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II  ACETABULAR FRACTURES

ABSTRACT
Acetabular fractures were traditionally managed non-surgically, largely 
due to the absence of effective surgical methods. Since the 1960’s, the 
field of acetabular fracture surgery has undergone rapid advancements. 
The Judet/Letournel classification system and analysis of these fractures 
have been widely disseminated and embraced by acetabular surgeons 
worldwide. Advancements in surgical techniques, radiographic 
imaging, and implant technology have broadened the spectrum of 
treatment options. An ageing, more active population has increased the 
demand for treating complex fractures in osteoporotic bone, placing 
a greater burden on the treating surgeon. Recent advancements and 
evolving treatment methodologies warrant continued investigation of 
this patient cohort. This thesis aims to contribute to understanding 
the classification, epidemiology, and treatment outcomes of acetabular 
fractures using data from the Swedish Fracture Register (SFR). The SFR 
contains a large cohort of acetabular fracture patients that have yet to be 
studied and presented. 

Study I in this thesis is a validation study to assess the accuracy of 
the fracture classification in the SFR and concurrently evaluate its 
practical utility. The findings of this study demonstrate a moderate 
level of concordance with the established gold standard, a level deemed 
acceptable for scientific reporting. However, cautious interpretation is 
advised for specific fracture types. Study II is an epidemiological study 
providing one of the largest cohorts of acetabular fractures (n=2,132) 
and includes non-surgically and surgically treated patients. This study 
shows that the typical patient sustaining an acetabular fracture is >70 
years of age, male, and has experienced a low-energy trauma event. The 
mortality after an acetabular fracture is comparable to the well-known 
high mortality following hip fractures. Studies III and IV focus on the 
outcome after the trauma event. Study III reports clinical results on 

ABSTRACT III

patient-reported outcome measures (PROMs) and confirms the presence 
of functional impairment in all patient groups 1-year post-injury. Study 
IV presents findings related to therapeutic failure and subsequent 
surgical intervention requirements. Following a five-year period, 17% 
of patients treated with open reduction and internal fixation (ORIF) for 
acetabular fractures required a secondary arthroplasty procedure.
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IV  ACETABULAR FRACTURES

SAMMANFATTNING PÅ 
SVENSKA
Acetabulumfrakturer har traditionellt behandlats icke-kirurgiskt, 
främst på grund av bristen på bra kirurgiska metoder. Sedan 1960-talet 
har dock fältet för kirurgi av frakturer i acetabulum utvecklats snabbt. 
Systemet för frakturklassificering utvecklat av Judet/Letournel samt 
deras sätt att analysera dessa frakturer har spridits och anammats av 
acetabulumkirurger världen över. Utvecklingen av kirurgiska metoder, 
radiologisk avbildning och förbättrade implantat har ökat de möjliga 
behandlingsalternativen. En åldrande och mer aktiv befolkning har 
ökat behovet av att operera komplexa frakturer även i osteoporotiskt 
ben vilket ställer högre krav på den behandlande kirurgen. Till följd 
av denna utveckling och förändringar i behandlingsmetoder finns 
det ett behov av att studera denna patientgrupp närmare. Denna 
avhandling syftar till att bidra med mer information och förståelse 
kring klassifikation, epidemiologi och behandlingsresultat för 
patienter med acetabulumfrakturer med hjälp av data från det Svenska 
Frakturregistret (SFR). SFR innehåller en stor kohort av patienter med 
acetabulumfrakturer som ännu inte har studerats och presenterats.

Studie I i denna avhandling är en valideringsstudie med syfte att bedöma 
noggrannheten och tillförlitligheten av frakturklassificeringen i SFR och 
samtidigt utvärdera dess användbarhet. Resultatet av denna studie visar 
en måttlig överensstämmelse med den framtagna ”Gold standard”, en 
nivå som anses acceptabel för vetenskaplig rapportering. Viss försiktighet 
vid tolkning av data för enskilda frakturtyper rekommenderas dock. 
Studie II är en epidemiologisk studie som tillhandahåller en av de 
största kohorterna av acetabulumfrakturer (n=2132) och inkluderar 
både icke-kirurgiskt och kirurgiskt behandlade patienter. Studien visar 
att den typiska patienten som drabbas av en acetabulumfraktur är >70 

SAMMANFATTNING PÅ SVENSKA V

år, man och har varit med om ett lågenergitrauma. Dödligheten efter 
en acetabulumfraktur är jämförbar med den välkänt höga dödligheten 
efter höftfrakturer. Studie III och IV fokuserar på utfallet efter skadan. 
Studie III rapporterar kliniska resultat i form av patientrapporterade 
utfallsmått (PROMs) och bekräftar funktionsnedsättning i alla 
patientgrupper ett år efter skadan. Studie IV beskriver resultat i form av 
misslyckad behandling och behov av ytterligare kirurgi. Efter fem år har 
17% av de patienter som behandlats med öppen reposition och intern 
fixation (ORIF) för acetabulumfraktur genomgått sekundär behandling 
i form av en höftprotes.
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ABBREVIATIONS

FRACTURE TYPES

PW  Posterior Wall
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AW  Anterior Wall

AC  Anterior Column
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PC+PW  Posterior Column and Posterior Wall
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CHP  Combined Hip Procedure
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CT  Computed Tomography

ABBREVIATIONS XI
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SI-joint  Sacroiliac joint

SMFA  Short Musculoskeletal Function Assessment 

THA  Total Hip Arthroplasty

TKA  Total Knee Arthroplasty
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DEFINITIONS IN SHORT
Accuracy  The degree to which an assessment correctly 

reflects the reality/true value. 

Bias  A systematic error or deviation from the truth 
in data collection, analysis, or interpretation that 
may lead to inaccurate conclusions.

Cohen’s kappa  A statistical measure that assesses the level of 
agreement between two raters or observers, 
beyond what would be expected by chance.

Confidence interval  A range of values used to estimate the true value 
of a population parameter, indicating the degree 
of uncertainty or precision in a sample estimate. 
For example, a 95% confidence interval means 
that if the study were repeated multiple times, 
the true value would fall within this range 95% 
of the time.

Completeness  The extent to which all possible cases in a 
population is included in a database or register.

Coverage  The extent to which a database represents the 
entire target population. In this thesis, the 
proportion of orthopaedic departments enrolled 
in the SFR.

Gold standard  A best practice against which other measure-
ments are compared for accuracy, reliability, and 
validity.

Hazard ratio  The rate at which an event occurs in one group 
relative to another over time.

DEFINITIONS IN SHORT XIII

Intrarater reliability  The consistency or stability of measurements or 
assessments made by the same rater or observer 
when the process is repeated under similar 
conditions.

Interrater reliability  The degree of agreement or consistency between 
two or more raters or observers when they assess 
the same phenomenon or subject.

Kaplan-Meier   A statistical technique used to estimate and 
visualise the probability of survival or the time 
to an event (in this thesis secondary surgery or 
death) over time. 

Mortality  The incidence or rate of death within a specific 
population or group, often within a defined 
period.

Validity  The extent to which a test, measurement, or 
assessment accurately measures what it is 
intended to measure.
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INTRODUCTION
The management of acetabular fractures has undergone substantial 
evolution, driven by advancements in comprehending the fracture, 
technological innovations, and surgical techniques (1-3). In the early 
stages of medical history, acetabular fractures were poorly understood 
and managed non-surgically, often resulting in long-term disabilities 
and severe complications. The analysis and treatment of these fractures 
underwent a revolutionary transformation in the 1960s, spearheaded by 
Professor Robert Judet and his resident and successor, Emile Letournel. 
Following their lead, others have further developed treatment and 
surgical methods to improve patient outcomes. Advancements in 
imaging techniques, including the widespread availability of computed 
tomography (CT) scans, have allowed a more detailed understanding 
of fracture patterns and the complex anatomy of the acetabulum. 
This advancement in imaging methods has also aided surgeons in 
preoperative planning and choosing the most suitable approach for 
each specific fracture. Moreover, the development of better surgical 
tools and implants has improved the outcomes of acetabular fracture 
management (4-7).

The ongoing change and development in acetabular fracture treatment 
along with an ageing and more active population, also require evaluation 
of the current treatment concepts to continue improving the outcome 
for these patients. The use of national quality registers (NQRs) provides 
larger cohorts of patients and allows us to study the epidemiology and 
results for these patients on a larger scale.
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2  ACETABULAR FRACTURES

ANATOMY OF THE PELVIS AND 
ACETABULUM
Th e innominate bone, or the hemipelvis, is formed by the fusion of three 
bones: the ileum, ischium, and pubis (8). Th ese three bones meet in the 
acetabulum and form three acetabular socket parts. Th e ilium is the 
larger of the three bones, forming the ala (iliac wing), iliac crest, and the 
body of the ilium, which forms the superior part of the acetabulum (the 
acetabular roof). Th e body of the ischium forms the posterior part of the 
acetabulum. Th e ramus of the ischium forms the posterior part of the 
obturator foramen. Th e pubis forms the anterior part of the acetabulum 
along with the superior ramus. Th e inferior ramus of the pubis forms 
the anterior part of the obturator foramen. Figures 1 and 2 illustrate the 
diff erent parts of the bony pelvis. 
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Figure 1.   Anatomy of the bony pelvis.

01. INTRODUCTION 3

HISTORY AND CLASSIFICATION OF 
ACETABULAR FRACTURES
Until the 1950s, non-surgical treatment was the treatment of choice 
almost universally for acetabular fractures, mainly because good surgi-
cal methods were unavailable. Th e literature describes very infrequent 
attempts of operative treatment, mostly in cases with central dislocation 
of the femoral head. It was in this context that Professor Robert Judet 
started treating more patients surgically due to disappointing results 
following non-surgical treatment (9). 

Th e fi eld has grown and developed rapidly since Judet and Letournel’s 
early publications. Imaging techniques have improved, and computed 
tomographies with 3D reconstructions are now standard in many 
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Figure 2.   Lateral and medial view of the acetabulum and hemipelvis.
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countries to examine acetabular fractures preoperatively. New surgical 
techniques and instruments have been developed to facilitate treatment.

Early studies focused mainly on the operative treatment of younger 
patients with acetabular fractures after high-energy trauma. The 
evolution of better surgical techniques, combined with an ageing 
population with higher functional demands, has also led to the operative 
treatment being offered to elderly patients. This has opened a new field 
and led to concerns about how to treat acetabular fractures in patients 
with osteopenic bone. The orthogeriatric patient is often a main topic of 
discussion when fracture surgeons meet today. 

THE TWO-COLUMN CONCEPT

Judet and Letournel developed the “two column concept” to better 
understand the architecture of the innominate bone. This concept 
was presented in their classical article in 1964 (10), which was further 
developed and presented in 1966 (11). This concept remains the 
foundation for understanding acetabular fractures and the basis for the 
Letournel classification system described below. 

The acetabulum is described as positioned under an inverted Y. The Y 
consists of two columns: one posterior and one anterior. The posterior, 
ilio-ischial column supports the posterior part of the acetabular 
articular surface, includes the greater and lesser sciatic notches, and 
extends down to the ischial tuberosity. The anterior, ilio-pubic column 
extends from the anterior part of the iliac crest to the pubic symphysis. 
The posterior column meets the anterior column at an angle of about 
60° just above the anterior column midlevel (Figure 3) (9).

01. INTRODUCTION 5

THE LETOURNEL CLASSIFICATION SYSTEM

Judet and Letournel developed the classifi cation system that is still the 
most used classifi cation for acetabular fractures worldwide. Th is system 
interprets the fracture patterns and aids the treating surgeon in choosing 
the appropriate approach for each fracture. Although acknowledging the 
number of fracture patterns that can occur when forces are applied to 
the femoral head at diff erent angles is infi nite and impossible to divide 
into strict categories, they identifi ed 10 main fracture groups. 

Th e Letournel classifi cation system comprises fi ve elementary fracture 
patterns and fi ve associated patterns (Figure 4). Th e elementary fractures 
detach the entire or part of only one column, either the posterior or 
anterior. Th e exception is the pure transverse fracture, which is also 
included in the elementary fracture patterns because of its purity.

Anterior
column

Posterior
column

Figure 3.   Judet and Letournel description of the posterior and anterior columns.
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The five elementary fracture patterns:

• Posterior wall fracture (PW)
• Posterior column fracture (PC)
• Anterior wall fracture (AW)
• Anterior column fracture (AC)
• Pure transverse fracture (TRANS)

The associated fractures are combinations of at least two elementary 
fracture patterns. 

The five associated fracture patterns:

• T-shaped fracture (T)
• Posterior column and posterior wall fracture 

(PC+PW)
• Transverse and posterior wall fracture (TRANS+PW)
• Anterior (column or wall) and posterior hemitrans-

verse fracture (A+PHT)
• Both-column fracture (ABC)

01. INTRODUCTION 7
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Figure 4.   The 10 fracture classes according to Letournel. Showing right hemipelvis 
lateral view.
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A review of the ten fractures reveals that three are absent when considering 
a symmetrical representation of fractures in the two columns. These 
would be the posterior column and anterior hemitransverse fracture 
(PC+AHT) and the anterior wall and anterior column fracture (AW+AC). 
In addition, the A+PHT should be two classes instead of one, namely 
the anterior column and posterior hemitransverse (AC+PHT) and the 
anterior wall and posterior hemitransverse (AW+PHT). However, the 
AC+PHT and AW+PHT fractures have been grouped because they 
both require the same approach and adding a fracture line through the 
ischio-pubic ramus is of little importance and is never fixed operatively. 
Furthermore, the T-shaped fracture is difficult to distinguish from the 
PC+AHT fracture on plain radiographs, which was the available imaging 
at the time of the development of the classification system. However, 
even after CT scanning with 3D imaging became available, these two 
fracture types remained in the same group (T-shaped fractures) as 
they required the same approach. The AW+AC fractures are included 
in the AW group because, in this case, adding a fracture through the 
ischio-pubic ramus is clinically insignificant. Another combination that 
one might deem to be missing is the combination of a posterior wall 
fracture with an anterior hemitransverse. However, this combination 
is not feasible, as a fracture involving the greater sciatic notch would 
necessitate classification within the transverse category (9).

