Archives of Orthopaedic and Trauma Surgery (2021) 141:593-602
https://doi.org/10.1007/500402-020-03502-7

TRAUMA SURGERY q

Check for
updates

Fracture reduction and screw position after 3D-navigated
and conventional fluoroscopy-assisted percutaneous management
of acetabular fractures: a retrospective comparative study

B. Swartman' - J. Pelzer' - N. Beisemann' - M. Schnetzke' - H. Keil' - S. Y. Vetter - P. A. Griitzner' - Jochen Franke'

Received: 20 June 2019 / Accepted: 31 May 2020 / Published online: 9 June 2020
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract

Background Navigational techniques in orthopaedic trauma surgery have developed over the last years leaving the question
of really improving quality of treatment. Especially in marginal surgical indications, their benefit has to be evident. The aim
of this study was to compare reduction and screw position following 3D-navigated and conventional percutaneous screw
fixation of acetabular fractures. The study hypothesis postulated that better fracture reduction and better screw position are
obtained with 3D navigation.

Materials and methods Preoperative and postoperative CT scans of 37 acetabular fractures treated by percutaneous screw
fixation (24 3D-navigated, 13 conventional) were evaluated. Differences in pre- and postoperative fracture gaps and steps
were compared in all reconstructions as well as the screw position relative to the joint and the fracture.

Results The differences in fracture gaps and fracture steps with and without 3D navigation were not significantly different.
Distance of the screw from the joint line, angle difference between screw and ideal angle relative to the fracture line, length
of the possible corridor used and position of the screw thread did not show any significant differences.

Conclusion Comparison of 3D-navigated and conventional percutaneous surgery of acetabular fractures on the basis of pre-

and postoperative CTs revealed no significant differences in terms of fracture reduction and screw position.
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Introduction

With an incidence of 3/100,000 cases per year, pelvic frac-
tures account for about 2—-8% of all fractures [1]. In 15.4%
of cases they are associated with acetabular fractures [2].
According to the literature, the unanimous gold standard in
dislocated acetabular fractures is open reduction and internal
fixation [1, 3-6].

The aim of surgical management of acetabular fractures
is anatomical reduction, as this produces the best functional
results [7, 13, 14]. In this context, the associated imaging
procedures have been studied for their impact on intraop-
erative procedures and primary radiological outcomes. The
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superiority of 3D navigation over conventional fluoroscopy
in open reduction and internal fixation in terms of fracture
reduction, amongst other aspects, has been demonstrated in
a prospective study [6].

Due to its less invasive nature, percutaneous screw fixa-
tion is gaining increasing importance, particularly in slightly
dislocated acetabular fractures. However, it is associated
with a high risk of complications because of the anatomi-
cally narrow corridors for screw positioning [3, 5, 8]. In an
experimental study of 50 CTs, only very narrow corridors
in the anterior and posterior columns and in the supra-ace-
tabular region were described for safe screw positioning [8].
Technical aids have been developed with the aim of reducing
the risk of complications and making percutaneous surgery
safer. In particular, the field of image-assisted navigation has
found its way into the percutaneous management of pelvic
fractures [9-12]. Three navigation techniques are currently
available: CT-, 3D- and 2D-based navigation [9].

The 3D and 2D navigation techniques for percuta-
neous screw fixation have already been compared with
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conventional fluoroscopy in terms of precision in artificial
and cadaveric bones. 3D navigation exhibited increased pre-
cision or fewer implant misplacements [3, 12].

The 3D-navigated percutaneous technique itself has
already been studied in terms of reduction outcome and has
demonstrated a significant reduction with the restoration of
an almost anatomical position [13].

Comparative studies of patient data on the quality of frac-
ture reduction or implant placement in percutaneous screw
fixation of acetabular fractures using various imaging pro-
cedures, including conventional fluoroscopy, have to date
been lacking.

As navigation is associated with expensive procurements
and increased time demands [9], our research question is
whether the navigated technique achieves better results than
the conventional fluoroscopic procedure in fracture reduc-
tion and implant position in the percutaneous management
of acetabular fractures.

Ethical approval was granted by the local Ethics Com-
mittee on October 30, 2014 under number 837.388.14 (967).

