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General introduction

INCIDENCE AND MECHANISM OF INJURY

IMAGING

Acetabular fractures are fractures involving the hip socket, that can have a major impact

Pain in the hip, groin or pelvic area can be caused by multiple injuries, including an

on the patient’s mobility, social activities, and the ability to work. The hip joint is important

acetabular fracture, thus no typical clinical findings indicate the presence of an acetabular

for mobility, e.g. for walking and standing. It connects the torso to the lower extremities.

fracture [9]. Therefore, it is mandatory to perform radiographs of the pelvis [10]. Robert

The acetabulum is the weight-bearing part of the hip joint (Figure 1). Pelvic and acetabular

Judet and Emile Letournel, the founding fathers of acetabular fracture treatment, described

fractures account for 1.5% of all fractures in the adult population [1]. The incidence of

the use of the antero-posterior (AP), iliac-oblique, and obturator-oblique radiographs for

acetabular fractures is estimated at 5 - 8 per 100.000 persons each year in Europe [2], [3].

acetabular fracture diagnostics and management in 1964, that are still used nowadays
(Figure 2) [11], [12]. These radiographs only represent a two-dimensional (2D) image of a

Acetabular fractures can be caused by high-energy trauma mechanisms (i.e., car accidents

three-dimensional (3D) spherical acetabulum. Therefore, a computed tomography (CT) scan

or a fall from height), often occurring in young patients [3]. Furthermore, a dislocation of

is now the gold standard to determine the fracture severity and to guide treatment strategy.

the hip, most often a posterior hip dislocation due to a so-called dashboard injury, can
occur in a high-energy trauma in addition to the acetabular fracture [4]. This can lead to a
worse outcome as compared to acetabular fractures without a dislocation of the hip [5].
Acetabular fractures are also increasingly caused by low-energy trauma mechanisms (i.e.,
fall on the same level), usually occurring in frail elderly with osteoporosis [3], [6].
The impact of acetabular fractures on society is large, because work reintegration is an
issue with a median leave of absence of 180 days [7]. Only three-quarters of the patients
return to their previous work after an acetabular fracture and 10% of the patients cannot
work at all after their injury [7]. Additionally, there is a significant reduction in the level of
activity and the frequency and intensity of sports after acetabular fracture surgery [8].

Figure 2: The antero-posterior (left), iliac-oblique (middle), and obturator-oblique (right) radiographs of a
patient with an acetabular fracture on the left side. The top row demonstrates the direction of the x-ray
beams. Figure adapted from Tile et al. [10].

Figure 1: A 3D model of the pelvis (left) with the acetabulum in blue (middle) and weight-bearing dome
(upper 1 cm) of the acetabulum in green (right).

Judet and Letournel also introduced a classification system for acetabular fractures that is
widely used nowadays, consisting of five elementary and five associated fracture types, i.e.
five simple and five comminuted fractures, respectively (Figure 3). Furthermore, fracture
displacement can be measured as an intra-articular gap and step-off on radiographs and
CT scans [13]. Fracture classification and fracture displacement can influence the decision
between either conservative or surgical treatment. Yet, the fracture classification can vary
between surgeons because the inter- and intra-observer agreement, that is assessed
with the unweighted kappa, is only 0.5-0.8 and 0.6-0.8 respectively depending on how
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experienced the surgeon is [14]. Additionally, the surgeon has to decide where on the

General introduction

TREATMENT

fracture lines to measure the fracture displacement, i.e. gap and step-off, which is a rather
subjective process and might differ substantially between surgeons. Therefore, one of the

Imaging has an important role in the choice of treatment because the extent of the

aims of this thesis is to investigate the inter- and intra-observer variability of traditional

displacement, as seen on the imaging, is a major factor when determining the treatment

gap and step-off measurements on radiographs as well as CT scans in acetabular fracture

strategy. Conservative treatment is indicated for e.g. minimally displaced acetabular

treatment (Chapter 3).

fractures, stable posterior wall fractures (involving < 20% of the posterior wall [15]), and
patients with medical contra-indications or pre-existing osteoarthritis [16]. Conservative
treatment consists of walking with crutches and no weight-bearing or only 10-15 kg weightbearing on the injured side for six weeks, followed by 4-6 weeks of increasing the weightbearing up to full weight-bearing [16], [17].
Surgical treatment is indicated when there is > 2 mm displacement in the weight-bearing
dome (upper 1 cm of the acetabulum) as measured by the traditional gap and step-off on
radiographs or CT scans, in case of an incongruent hip joint, or when the fracture is unstable
(fracture involving > 40% of the posterior wall) [16]. If surgical treatment is indicated, it
usually consists of open reduction and internal fixation (ORIF). Indications for an acute
hip arthroplasty are young patients with a combination of a femoral head injury and an
acetabular fracture with severe comminution that cannot be reconstructed [18] and elderly
patients with poor bone quality, severe comorbidities, impaction, or comminution [16], [19].
A combination of ORIF and hip arthroplasty is also possible [20].
Open reduction and internal fixation can either be performed through an anterior approach
(e.g. Modified Stoppa approach, with or without a lateral window, the Pararectus approach
or the Ilioinguinal approach), a posterior approach (i.e. Kocher-Langenbeck approach, with
or without trochanteric flip osteotomy), or a combination of these approaches [16], [21].
The choice of the surgical approach depends mostly on the fracture type and the location
of the displacement [16], for which high-quality reliable imaging is important. However, the
surgical approach also depends on the soft-tissue conditions [16]. It is preferred to perform
the surgery within three to five days after the injury since this allows for stabilization of the
patient, the fracture hematoma can settle down, and advanced imaging of the fracture
can be performed before surgery [22]. In summary, for an optimal treatment of acetabular
fractures one has to decide the indication for surgical or conservative treatment and the
correct choice of the surgical approach based on the imaging and ideally perform the
surgery within three to five days.