POSTERIOR WALL FRACTURE

The PW fracture separates a part of the posterior 
articular surface of the acetabulum. It is often 
associated with a posterior dislocation of the 
femoral head. The detached part of the posterior 
wall may be composed of one or more fragments, 
potentially involving the posterior articular surface 
but excluding the posterior horn and roof (9).

01. INTRODUCTION 9

POSTERIOR COLUMN FRACTURE

The typical PC fracture detaches the whole posterior 
column in one fragment. The fracture line starts at 
the greater sciatic notch, descends through the retro-
acetabular and quadrilateral surfaces and usually 
fractures the ischio-pubic ramus at a variable point (9).

ANTERIOR WALL FRACTURE

The AW fracture separates a part of the anterior 
articular surface of the acetabulum. The fracture line 
starts anteriorly a little below the anterior inferior iliac 
spine, descends through the cotyloid fossa, crosses 
the ilio-pectineal line, and exits the bone through 
the superior pubic ramus at the level of the ischio-
pubic notch. As mentioned above, a combination of 
anterior wall fracture with the addition of a fracture 
line through the ischiopubic ramus (anterior column) 
is also included in this group (9).

ANTERIOR COLUMN FRACTURE

The AC fracture extends from the middle of the 
ischio-pubic ramus to any point above as far 
backwards as the mid-point of the iliac crest. As 
a result, the size of the detached segment exhibits 
significant variation. The AC fractures are divided 
into four categories depending on which level the 
fracture line exits the bone: very low (anterior 
horn of the articular surface), low (psoas gutter), 
intermediate (anterior interspinous notch) and 
high (iliac crest) (9).
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PURE TRANSVERSE FRACTURE

The TRANS fracture cuts transversely through the 
acetabulum, dividing both the anterior and posterior 
columns. The plane and direction of the fracture line 
may vary. Three subgroups are described depending 
on the fracture level: Infra-tectal (inferior part of 
the acetabular walls, horizontal split of the cotyloid 
fossa), juxta-tectal (through the highest point of the 
cotyloid fossa) and trans-tectal (at roof level) (9). 

T-SHAPED FRACTURE

The T fracture is transverse, combined with an 
oblique or vertical split through the ischio-pubic 
segment. The stem of the T is described to take 
three directions: Vertical (through the middle of 
the ischio-pubic ramus), anterior (anterior part of 
the ischio-pubic notch to the body of the pubis) and 
posterior (body of the ischium) (9). 

POSTERIOR COLUMN AND POSTERIOR WALL 
FRACTURE

The PC+PW fracture includes any PW fracture 
combined with a fracture of the posterior column. 
The fracture line of the posterior column compo-
nent starts in the cavity created by the posterior 
wall fracture and extends to the greater sciatic 
notch. Distally, it usually reaches the ischio-pubic 
notch, but it never cuts the ilio-pectineal line. The 
ischio-pubic ramus may or may not be broken (9).  

01. INTRODUCTION 11

TRANSVERSE AND POSTERIOR WALL FRACTURE

As its name suggests, the TRANS+PW fracture is 
a composite injury combining elements of both 
transverse and posterior wall fracture patterns. It 
is often accompanied by a posterior and sometimes 
central dislocation of the femoral head (9). 

ANTERIOR AND POSTERIOR HEMITRANSVERSE 
FRACTURE

The A+PHT fracture combines a fracture of the 
anterior part of the acetabulum (wall or column) 
and a fracture of the posterior column, the same as 
the posterior half of a pure transverse fracture. The 
fracture pattern includes all the variations of the 
AC fracture and the posterior half of the TRANS 
fracture (9). 

BOTH-COLUMN FRACTURE

The ABC fracture separates the anterior and 
posterior columns from each other, together with 
their respective segments of the articular surface. 
No part of the articular surface is in contact with the 
only stable fragment of the iliac wing connected to 
the sacrum and axial skeleton. These fractures often 
become more complex because secondary fractures 
split the main fragments (9). 
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The Letournel classification system is known to be difficult to fully 
understand. It has been criticised for being too complex, oversimplified, 
and incomplete (12-15). Some authors suggest alternative classification 
systems (14-16), but the Letournel classification has stood the test of 
time and is still the most used system worldwide. The Swedish fracture 
register (SFR) uses the Letournel classification, adapted to the AO/OTA 
system for fracture classification (17).

EPIDEMIOLOGY
The incidence of acetabular fractures is increasing primarily among the 
elderly population while decreasing in the younger population (3, 18-22). 
Previous studies have shown that 3 to 11 out of 100,000 individuals 
sustain an acetabular fracture each year (18, 20-22). For unknown reasons, 
there is a male predominance among these patients (18, 19, 21-23). A change 
in fracture patterns and injury mechanisms has been noticed over 
time, exhibiting a contemporary spectrum notably different from that 
delineated by Judet and Letournel in the 1960s (2, 10). 

Two main patient groups can be identified: older adults suffering 
low-energy trauma, and younger patients with fractures following 
high-energy trauma mechanisms. The early studies by Letournel almost 
exclusively described the latter group of patients, and surgery on any 
patient >60 years of age was dissuaded (10). The combination of an 
ageing population with increasing functional needs and advancements 
in surgical techniques has led to a greater frequency of surgical 
interventions among older patients. The change in the patient spectrum 
is most likely also the cause of the change in fracture patterns. Fragility 
fractures are becoming increasingly prevalent and may pose challenges 
in classification using the Letournel system. Fractures involving the 
acetabulum’s anterior column and anterior wall are much more frequent 
today than presented in early studies (2, 19, 24). Osteopenic bone structure 
and low-energy trauma in the form of direct force to the greater 
trochanter may explain this increase.

01. INTRODUCTION 13

TREATMENT
The goal of treatment is to restore the anatomy of the acetabulum, 
provide stability to the hip joint, and promote early mobilisation to 
prevent cardiopulmonary complications. To meet the needs of the ageing 
but still very active population suffering acetabular fractures, surgical 
approaches have been improved and have enabled the reduction and 
stable fixation of more fracture types. Open reduction with screw and 
plate fixation are still the most common method of surgery for these 
fractures. Yet, newer techniques (e.g. computed navigation) have enabled 
more percutaneous fixation methods. Primary total hip arthroplasty 
(THA) or a combination of THA and plate fixation (combined hip 
procedure, CHP) have also become a more frequent option for surgical 
management of these fractures (2, 25, 26). While surgical procedures have 
evolved considerably, the majority of patients with acetabular fractures 
are treated non-surgically. The surgery indications depend on factors 
such as patient age, level of function, comorbidities, fracture type, and 
degree of fracture displacement.

NON-SURGICAL TREATMENT

Historically, acetabular fractures were typically managed non-surgically 
due to a limited understanding of the injury and a lack of effective surgical 
methods. Traditional treatment methods usually encompassed bed rest, 
traction, and immobilisation. However, the importance of early mobil-
isation has been recognised and non-surgical treatment is reserved for 
minimally displaced and stable fracture patterns. This treatment option 
remains the most common treatment choice, demonstrating favourable 
outcomes when patient selection is carefully considered (27, 28). 

Non-surgical treatment usually involves partial weight bearing for a 
specified period (i.e. 6-12 weeks) and patients should be provided with 
dedicated physiotherapy. However, many older patients cannot comply 
with partial weight bearing and should be allowed to weight bear as 
tolerated (29). Nonetheless, the importance of professionally supervised 
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high-energy trauma mechanisms. The early studies by Letournel almost 
exclusively described the latter group of patients, and surgery on any 
patient >60 years of age was dissuaded (10). The combination of an 
ageing population with increasing functional needs and advancements 
in surgical techniques has led to a greater frequency of surgical 
interventions among older patients. The change in the patient spectrum 
is most likely also the cause of the change in fracture patterns. Fragility 
fractures are becoming increasingly prevalent and may pose challenges 
in classification using the Letournel system. Fractures involving the 
acetabulum’s anterior column and anterior wall are much more frequent 
today than presented in early studies (2, 19, 24). Osteopenic bone structure 
and low-energy trauma in the form of direct force to the greater 
trochanter may explain this increase.
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TREATMENT
The goal of treatment is to restore the anatomy of the acetabulum, 
provide stability to the hip joint, and promote early mobilisation to 
prevent cardiopulmonary complications. To meet the needs of the ageing 
but still very active population suffering acetabular fractures, surgical 
approaches have been improved and have enabled the reduction and 
stable fixation of more fracture types. Open reduction with screw and 
plate fixation are still the most common method of surgery for these 
fractures. Yet, newer techniques (e.g. computed navigation) have enabled 
more percutaneous fixation methods. Primary total hip arthroplasty 
(THA) or a combination of THA and plate fixation (combined hip 
procedure, CHP) have also become a more frequent option for surgical 
management of these fractures (2, 25, 26). While surgical procedures have 
evolved considerably, the majority of patients with acetabular fractures 
are treated non-surgically. The surgery indications depend on factors 
such as patient age, level of function, comorbidities, fracture type, and 
degree of fracture displacement.

NON-SURGICAL TREATMENT

Historically, acetabular fractures were typically managed non-surgically 
due to a limited understanding of the injury and a lack of effective surgical 
methods. Traditional treatment methods usually encompassed bed rest, 
traction, and immobilisation. However, the importance of early mobil-
isation has been recognised and non-surgical treatment is reserved for 
minimally displaced and stable fracture patterns. This treatment option 
remains the most common treatment choice, demonstrating favourable 
outcomes when patient selection is carefully considered (27, 28). 

Non-surgical treatment usually involves partial weight bearing for a 
specified period (i.e. 6-12 weeks) and patients should be provided with 
dedicated physiotherapy. However, many older patients cannot comply 
with partial weight bearing and should be allowed to weight bear as 
tolerated (29). Nonetheless, the importance of professionally supervised 
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early ambulation cannot be overemphasised to avoid further falls. 
Additionally, pain management and thromboprophylaxis are crucial. 
Both clinical assessment of symptomatic improvement and radiographic 
controls of fracture displacement are warranted although intervals can 
be adjusted according to the fracture pattern.

OPEN REDUCTION INTERNAL FIXATION (ORIF)

Among the operatively treated patients, open reduction and internal 
fixation (ORIF) is usually the treatment of choice to restore anatomy 
and preserve the native hip joint, especially in younger patients (9, 30). 

Surgical approaches to the acetabulum have evolved significantly. Some 
large extensile approaches used in the early days of acetabular fracture 
surgery has now largely given way to less invasive and smaller approaches 
(31). One example is the extended iliofemoral (EIF) approach, used in the 
original series by Letournel (32). Extensile approaches, including the EIF 
and the triradiate approach, have declined in popularity due to a high 
incidence of complications such as avascular necrosis, infections, and 
thrombosis and are now infrequently employed (31, 33, 34). 

The fracture classification guides the surgeon in the choice of surgical 
approach. The Kocher-Langenbeck approach is often used to reach the 
acetabulum’s posterior parts. The anterior column and medial aspects 
of the acetabulum and parts of the iliac wing can be addressed through 
the ilioinguinal, anterior intrapelvic or pararectus approaches. These are 
the current workhorses of acetabular fracture surgery, briefly described 
below. For the anterior surgical approaches, in cases where there is a 
medialisation of the femoral head, traction from a Schantz pin in the 
greater trochanter may facilitate fracture reduction.

KOCHER-LANGENBECK APPROACH

The Kocher-Langenbeck approach provides posterior access to the 
acetabulum, allowing for the reduction and fixation of fractures involving 
the posterior wall, posterior column, and associated fractures (35, 36). The 
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retro-acetabular surface is exposed from the ischial tuberosity to the 
lower region of the iliac wing. The quadrilateral plate can be palpated, 
and clamps can be positioned through the greater sciatic notch.

The patient can be positioned either in a lateral position on the 
unaffected side or in the prone position. During the procedure, keeping 
the knee flexed and the hip extended is important to avoid tension on 
the sciatic nerve. A prone position may facilitate this way of relieving 
sciatic nerve tension (35). However, prone position has been associated 
with more frequent post-surgical sciatic palsies (37). 

The skin incision starts a few centimetres distal and lateral to the 
posterior superior iliac spine (PSIS). The incision continues anteriorly 
over the greater trochanter, where it is curved distally to align with the 
lateral aspect of the femoral shaft. The incision ends at the mid-third of 
the thigh. The gluteus maximus is split in line with its fibres up to the 
first neurovascular bundle, keeping one-third of the muscle anteriorly 
and two-thirds posteriorly. Distally, the iliotibial tract is incised to the 
mid-third of the thigh. The insertion of the gluteus maximus muscle 
at the gluteal tuberosity of the femur can be completely or partially 
detached to allow less tension and easier mobilisation. The piriformis 
muscle is identified, tagged with a suture, and dissected. The sciatic 
nerve is identified, and the underlying triceps coxae (gemellus superior, 
obturator internus, and gemellus inferior) are marked and dissected in 
the same manner as the piriformis. The triceps coxae are reflected to 
cover the sciatic nerve. Retractors are placed in the greater and lesser 
sciatic notch. 

This incision can be further developed using a trochanteric osteotomy 
to provide additional cranial and anterior exposure. Ganz’s safe surgical 
hip dislocation technique can be employed using this incision, which 
also includes a trochanteric osteotomy (38).