Materials and methods

All acetabular fractures in a level 1 trauma centre were
recorded during the period 2001-2015. Patients with an ace-
tabular fracture treated by minimally invasive percutaneous
surgery and for whom a preoperative and a postoperative CT
or intraoperative final 3D scan were available were included.
Indication for percutaneous treatment was a minimally
displaced acetabular fracture. Minimal displacement was
defined as steps or gaps of less than 5 mm. Patient’s general
health condition was also considered, whereas elderly and
multimorbid patients were preferably treated conservatively.
A clear cut-off in this term did not exist. The use of navi-
gation depended on the year the operation was performed
in. Since navigation became available at our department in
2007, this was the cut between the two operation techniques.
Navigation was used in 357 cases between 2007 and 2015.
Anatomical regions included acetabulum, posterior pelvic
ring, spine, foot and ankle, tibial plateau, femur, elbow and
distal radius.

The percutaneous technique involves radiographic vis-
ualization of a safe periacetabular corridor and the screw
placement via percutaneous stab incision. The reduction is
performed by inserting the screw and using its characteristic
of a lag screw in order to approximate and compress the
fragments. All screws used were 7.3-mm cannulated screws.
In the case of navigated screw insertion, an infra-red reflec-
tor was fixed to the iliac crest of the pelvis and referenced
to a 3D-capable C-arm by a binocular camera. The gained
data set was used to plan the desired screw position. For
screw insertion, we place a wire into the desired corridor
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with the navigated drill guide. After that, the wire position is
verified by intraoperative 3D-Scan. If placement is correct,
the hole is drilled and the screw placed over the wire. The
screw length is planned with the navigation tool and verified
manually by measuring the guide wire before screw inser-
tion. The screw trajectories were either antegrade (directed
into the superior pubic ramus) or retrograde (supraacetab-
ular). In some cases, screws in different directions were
combined. An overview of the inserted screws is given in
Table 1. “Postoperative” imaging was considered either as
postoperative CT scan or intraoperative 3D scan by a mobile
C-arm which shows the final result after fracture reduction
and implant positioning. In these cases, 3D imaging was
only used for diagnostic reasons. Equivalent to the corre-
sponding preoperative CT scans, they were reconstructed in
the three standard planes: coronal, sagittal and transverse.
Each reconstruction was checked for the greatest occurring
fracture gap and fracture step, which was then measured
in mm (Impax, Agfa HealthCare, Bonn, Germany; Syngo,
Siemens Healthcare, Erlangen, Germany). The differences
in fracture steps or fracture gaps between the preoperative
and postoperative dataset were determined as a parameter
of reduction.

AT = T,—T,
Tl
T2

step/gap size in mm of the preoperative CTs

step/gap size in mm of the postoperative CTs.

The screw position was assessed on the basis of four cri-
teria: the smallest distance of the screw from the acetabular
joint surface, the amount of the angle difference between the
screw and the ideal angle of 90° to the fracture gap, the ratio
of screw length to the maximum possible bony corridor and
the complete bridging of the fracture gap by the screw thread
(Fig. 1). In the presence of more than one screw, the screw
nearest to the joint was chosen.

Data collection and documentation were performed using
Excel 2010 (Microsoft, Seattle, USA) and statistical analysis
using Excel 2010 and SPSS (SPSS Inc., Chicago, USA). In
comparing the groups, Student’s 7 test was used for normally
distributed variables and the Mann—Whitney U test for non-
normally distributed variables. Dichotomous results were
verified by Fisher’s exact test. The significance level was set
at p <0.05 in each case.

Table 1 Number of cases with screw trajectories in navigated and
conventional groups

Conventional Navigation
Antegrade 2 4
Retrograde 10 18
Combined 1 2
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Fig. 1 Measuring methods of screw position in the 3D volume of the
hip joint: the smallest distance of the screw from the acetabular joint
surface (in this example 3.2 mm), the amount of the angle difference
between the screw and the ideal angle of 90° to the fracture gap (),
the ratio of screw length (AD) to the maximum possible bony cor-
ridor (AD) and the complete bridging of the fracture gap (AB) by the
screw thread (AC)

Case presentations
Case 1

A patient who, as a cyclist, was hit by an oncoming car
while turning presents at our emergency department. The
patient fell to the right side. There was no unconsciousness
at the scene of the accident. After the fall, the patient got
up and walked. In the radiological diagnostics an acetabu-
lum fracture on the right (Letournel stage 4), fracture of
the 9th rib on the right, and a cervical spine distortion
were diagnosed. In addition, there were multiple abra-
sions. The patient was admitted to hospital (Fig. 2a—d).
On the 5th day after trauma, the surgical procedure was
performed using closed reduction and minimally inva-
sive cannulated screws inserted into the anterior column
(Fig. 3a—c). The patient was mobilized for 6 weeks with
no weight bearing on the affected side, the subsequent
X-ray control showed a proper consolidation with a good
implant position (Fig. 4). The range of motion of the right
hip joint at this time was extension/flexion 10-0-110
degrees, abduction/adduction 20-0-5 degrees, external/
internal rotation 25-0-15 degrees.

