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Abstract: Displacement of the anterior and posterior column complicates decision making for both-
column acetabular fractures. We questioned whether pelvic surgeons agree on treatment strategy,
and whether the use of virtual 3D reconstructions changes the treatment strategy of choice. A
nationwide cross-sectional survey was performed in all pelvic trauma centers in the Netherlands.
Twenty surgeons assessed 15 both-column fractures in 2D as well as 3D. Based on conventional
imaging, surgical treatment was recommended in 89% of cases, and by adding 3D reconstructions
this was 93% (p = 0.09). Surgical approach was recommended as anterior (65%), posterior (8%) or
combined (27%) (poor level of agreement, κ = 0.05) based on conventional imaging. The approach
changed in 37% (p = 0.006), with most changes between a combined and anterior approach (still
poor level of agreement, κ = 0.13) by adding 3D reconstructions. Additionally, surgeons’ level of
confidence increased from good in 38% to good in 50% of cases. In conclusion, surgeons do not agree
on the treatment strategy for both-column acetabular fractures. Additional information given by 3D
reconstructions may change the chosen surgical approach and increase surgeons’ confidence about
their treatment decision. Therefore, virtual 3D reconstructions are helpful for assessing both-column
fracture patterns and aid in the choice of treatment strategy.

Keywords: acetabular fracture; acetabulum; both column; 3D; three-dimensional; survey; surgical
approach

1. Introduction

Both-column acetabular fractures are defined as complete articular fractures involving
the anterior as well as the posterior column of the pelvis [1]. These fractures are considered
extensive, multi-fragmentary, and challenging to treat [2]. The quality of fracture reduction
is associated with clinical outcome in acetabular fracture surgery [3]. Acetabular fractures
can lead to severe post-traumatic arthritis, with the subsequent need for conversion to total
hip arthroplasty, when not treated properly [2]. Mears et al. [3] found that both-column
fractures have a significantly lower rate of peri-operative anatomical reduction than other
types of acetabular fractures. The quality of reduction relies on both predetermined factors,
such as age, fracture type, and comorbidity, and on controllable factors, such as surgical
approach [4].

No single surgical approach can expose both columns of the acetabulum in the case
of both-column acetabular fractures. Only a few guidelines [5] have been proposed on
which surgical approach to use for different fracture patterns. Moreover, these guidelines
are based on experts’ opinions and thus a low level of evidence. No scientific evidence
exists on how to decide on the best surgical exposure for these fractures. Thus, decisions
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regarding surgical approach for treating both-column fractures are mainly based on the
clinical experience of the surgeon and surgical approach may vary substantially between
surgeons. Suggestions are that a merely anterior displaced fracture could sufficiently be
reduced through an anterior approach: i.e., a Modified Stoppa, Pararectus, or Ilioinguinal
approach [1,5,6]. For mainly posterior displaced fractures, a posterior approach, such as the
Kocher–Langenbeck approach, would be sufficient. A sequential approach might be used,
i.e., a posterior approach combined with an anterior approach, when a single approach
cannot sufficiently reduce the fracture. The decision of which surgical approach to use
is an important part of preoperative planning because each approach requires its own
surgical preparation (e.g., patient position on the table, surgical instruments, position of
the preferred intraoperative imaging modality).

Currently, preoperative planning is mainly based on pelvic radiographs and computed
tomography (CT) scans. However, the complex three-dimensional (3D) shape of the pelvis
and acetabulum can make it difficult to obtain a full understanding of the fracture lines
based on two-dimensional (2D) images alone [7]. Brouwers et al. [7] showed that the use
of 3D reconstruction modalities resulted in better understanding of acetabular fracture
morphology and improved interobserver agreement on fracture classification between
students and surgeons. Meesters et al. [8] found that different 3D reconstruction modalities
could reduce operation time and intraoperative blood loss in acetabular fracture surgery.
However, to the best of our knowledge, no research has been carried out on the influence
of virtual 3D fracture reconstructions on the preoperative planning and the subsequent
treatment strategy for the most challenging types of acetabular fractures, namely both-
column acetabular fractures. Therefore, the aim of this study was to perform a nationwide
study to determine (1) to what extent pelvic surgeons agree on the treatment strategy of
both-column acetabular fractures based on conventional imaging (pelvic radiographs and
2DCT scans), and (2) whether the use of virtual 3D fracture reconstructions (in addition
to conventional imaging) changes the surgeons’ preferred treatment strategy regarding
the following three aspects: conservative vs. operative treatment, surgical approach, and
surgeons’ level of confidence regarding the treatment strategy of choice.