To close the incision, all tendons are reinserted. The iliotibial tract is 
sutured, and the gluteus maximus split is closed with adaptation sutures. 
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Figure 5.   The Kocher Langenbeck approach to the posterior acetabulum.

ILIOINGUINAL APPROACH

The ilioinguinal approach, developed by Professor Letournel, allows 
access to the anterior column and medial aspect of the acetabulum  
(9, 32, 35, 39, 40). The inner aspect of the pelvis, from the sacroiliac (SI) joint 
to the pubic symphysis, can be visualised. Fractures managed through 
this approach include the anterior wall, anterior column, and associated 
anterior and posterior hemitransverse fractures. The ilioinguinal 
approach can also manage certain T-shaped, pure transverse, and both 
column fractures.

The patient is placed supine on a radiolucent table. A skin incision starts 
about 2 cm above the pubic symphysis, curving laterally toward the 
anterior superior iliac spine (ASIS) and continuing along the iliac crest 
posteriorly. The deep dissection is performed through three windows. 
The first (lateral) window is developed by incising the abdominal muscle 
fascia along the iliac crest and lifting the iliacus muscle by subperiosteal 
dissection. This window allows access to the inner aspects of the ilium 
from the SI joint to the lateral border of the iliopsoas muscle. The second 
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(middle) window is located between the iliopsoas muscle with the 
femoral nerve laterally and the external iliac vessels medially, providing 
access to the pelvic brim and the quadrilateral plate from the SI joint to 
the lateral third of the superior pubic ramus. Th e fascia of the external 
abdominal oblique muscle is incised from the ASIS to the pubic tubercle, 
and the inguinal ligament is split longitudinally at the proximal third. 
Care should be taken not to injure the lateral femoral cutaneous nerve 
running laterally. Th e third (medial) window is situated medial to the 
external iliac vessels and lateral to the spermatic cord or round ligament, 
which are mobilised. Th is area can be exposed by either retracting the 
rectus abdominis muscle or releasing its insertion. Th is window grants 
access to the inner surface of the quadrilateral plate and the anterior 
pelvic ring from the pubic symphysis to the external iliac vessels.
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Figure 6.   The three windows of the ilioinguinal approach. The fi rst window lies 
beneath the iliopsoas muscle. The second window is located between the iliopsoas 
and the external iliac vessels. The third window lies medial to the external iliac 
vessels and lateral to the spermatic cord/round ligament.
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The approach’s closure includes reconstructing the inguinal ligament, 
suturing of the abdominal fascia, and reintroducing the abdominal wall 
origin to the iliac crest.

MODIFIED STOPPA / ANTERIOR INTRAPELVIC APPROACH (AIP)

At numerous facilities, the ilioinguinal approach has been superseded 
by the modified Stoppa, also known as the anterior intrapelvic approach 
(AIP). This approach is less invasive, with fewer complications, less 
blood loss, and shorter operating time (41, 42). The Stoppa approach 
was first described for the treatment of inguinal hernias (43). Cole and 
Bolhofner introduced the modified Stoppa approach for acetabular 
fracture fixation in a publication in 1994 (44). Access is allowed to the 
superior rami, the pelvic brim, and the quadrilateral plate and extends 
proximally to the sacroiliac joint (45). Depending on the area needing 
access, this approach can be used alone or in combination with the 
first window of the ilioinguinal approach. The indications for the AIP 
approach are the same as for the ilioinguinal approach. 

With the patient in the supine position, the AIP approach uses the 
Pfannenstiel or a midline incision. The surgeon is positioned on 
the opposite side of the fractured acetabulum for the best view. The 
rectus abdominis muscles are separated through the linea alba and the 
underlying bladder and peritoneum are protected. The rectus insertion 
on the injured side is released to allow access to the superior ramus. It is 
not uncommon that the rectus has already been released at the time of 
the trauma. The dissection continues posteriorly along the pelvic brim 
to the sacroiliac joint. To release tension and facilitate the exposure, knee 
support is advised for flexion of the hip. The corona mortis is identified 
and ligated. The external iliac vessels, femoral nerve, and psoas muscle 
are elevated and retracted laterally. The obturator nerve is identified and 
protected during the procedure. The greater sciatic notch is not visible 
through this approach, but a retractor is usually placed in the notch and 
a clamp can be positioned to aid fracture reduction.
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Figure 7.   The modifi ed Stoppa/ anterior intrapelvic approach to the acetabulum.

PARARECTUS APPROACH

Marius J.B. Keel et al. described the pararectus approach in 2012 as an 
alternative to the AIP and the ilioinguinal approach (46, 47). Like the AIP, 
this approach allows access to the quadrilateral plate but in a diff erent 
angle that, in some cases, may facilitate fracture reduction. Additionally, 
the pararectus approach provides better access to the iliac wing. 
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Th e patient is placed supine on a surgical table, and the skin incision 
is made along the lateral border of the rectus abdominis. Th ree 
landmarks – the pubic symphysis, the ASIS, and the umbilicus – are 
used to determine the correct position of the skin incision. Th ese three 
landmarks form a triangle, and the incision is slightly curved starting 
at the lateral third of the umbilicus-ASIS line and reaching the medial 
third of the ASIS-symphysis line (Figure 8). 
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Figure 8.   Landmarks and skin incision for the pararectus approach.

Th e fascia of the abdominal wall and the rectus sheath are incised. Th e 
underlying transversalis fascia is incised carefully so as not to perforate 
the peritoneum or the inferior epigastric vessels. Th e external iliac 
vessels are identifi ed and mobilised. Further dissection can be adjusted 
according to fracture pattern and depends on which areas must be 
exposed. Th e pararectus approach describes fi ve windows that reach 
diff erent regions of the acetabulum:
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· First window: Between the iliac crest and the 
iliopsoas muscle.

· Second window: Between the iliopsoas muscle and 
the external iliac vessels.

· Th ird and fi ft h window: Between the external iliac 
vessels and the spermatic cord or round ligament. 
Th e third window lies above the pelvic brim, and the 
fi ft h is below.

· Fourth window: Medial to the spermatic cord or 
round ligament.

Similar to the AIP approach, ligation of the corona mortis is necessary, 
while the obturator nerve requires identifi cation and preservation.
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Figure 9.   The fi ve windows of the pararectus approach.
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MINIMALLY INVASIVE SURGERY USING COMPUTED NAVIGATION

Apart from the surgical approaches described above, there has been 
a development in technical instruments to aid the treating surgeon 
to improve accuracy in implant placement and allow minimal 
invasive methods to stabilise fractures (48). However, percutaneous 
fracture reduction may be challenging, thus rendering minimally 
invasive techniques most suitable for unstable fractures with 
minimal displacement. Additionally, patients medically unfit for 
more extensive surgery or patients with compromised soft tissues 
preventing open operative treatment may benefit from a minimally 
invasive procedure (36).

Computed navigation allows precise placement of periacetabular 
screws to both the anterior and posterior columns. The procedure is 
performed by placing bone anchored reference markers on the patient, 
and an intraoperative CT scan is performed. The obtained CT images 
are transferred to the navigation system, and the markers on the patient, 
along with markers on the instruments, guide the surgeon to place 
the screws accurately, allowing the surgeon to see the screws’ planned 
trajectory on the CT images before screw placement.

This technique is time-consuming but due to more accurate screw 
placement and minimal wound exposures, complications are less 
frequent.
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Figure 10.   Intraoperative photo of pelvic fracture surgery using computed naviga-
tion. (Photo by Madelene Albrektsson)

ACUTE TOTAL HIP ARTHROPLASTY (THA) AND COM-
BINED HIP PROCEDURE (CHP)

In older patients with complex acetabular fracture patterns due to 
osteopenic bone, the native joint may not be salvageable. This is often 
the case when the joint surface has a large impaction, or comminution 
is great. Achieving joint congruency in such instances may prove highly 
challenging, making hip replacement the most suitable treatment option 
(25, 26, 49, 50).

As a primary treatment, total hip arthroplasty (THA) for acetabular 
fracture patients can be performed with or without additional 
stabilisation with ORIF. Combining an ORIF and a THA procedure is 
referred to as a combined hip procedure (CHP). Although the procedure 
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the case when the joint surface has a large impaction, or comminution 
is great. Achieving joint congruency in such instances may prove highly 
challenging, making hip replacement the most suitable treatment option 
(25, 26, 49, 50).

As a primary treatment, total hip arthroplasty (THA) for acetabular 
fracture patients can be performed with or without additional 
stabilisation with ORIF. Combining an ORIF and a THA procedure is 
referred to as a combined hip procedure (CHP). Although the procedure 
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may be more extensive compared to other treatment options, acute hip 
replacement allows immediate full weight bearing and reduces the risk 
of secondary surgery. Early weight-bearing reduces the patients’ risk 
of thromboembolic events, pulmonary complications, and developing 
pressure ulcers. Acute THA performed due to acetabular fracture incurs 
more complications than elective THA performed due to osteoarthritis. 
Nevertheless, delayed THA following acetabular fracture surgery 
demonstrates inferior outcomes, exhibiting higher revision rates and 
poorer functional scores when compared to acute THA for these 
patients (49, 51). 

The CHP presents several challenges for the treating surgeon. 
Experience in both acetabular fracture fixation techniques and 
revision arthroplasty is required. In many orthopedic departments 
today, where sub-specialisation is becoming more pronounced, this 
procedure warrants for collaboration between trauma and arthroplasty 
surgeons. The reduction in a CHP does not need to be anatomic, but 
the shape of the acetabulum needs to be restored, and the columns 
stabilised. The incisions depend on the fracture pattern and which parts 
require stabilisation. The Kocher-Langenbeck approach for posterior 
stabilisation allows for both ORIF and THA to be performed using the 
same incision. For ORIF of the anterior column, a double incision may 
be used. The acetabular component of the THA is often a cementless 
multi-hole porous metal cup, but the surgeon needs to be familiar with 
multiple implant options or additional implants that may be required 
(52).  Possibilities of cup fixation vary between patients, and bone defects, 
fracture comminution, and osteoporosis must be considered.
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Figure 11.   Postoperative radiograph of a combined hip procedure with a 
suprapectineal plate placed through the anterior intrapelvic approach and a total hip 
arthroplasty with an uncemented multihole porous coated cup.

NATIONAL QUALITY REGISTERS
This thesis uses two NQRs: the Swedish Fracture Register (SFR), which 
is the basis for all the register studies conducted in this thesis, and the 
Swedish Arthroplasty Register (SAR), which has been used to improve 
the completeness of data in study IV.

NQRs provide valuable information and follow-up on large cohorts that 
would be impossible to include in other types of research. The amount of 
data is increasing continuously, and the registers enable long-term follow-
up on a larger scale. NQRs with a high coverage rate carry the strength of 
patient inclusion from various regions and socioeconomic areas.
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SWEDISH FRACTURE REGISTER (SFR)

The SFR was established in 2011 and has rapidly grown to include all 
extremities, pelvis, and spine fractures. The registered information 
in the SFR includes patient age and sex, injury mechanism, fracture 
classification, given treatment, reoperations, patient-reported outcome 
measures (PROMs), and mortality. The PROMs in the SFR include the 
EQ-5D, EQ-VAS, and SMFA. 

All orthopaedic departments in Sweden treating acute fractures are now 
participating in the SFR registration process. The physician treating the 
patient registers the patient in three steps. The first step accounts for the 
injury date and trauma mechanism chosen from a detailed list of options. 
The registrant also determines whether the trauma mechanism was a high- 
or low-energy injury. The second step describes the fracture. The fractured 
bone segment and side are chosen, and the fracture is classified according 
to the AO/OTA classification system for most body areas. Whether the 
fracture is open or closed is registered and if open, it is classified according 
to Gustilo-Anderson. The third step concerns the treatment. The first 
treatment choice is registered as surgical or non-surgical, and subcatego-
ries are selected to define the given treatment further. The date for initiated 
treatment is registered. For each fracture, subsequent treatments can be 
registered as planned secondary surgeries or as a consequence of various 
complications or sequelae. All patients presenting with a fracture sustained 
in Sweden receive a PROM questionnaire and are asked to report their 
health status as it was a week before the injury (recall technique), and this 
forms the baseline value (PROM 0). After the baseline questionnaires, a 
follow-up questionnaire is distributed to each patient 1-year post-injury 
to assess their current health status, establishing a 1-year follow-up for all 
responding patients (PROM 1). Mortality information from the Swedish 
Tax Agency is added daily to the SFR. The latest addition to the SFR is the 
registration of implants for individual patient surgery. Assisting operating 
theatre nurses perform the registration during surgery using bar code or 
data matrix scanners. Implementation on a national scale started in 2023, 
and registrations are currently being done in only a few departments.
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The introduction and implementation of the SFR has been described 
in detail (53-56). There has been a stepwise introduction of departments 
since the beginning in Gothenburg in 2011. In 2020, the SFR achieved 
nationwide coverage, indicating that all orthopaedic departments 
treating acute fractures actively participate in the register. However, as in 
all registers, achieving and maintaining a high degree of completeness is 
challenging. The SFR deals with this through cross-referencing diagnosis 
codes in the medical records at each department with the SFR, which 
enables late registrations to increase the degree of completeness. For 
research purposes, cross-reference is often made with other registers 
using the Swedish personal identification number system. Completeness 
analyses are performed regularly, in which the SFR registrations are 
compared to the National Patient Register (NPR). 

All patients are informed about the SFR and their inclusion in it. Patients 
can choose to be removed from the register (opt-out) if they do not wish 
to participate.