Case 2

The patient had fallen through a roof from a height of
approx. 2.5 m to the right side. After emergency medical
treatment, the patient was transported to our trauma centre
by ambulance. After X-ray and CT a slightly dislocated ante-
rior column fracture of the acetabulum on the right, a distal
radius fracture type 23 A3 (AO) on the right, a cerebral con-
cussion as well as a cut in the eyebrow on the right were visi-
ble. The patient was admitted for further therapy (Fig. Sa—c).
The radius fracture was surgically treated immediately after
admission. On the 7th day after trauma, percutaneous 3-D
navigated screw osteosynthesis of the right acetabulum was
performed (Fig. 6a—c). The patient was then mobilized on
armpit crutches without weight bearing of the affected leg.
The radius fracture could be functionally treated. In the rou-
tine X-ray controls after 6 and 12 weeks, a regular healing
process with no change in the implant position was observed
Fig. 7a, b). Further controls did not take place in our hospital
any more. At the end of the treatment, the patient was free
of complaints.

Results

During the period from 2001 to 2015, 802 acetabular frac-
tures were treated in our hospital. Of these, 313 were treated
conservatively, 437 by open surgery and 52 by percutane-
ous surgery. Of the percutaneous patients, 33 were man-
aged by 3D navigation and 19 by conventional fluoroscopy.
For 7 patients, the preoperative CT was recorded externally
and was not available and in 8 patients the postoperative
three-dimensional documentation was incomplete. Thus, 37
patients, 5 women and 32 men (median age 53 years; min
18; max 80), were included in the study. Of these, 24 under-
went surgery with 3D navigation and 13 with conventional
fluoroscopy.

The implantation technique in the conventional fluoros-
copy group involved 10 retrograde screw fixations. In the
3D-navigated group, 15 screws were implanted in a retro-
grade fashion.

The preoperative degree of dislocation in the individual
reconstructions was recorded to be equally distributed in the
two groups without significant difference (Table 2).

In the group of patients managed by conventional fluoros-
copy, fracture gaps and steps were reduced by the procedure
in all reconstructions. Significant differences were found for
sagittal gaps (p <0.001), coronal steps (p =0.029), coronal
gaps (p=0.030) and axial gaps (p <0.001). In the 3D-nav-
igated surgery group, fracture gaps and steps were also
reduced in all reconstructions. Significant outcomes were
found for sagittal gaps (p =0.008), coronal gaps (p=0.001)
and axial gaps (p =0.025) (Table 3).
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Fig.2 a Transverse, b coronal,
c sagittal planes and d 3D
reconstruction of preoperative
CT of the right acetabulum

The fracture gap differences with navigation were sagittal
— 2.94 mm (min — 16.50; max 8.10), coronal — 2.18 mm
(min — 11.00; max 5.40) and axial — 1.81 mm (min — 15.30;
max 7.10). Without navigation they were sagittal — 2.72 mm
(min — 5.50; max 3.80; p =0.868), coronal — 2.24 mm (min
— 11.50; max 3.20; p=0.966) and axial — 2.39 mm (min
— 6.60; max 0.60; p=0.582) (Table 4).

The fracture step differences with navigation were sagit-
tal — 0.30 mm (min — 5.00; max 2.40), coronal — 0.49 mm
(min — 5.00; max 3.90) and axial — 0.50 mm (min — 6.00;
max 3.00). Without navigation they were sagittal — 0.64 mm
(min — 4.30; max 2.00; p=0.536), coronal — 0.78 mm (min
— 3.90; max 0.00; p=0.600) and axial — 0.45 mm (min
— 5.40; max 2.00; p=0.948) (Table 4).