2. Materials and Methods
2.1. Study Design and Participants

A nationwide cross-sectional survey study was performed in all trauma centers in-
volved in pelvic fracture care in the Netherlands. Forty orthopedic trauma surgeons
specialized in pelvic surgery were approached to participate in a series of two surveys:
a survey containing 2D imaging data (2D survey) and subsequently a survey containing
additional 3D imaging data (3D survey). Both surveys included a case description with
clinical and radiological data of fifteen patients who were all treated in a level one trauma
center and sustained a both-column acetabular fracture between 2007 and 2020. The avail-
ability of good-quality CT scans (slice thickness ≤ 2mm) was used as an inclusion criterion.
In each survey, the surgeons were questioned on how they would treat the presented
case based on the provided patient information and imaging. The surveys were built in
Research Electronic Data Capture, a secure web application for building and managing
online surveys and databases (REDCap, Paul Harris, Vanderbilt University Medical Centre).
To prevent recall bias, the 3D survey was sent two weeks after completing the 2D survey
and the same cases were presented in a different order.

2.2. ‘2D Survey’ about the Treatment Strategy of Both-Column Fractures Based on Pelvic
Radiographs and 2DCT Images

A ‘2D survey’ was generated to gain knowledge on how both-column acetabular
fractures are currently treated. First, the surgeons were asked to answer a few general
questions regarding their experience with pelvic surgery. They were asked (1) how many
years of experience they have with pelvic surgery, and (2) how many acetabular fractures
they operate on in a year. Next, they were asked to judge fifteen cases. For each case, basic



Diagnostics 2023, 13, 1629 3 of 10

patient information (gender and age), pelvic radiographs (anteroposterior (AP) overview
(Figure 1a)), and 2DCT images (axial, coronal, and sagittal views (Figure 1b–d)) were
provided. The images were retrieved from the electronic health record as DICOM images,
were anonymized in Mimics Medical version 19.0 (Materialise, Leuven, Belgium), and
uploaded to dicomlibrary: an online medical DICOM image file sharing service for educa-
tional and scientific purposes. It was possible to scroll through the CT slices and perform
measurements in this viewer. For each case, the surgeons were asked to elaborate on which
treatment they would recommend for the shown fracture: Nonoperative, Open Reduction
and Internal Fixation (ORIF), or primary Total Hip Arthroplasty (THA). Surgeons were
asked which surgical approach they would recommend when performing the surgery:
anterior approach (either a Modified Stoppa approach possibly with a lateral window or an
ilioinguinal approach), posterior approach (a Kocher–Langenbeck approach possibly with
a trochanter osteotomy), or a combined approach (anterior as well as posterior), if ORIF
was chosen. Finally, the level of confidence of the surgeon in the chosen treatment strategy
(e.g., conservative versus operative and surgical approach) was given on a scale from 0 to
100 (zero indicating no confidence at all and one hundred as having full confidence).
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(b–d) examples of the axial, coronal, and sagittal CT slice (surgeons could scroll through every slice
of the CT scan).

2.3. ‘3D Survey’ about the Treatment Strategy of Both-Column Fractures Based on Additional
Virtual 3D Fracture Reconstructions