SWEDISH ARTHROPLASTY REGISTER (SAR)

The Swedish knee arthroplasty register started in 1975, and the Swedish 
hip arthroplasty register in 1979. The two registers have had a great 
impact internationally, and in 2021, they were joined into one register, 
the Swedish Arthroplasty register (SAR). The SAR includes information 
on patients, the performed surgery, reoperations, and PROMs (57). 

All acute and elective THAs and hemiarthroplasties of the hip 
are registered in the SAR. Total knee arthroplasties (TKAs) and 
unicompartmental knee arthroplasties are registered, and since 2013, 
knee osteotomies have also been included in the register. Patient factors 
in the SAR include age, sex, BMI, ASA class, presence of dementia, 
and indication for surgery. Detailed information about the surgery and 
implants, as well as the incision, thromboprophylaxis, antibiotics, and 
the duration of the operation, is registered. 
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PROMs are collected before and after surgery. For hip arthroplasties, 
only patients operated with THA receive follow-up PROMs at 1-, 6-, and 
10-years post-surgery. Following TKA, follow-up PROMs are collected 
at 1-year post-surgery. 

The SAR has a coverage of 100% and enjoys high completeness for both 
hip and knee operations. In 2022, the completeness of primary THA and 
TKA procedures was 98% (58). In 2021, the pre- and 1-year postoperative 
PROM response rates of patients included in the follow-up routine were 
63% for elective THA and 53% for elective TKA.

PATIENT-REPORTED OUTCOME MEASURES 
(PROMS)
Many different PROMs are used to quantify how patients perceive their 
health status or their change in health following a certain event, such as 
an accident, illness, or treatment method. Some PROMs are validated 
and widely used, while others are used locally. Many are developed 
to measure a specific function or target particular body parts. As 
mentioned, the SFR uses the EQ-VAS, EQ-5D, and the SMFA. Because 
the SFR includes injuries to all parts of the skeleton, it must contain 
questions and measurement tools relevant to all kinds of skeletal 
injuries. The simultaneous pursuit of breadth and specificity presents a 
significant challenge.

SHORT MUSCULOSKELETAL FUNCTION ASSESSMENT 
QUESTIONNAIRE (SMFA)

This thesis uses the SMFA to measure patients’ health status and function 
changes. The SMFA is a questionnaire containing 46 items originating 
from the longer musculoskeletal function assessment (MFA) (59). This 
assessment tool was translated into Swedish and tested for validity, 
reliability, and responsiveness in 2003 (60). The SMFA consists of two 
main parts: The dysfunction index derived from 34 questions, and the 
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bother index derived from the remaining 12 questions. The dysfunction 
index, in turn, is divided into four categories: daily activities, emotional 
status, function of the arm and hand, and mobility. Twenty-five of the 
34 dysfunction questions focus on the difficulty the respondent has 
performing a certain task. The other nine questions stress on how often 
the respondent perceive these difficulties. The bother index, of 12 items, 
describes how much the respondent is bothered by problems in different 
areas of daily life. Each question is answered using a five-point response 
scale, with one point representing good function or not at all bothered 
and five points signifying poor function or extremely bothered.

The SMFA scores for dysfunction and bother indices are calculated 
by summing the responses to each question and then transforming 
the scores to range from 0 to 100. The higher the score, the poorer the 
function. 

The SMFA can be used either as a total score, divided in the different 
categories, or as individual questions (59).

OUTCOMES FOLLOWING ACETABULAR 
FRACTURES

PROM

Functional results reported by the patients following an acetabular 
fracture have been described using different scoring systems. The 
scoring system most frequently employed in the literature concerning 
acetabular fractures is that described by Merle d’Aubigné (2, 61). The SF-
36 (36-Item Short Form Health Survey) and the Harris hip score (HHS) 
are also commonly employed (62, 63). In 2012, Borg et al. developed a 
questionnaire specifically designed to assess functional outcomes 
following an acetabular fracture (64).

According to the systematic review by Kelly et al., a little over 75% of 
patients surgically treated for an acetabular fracture reported excellent 
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or good results using the Merle d’Aubigné or the HHS scoring systems, 
although the time point for the assessment varied between studies (2). 
Thus, almost 25% only had a fair or poor result. Matta reported excellent 
or good clinical results in 76% of the cases using a modification of the 
Merle d’Aubigné system, and similar results using the HHS were found 
by Mears et al. (30, 65). A more recent study from the Netherlands showed 
better SF-36 scores for patients with a preserved hip joint compared to 
patients with posttraumatic osteoarthritis or late conversion to THA (66).

All patients included in these studies were treated surgically, and studies 
on patient-reported functional outcomes for the non-surgically treated 
patients are lacking. Some reports on older populations include non-
surgical treatment in which most acetabular fracture patients were 
unable to return to their previous level of mobility and independence 
(67, 68). 

SECONDARY SURGERY

Patients with operatively treated acetabular fractures are reported to 
undergo secondary surgery at a later stage in 13% of the cases (2). Most 
of these procedures are total hip replacements. While the rationale 
for revision is not consistently articulated, when it is, post-traumatic 
arthritis is the most prevalent cause of delayed THA.

The number of studies with long-term follow-up is limited. However, 
in one long-term investigation, Tannast et al. followed a series of 816 
patients and showed a cumulative 20-year survival of the native hip joint 
after acetabular fracture surgery of 79% (50). The median time to failure 
was 1.5 years. Some of the factors identified to have a negative effect 
on the survival of the native hip joint were patient age over 40 years, 
fractures involving the posterior wall, marginal impaction, femoral head 
lesions, initial displacement of the articular surface of 20 mm or more, 
anterior hip dislocation, and a remaining postoperative incongruence of 
the acetabular roof. Other authors have confirmed similar risk factors 
for failure or conversion to THA (69, 70).

01. INTRODUCTION 31

There is an ongoing trend towards primary THA, either alone or in 
combination with osteosynthesis, for certain acetabular fractures 
in specific patient groups to minimise later conversion to THA and 
lower postoperative pain for these patients (26, 71-73). The combined hip 
procedure or acute THA has been shown to have lower reoperation 
rates compared to ORIF alone (25, 74).

Despite the advances in surgical treatment of acetabular fractures, most 
patients are still treated non-surgically, especially in older populations. 
These patients’ outcomes can be difficult to summarise because of 
the great variety in fracture patterns and degree of displacement. The 
fractures may range from completely non-displaced and insignificant 
for patient mobilisation to a both-column fracture with secondary 
congruency. The decision to treat an acetabular fracture surgically 
or non-surgically also depends on the individual patients’ needs and 
comorbidities (28). Ryan et al. described surprisingly good results in 
patients >60 years following non-surgical treatment of acetabular 
fractures that, in a younger population, would have met the criteria for 
surgery (75). Conversion to operative treatment occurred in 15% of the 
cases.
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AIMS
The main objective of this thesis is to expand knowledge on acetabular 
fractures using NQRs. The focus is to investigate fracture classification, 
epidemiology, treatment methods, mortality, and outcomes following 
treatment.

The specific aims of the thesis are to:

• Assess the classification accuracy of surgically treated 
acetabular fractures in the SFR and evaluate the intra- 
and interrater consistency of the Judet-Letournel and 
AO/OTA classification systems. (Study I)

• Outline the epidemiology of acetabular fractures 
in Sweden, including patient demographics, causes 
of injury, fracture types, treatment approaches, and 
mortality rates. (Study II)

• Evaluate the patient’s self-reported health changes 
1 year after experiencing an acetabular fracture. 
Secondary objectives include analysing variations in 
patient-reported outcomes based on sex, age groups, 
injury causes, fracture type, and treatment methods. 
(Study III)

• Evaluate the frequency of secondary treatments in 
patients with acetabular fractures managed non-
surgically or surgically. A secondary objective is to 
examine mortality rates among acetabular fracture 
patients. (Study IV)
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PATIENTS AND METHODS

STUDY I

STUDY POPULATION

After power estimation using the distribution of fracture types in the 
SFR and with a 10% margin for eventual missing or unavailable imaging 
material, 132 surgically treated acetabular fractures sustained by patients 
aged ≥16 years were randomly selected from the SFR.

METHODS

A letter was sent to the 24 treating hospitals requesting the preoperative 
computed tomographies for the selected patients. Ethical approval for 
the study was available to all departments, and additional applications 
were filled out when local guidelines so required. Most radiology 
departments answered the initial letter, and all imaging material could be 
obtained after a single reminder to some departments. Of 132 acetabular 
fractures, 4 were excluded because of lacking or deficient imaging, and 
another 4 because of injuries requiring a different classification system 
(i.e., periprosthetic fractures and one penetrating injury).

During 3 online meetings, 3 experienced acetabular fracture surgeons 
classified the remaining 124 acetabular fractures. The surgeons 
classified all fractures independently on the first two occasions, without 
discussion. These two sessions were held five weeks apart. When raters 
agreed at least five of the six times each fracture was classified, this 
was considered the gold standard (GS) for that fracture. Fractures for 
which the raters agreed on four or fewer classifications were presented 
at the third meeting when discussion was allowed to achieve consensus 
regarding the appropriate classification.
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obtained after a single reminder to some departments. Of 132 acetabular 
fractures, 4 were excluded because of lacking or deficient imaging, and 
another 4 because of injuries requiring a different classification system 
(i.e., periprosthetic fractures and one penetrating injury).

During 3 online meetings, 3 experienced acetabular fracture surgeons 
classified the remaining 124 acetabular fractures. The surgeons 
classified all fractures independently on the first two occasions, without 
discussion. These two sessions were held five weeks apart. When raters 
agreed at least five of the six times each fracture was classified, this 
was considered the gold standard (GS) for that fracture. Fractures for 
which the raters agreed on four or fewer classifications were presented 
at the third meeting when discussion was allowed to achieve consensus 
regarding the appropriate classification.
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To analyse the accuracy between GS and what had been registered in 
the SFR, Cohen´s kappa was used and the interpretation of agreement 
strength was performed according to Landis and Koch (76). Inter- and 
intraobserver agreements were analysed in the same manner.  

The AO/OTA classification was used, which contains the same fracture 
groups as the Letournel classification described above. In this study, the 
fracture groups were also merged into their AO types (A, B, or C).

STUDY II

STUDY POPULATION

Acetabular fractures (ICD-10 S32.4) in the adult skeleton and a native 
joint (no periprosthetic fractures) were included in the study. Data were 
extracted from the SFR for registrations from 1 January 2014 until 23 
October 2020. After excluding patients with bilateral fractures or an 
additional contralateral acetabular fracture during the study period, 
2,132 patients were included in the data analysis. 

METHODS

Study variables retrieved from the register included patient age, sex, 
injury date, injury mechanism, fracture classification, treatment and 
if applicable, date of death. Injury mechanisms were divided into the 
same six categories used in previous studies (77, 78). These categories 
were a simple fall, fall from height, unspecified fall, transport accident, 
miscellaneous, and non-traumatic. The miscellaneous group includes 
abuse, self-inflicted injuries, and unspecified injuries. A seventh group, 
in which the injury mechanism was unknown, was also described in the 
study. Injury mechanisms were also presented as high- or low-energy 
injuries. The treatment choice was divided into surgical or non-surgical. 
Surgical treatment was subcategorised as ORIF, CHP, THA, and other 
surgical treatments.
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The study was purely descriptive, and no comparisons between 
subgroups were made. Nominal variables were presented as numbers, 
proportions of all registered fractures, and median with interquartile 
range (IQR).

STUDY III

STUDY POPULATION

All patients aged ≥16 years with an acetabular fracture (ICD-10 S32.4) 
registered in the SFR between 1 January 2014 and 1 January 2022 
were selected for data extraction. Patients with additional fractures, 
concomitant or within 18 months of the acetabular fracture, were 
excluded. Periprosthetic and paediatric fractures were also excluded. 
Only patients who responded to both PROM 0 and PROM 1 
questionnaires were analysed. A total of 385 patients were included in 
the study. Non-responders were only included to compare demographic 
data with the responding study population.

METHODS

Variables collected from the SFR included the patient´s age, sex, fracture 
classification, injury energy level, treatment type, and PROM scores. 
Patients were divided into two age groups: ≤70 years and >70 years.

As described above, the PROM score used in this study was the 
SMFA, analysing the bother, dysfunction, and mobility sub-indices. 
The difference between preinjury and 1-year postinjury scores was 
calculated for each study participant (∆SMFA), and the mean change 
was calculated for the group. 
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∆SMFA = PROM 1 – PROM 0

* The higher the score, the poorer the function.
* Positive ∆SMFA = Decrease in function between 

measurements
* Negative ∆SMFA = Improvement in function 

between measurements

Mean ∆SMFA were presented with 95% confidence intervals (CIs). 
Demographic data were compared between responders and non-
responders. Differences in proportions were presented as percentage 
points with 95% CIs. Differences in median age were given in years with 
95% CI.

STUDY IV

STUDY POPULATION

Patients >18 years old with an acetabular fracture (ICD-10 S32.4) 
registered between 1 January 2014 and 18 October 2023 were retrieved 
from the SFR and cross-referenced with the SAR. Patients with one 
of three primary treatment methods were included: non-surgical 
treatment, ORIF, and THA/CHP. Periprosthetic, paediatric, stress, and 
pathological fractures were excluded. Some patients had an arthroplasty 
due to a femoral neck fracture and were therefore excluded. Only one 
fracture was included for patients with bilateral fractures. Only the first 
was included for patients with a subsequent acetabular fracture during 
the study period. After exclusions, the final sample included 3,318 
patients.

METHODS

Variables collected from the SFR included the patient´s age, sex, injury 
mechanism and date, fracture classification, treatment, and mortality. 

03. PATIENTS AND METHODS 39

The individuals’ personal identification numbers were cross-referenced 
with the SAR to identify secondary treatment with conversion to THA 
or THA revision surgery.