The distance of the screw from the joint in the navigated
group was on average 6.00 mm (min 0.00; max 22.00) and
in the non-navigated group 5.38 mm (min 2.50; max 10.00;
p=0.645). The amount of the angle difference between the
screw and the ideal angle of 90° to the fracture gap with
navigation was 13.88° (min 0.00; max 56.00) and without
navigation was 16.18° (min 0.00; max 48.00; p=0.689)
(Table 4).
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The ratio of screw length to the corridor in the navigated
patients was 0.97 (min 0.75; max 1.00) and in the non-navi-
gated patient 0.97 (min 0.66; max 1.00; p=0.976). The frac-
ture gap was bridged by the screw thread in 11 cases from
the 24 navigated surgery patients and in 8§ cases from the 13
non-navigated patients (p =0.495) (Table 4).

Discussion

The surgical management of slightly dislocated acetabular
fractures is a subject of dispute in the literature. Intraop-
erative processes, radiologically verifiable precision and
clinical and radiological outcome parameters are generally
studied as comparative criteria. Besides studies on artifi-
cial or cadaveric bones, experimental studies have also been
conducted on previously acquired CT images. Ultimately,
however, the use of direct patient data is essential to compare
different treatment options of slightly dislocated acetabular
fractures.

In our study, fracture gap differences and fracture
step differences were determined from preoperative and
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Fig.3 a Transverse; b, ¢
coronal; d sagittal planes of
intraoperative 3D scan of the
right acetabulum after closed
reduction and minimally inva-
sive screw positioning without
navigation. ¢ Demonstrates
the reduced fracture and d the
screw position

Fig.4 A.p. view of the right hip after minimally invasive surgery
without navigation

postoperative CTs as a measure of primary radiological
outcome. Reduction in the sense of a significant reduction
in fracture gaps and a tendency to a reduction in fracture

steps was demonstrated on average in all reconstructions
and in both treatment groups. For the best reduction effect,
the screw should lie 90° to the fracture line, the threaded
portion has to pass the fracture and the screw should have
the maximal possible length. Due to the estimated higher
precision while aiming for the screw corridor and the
possibility of planning screw length and thread type, we
hypothesized the 3D navigated group to show better frac-
ture reduction and implant position. Comparing the two
treatment groups, no significant differences were found
between 3D-navigated patients and those undergoing con-
ventional fluoroscopy in terms of gap and step differences.
The implant position was evaluated on the criteria of dis-
tance of the screw from the joint, angle difference from
the ideal angle, bony corridor used and bridging of the
fracture gap by the screw thread. No significant difference
between the two treatment modalities was found in this
respect either. However, it was noticeable that the mean
distance of the screw from the joint tended to be less in the
conventional fluoroscopic group and lay within a markedly
smaller range. It may therefore be assumed that the navi-
gated screws were planned with more distance to the joint

@ Springer



598

Archives of Orthopaedic and Trauma Surgery (2021) 141:593-602

Fig.5 a Transverse, b coronal,
c sagittal planes and d 3D
reconstruction of preoperative
CT of the right acetabulum

for safety reasons. The screw trajectory can be planned
more individually with navigation and therefore may result
in a higher range. In addition, there is a difference in terms
of the position of the screw thread: in the navigated group
the screw thread passed beyond the fracture gaps in only
45.8% of cases. This means that in more than half the
cases compression could not be exerted on the fracture gap
by the screw. By contrast, with the conventional method
a sufficient screw thread position is present in 61.5% of
cases. This tendency to greater precision with the con-
ventional method raises questions as to the reason for this.
Firstly, the procedures were performed at different times
and consequently by different surgeons. This presumably
introduces the greatest bias in postoperative outcomes.
The surgeon’s experience must be taken into account.
Obviously, the number of patients observed in this study,
does not represent a high experience. Nevertheless, the
overall number of percutaneous and especially navigated
procedures in the study period is high. Another explana-
tion is that, by relying on the presumed safety of naviga-
tion, the surgeon fails to measure the length and plan the
screw thread position with sufficient care. In addition, the
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in-house treatment standard does not provide for a follow-
up 3D scan after navigated placement of a screw; follow-
up is therefore performed using 2D fluoroscopy.

