
acetabular fractures assessed to need operative treat-
ment. This suggestion is supported by the fact that the
larger primary procedure does not result in increased
adjusted HRs compared to ORIF.
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