The primary outcome was secondary treatment. For non-surgically 
and ORIF-treated patients, secondary treatment signified conversion 
to late THA. For patients primarily treated with THA/CHP, secondary 
treatment was any revision surgery. 

The secondary outcome was mortality in the three treatment groups.

Kaplan-Meier survival estimates with 95% CIs were calculated for the 
primary and secondary outcomes stratified by the three treatment 
groups. A Cox regression model, adjusted for age and sex, was used to 
analyse the association between primary treatment and outcome. 

ETHICAL CONSIDERATIONS
The Swedish Ethical Review Authority (registration numbers 2020-
03775 and 2023-01499-02) granted ethical approval for the studies 
included in this thesis. The study designs ensure that no patient 
information presented or published can be traced to any individual.

Swedish legislation does not require signed consent from patients 
registered in the SFR and other Swedish NQRs. However, all patients 
must be informed that registration takes place and allowed to withdraw 
their participation at any time. This opt-out system is crucial for NQRs 
to receive as accurate and complete information on the entire population 
as possible.
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STUDY I
Of the 124 fractures classified by the expert group, 51% were correctly 
classified in the SFR (Table 1). The Cohens’ kappa coefficient of 0.43 
corresponds to moderate agreement according to the interpretation by 
Landis and Koch. 

Table 1.   Accuracy of the SFR vs the gold standard.

PA (Per cent agreement) Kappa (95% CI)

AO/OTA group 51% 0.43 (0.34-0.52)

AO/OTA type 69% 0.5 (0.37-0.62)

The degree of agreement differed between fracture types. The highest 
per cent agreement (PA) was found for the anterior wall fractures, but 
since there was only one in the study cohort this may not be accurate. 
Posterior wall fractures had a PA of 91% (Table 2). The posterior 
column and posterior wall fracture, the pure transverse fracture, and 
the anterior and posterior hemitransverse fracture had the lowest per 
cent agreement.
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Table 2.   Accuracy of the SFR vs the gold standard (GS) for each fracture group.

Fracture group Number of correctly 
classified fractures in  
the SFR (total number 

according to GS)

PA  
(per cent  

agreement)

A1 (PW) 21 (23) 91%

A2.1/2 (PC) 1 (2) 50%

A2.3 (PC+PW) 1 (7) 14%

A3.1 (AW) 1 (1) 100%

A3.2/3 (AC) 10 (26) 38%

B1.1/2 (TRANS) 1 (7) 14%

B1.3 (TRANS+PW) 4 (7) 57%

B2 (T) 2 (9) 22%

B3 (A+PHT) 1 (7) 14%

C (ABC) 20 (32) 63%

Not able to classify 1 (3) 33%

The intrarater agreement was substantial to almost perfect and the mean 
intrarater kappa value was 0.74 (Table 3). The mean kappa value for 
interrater agreement was 0.59, corresponding to moderate agreement 
(Table 4). 

Table 3.   Intrarater agreement. Percent agreement (PA) and Kappa values comparing 
the classification of each rater between two seminars.

Rater 1 Rater 2 Rater 3

PA Kappa 
(95% CI)

PA Kappa 
(95% CI)

PA Kappa 
(95% CI)

AO /OTA  
group

74% 0.7 
(0.61-0.78)

86% 0.84 
(0.77-0.91)

73% 0.67 
(0.58-0.76)

AO/OTA  
type (A/B/C)

89% 0.82 
(0.74-0.91)

94% 0.9 
(0.83-0.97)

81% 0.72 
(0.62-0.82)
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Table 4.   Interrater Kappa values with 95% CI, comparing raters with each other at 
two seminars.

Rater 1 vs Rater 2 Rater 1 vs Rater 3 Rater 2 vs Rater 3

Seminar 1 Seminar 2 Seminar 1 Seminar 2 Seminar 1 Seminar 2

AO /OTA  
group

0.6 
(0.5-0.69)

0.6 
(0.5-0.69)

0.63 
(0.54-0.72)

0.68 
(0.6-0.77)

0.5 
(0.4-0.59)

0.54 
(0.45-0.63)

AO/OTA  
type (A/B/C)

0.75 
(0.65-0.85)

0.72
(0.61-0.82)

0.69 
(0.59-0.8)

0.77 
(0.68-0.87)

0.6 
(0.48-0.71)

0.66
(0.55-0.77)

STUDY II
There was a male predominance among patients suffering an acetabular 
fracture (62%). The median age at the time of injury was 73 years for 
men and 82 years for women. A simple fall was the most common 
injury mechanism, and low-energy injuries was the cause of 63% of the 
fractures. The age distribution, sex, and injury energy level are shown 
in figure 12.

Fractures of the anterior wall were the most common fracture type 
overall. The most common fracture type for the less common high-
energy injuries was the posterior wall type. Figure 13 illustrates the 
distribution of fracture classes and the associated energy levels that 
caused them.
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Figure 12.   Distribution of age, sex, and injury energy level in 2,132 acetabular 
fracture patients.
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Figure 13.   Distribution of fracture classes and injury energy level in 2,132 acetabular 
fracture patients.
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Figure 13.   Distribution of fracture classes and injury energy level in 2,132 acetabular 
fracture patients.
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Three of four fractures were treated non-surgically. ORIF was performed 
in 73% of the cases among the surgically treated patients. A CHP or 
THA was the chosen treatment in 22% of the cases. The associated 
fracture patterns, A-PHT and ABC, were more often treated surgically.

Surgery as first choice of treatment
N=490

Non-surgical treatment
N=1,505

Conversion to surgical 
treatment at an early 

stage
N=13

Primary surgical treatment
N=503

ORIF
N=369

CHP
N=77

THA
N=36

Other surgery
N=21

Non-surgical treatment
N=1,492

Figure 14.   Primary treatment flowchart in 1,995 acetabular fractures with registered 
treatment. (ORIF – open reduction internal fixation).

In patients >70 years, the 30-day mortality after an acetabular fracture 
was 8%; for patients ≤70 years, it was 0.2% (Table 5). Mortality at one 
year after fracture was 24% in patients over 70 and 2% for the younger 
age group.
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Table 5.   Mortality at 30 days and 1 year in age groups >70 and ≤70 years. Data 
presented by age group and sex for 2,131 acetabular fracture patients. (One patient 
was excluded because of obvious false data, i.e., negative survival value.)

Age group, years 30 days, n (%) 1 year, n (%)

≤ 70 (n=813) 2 (0.2) 17 (2)

> 70 (n=1,318) 100 (8) 317 (24)

Male ≤ 70 (n=596) 2 (0.3) 11 (2)

Male > 70 (n=730) 70 (10) 184 (25)

Female ≤ 70 (n=217) 0 (0) 6 (3)

Female > 70 (n=588) 30 (5) 133 (23)

STUDY III
The 385 patients who responded to both PROM 0 and PROM 1 did not 
differ significantly from the non-responding patients on sex or fracture 
type. However, the responding group was younger and had more often 
suffered high-energy injuries and had a higher rate of primary surgical 
treatment (Table 6).

Table 6.   Demographics of responders and non-responders.

Characteristic Responders
(N=385)

Non-responders 
(N=1,559)

Difference
responders vs non-

responders * (95% CI)

Sex

Male 256 (66) 991 (64) 2.9 (-2.4-8.1)

Female 129 (34) 568 (36)

Median age (IQR)

All 71 (60-79) 79 (66-87) 7 (6-9)

Male 70.5 (60-77) 76 (63-85)

Female 74 (58-84) 84 (74-90)

Type of energy

High energy 87 (23) 201 (13) 11 (5.6-15)

Low energy 229 (59) 1,069 (69) 12 (6.3-17)

*The difference between responders and non-responders are accounted for in percentage 
points, except median age which is in years. 
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was excluded because of obvious false data, i.e., negative survival value.)

Age group, years 30 days, n (%) 1 year, n (%)

≤ 70 (n=813) 2 (0.2) 17 (2)

> 70 (n=1,318) 100 (8) 317 (24)

Male ≤ 70 (n=596) 2 (0.3) 11 (2)

Male > 70 (n=730) 70 (10) 184 (25)

Female ≤ 70 (n=217) 0 (0) 6 (3)

Female > 70 (n=588) 30 (5) 133 (23)

STUDY III
The 385 patients who responded to both PROM 0 and PROM 1 did not 
differ significantly from the non-responding patients on sex or fracture 
type. However, the responding group was younger and had more often 
suffered high-energy injuries and had a higher rate of primary surgical 
treatment (Table 6).

Table 6.   Demographics of responders and non-responders.

Characteristic Responders
(N=385)

Non-responders 
(N=1,559)

Difference
responders vs non-

responders * (95% CI)

Sex

Male 256 (66) 991 (64) 2.9 (-2.4-8.1)

Female 129 (34) 568 (36)

Median age (IQR)

All 71 (60-79) 79 (66-87) 7 (6-9)

Male 70.5 (60-77) 76 (63-85)

Female 74 (58-84) 84 (74-90)

Type of energy

High energy 87 (23) 201 (13) 11 (5.6-15)

Low energy 229 (59) 1,069 (69) 12 (6.3-17)

*The difference between responders and non-responders are accounted for in percentage 
points, except median age which is in years. 
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The mean ∆SMFA values showed a decrease in function for all analysed 
subgroups, i.e., positive ∆SMFA (Table 7-9). The mobility index displayed 
the largest numerical impairment among the analysed SMFA indices. No 
statistically significant differences between subgroups could be observed 
in this cohort, except for surgically versus non-surgically treated patients. 
However, because of selection bias, these two groups should not be 
compared to each other. Although statistical significance could not be 
established, there were numerical differences between groups.

The ∆SMFA scores were similar among male and female patients, 
but larger difference was reported between the two age groups (Table 
7). Patients in the group aged ≤70 years reported greater numerical 
impairment compared to patients >70 years. When considering only 
patients who underwent surgery, the age-related discrepancy was more 
pronounced (Table 8). Among non-surgically treated patients, the 
scores of each age group were more similar. 

High-energy injuries resulted in worse scores compared to low-energy 
injuries (Table 9).

Table 7.   Differences in patient-reported function categorised by sex and age group, 
1 year after an acetabular fracture compared with 1 week prior to the injury. Data are 
presented as mean values of individual DPROMs with 95% confidence intervals.

Patient group ΔSMFA index

Bother Dysfunction Mobility

Mean 95% CI Mean 95% CI Mean 95% CI

All 11.3  
(n=347)

9.1-13.5 10.2 
(n=382)

8.5-11.9 13.7
(n=382)

11.7-15.7

Male 11.8  
(n=237)

9.2-14.4 9.9 
(n=253)

7.9-12.0 13.2
(n=253)

10.8-15.5

Female 10.1  
(n=110)

5.9-14.4 10.8
(n=129)

7.8-13.8 14.7
(n=129)

11.1-18.3

≤70 years 13.8  
(n=172)

10.4-17.1 11.4
(n=182)

9.0-13.9 15.5
(n=182)

12.5-18.4

>70 years 8.8 
(n=175)

5.9-11.7 9.1
(n=200)

6.8-11.5 12.0
(n=200)

9.3-14.8
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Table 8.   Differences in patient-reported function categorised by treatment and age 
group, 1 year after an acetabular fracture compared with 1 week prior to the injury. 
Data are presented as mean values of individual DPROMs with 95% confidence 
intervals

Primary 
treatment

Age  
group

ΔSMFA index

Bother Dysfunction Mobility

Mean 95% CI Mean 95% CI Mean 95% CI

Surgical All 18.3
(n=108)

14.0-22.6 15.8
(n=120)

12.7-18.9 21.6
(n=120)

17.9-25.2

≤70 years 20.5
(n=72)

14.6-26.3 17.9
(n=78)

13.8-22.1 24.1
(n=78)

19.4-28.9

>70 years 13.9
(=36)

8.3-19.6 11.8
(n=42)

7.4-16.2 16.8
(n=42)

11.4-22.2

Non-
surgical

All 7.2
(n=218)

4.7-9.8 7.0
(n=239)

5.0-9.0 9.2
(n=239)

6.9-11.5

≤70 years 6.7
(n=91)

3.2-10.2 5.0
(n=95)

2.6-7.4 6.9
(n=95)

4.1-9.8

>70 years 7.6
(n=127)

4.1-11.2 8.4
(n=144)

5.4-11.3 10.7
(n=144)

7.4-14.1

Table 9.   Differences in patient-reported function categorised by injury energy level, 
1 year after an acetabular fracture compared with 1 week prior to the injury. Data are 
presented as mean values of individual DPROMs with 95% confidence intervals.

Injury type ΔSMFA index

Bother Dysfunction Mobility

Mean 95% CI Mean 95% CI Mean 95% CI

High-energy 13.7
(n=84)

8.3-19.1 13.3
(n=86)

9.7-16.9 17.8
(n=86)

13.5-22.0

Low-energy 10.6
(n=200)  

8.1-13.1 9.8
(n=228)

7.7-12.0 12.5
(n=228)

10.0-15.1

When analysing the 10 fracture types, the ∆SMFA scores tended to 
increase with the fracture’s complexity (Figure 15). Diverging from this 
trend, posterior wall fractures, which is considered a simple fracture 
type, also displayed higher scores.
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The mean ∆SMFA values showed a decrease in function for all analysed 
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However, because of selection bias, these two groups should not be 
compared to each other. Although statistical significance could not be 
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but larger difference was reported between the two age groups (Table 
7). Patients in the group aged ≤70 years reported greater numerical 
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patients who underwent surgery, the age-related discrepancy was more 
pronounced (Table 8). Among non-surgically treated patients, the 
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Table 8.   Differences in patient-reported function categorised by treatment and age 
group, 1 year after an acetabular fracture compared with 1 week prior to the injury. 
Data are presented as mean values of individual DPROMs with 95% confidence 
intervals

Primary 
treatment

Age  
group

ΔSMFA index

Bother Dysfunction Mobility

Mean 95% CI Mean 95% CI Mean 95% CI

Surgical All 18.3
(n=108)
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(=36)
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surgical

All 7.2
(n=218)

4.7-9.8 7.0
(n=239)
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Table 9.   Differences in patient-reported function categorised by injury energy level, 
1 year after an acetabular fracture compared with 1 week prior to the injury. Data are 
presented as mean values of individual DPROMs with 95% confidence intervals.