The use of 3D Navigation is still under discussion. How-
ever, in terms of open reduction and internal fixation, most
authors agree with performing 3D navigation. Oberst et al.
studied 68 prospectively recorded patients after open reduc-
tion and internal fixation of acetabular fractures. Conven-
tional fluoroscopy was compared with the 3D-navigated
method. The authors demonstrated a better postoperative
radiological outcome in patients undergoing 3D-navigated
surgery. Significantly smaller postoperative steps were found
in the 3D-navigated group. Similar to our study, no signifi-
cant differences were seen in postoperative gaps. It should be
noted that the preoperative fracture steps and gaps were on
average twice as large those shown in our study. The greater
differences can statistically be demonstrated in a more suf-
ficient way. The reason for the smaller preoperative gaps and
steps in our study is the selected patient population due to
the requirement for minimally invasive surgery. Oberst also
implanted some screws percutaneously, resulting in a higher
heterogeneity of the investigated population.
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Fig.6 a Transverse, b coronal,
c sagittal planes of intraopera-
tive 3D scan of the right ace-
tabulum after closed reduction
and minimally invasive screw
positioning with navigation

Fig.7 Follow-up a.p. pel-
vis X-rays a 6 weeks and b
12 weeks after minimally
invasive navigated surgery of
the right acetabulum

A comparison of conventional fluoroscopy and 2D and
3D navigation in 210 supra-acetabular screw placements
was conducted on artificial and cadaveric bones by Ochs
et al. The authors attempted to locate a preoperatively
defined corridor by the screw with the aid of differ-
ent imaging techniques. In terms of precision, perfora-
tion of the acetabular joint surface and deviation of the
screw from the initially planned position were recorded
by means of a postoperative 3D scan. 3D navigation

exhibited a lower perforation rate of the joint and smaller
deviations from the planned screw trajectory than con-
ventional fluoroscopy. Also there is evidence, that 3D
navigation has a higher accuracy in inserting sacroiliac
screws than conventional fluoroscopy [15]. Higher preci-
sion with 3D navigation is evident, but we were unable
to demonstrate this advantage in a real-life setting in
acetabular fractures. In fact, the variance of the screw
position from the ideal angle in our study was smaller
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Table 2 The mean

measurements of the
preoperative fracture steps

and gaps in the individual
reconstructions are given in mm

Sagittal step Sagittal gap Coronal step Coronal gap Axial step (mm) Axial gap (mm)
(mm) (mm) (mm) (mm)
Conventional fluoroscopy
Mean 1.17 5.28 1.07 4.79 1.12 5.70
Min 0.00 1.70 0.00 0.00 0.00 1.00
Max 4.30 12.90 3.90 14.40 5.40 15.80
3D navigation
Mean 0.66 5.56 1.30 5.71 1.38 6.06
Min 0.00 0.00 0.00 0.00 0.00 0.00
Max 5.00 21.00 5.00 12.10 9.00 17.70
p value 0.330 0.846 0.657 0.545 0.714 0.784

The significance level was p<0.05

CTs of 24 patients with conventional fluoroscopy and 13 patients with 3D navigation after percutaneous

screw fixation of the acetabulum were analysed

Table 3 The fracture gaps and steps in pre- and postoperative CTs are presented in mm as a measure of fracture reduction

Conventional fluoroscopy (mean, range)

3D navigation (mean, range)

Preoperative

Postoperative

Postoperative

p value

Sagittal step (mm)
Sagittal gap (mm)
Coronal step (mm)
Coronal gap (mm)
Axial step (mm)
Axial gap (mm)

1.17 (0.00-4.30)
5.28 (1.70-12.90)
1.07 (0.00-3.90)
4.79 (0.00-14.40)
1.12 (0.00-5.40)
5.70 (1.00-15.80)

0.53 (0.00-2.90)
2.57 (0.00-7.40)
0.28 (0.00-2.70)
2.55 (0.00-7.20)
0.66 (0.00-4.60)
3.31 (0.00-9.20)

p value Preoperative
0.097 0.66 (0.00-5.00)
< 0.001* 5.56 (0.00-21.00)
0.029* 1.30 (0.00-5.00)
0.030* 5.71 (0.00-12.10)
0.214 1.38 (0.00-9.00)
< 0.001* 6.06 (0.00-17.70)

0.36 (0.00-2.40)
2.62 (0.00-12.40)
0.81 (0.00-3.90)
3.53 (0.00-11.40)
0.88 (0.00-4.50)
4.25 (0.00-12.10)

0.124
0.008*
0.127
0.001*
0.100
0.025*

*Significant p values. 24 patients were treated with conventional fluoroscopy and 13 patients with 3D navigation in percutaneous screw fixation

of the acetabulum. The significance level was p<0.05

Table 4 CTs of 24 patients with
conventional fluoroscopy and
13 patients with 3D navigation
after percutaneous screw
fixation of the acetabulum were
analysed
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Conventional fluoros-
copy (mean, range)

3D navigation (mean, range)

p value

Fracture gap differences (mm)?
Sagittal
Coronal
Axial

Fracture step differences (mm)?
Sagittal
Coronal
Axial

Distance of screw from joint (mm)®

Amount of angle difference®
Ratio of screw length to corridor?