A ‘3D survey’ was generated to explore whether virtual 3D reconstructions of the
fracture could influence the treatment strategy of both-column acetabular fractures. The
same fifteen cases and case description information of the 2D survey were presented in
this survey. Additionally, for each patient, the CT data (≤2 mm slices; spatial resolution,
0.5–0.6 mm) were transformed and used to create a 3D reconstruction using Mimics Medical
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software version 19.0 (Materialise, Leuven, Belgium) by an experienced technical physician
(Figure 2). Semi-automatic segmentation of all fracture fragments was performed using a
specific preset threshold for bone. Each fracture fragment was assigned a different color.
The final 3D reconstructions were stereolithography (STL) files. These were exported to
Filmbox (FBX) format and uploaded to Autodesk Viewer: a browser application that enables
uploading, viewing, and sharing of 3D designs. It was possible to rotate the 3D model in
all directions in this viewer. Surgeons were presented with the same information as in the
2D survey: age, gender, pelvic radiographs, and 2DCT images. However, in this 3D survey,
a virtual 3D fracture reconstruction was presented in addition to the conventional imaging.
Participating surgeons were asked the same questions as in the 2D survey: (1) elaborate on
the preferred treatment strategy; (2) which surgical approach they would use to perform
the surgery; and (3) the level of confidence in the chosen treatment strategy.
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Figure 2. Virtual 3D reconstruction of a both-column acetabular fracture as provided within the sur-
veys (surgeons could rotate and view the model in every direction). (Left): anterior view, (right): view
into the acetabulum.

2.4. Statistical Analysis

Statistical analysis was performed with IBM SPSS Statistics for MacOs, version 27.0
and 28.0 (IBM Corp., Armonk, NY, USA). Characteristics of participating surgeons were
summarized with medians and interquartile range (IQR) for not normally distributed vari-
ables. Categorical variables were presented as frequencies with percentages. Comparison
of the treatment strategy based on pelvic radiographs and CT images, and the treatment
strategy based on pelvic radiographs, CT images, and virtual 3D reconstructions, was
performed with crosstabs and chi-square statistics. Differences were considered statistically
significant with a p-value ≤ 0.05.

Interobserver agreement, defined as the level of agreement amongst the surgeons in
either the 2D survey or the 3D survey, was calculated with Fleiss Kappa statistics. Inter-
observer agreement was calculated separately for each survey (2D/3D) for the treatment
method and surgical approach. Kappa values were interpreted using the Altman guidelines
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adapted from Landis and Koch [9,10]. Kappa (κ) < 0.20 was defined as poor agreement;
κ 0.21–0.41 as fair agreement; κ 0.41–0.60 as moderate agreement; 0.61–0.80 as substantial
agreement; and 0.81–1.00 as almost perfect agreement. Level of confidence of the surgeon in
their chosen treatment strategy was measured on a scale of 0–100. Level of confidence < 60
was defined as poor level of confidence, level of confidence ≥ 60 and < 80 was defined as
moderate, and level of confidence ≥ 80 was defined as good level of confidence.

3. Results
3.1. Participating Pelvic Surgeons

Forty orthopedic trauma surgeons were invited to participate in this study, of whom
twenty-four surgeons completed the first (2D) survey. After a median interval of 38 days
(IQR 21–43 days), 20 surgeons also completed the second (3D) survey (response rate
50%). Calculations were performed on the treatment decisions of these 20 surgeons who
completed both surveys. The four surgeons who did not complete the 3D survey (due to
lack of time and interest) were excluded from further analysis. The included surgeons had
a median of 9 years (IQR 6–20 years) of experience in pelvic surgery and operated on a
median of 23 acetabular fractures (IQR 13–40 fractures) a year.

3.2. Treatment of Both-Column Fractures Based on Conventional Imaging (2D)

The 2D survey included 15 cases and the inclusion of 20 surgeons provided us with a
total of 300 treatment decisions for the analysis of the treatment strategy for both-column
fractures. In most treatment decisions (N = 267 (89%)), surgical management was recom-
mended. In only a few cases (N = 33 (11%)), with minimal displacement, nonoperative
treatment was considered (Table 1). In the case of surgical management, the anterior ap-
proach was recommended in 159 out of 246 (65%) of the treatment decisions. The posterior
approach was recommended in only 21 out of 246 (8%) treatment decisions. A combined
approach was recommended in 66 out of 246 (27%) treatment decisions. There was a fair
amount of agreement between surgeons regarding the choice between conservative vs.
operative treatment (κ = 0.35 (95% CI 0.31–0.38)). There was a poor level of agreement
among surgeons regarding the surgical approach (κ = 0.05 (95% CI 0.001–0.10)). Surgeons
reported a moderate level of confidence (level of confidence ≥ 60 and <80) in determining
their recommended treatment strategy with the availability of solely pelvic radiographs
and 2DCT images.