Injury type ΔSMFA index

Bother Dysfunction Mobility

Mean 95% CI Mean 95% CI Mean 95% CI

High-energy 13.7
(n=84)

8.3-19.1 13.3
(n=86)

9.7-16.9 17.8
(n=86)

13.5-22.0

Low-energy 10.6
(n=200)  

8.1-13.1 9.8
(n=228)

7.7-12.0 12.5
(n=228)

10.0-15.1

When analysing the 10 fracture types, the ∆SMFA scores tended to 
increase with the fracture’s complexity (Figure 15). Diverging from this 
trend, posterior wall fractures, which is considered a simple fracture 
type, also displayed higher scores.
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Figure 15.   Differences in patient-reported function categorised by fracture, 1 
year after an acetabular fracture compared to 1 week prior to the injury. Data are 
presented as mean values of individual DPROMs.

STUDY IV
Most of the 3,318 patients in the study cohort were treated non-
surgically (74%). Eighteen per cent were treated with ORIF and 8% with 
THA/CHP (Table 1 in Paper IV). The median age was 76 years and male 
patients accounted for 64%. 

Secondary treatment at five years post-fracture was 4.4% for non-
surgically, 17.3% for ORIF, and 11.8% for THA/CHP-treated patients 
(Table 2 in Paper IV). At one year, 1.7% of the non-surgically treated 
patients and 6.2% of the ORIF-treated patients had undergone late 
THA surgery. For patients primarily treated with THA/CHP, the 1-year 
revision rate was 7.5%.

Secondary treatment after primary THA/CHP was most common during 
the first year post-fracture (Figure 2 in Paper IV). After one year, the 
ORIF-treated patients received secondary treatment to a greater extent. 
However, long-term differences between the ORIF and the THA/CHP 
groups were not statistically significant. Non-surgically treated patients 
had a significantly lower rate of secondary treatment at most time points 
and had a lower hazard ratio (HR) compared to the other treatment 
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scores compared with older patients (> 70 years). This find-
ing could not be statistically established but a correspond-
ing age-related difference in reported outcome could not be 
found in the non-surgically treated group.

Fracture type
No statistically significant differences were found between 
fracture types. However, there were numerical differences. 
The fracture types with the largest increase in mean SMFA 
were the both-column fractures and the anterior and posterior 
hemitransverse fractures (scores 16.5–21.2; Figure 2). Patients 
with fractures involving the posterior wall of the acetabulum 
(posterior wall fractures, posterior column and posterior wall, 
and transverse and posterior wall fractures) also had a large 
increase in SMFA scores. Patients who sustained fractures 
of the anterior wall and posterior column reported the least 
impact on functional ability 1 year after the injury. 

Discussion

The study aimed to present patient-reported changes in health 
1 year after surgically and non-surgically treated acetabular 
fractures. We have shown that acetabular fractures cause func-

fractures among an older population considered too frail for 
surgical treatment [23]. The current study adds to this informa-
tion by including not only non-surgical treatment due to frailty 
or age but also a large group of patients whose treatment of 
choice is non-surgical.

There was no significant statistical difference in patient-
reported function between the sexes. The younger population 
(≤ 70 years) demonstrated greater impairment. This finding 
presents a contradiction to previous findings, which indicated 
that advanced age was a prognostic factor for unfavorable out-
comes after acetabular fracture surgery with open reduction 
and internal fixation (ORIF) [6,9]. The present results may 
have several explanations. One could be that younger patients 
exhibit greater expectations regarding limb function, thus per-
ceiving even a minor impairment as a substantial decline in 
functionality. Another plausible explanation is that acetabu-
lar fractures in patients ≤ 70 years are more often the result 
of high-energy trauma mechanisms, which may cause a more 
serious injury than fractures due to low-energy traumas [4]. 
In our study, high-energy trauma was associated with worse 
impairment compared with patients with low-energy trauma. 
Additionally, there is a current trend to prioritize primary hip 
arthroplasty over ORIF as the preferred treatment for older 
patients with complex fractures, as indicated by reported 

Table 4. Change in patient-reported function stratified by treatment and age group, 1 year 
after sustaining an acetabular fracture compared with 1 week before the injury. Values are 
count and mean change in Short Musculoskeletal Function Assessment  subindices with 
95% confidence intervals (CI)

Treatment Bother Dysfunction Mobility
    Age n  mean (CI) n mean (CI) n mean (CI)

Surgical 
 All 108 18.3 (14.0–22.6) 120 15.8 (12.7–18.9) 120 21.6 (17.9–25.2)
 ≤ 70 years 72 20.5 (14.6–26.3) 78 17.9 (13.8–22.1) 78 24.1 (19.4–28.9)
 > 70 years 36 13.9 (8.3–19.6) 42 11.8 (7.4–16.2) 42 16.8 (11.4–22.2)
Non-surgical
 All 218 7.2 (4.7–9.8) 239   7.0 (5.0–9.0) 239   9.2 (6.9–11.5)
 ≤ 70 years 91 6.7 (3.2–10.2) 95   5.0 (2.6–7.4) 95   6.9 (4.1–9.8)
 > 70 years 127 7.6 (4.1–11.2) 144   8.4 (5.4–11.3) 144 10.7 (7.4–14.1)
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Figure 2. Differences in patient-reported function stratified by fracture type, 1 year after 
sustaining an acetabular fracture compared with 1 week before the injury. A positive value 
denotes a decrease in function, a negative an improvement. Data is mean with 95% confi-
dence intervals. SMFA = Short Musculoskeletal Function Assessment.

tional impairment in all patient groups 1 
year post-fracture, regardless of fracture 
pattern or the treatment approach (surgical 
or non-surgical). Although not statistically 
significant, our results indicated more 
severe functional impairment in younger 
patients (≤ 70 years) and those who suf-
fered high-energy trauma. More complex 
fracture patterns and fractures involving 
the posterior wall had the worst functional 
outcomes of all fracture types.

The overall result for the entire cohort 
demonstrates a reduction in function 1 
year after sustaining an acetabular frac-
ture. Due to differences in measurement 
instruments and the almost unique inclu-
sion of non-surgically treated patients in 
the current study, a direct comparison with 
the result from other studies is difficult. 
However, our results align with findings 
from Walley et al. on functional impair-
ment following acetabular fractures. They 
primarily included older adults not return-
ing to their previous level of ambulation 
following acetabular fractures, regard-
less of treatment [22]. Although not using 
patient-reported scores, Baker et al. also 
described a significant reduction in mobil-
ity and independence after 1 year of non-
surgical treatment for complex acetabular 
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groups (Table 10). For the THA/CHP group, most revision surgery was 
performed during the first year and most late THA after primary ORIF 
was performed during the first two years. 

The highest rates of late THA after non-surgical treatment were seen for 
the PC+PW fractures, followed by the A-PHT and T-shaped fractures 
(Table 3 in Paper IV). Secondary THAs after ORIF were most common 
for the PC+PW, T, and PW fractures. The rate of revision surgery after 
primary THA/CHP was the highest for TRANS and TRANS+PW 
fractures.

In non-surgically treated patients, 30-day mortality was 5.7%, and 
1-year mortality was 18.8% (Figure 3 and Table 4 in Paper IV). For the 
ORIF treatment group, 30-day mortality was 1.5%, and 1-year mortality 
was 4.4%. When primarily treated with THA/CHP, 30-day mortality 
was 2.6%, and 1-year mortality 14.4%. The HR for death was reduced 
for both primary surgical treatment groups compared to those who did 
not undergo surgery (Table 10).

Table 10.   Hazard ratios (HRs) with 95% Confidence intervals (CIs) for secondary 
treatment and mortality in the three primary treatment groups (non-surgical, ORIF, 
and THA/CHP).

Non-surgical ORIF THA/CHP

Secondary treatment 
HR (95% CI)

1 4.4 (3.1-6.3) 3.3 (2.0-5.3)

Mortality 
HR (95% CI)

1 0.6 (0.5-0.8) 0.7 (0.6-0.9)
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Figure 15.   Differences in patient-reported function categorised by fracture, 1 
year after an acetabular fracture compared to 1 week prior to the injury. Data are 
presented as mean values of individual DPROMs.

STUDY IV
Most of the 3,318 patients in the study cohort were treated non-
surgically (74%). Eighteen per cent were treated with ORIF and 8% with 
THA/CHP (Table 1 in Paper IV). The median age was 76 years and male 
patients accounted for 64%. 

Secondary treatment at five years post-fracture was 4.4% for non-
surgically, 17.3% for ORIF, and 11.8% for THA/CHP-treated patients 
(Table 2 in Paper IV). At one year, 1.7% of the non-surgically treated 
patients and 6.2% of the ORIF-treated patients had undergone late 
THA surgery. For patients primarily treated with THA/CHP, the 1-year 
revision rate was 7.5%.

Secondary treatment after primary THA/CHP was most common during 
the first year post-fracture (Figure 2 in Paper IV). After one year, the 
ORIF-treated patients received secondary treatment to a greater extent. 
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groups were not statistically significant. Non-surgically treated patients 
had a significantly lower rate of secondary treatment at most time points 
and had a lower hazard ratio (HR) compared to the other treatment 
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scores compared with older patients (> 70 years). This find-
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of high-energy trauma mechanisms, which may cause a more 
serious injury than fractures due to low-energy traumas [4]. 
In our study, high-energy trauma was associated with worse 
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Additionally, there is a current trend to prioritize primary hip 
arthroplasty over ORIF as the preferred treatment for older 
patients with complex fractures, as indicated by reported 
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Figure 2. Differences in patient-reported function stratified by fracture type, 1 year after 
sustaining an acetabular fracture compared with 1 week before the injury. A positive value 
denotes a decrease in function, a negative an improvement. Data is mean with 95% confi-
dence intervals. SMFA = Short Musculoskeletal Function Assessment.

tional impairment in all patient groups 1 
year post-fracture, regardless of fracture 
pattern or the treatment approach (surgical 
or non-surgical). Although not statistically 
significant, our results indicated more 
severe functional impairment in younger 
patients (≤ 70 years) and those who suf-
fered high-energy trauma. More complex 
fracture patterns and fractures involving 
the posterior wall had the worst functional 
outcomes of all fracture types.

The overall result for the entire cohort 
demonstrates a reduction in function 1 
year after sustaining an acetabular frac-
ture. Due to differences in measurement 
instruments and the almost unique inclu-
sion of non-surgically treated patients in 
the current study, a direct comparison with 
the result from other studies is difficult. 
However, our results align with findings 
from Walley et al. on functional impair-
ment following acetabular fractures. They 
primarily included older adults not return-
ing to their previous level of ambulation 
following acetabular fractures, regard-
less of treatment [22]. Although not using 
patient-reported scores, Baker et al. also 
described a significant reduction in mobil-
ity and independence after 1 year of non-
surgical treatment for complex acetabular 
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groups (Table 10). For the THA/CHP group, most revision surgery was 
performed during the first year and most late THA after primary ORIF 
was performed during the first two years. 

The highest rates of late THA after non-surgical treatment were seen for 
the PC+PW fractures, followed by the A-PHT and T-shaped fractures 
(Table 3 in Paper IV). Secondary THAs after ORIF were most common 
for the PC+PW, T, and PW fractures. The rate of revision surgery after 
primary THA/CHP was the highest for TRANS and TRANS+PW 
fractures.

In non-surgically treated patients, 30-day mortality was 5.7%, and 
1-year mortality was 18.8% (Figure 3 and Table 4 in Paper IV). For the 
ORIF treatment group, 30-day mortality was 1.5%, and 1-year mortality 
was 4.4%. When primarily treated with THA/CHP, 30-day mortality 
was 2.6%, and 1-year mortality 14.4%. The HR for death was reduced 
for both primary surgical treatment groups compared to those who did 
not undergo surgery (Table 10).

Table 10.   Hazard ratios (HRs) with 95% Confidence intervals (CIs) for secondary 
treatment and mortality in the three primary treatment groups (non-surgical, ORIF, 
and THA/CHP).

Non-surgical ORIF THA/CHP

Secondary treatment 
HR (95% CI)

1 4.4 (3.1-6.3) 3.3 (2.0-5.3)

Mortality 
HR (95% CI)

1 0.6 (0.5-0.8) 0.7 (0.6-0.9)
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DISCUSSION

SWEDISH FRACTURE REGISTER
Following the creation of the SFR, many new opportunities have emerged. 
National-scale studies involving larger populations are now feasible. 
Prospective data collection on fracture patients creates a continuously 
growing database, and real-time registrations have also enabled register-
based RCTs to be conducted. The SFR is unique in that it includes all 
orthopaedic departments in the country. Moreover, encompassing all 
treatment modalities, not solely those surgically addressed, enhances 
the informational value and offers a more comprehensive representation 
of reality.