Bridging of fracture gap by screw
thread (% of occurrence)

—2.72 (- 5.50/3.80)
—2.24 (- 11.50/3.20)
—2.39 (- 6.60/0.60)

— 0.64 (— 4.30/2.00)
—0.78 (= 3.90/0.00)
— 0.45 (= 5.40/2.00)
5.38 (2.50/10.00)
16.18° (0.00/48.00)
0.97 (0.66/1.00)
61.5%

—2.94 (- 16.50/8.10)
—2.18 (= 11.00/5.40)
— 1.81 (- 15.30/7.10)

— 0.30 (= 5.00/2.40)
— 0.49 (- 5.00/3.90)
— 0.50 (= 6.00/3.00)
6.00 (0.00/22.00)
13.88° (0.00/56.00)
0.97 (0.75/1.00)
45.8%

0.868
0.966
0.582

0.536
0.600
0.948
0.645
0.689
0.976
0.495

The significance level was p <0.05

“Fracture gap differences and fracture step differences between pre- and postoperative CT in mm

PDefines the shortest distance of the screw to the acetabular joint surface in mm

“The angle difference between the screw and the ideal angle of 90° to the fracture gap

dThe ratio of screw length to the available bony corridor
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with screws inserted under conventional fluoroscopy. In
our view, different surgeons could be a reason for this,
as mentioned earlier. Again, the number of cases and the
surgeons’ experience have to be taken into account. In
addition, with the conventional method the surgeon is
forced to orientate himself by means of the more detailed
landmarks that are possible on plain film. In the fracture
situation, navigation has its limitations due to chang-
ing fragment position after reduction. Navigation has its
advantages after reduction. Nonreducible steps are a prob-
lem for both techniques. Moreover, Ochs’ method is not
directly comparable to ours, since in the study by Ochs
et al. a pre-operatively planned screw position had to be
obtained by conventional fluoroscopy in the correspond-
ing treatment arm.

Xu et al. tested conventional fluoroscopy versus 3D
navigation by placing 8 supra-acetabular screws in 2
cadaveric pelvises per group. Increased precision was
again observed here in the form of less cortical penetra-
tion under 3D navigation. In the tests described, the soft
tissues of the preparations were removed and visual con-
trol was therefore possible when inserting the screws. The
only criterion was cortical penetration. In our study, no
penetration of the acetabular joint surface occurred in any
of the cases. The artificial setting of an in vitro study pos-
sibly provides different conditions from those that pertain
in everyday surgical practice.

Our study is the first to evaluate percutaneous screw
placement in the case of slightly dislocated acetabular
fractures in the clinical setting.

The low inclusion rate due to the lack of available
image material may be regarded as a limitation of our
study. This limitation could be reduced by using a pro-
spective design in which the number of cases and hence
the power of the study could be increased. Fracture clas-
sifications were not considered, which might result in a
bias in terms of comparability. However, the absolute
degrees of dislocation of the preoperative CTs revealed no
significant difference between the two treatment groups.
In addition, a minimally invasive surgical technique was
required as a standard criterion, which certainly has a
homogenizing effect in terms of fracture geometry. We
therefore consider the groups to be comparable.

The fluoroscopy time within the groups was not deter-
mined. Both procedures required intraoperative 3D scans,
either for navigation referencing or to check the wire posi-
tion. These primarily account for a higher radiation expo-
sure to the patient, whereas the surgeon generally receives
less radiation in navigated procedures [15]. In connection
with much higher radiation exposure to the patient due to
regular preoperative CT scans, we considered the reduced
radiation exposure with navigation to be negligible.

Conclusion

The study hypothesis could not be confirmed. In the per-
cutaneous management of acetabular fractures in clinical
practice, concerning the small patient number, 3D naviga-
tion seems to show no benefits over conventional fluoros-
copy in terms of fracture reduction and implant position.
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