Table 1. Recommended treatment method, surgical approach, and level of confidence for the treat-
ment of both-column acetabular fractures.

2D Survey 3D Survey

N N

Treatment method
Conservative 33 (11%) 21 (7%)
Operative 267 (89%) 279 (93%)

Operative treatment
specified

ORIF 246 (92%) 268 (96%)
THA 21 (8%) 11 (4%)

Surgical approach
Anterior approach 159 (65%) 189 (71%)
Posterior approach 21 (8%) 6 (2%)
Combined approach 66 (27%) 73 (27%)

Level of confidence 1
Poor 64 (21%) 42 (14%)
Moderate 121 (40%) 109 (36%)
Good 115 (38%) 149 (50%)

1 Level of confidence: poor < 60, moderate ≥ 60 and <80, good ≥ 80.

3.3. Treatment of Both-Column Fractures Based on Virtual 3D Fracture Reconstructions

Surgeons changed their recommendation regarding the choice between nonoperative
and operative treatment in 32 out of 300 (11%) treatment decisions (p = 0.09) with the
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addition of 3D reconstructions to conventional imaging. Most changes in recommendations
(22 out of 32, 7% of the total 300 treatment decisions) consisted of a recommendation for
conservative treatment based on conventional imaging and a recommendation for opera-
tive treatment with the addition of virtual 3D reconstructions. Furthermore, 10 changes
(3% of the total 300 treatment decisions) were made from operative treatment based on
conventional imaging to conservative treatment when 3D reconstructions were added. The
level of agreement on the choice between operative and nonoperative treatment decreased
from fair with conventional imaging to poor agreement with virtual 3D reconstructions
(κ = 0.19 (95% CI 0.152–0.23)).

For some cases the treatment method was conservative, and for some cases the op-
erative treatment was THA both in the 2D and in the 3D survey (Table 1). Therefore,
in 233 out of the 300 treatment decisions a surgical approach was chosen, because for
the other cases conservative treatment or THA were chosen in the 2D or 3D survey or
in both. Surgeons changed their preferred treatment regarding surgical approach in 86
out of 233 (37%) treatment decisions (p = 0.006) with the addition of 3D reconstructions
of conventional imaging. Most changes occurred between the anterior and combined
approach. Surgeons who initially preferred an anterior approach changed their preference
to a combined approach with 3D reconstructions in 29 out of 146 treatment decisions (146 is
the total amount of treatment decisions with an anterior approach, when conservative
treatment and THA were excluded in both the 2D and 3D survey, Tables 2 and S1). The
surgical approach remained the same when adding 3D images in 147 treatment decisions,
where the anterior approach was chosen in 115 treatment decisions, the posterior approach
in 2 treatment decisions, and the combined approach in 30 treatment decisions. The level
of agreement between surgeons on the recommendation for a surgical approach slightly
increased with virtual 3D reconstructions; however, the level of agreement remained poor
(κ = 0.13 (95% CI 0.08–0.17)).

Table 2. Number of changes (percentage) regarding surgical approach comparing only conventional
imaging (2D survey) to the addition of virtual 3D reconstructions (3D survey). For instance, for
35 out of 233 treatment decisions (15%), the combined approach was chosen based on the 2D survey.
Based on the 3D survey, the choice for a combined approach changed to an anterior approach in these
35 treatment decisions. Most changes occurred between the anterior and combined approach.

3D Survey *

Anterior Posterior Combined

2D survey
Anterior 0 (0%) 2 (1%) 29 (12%)
Posterior 11 (5%) 0 (0%) 8 (3%)

Combined 35 (15%) 1 (0.4%) 0 (0%)
* The percentage is calculated based on the total of 233 treatment decisions for which a surgical approach
was chosen.