Although the SFR poses many advantages and new possibilities, some 
challenges remain. Even if complete coverage has been achieved, the 
register’s completeness and accuracy may still present challenges. These 
challenges are subject to ongoing evaluation, with a constant endeavour 
to maintain the highest possible standard of registration. In 2023, the 
completeness of fractures in the SFR, relative to the NPR, was 58%. 
However, significant variability exists across different orthopaedic 
departments (79). Nevertheless, the reported number of fractures in 
the NPR overestimates the actual count, a point to consider when 
interpreting these numbers (54). 

The differences between departments raise the question of whether the 
registered patients represent the entire Swedish population. Variations 
in the prevalence of injuries may exist across geographical regions, 
with socioeconomic factors, lifestyle, and occupation impacting injury 
mechanisms and outcomes. The SFR’s inception in 2011 saw registrations 
from Gothenburg and its surrounding areas in western Sweden. Over a 
decade, the registry experienced gradual growth until all departments 
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were incorporated. An overview of completeness fi gures from the SFR 
website for 2023 reveals no discernible trend suggesting a specifi c type 
of region with lower completeness rates (Figure 16). Various city areas 
and more rural regions appear to be represented. 

Figure 16.   Completeness (%) in the SFR and NPR for the different regions in Sweden 
showing patients with certain fractures compared to the NPR in 2023. (Figure 
provided by the Swedish Board of Health and Welfare)

Obtaining high completeness for reoperations has proven to be 
particularly diffi  cult, and two studies have shown completeness for 
reoperations of 62% for humeral and 63% for tibial fractures (80, 81). To 
improve completeness of data on fractures around the hip, the SFR and 
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SAR are linked, with patient information about hip arthroplasty being 
exchanged daily between the two registries. In Study IV, a complete 
cross-reference between the two registers was conducted to ensure an as 
complete dataset as possible. The completeness for hip revision surgery 
in the SAR was between 93 and 96% in 2013-2022  (58).

The validity of fracture classifications is another crucial factor 
determining the SFR’s utility. Several validation studies have been 
performed, one of which is included in this thesis (Study I) (82-87). The 
validation of acetabular fracture classification is further discussed below.

FRACTURE CLASSIFICATION
Fracture classification instruments facilitate objective evaluation and 
effective communication among treating physicians and researchers. 
A good classification system can also guide in choosing the proper 
treatment, anticipating complications, and implying something about 
the prognosis. A main challenge in developing effective classification 
systems is the inherent contradiction between simplicity and 
comprehensiveness. Precise details and thorough descriptions must be 
provided. Still, a classification system needs to be reproducible, user-
friendly, and easy to learn, or it will not be used, especially if employed 
daily in a register setting.

Despite its widespread use, the Letournel classification system for 
acetabular fractures presents certain limitations. No regard is given 
to the degree of displacement when classifying fractures according 
to Letournel. This limits the classification’s ability to guide treatment 
and prognosis. The classification, however, is designed to guide the 
surgeon in choosing a surgical incision.  Several research groups have 
studied the reliability of the Judet-Letournel classification. Beaulé et 
al. describe interobserver kappa values from 0.51 for less experienced 
raters to 0.74 for more experienced raters when using plain radiographs 
and CT. Intraobserver reliability in the same study ranged from 0.69 to 
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0.83 (12). Though focused on the choice of imaging technique, O’Toole 
et al. showed an interobserver reliability of 0.64 (Cohen’s kappa) using 
three-dimensional CT reconstructions (88). Zhang et al. demonstrated a 
mean kappa value of 0.591 for interobserver and 0.735 for intraobserver 
reliability (16). The results in Study I, with interrater kappa values of 0.5 
to 0.68 and intrarater values of 0.67 to 0.9, are consistent with previous 
findings. Merging the classification groups into types A, B, and C, 
resulted in a somewhat higher kappa value. The merger attempted to 
investigate whether most misclassifications were due to closely related 
fracture patterns. However, the classification of acetabular fractures is 
more complex. For instance, an anterior column fracture, A3.2/3, is 
more similar to a B3 or a C fracture than it is to A1, a posterior wall 
fracture. Wennergren et al. addressed this problem by classifying 
humerus fractures with a series of Boolean questions to determine 
which fracture groups are the most closely related (83). We attempted 
a comparable approach using the questions of a diagnostic algorithm 
proposed by Riouallon et al. to aid in classifying acetabular fractures 
(89). However, the Judet-Letournel classification system relies on a single 
fracture line to differentiate many groups, resulting in this attempt to 
fuse related fractures into larger groups to be indiscriminate.

The moderate agreement between classifications made in the SFR 
and the established GS in Study I was not unexpected. The level of 
agreement varied between fracture types, revealing that certain fracture 
classifications presented more challenges than others. There is a learning 
curve to this classification system, but even among experienced pelvic 
surgeons, there are disagreements and misunderstandings. During the 
third session of Study I, the discussion among the three raters focused 
less on the classification itself, as there appeared to be consensus 
among them. Instead, the discussion was about specific fracture lines 
distinguishing one group from the other. Some undisplaced and 
discrete lines that everyone had not seen on previous occasions made 
the difference in which group to place each fracture. Such a fracture 
may not even be visible on a plane radiograph. This raises the question 
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of the relevance of these lines. For example, a completely undisplaced 
line through the posterior column might not be viewed as a posterior 
column injury in a functional sense and, therefore, be classified as a 
posterior wall fracture if that was considered the main issue for the 
patient.

The reliability of the SFR classifications with a kappa value of 0.43 may be 
subject to debate. One limitation of Study I was the number of fractures 
in each fracture group. Despite the pre-study power analysis, there were 
very few fractures in some groups, resulting in large effects on accuracy 
in both positive and negative directions. Until a more comprehensive 
validation has been made, caution is advised when interpreting data on 
specific fracture types. However, acetabular fracture patients registered 
in the SFR can be analysed as one cohort, and some fracture types with 
higher accuracy may be used for subgroup-analysis. 

Another limitation was that the validation was only performed for 
surgically treated patients. In this first part of validating acetabular 
fracture classifications, focus was placed on displaced fractures requiring 
surgical care. Including all fractures at this stage may have clouded the 
cohort and emphasised simple, undisplaced fractures of little or no 
consequence to the patient. The non-surgically treated fractures can 
also be validated, but preferably in a separate study.

EPIDEMIOLOGY
The results of Study II displayed a classic bimodal distribution of fractures. 
The older patient groups sustained an acetabular fracture mainly due to 
low-energy injury mechanisms, and the younger, often male, patients 
suffered high-energy injuries. It was evident that the older patients far 
outnumbered the younger patients. Previous studies have shown an 
increase in the incidence of acetabular fractures among older adults  
(20-22, 90). As mentioned earlier in this thesis, the field of acetabular fracture 
surgery has been forced to adapt to this shift in patient demography. 
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Study II presents a relatively large cohort of patients compared to 
most publications, and including non-surgically treated patients is 
also less frequent in previous studies. The study showed that 75% 
of acetabular fracture patients are treated non-surgically, greatly 
impacting the results. One of the main differences compared to the 
existing literature was the high prevalence of anterior wall fractures. 
This observation may partly be due to misclassifications. For example, 
lateral fractures of the superior pubic ramus may often be interpreted 
as anterior wall fractures. Furthermore, registrants may experience 
difficulty in appropriately categorising fractures involving the anterior 
wall and anterior column. According to the Letournel classification, the 
combination of AW and AC fractures is included in the AW group, but 
these may be misclassified as AC fractures. AW fractures are generally 
treated non-surgically and may explain their high prevalence in this 
cohort compared to the existing literature. Both column fractures and 
anterior and posterior hemitransverse fractures are described to be the 
most common acetabular fractures in the senior population (91, 92). These 
fracture types were underrepresented in Study II compared to previous 
research. However, as most studies report on surgically treated patients 
or originate from trauma referral centres, the previously described 
fracture-type distribution may also be skewed.

When isolating high-energy trauma mechanisms, posterior wall 
fractures were the most common, and 80% of the patients in this group 
were male. The rate of PW fractures in Study II is consistent with 
previous studies reporting mainly on surgically treated patients (32, 93). 
As discussed above and as seen in Study I, these fractures are also easier 
to classify correctly, facilitating comparisons to other studies. The large 
proportion of male patients suffering high-energy trauma is also in line 
with previous research (94, 95). Male individuals tend to more often engage 
in high-risk activities and are more often involved in traffic accidents  
(96, 97). A PW fracture frequently occurs in motor vehicle accidents when 
axial forces are exerted upon the flexed hip joint. 
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However, high-energy trauma mechanisms were only responsible for 
21% of the fractures in Study II. Low-energy trauma mechanisms in 
older adults were observed more frequently, corroborating previous 
reports indicating an increasing incidence of acetabular fractures within 
this age group (20-23). Increased age is associated with a higher rate of 
fracture types involving the anterior column and quadrilateral plate  
(24, 98). Additionally, acetabular roof impaction and medialisation of the 
femoral head are more common in this patient group. In Study II, ORIF 
was the predominant surgical technique employed among patients 
undergoing surgical treatment. However, research indicates that THA/
CHP is increasingly favoured within this patient cohort (25, 26, 72, 99). 

As discussed above, male patients account for most high-energy trauma 
mechanisms. Nevertheless, patients in the low-energy trauma group 
was also predominately male, which is somewhat surprising given 
that females are more susceptible to most other fragility fractures (100). 
The male/female ratio aligns with previous investigations (18, 21-23). 
The underlying reasons are yet to be determined, but part of the 
explanation may be differences in behaviour and activities also in later 
years. Another explanation could relate to anatomical differences in the 
pelvis. Differences between the sexes in anteversion and inclination of 
the acetabulum, as well as hip stability, may influence the likelihood of 
fracture and dislocation (101, 102).

Although it was not the focus of Study II, reflections on treatment 
modalities in different geographic areas can be subject to discussion, 
and questions may be raised about equality of care. Sweden is divided 
into 21 regions responsible for health care in the respective geographical 
areas. The university hospitals performing acetabular fracture surgery 
are mainly located in the country’s southern regions. Non-surgical 
treatments may be favoured in areas with restricted access to acetabular 
fracture surgery. These patients may, instead, be more prone to delayed 
arthroplasty as a consequence of posttraumatic arthritis.
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MORTALITY
Study II confirms that the mortality after acetabular fractures in the 
geriatric population mimics the mortality of hip fracture patients (103, 104). 
Unlike hip fractures, where surgical intervention is typically preferred 
to enable early ambulation, the management of acetabular fractures in 
geriatric patients is less aggressive, frequently involving immobilisation 
and protected weight bearing. Such an approach is recognised to have 
adverse consequences on the ageing physiology (105, 106). This does 
not imply that all acetabular fractures should be treated surgically. 
However, the ability to ambulate and weight bear must be considered 
when treating these patients. The comparable mortality rates observed 
in patients with hip and acetabular fractures are likely attributable to 
the similar characteristics of the patient cohort experiencing these 
kinds of fractures. Comorbidities, age, and preinjury functions are likely 
comparative for these two groups and the type of fracture they sustained 
after a simple fall is secondary to mortality outcomes. Therefore, adopting 
similar care protocols for acetabular fractures as those employed for 
patients with hip fractures may prove beneficial. Research has indicated 
that multidisciplinary orthogeriatric care may diminish mortality rates 
among hip fracture patients (107, 108). Implementation of this care model 
has begun also for patients with acetabular fractures (109).

Khoshbin et al. reported a 30-day mortality of 6.6% in surgically treated 
acetabular fracture patients >60 years (110). In a study by Bible et al., the 
1-year mortality rate was 8.1% after an isolated acetabular fracture (111). 
In their cohort, 64% were treated surgically. Patients who underwent 
surgical treatment exhibited lower mortality rates in comparison to 
those who did not receive surgical intervention. This disparity may be 
attributed to selection bias, as patients deemed appropriate for surgical 
procedures likely presented with fewer comorbidities. This was also 
illustrated in Study IV, where patients treated with THA/CHP had a 
lower 30-day mortality compared to non-surgically treated patients. 
However, a relatively elevated 1-year mortality was observed in this 
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group. The patients in the THA/CHP group were older than those in 
the ORIF group and had a median age approximating that of the non-
surgically treated group. However, they were deemed healthy enough 
to undergo extensive surgery, which could explain the differences in 
30-day mortality. Although the ORIF group was younger, the 30-day 
mortality was not significantly higher for the THA/CHP group.

Study II divided patients into two age groups (≤70 or >70 years). 
In the older patient group, male patients displayed a higher 30-day 
mortality compared to female patients. The reasons for this disparity 
are yet to be clarified. Kannegaard et al. demonstrated a similar 
excessive early  mortality for male patients following hip fractures (112). 
Although the male patients were younger at the time of injury, the 
difference in mortality between the sexes endured after adjustment for 
comorbidities. In the general population, male individuals have a higher 
overall mortality risk, but even when this is taken into consideration, 
an increased mortality after hip fracture persists among male patients 
(113, 114).

PROM
PROM has become an increasingly popular tool for measuring 
how patients perceive the outcome of a certain event or treatment. 
Nevertheless, in contemporary society, individuals are inundated with 
questionnaires and evaluation forms, resulting in a probable decrease 
in response rates attributable to questionnaire fatigue. Additionally, 
obtaining PROM responses from trauma patients can be challenging 
due to the unexpected nature of their injuries, which have disrupted 
their prior functioning. Patients who have undergone elective surgery 
often have a history of long-standing disability, and the planned 
procedure typically results in improved functionality. Hence, gratitude 
and improvement may make these patients more inclined to answer 
questionnaires about their health.