Figure 3: Judet & Letournel classification for acetabular fractures showing elementary (i.e. simple) and
associated (i.e. complicated) type fractures.
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FRACTURE REDUCTION
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that are available today. In the past decade, 3D imaging, and 3D technology have increasingly
been used in surgical treatment [32]–[34]. Some examples are 3D visualisation, 3D printing

The aim of surgery is an anatomical reconstruction of the joint [16]. For this, a good fit of

and patient-specific surgical guides or implants. It has been shown that surgical procedures

the implant on the pelvis can help maintain the fracture reduction. Due to differences in

have better outcomes when they are prepared using 3D surgical planning [35]. For example,

shape of the pelvis and different fracture patterns, the implants do not always fit optimally

the use of 3D modelling in preoperative surgical planning can make the surgery easier,

which can lead to poor maintenance of the fracture reduction. Adequate fracture reduction

especially for complicated fractures [35]. Virtual 3D models can be created based on CT

and fixation is crucial to minimise the risks on progressive posttraumatic arthritis of the

scans and fracture fragments can be virtually reduced to gain more insight in the treatment

hip socket and the subsequent need for conversion to a total hip arthroplasty (THA) [23].

strategies [36]–[38]. In addition, 3D printed models can facilitate in surgical planning,

Intraoperative fluoroscopy is used to determine whether the fracture reduction is sufficient

training and teaching [39]. Moreover, 3D printed models can be used for pre-contouring

during surgery, but the resolution of intraoperative fluoroscopy is lower as compared to CT

of implants [40]–[42] and 3D printed models also reduce surgical time in orthopaedic

scans and it is therefore questionable if the gap and step-off can be detected. Hence, one

trauma surgery [39], [43]–[45]. Finally, patient-specific implants can be designed based on

of the aims of this thesis is to investigate the accuracy of gap and step-off measurements

virtual 3D models [46], [47]. The implants correctly fit to the bone and make it possible to

on pelvic radiographs, intraoperative fluoroscopy, and CT scans (Chapter 2). Postoperative

accurately execute the preoperative plan [47]. Up to now, patient-specific implants have not

fracture reduction can be graded according to Matta’s criteria: Anatomical, 0–1 mm;

been used widely. The workflow using patient-specific implants has not been thoroughly

imperfect, 2–3 mm; or poor, > 3 mm residual fracture displacement [24]. Matta’s criteria

investigated for acetabular fractures. One of the reasons for this might be the short time

were developed based on measurements of the largest gap and/or step-off on radiographs.

window between the injury and surgery. Nevertheless, the conventional implants do not

Nowadays, postoperative CT scans are often used to determine the postoperative fracture

fit the shape of every pelvis and determining the screw positions and directions can be

reduction. CT scans are more sensitive in measuring the residual fracture displacement

challenging [47]. Therefore, one of the aims of this thesis is to investigate whether surgical

than radiographs [25]–[27]. Verbeek et al. determined that a residual gap ≥ 5 mm and/

guides (Chapter 7) and patient-specific implants (Chapter 8) for acetabular fracture

or a step-off of ≥ 1 mm, measured on CT scans, was considered an inadequate fracture

surgery are feasible.

reduction leading to more conversions to a THA [23]. Yet, the surgeon has to decide which
fracture line should be measured, which gap/step-off is the largest, and on which CT slice

Limitations and possibilities

it should be measured. All factors may increase variability in classification and treatment.

In 1987, the use of 3D images created from CT scans was already described for acetabular

THREE-DIMENSIONAL TECHNOLOGIES

fractures and these 3D images were clinically helpful [48]. Nevertheless, 3D imaging, and
virtual surgical planning are not the gold standard for acetabular fracture treatment.
This can be due to higher costs, limited experience and no general availability of the

Fracture analysis

software needed to create 3D images and perform the virtual surgical planning. Moreover,

Acetabular fractures are difficult fractures due to the 3D geometry of the pelvis, the presence

comparative studies or reviews on the added clinical value of 3D imaging and virtual surgical

of multiple fracture fragments, many different fracture types and the displacement of the

planning in acetabular fracture surgery are only rarely available [49], [50]. Therefore, one of

fracture fragments in multiple directions. This makes it difficult to get a complete view of the

the aims of this thesis is to review the added clinical value of 3D technology in acetabular

fracture, which can lead to a subjective assessment of the fracture [28] and the treatment

fracture surgery (Chapter 6). The many benefits of 3D technology can help overcome

options. 3D imaging can provide more insight in the fracture extent [29] and the geometry

the challenges in acetabular fracture treatment. Additionally, 3D measurements could

of the pelvis, which may increase objectivity in the fracture and treatment assessments.

standardise research including follow-up studies if these measurements are observer

However, it is unknown whether 3D analysis of acetabular fractures is feasible and reliable.

independent and thus enabling the comparison of treatment results worldwide. Finally,

Consequently, one of the aims of this thesis is to develop a 3D analysis to objectively

3D technology might be able to improve clinical outcomes for acetabular fractures by

describe the fracture extent (Chapter 4) and another aim is to investigate whether this 3D

providing more insight in the fracture and making it possible to virtually plan the surgery.

analysis can be correlated with clinical outcome (Chapter 5).
3D imaging modalities
Medical imaging has advanced from the discovery of x-rays in 1895 [30] and the first
computerized axial tomography scan of the brain in 1971 [31] to the high-quality CT scans
14
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