The level of confidence remained the same when adding 3D images in 161 treatment
decisions, it remained poor in 29 treatment decisions, it remained moderate in 67 treatment
decisions, and it remained good in 65 treatment decisions. A change in the level of confi-
dence of the surgeons in their recommended treatment strategy was seen in 139 out of 300
(46%) treatment decisions when adding virtual 3D reconstructions (p = 0.02). An overall rise
in the level of confidence was observed and most changes (Table 3), 87 out of 300 treatment
decisions (29%), were deemed positive (e.g., rise from poor level of confidence to either
moderate or good level of confidence or rise from moderate to good level of confidence).
However, we also observed a negative change in the level of confidence in 52 out of 300
(17%) treatment decisions. Yet, most negative changes (88% of a total of 52) were only one
category of change when the level of confidence decreased, whereas 24% (of a total of 87)
of the positive changes were from a poor to a good level of confidence.
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Table 3. Number of changes (percentage) regarding surgeons’ level of confidence comparing only
conventional imaging to the addition of virtual 3D reconstructions.

3D Survey

Poor Moderate Good

2D survey
Poor 0 (0%) 18 (6%) 21 (7%)

Moderate 12 (4%) 0 (0%) 48 (16%)
Good 6 (2%) 34 (11%) 0 (0%)

4. Discussion

In this study, it has been shown that trauma/orthopedic surgeons agree to a large
extent on the treatment method for both-column fractures, but to a far lesser extent on the
surgical approach to both-column fractures. The addition of virtual 3D reconstructions
influenced the surgeons’ preferred surgical approach and increased the surgeons’ level of
confidence in twelve of the fifteen cases.

This study showed that both-column fractures are one of the fracture types that are
mostly treated surgically, namely 89% (2D imaging) to 93% (3D imaging). This is in line
with previous research by Audretsch et al. [11], where they found 85% surgical treatment.
This study showed no statistically significant change in preferred treatment (conservative
or operative), which is in contrast with the results of the study by Van den Berg et al. [12],
who found that additional 3DCT reconstructions led to a higher percentage of surgical
treatment on posterior tibial plateau fractures. This difference may be explained by the
complex nature of both-column fractures and the high preference for surgical treatment
that has already been established in the 2D survey with 89% surgical treatment. Therefore,
virtual 3D reconstructions might enable better visualization and understanding of the
fracture; however, 3D reconstructions do not necessarily change the probability of surgical
treatment since there already is a high probability of surgical treatment.

In the present study, two separate cases (case 6 and 8) showed a remarkable increase in
the preference for surgical management, of 30% and 35%, respectively. After reevaluation
of these cases, this was likely due to an underestimation of the displacement of the fracture
from conventional images (2D) in comparison with the 3D reconstructions, which evidently
showed larger displacement than expected based on the 2DCT images. This indicates
that 3D reconstructions can have an added value for determining the treatment method
(surgical or conservative) in specific cases.

Audretsch et al. [11] stated that the lack of scientific data on how to approach acetabu-
lar fractures leads to therapeutic decisions mostly being based on the clinical experience
of the surgeon. The choice of surgical approach mainly remains up for debate amongst
surgeons and the results of this study affirm the statement by Audretsch et al. [11]. Different
levels of training and (lack of) knowledge of different surgical approaches could be the
reason why there is no clear decision making for what surgical approach would be the best
fit for a specific fracture pattern. The influence of the addition of virtual 3D reconstructions
to this process of preoperative planning is something that has not been researched before
for acetabular fractures. Nonetheless, Halai et al. [13] showed that for calcaneal fractures
the relatively less experienced surgeon benefited from 3DCT reconstructions of the fracture,
and that the addition of virtual reconstructions led to a change in surgical approach in all
cases regarding calcaneal fractures. For acetabular surgery, it is important to acknowledge
the additional information on the acetabular fracture provided by the 3D reconstructions.
A shift in surgical approach from anterior to posterior would mean an entirely different
surgical preparation. Secondly, changing the surgical approach may lead to better visual-
ization and therefore improve fracture reduction, which would ultimately improve overall
the outcome. Finally, a shift from a combined approach to a single approach would mean
less extensive surgery and therefore reduce the risk of complication during or after surgery.
However, one should keep in mind that the changes in surgical approach seen in this study
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might not be solely due to the addition of 3D reconstructions but can simply be a result of
the complexity of both-column fractures or a surgeon’s intra-observer variability.