60  ACETABULAR FRACTURES

MORTALITY
Study II confirms that the mortality after acetabular fractures in the 
geriatric population mimics the mortality of hip fracture patients (103, 104). 
Unlike hip fractures, where surgical intervention is typically preferred 
to enable early ambulation, the management of acetabular fractures in 
geriatric patients is less aggressive, frequently involving immobilisation 
and protected weight bearing. Such an approach is recognised to have 
adverse consequences on the ageing physiology (105, 106). This does 
not imply that all acetabular fractures should be treated surgically. 
However, the ability to ambulate and weight bear must be considered 
when treating these patients. The comparable mortality rates observed 
in patients with hip and acetabular fractures are likely attributable to 
the similar characteristics of the patient cohort experiencing these 
kinds of fractures. Comorbidities, age, and preinjury functions are likely 
comparative for these two groups and the type of fracture they sustained 
after a simple fall is secondary to mortality outcomes. Therefore, adopting 
similar care protocols for acetabular fractures as those employed for 
patients with hip fractures may prove beneficial. Research has indicated 
that multidisciplinary orthogeriatric care may diminish mortality rates 
among hip fracture patients (107, 108). Implementation of this care model 
has begun also for patients with acetabular fractures (109).

Khoshbin et al. reported a 30-day mortality of 6.6% in surgically treated 
acetabular fracture patients >60 years (110). In a study by Bible et al., the 
1-year mortality rate was 8.1% after an isolated acetabular fracture (111). 
In their cohort, 64% were treated surgically. Patients who underwent 
surgical treatment exhibited lower mortality rates in comparison to 
those who did not receive surgical intervention. This disparity may be 
attributed to selection bias, as patients deemed appropriate for surgical 
procedures likely presented with fewer comorbidities. This was also 
illustrated in Study IV, where patients treated with THA/CHP had a 
lower 30-day mortality compared to non-surgically treated patients. 
However, a relatively elevated 1-year mortality was observed in this 

05. DISCUSSION 61

group. The patients in the THA/CHP group were older than those in 
the ORIF group and had a median age approximating that of the non-
surgically treated group. However, they were deemed healthy enough 
to undergo extensive surgery, which could explain the differences in 
30-day mortality. Although the ORIF group was younger, the 30-day 
mortality was not significantly higher for the THA/CHP group.

Study II divided patients into two age groups (≤70 or >70 years). 
In the older patient group, male patients displayed a higher 30-day 
mortality compared to female patients. The reasons for this disparity 
are yet to be clarified. Kannegaard et al. demonstrated a similar 
excessive early  mortality for male patients following hip fractures (112). 
Although the male patients were younger at the time of injury, the 
difference in mortality between the sexes endured after adjustment for 
comorbidities. In the general population, male individuals have a higher 
overall mortality risk, but even when this is taken into consideration, 
an increased mortality after hip fracture persists among male patients 
(113, 114).

PROM
PROM has become an increasingly popular tool for measuring 
how patients perceive the outcome of a certain event or treatment. 
Nevertheless, in contemporary society, individuals are inundated with 
questionnaires and evaluation forms, resulting in a probable decrease 
in response rates attributable to questionnaire fatigue. Additionally, 
obtaining PROM responses from trauma patients can be challenging 
due to the unexpected nature of their injuries, which have disrupted 
their prior functioning. Patients who have undergone elective surgery 
often have a history of long-standing disability, and the planned 
procedure typically results in improved functionality. Hence, gratitude 
and improvement may make these patients more inclined to answer 
questionnaires about their health.



62  ACETABULAR FRACTURES

The response rate for the PROM questionnaires in Study III approximated 
20%. This rate raises the question of who answers the PROM forms and 
how they differ from those who do not. The average age of individuals with 
acetabular fractures is relatively high, and the presence of comorbidities 
such as dementia may impede their ability to respond. Others might 
choose to ignore the inquiry. An attempt to answer the question of the 
differences between responders and non-responders in the SFR was 
performed by Juto et al., who included patients with fractures of the 
humerus, radius, or ulna (115). These authors concluded that although 
patients responding to PROM 0 and/or PROM 1 were slightly older and 
more often female than non-responders, these differences disappeared 
after case-control matching. No significant differences in PROM scores 
were found between responders and non-responders, except for the 
dysfunction index at the 1-year follow up, where responders reported 
worse function compared to non-responders. This difference also 
disappeared after case-control matching. In Study III, no significant 
differences between the sexes were noted, but responders were younger 
and had more serious injuries, i.e., high-energy trauma, and more 
often required surgical treatment. Study III did not analyse differences 
in PROM scores between responders and non-responders. However, 
SMFA scores were higher for surgically treated patients, those suffering 
high-energy injuries, and the younger patient group. Given the higher 
response rate observed in these patient groups, it could be argued that 
responders might experience poorer outcomes.

Another consideration when interpreting PROM responses is the effect 
that other injuries or illnesses may have on the patient’s health, making it 
difficult to isolate what impression one specific injury had on the patient’s 
function. This suggestion was why patients with additional fractures were 
excluded from Study III. Regrettably, this approach may have excluded 
some multitrauma patients whose pelvic injury outcome would be 
valuable. Nonetheless, this decision was made and driven by the study’s 
objective of isolating the effects of an acetabular fracture. Including these 
patients could have obscured the intended analytical focus.

05. DISCUSSION 63

The Swedish version of the SMFA has been assessed for reliability and 
responsiveness, demonstrating it to be a valid instrument for measuring 
musculoskeletal function (60, 116). However, the difference in SMFA scores 
between two time points considered clinically important for the patient 
is still unclear. This change in score is termed the minimally important 
change (MIC) (117). MIC is the smallest change in an SMFA score that 
an individual patient perceives as important. MIC is not to be confused 
with a minimal important difference (MID), which refers to how much 
the score needs to differ to be considered of clinical importance when 
comparing different patient groups. Neither MIC nor MID has been 
established for the Swedish SMFA. The lack of defined MIC and MID 
values complicates the interpretation of findings in Study III. Statistical 
significance between groups was calculated, but the impact that the 
patient experiences cannot be fully clarified. 

The main result of Study III was the decline in function reported by all 
analysed subgroups, as demonstrated by the overall positive values of 
the mean ∆SMFA. The spread of individual ∆SMFA scores was wide, and 
even if most patients reported a decline in function, there were some that 
reported an improved function 1-year post-injury. This data distribution 
may be attributable to difficulties in understanding the questionnaire. 
For instance, the reliance on recall techniques in PROM 0’s inquiries 
regarding pre-injury function may lead to misinterpretations, as some 
patients may inadvertently describe their current functional status, 
potentially influenced by their recent fracture. However, other patients 
may well experience an improvement in function after their injury. 
For example, for a patient with disabling arthrosis pre-injury treated 
with THA/CHP, the post-injury function at 1 year may be a marked 
improvement to pre-injury function. Nonetheless, the overall patient-
reported outcome of impaired function confirms previous reports on 
mobility and disabilities following fractures of the acetabulum (67, 68).

Few statistically significant differences between subgroups were found 
in Study III. However, indications and numerical differences were 
demonstrated. Younger patients, high-energy trauma mechanisms, and 
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surgically treated patients seemed to have worse outcomes. Surgical 
treatment was the only variable that displayed significantly higher scores, 
which can be explained by selection bias. Other differences, especially 
between different fracture patterns, could not be determined in Study III; 
however, research and clinical experience suggest the probable existence 
of differences, although this cohort was too small to reveal them (50, 118-120). 
An indication in line with previous studies was the worse outcome scores 
for posterior wall fractures and more complex (associated) fracture types.

SECONDARY TREATMENT
Study IV presented secondary treatment rates for acetabular fracture 
patients divided into three treatment groups: non-surgical, ORIF, 
and THA/CHP-treated patients. Treatment choice is based on several 
factors, including fracture pattern and displacement, as well as patient 
characteristics, such as age, activity level, and comorbidities. The 
threshold for being classified as an older adult has risen due to the 
increased lifespan and greater health and activity levels of the elderly. 
Expected survival and functional demands must be considered when 
choosing the proper treatment method. 

Three of four patients were treated non-surgically, and this group also 
had the lowest rate of secondary treatment. These findings confirm that 
non-surgical treatment is advisable in most cases. Most fractures in this 
group likely had minimal displacement. However, this is a limitation 
of the Letournel classification that the degree of displacement is not 
considered. Similar to the findings in Study IV, Clarke-Jensen et al., 
who studied minimally displaced acetabular fractures treated non-
surgically, reported a 10-year survival of the native hip of 94% (121). An 
intraarticular step of ≥2 mm was associated with a higher risk of late 
THA.

In Study IV, almost one in five ORIF patients were converted to THA five 
years post-injury. This result aligns with previous findings on this patient 
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group (69, 93, 122, 123). O’Toole et al. reported a slightly higher conversion rate, 
but the patients in that study cohort were older, which may contribute 
to their finding (124). In Clarke-Jenssen et al.’s study, the population was 
younger, and a lower conversion rate was reported. Predictors of joint 
failure included injuries to the femoral head, acetabular impaction, 
patient age, body mass index, and fracture type (93, 123). In a German pelvic 
trauma registry study, the risk of late THA after ORIF increased by 6% 
per age year and for every millimetre of subluxation (i.e., asymmetrical 
femoral head position), the risk increased by 21% (125). 

According to Study IV, the fracture types associated with the highest 
conversion rates from ORIF to THA were the PC+PW, T, and PW 
fractures. Both Cichos et al. and Preston et al. reported high risks for 
conversion to THA for T-shaped fractures (69, 93). Multiple authors have 
described involvement of the posterior wall as an indication of poor 
prognosis (50, 125, 126). However, as discussed above, the determination 
of treatment selection cannot be solely based on fracture type. These 
fracture types with higher conversion rates to late THA need to be 
assessed in combination with other radiological factors and patient 
characteristics. With this in mind, some patients treated primarily with 
ORIF may derive greater benefit from primary treatment with THA/
CHP instead.

Although statistical significance could not be obtained, primary 
treatment with THA/CHP indicated lower rates of secondary surgery 
compared to ORIF in Study IV. In a review by Liang et al., THA/CHP 
in the acute setting showed higher revision rates than elective THA 
due to osteoarthritis but lower revision rates than late THA after failed 
ORIF (49). In addition to minimising the risk of further surgery, patients 
treated with THA/CHP primarily benefit from the ability to bear full 
weight immediately after surgery. The choice of THA/CHP over ORIF in 
specific patient groups is further justified by the absence of a significant 
difference in 30-day mortality between these two treatment groups.
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CONCLUSIONS
The accuracy of acetabular fracture classifications within the SFR was 
moderate and aligned with previous SFR validation studies on other 
fracture types. Given that accuracy levels vary across different fracture 
groups, it is important to exercise caution when interpreting SFR data 
specific to certain acetabular fracture groups. The consistency of ratings 
by the same individual (intrarater agreement) ranged from substantial to 
nearly perfect, while the agreement between different raters (interrater 
agreement) was moderate to substantial. (Study I)

Most patients sustaining acetabular fractures are >70 years old, 
predominantly male, and typically sustain the fracture following a 
simple, low-energy fall. Non-surgical treatment is generally favoured 
for the management of acetabular fractures. The 1-year mortality rate 
for older patients with acetabular fractures is comparable to that of hip 
fracture patients, suggesting that a similar multidisciplinary approach 
to care should be considered for these individuals. (Study II)

Most patients with acetabular fractures show reduced functional abilities 
1-year post-injury compared to pre-injury. Younger patients with high-
energy trauma and complex fracture configurations, frequently requiring 
surgical intervention, tend to have the least favourable outcomes. In 
contrast, the larger group of patients treated non-surgically reported 
only minor functional changes, which may be attributed to selection 
bias. (Study III)

A 17% conversion rate to arthroplasty was observed within five years 
among patients treated with ORIF for an acetabular fracture, compared 
to a 4% rate among patients initially managed non-surgically. The 
current approach to treatment selection for acetabular fracture patients 
in Sweden appears appropriate. However, patient selection within 
the ORIF group may benefit from further refinement. To reduce the 
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likelihood of additional surgeries, primary THA/CHP is recommended 
as a more comprehensive treatment option for older adults with complex 
acetabular fractures. (Study IV)
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FUTURE PERSPECTIVES
The SFR provides a unique source of nationwide population-based data 
encompassing all fracture types at a national level and enables different 
kinds of studies to be performed on large patient cohorts. Research 
based on the SFR has grown rapidly, but much information still needs 
to be analysed and reported. As an ever-growing database, the research 
on the SFR also needs to be updated as more patients are included and 
clinical practise develops. Specific to acetabular fractures, the fracture 
classification of non-surgically treated patients remains to be validated 
to guarantee data accuracy.

PROMs offer a valuable means of assessing treatment outcomes, but 
their low response rate and diverge range of responses pose challenges 
to interpretation. For practical reasons, the same questionnaires were 
used for all patients when introducing PROMs into the register. Such 
questionnaires need to be quite general in assessing disabilities and 
health. The instrument’s sensitivity may be insufficient to measure the 
desired functional change following a specific injury accurately. Because 
the PROMs have now been digitalised, using PROMs more specific 
to the sustained injury could be considered to improve the quality of 
patient-reported outcomes. Additionally, efforts to improve response 
rates and analysis of missing data would be beneficial. A questionnaire 
aimed at the specific injury could possibly make patients more inclined 
to answer. Future study designs would benefit from incorporating 
additional methods to elicit patient perspectives.

The lack of MIC and MID for the PROMs used is a major limitation. 
Determining these values would significantly benefit all researchers 
using these instruments.

The growing population of both active and frail older adults has been 
frequently documented. This patient group will most likely continue 
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to grow and drive the development of implants and surgical methods. 
Researchers must keep up with that development and evaluate the 
benefits and complications of new techniques. The recent trend of early 
THA/CHP treatment for older patients with acetabular fractures has 
shown promising results, but comprehensive long-term follow-up of 
these patients is warranted.
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