This study showed that the addition of virtual 3D reconstructions increased the overall
level of confidence of the surgeons in their treatment strategy. No clear explanation was
found for the small number of treatment decisions in which a decline in the level of
confidence was found. It is thought that this could be due to the experience of the surgeon
with 3D reconstructions. When relatively inexperienced with 3D reconstructions, the
addition might cause more confusion than clarification. Another explanation could be an
underestimation of the complexity of the fracture from conventional imaging, where 3D
reconstructions showed the actual extent of the fracture (more complex than expected)
indicating more difficult reduction and the need for more extensive preoperative planning.
Thus, it could be the case that the decline in confidence should not solely be attributed
to the addition of 3D reconstructions, but also to the complexity of the fracture and the
subsequent treatment strategy, which became more obvious. Despite this realization, 3D
reconstructions will allow for better surgical preparation in advance and allow the surgeon
not to be surprised by the extent of the fracture during surgery.

This study has some strengths and some limitations. First, this study focused only on
both-column acetabular fractures. The reason to study only these complex fractures is that
these fractures involve both columns, thus it is challenging to choose the optimal treatment
strategy, including the surgical approach. Therefore, these fractures might benefit the most
from virtual 3D reconstructions due to the improved visualization and understanding of the
fracture, in contrast to simpler types of fractures. Additionally, including only both-column
fractures resulted in a homogeneous study population. On the other hand, a limitation
could be that our results mainly apply to both-column fractures and are not automatically
generalizable to other types of acetabular fractures. Second, there was a response bias,
because the response rate in this nationwide survey study was only 50%. The responding
surgeons were all experienced in treating pelvic fractures and therefore we believe that
our results are generalizable to the community of surgeons who treat acetabular fractures.
Altogether, these surgeons evaluated 300 treatment decisions for both-column acetabular
fractures both in 2D and in 3D and this number is sufficient to draw any conclusions about
treatment variations for these injuries.

Virtual 3D reconstructions of both-column acetabular fractures may cause a shift in a
surgeon’s preferred treatment strategy and improve the surgeon’s level of confidence in
their treatment plan. Therefore, the usage of virtual 3D reconstructions is recommended
for the treatment of both-column acetabular fractures. The development of evidence-based
guidelines on surgical approaches for both-column fractures is needed because of the
low level of agreement between surgeons, with a possible implementation of virtual 3D
reconstructions in the diagnostic phase. The use of 3D imaging modalities may have added
value in several phases of the treatment process [8]. First of all, 3D measurements can
describe the severity of the fracture and be correlated with clinical outcome in terms of the
eventual need for THA following acetabular fractures [14,15]. Likewise, 3D measurements
can be correlated with total knee arthroplasty in tibial plateau fractures [16]. In our clinical
practice, 3D virtual fracture models or 3D-printed models are already used in decision mak-
ing regarding the treatment plan and preoperative planning. Three-dimensional printing
might result in reduced operation time, less intraoperative blood loss, less intraoperative
fluoroscopy time, and less postoperative complications [17–20]. Furthermore, 3D-printed
models can be used for pre-contouring of the implant in order to optimize plate fitting [8].
Finally, patient-specific osteosynthesis plates and drilling guides could be used for complex
fracture patterns [21], making it possible to determine the surgical approach and fixation
techniques beforehand in a multidisciplinary team. Further research is recommended
regarding the use of 3D imaging modalities for other types of acetabular fractures and
possibly other types of fractures in general.
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5. Conclusions

This study showed that surgeons agree to a lesser extent on the treatment strategy
for both-column acetabular fractures, and mainly the type of surgical approach remains
a subject of debate. The addition of virtual 3D reconstructions can influence a surgeon’s
preferred treatment strategy. Moreover, virtual 3D reconstructions improve the level of
confidence of the surgeon in their established method of treatment, from 38% reporting a
good level of confidence (2D) to 50% reporting a good level of confidence (3D). Therefore,
we conclude that virtual 3D reconstruction can aid in the assessment of complex fracture
patterns, the amount of displacement, and in determining the treatment strategy in both-
column acetabular fractures.

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/diagnostics13091629/s1, Table S1: Surgical approaches chosen in the 2D
and 3D survey. Recommended surgical approach for treatment of both-column acetabular fractures
based on conventional imaging and virtual 3D reconstructions.
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