J Orthop Sci (2014) 19:125-131
DOI 10.1007/s00776-013-0475-1

ORIGINAL ARTICLE

Usefulness of intraoperative three-dimensional imaging
in fracture surgery: a prospective study

Sang Won Moon - Ji Wan Kim

Received: 27 March 2013/ Accepted: 16 September 2013 /Published online: 4 October 2013

© The Japanese Orthopaedic Association 2013

Abstract

Background Since its introduction, intraoperative three-
dimensional (3D) imaging has enabled the analysis of
articular fractures and implant positions during fracture
surgery. The purpose of this study was to evaluate the
usefulness of intraoperative 3D imaging in locating ana-
tomic structures, correcting errors, and preventing revision
surgery.

Methods Between March 2010 and November 2012,
intraoperative 3D imaging was used during surgery for 109
fractures in 101 patients. Fluoroscopy was performed with
the Iso-C3D™ (Siemens, Erlangen, Germany). We recor-
ded the number of intraoperative revisions for adjustment
of fracture reduction and correction of implant position for
these fractures.

Results Cases comprised intra-articular fractures (55 %),
disruptions of the posterior pelvic ring (33 %), and syn-
desmotic injury (12 %). The intraoperative revision rate
was 9.2 % (10/109). When considered by fracture site, the
revision rate was highest for syndesmotic injury (23.1 %),
followed by iliosacral fixation (8.3 %) and intra-articular
fractures (6.6 %). We changed the implant position in six
cases, corrected the articular reduction in one case, and
revised the malreduction of syndesmosis in three cases. No
postoperative infection occurred in any of these cases.
Conclusions Intraoperative 3D imaging is useful for
correcting errors and may prevent a second operation.
Three-dimensional imaging may be especially helpful in
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intra-articular fractures, iliosacral screw fixation, and syn-
desmotic injury.

Introduction

Many techniques have been developed for fracture surgery.
Minimally invasive plate osteosynthesis (MIPO), which
was introduced in 1997 [1], has become popular and has
had excellent results [2, 3]. Intraoperative fluoroscopic
imaging is a useful modality for fracture surgery and has
become a major step forward in controlling fracture
reduction and implant positioning. It is particularly useful
during intramedullary nailing and MIPO [4]. However, in
fracture surgery using conventional 2D fluoroscopy, there
is frequent failure in detecting suboptimal positioning of
implants and joint incongruities [5, 6]. Incorrect implant
positioning, which is easy to overlook under 2D fluoro-
scopic visualization, can cause damage to major blood
vessels or nerves [7]. This error can be detected on post-
operative CT scans, but another operation is necessary to
correct it. The introduction of intraoperative 3D imaging
has enabled analysis of articular fracture or implant posi-
tion. The purpose of this study was to demonstrate the
usefulness of intraoperative 3D imaging in fracture
surgery.

Materials and methods
Patients
Between March 2010 and November 2012, 3D imaging

was used intraoperatively during surgery for 109 fractures
in 101 patients: 61 men and 40 women with an average age
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Fig. 1 Monitor view of Iso-C3D images showing multiplanar reconstructions of the pelvis

of 48.0 (range 18-79) years. Included cases were disrup-
tions of the posterior pelvic ring (36); ankle fractures with
syndesmotic injury (13); and intra-articular fractures (60)
of the acetabulum (27), distal radius (15), tibial plateau (9),
pilon (4), calcaneus (2), distal femur (1), patella (1), and
olecranon (1). All operations were performed by a single
orthopedic trauma surgeon at a level I trauma center.

Device and technique

All patients were positioned on a carbon-fiber radiolucent
table (VIWAS, Maquet, Germany). Fluoroscopy was per-
formed with the Iso-C3D™ (Siemens, Erlangen, Germany),
which consists of two units: a modified C arm that provides
conventional 2D-projection imaging, and a workstation that
allows 3D reconstruction of the automatically acquired
isotropic data set. The anatomic region of interest (ROI) was
centered within the isocenter of the C arm on anteroposterior
(AP) and lateral views. The operative field was covered by an
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extra layer of sterile sheets to ensure sterility during scan-
ning. The C arm automatically acquired 2D frames in 62 s
through a 190° scan; the 3D data set, a cube of 123 cm3, was
simultaneously generated. The 3D images were immediately
displayed, similar to computed tomography (CT), in the
form of coronal, sagittal, and axial planes (Fig. 1). All sur-
gical staff exited the operating room during the scan.

Evaluation

The incidence of intraoperative revision and postoperative
infection was analyzed. Approval for this study was
obtained from our institutional review board.

Results

Ten of 109 (9.2 %) fractures were judged to require revi-
sion intraoperatively after Iso-C3D image evaluation
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Table 1 Revision cases with iso-C3D use

Case Age Sex Fracture site Procedure Revision details

1 57 Male Syndesmosis Transfixing screw fixation Malreduction of distal
tibiofibular joint and
its correction

2 24 Male Pilon ORIF Change of
malpositioned screw

3 68 Female Distal radius ORIF Change of
malpositioned screw

4 61 Male Tibial plateau ORIF Insufficient reduction
and its correction

5 55 Male Pelvic ring Iliosacral screw fixation Change of
malpositioned screw

6 18 Female Pelvic ring Iliosacral screw fixation Change of
malpositioned screw

7 68 Female Pelvic ring Iliosacral screw fixation Change of
malpositioned screw

8 20 Male Syndesmosis Transfixing screw fixation Malreduction of distal
tibiofibular joint and
its correction

9 50 Female Syndesmosis Transfixing screw fixation Malreduction of distal
tibiofibular joint and
its correction

10 45 Male Acetabulum ORIF Removal of

malpositioned screw

ORIF open reduction/internal fixation

Table 2 Correction rate in relation to fracture site

Fracture site Cases Revision cases
Syndesmosis 13 3 (23.1 %)
injury
Pelvis posterior 36 3 (8.3 %)
ring injury
(iliosacral
screw fixation)
Acetabulum 27 1 (3.7 %)
Distal radius 15 1 (6.7 %)
Tibial plateau 9 1 (11.1 %)
Pilon 1 (25 %)
Other (calcaneus, 5 0 (0 %)
distal femur,
patella,
olecranon)
Total 109 10 (9.2 %)

(Table 1). When considered by fracture site, the revision
rate was highest for syndesmotic injury (23.1 %), followed
by iliosacral fixation (8.3 %). The revision rate of intra-
articular fractures was 6.6 % (Table 2). We changed the
implant position in six cases (Fig. 2), corrected the artic-
ular reduction in one (Fig. 3), and revised the malreduction
of syndesmosis in three (Fig. 4). None of the errors

requiring intraoperative revision were seen on 2D fluoro-
scopic imaging. After the revisions, an Iso-C3D scan was
repeated in all cases. Among three cases of malpositioned
iliosacral screws, only one had paresthesia of the buttock,
without motor deficit, and the symptom was resolved.
There was no postoperative infection.

Discussion

Our data indicate the value of an intraoperative 3D imaging
system. We identified unacceptable reduction or inappro-
priate screw position requiring revision in 9.2 % of cases.
It is useful to detect a potentially unfavorable surgical
outcome and reduce the number of revision surgical pro-
cedures, but standard 2D intraoperative fluoroscopy does
not always enable precise identification of joint incongruity
and periarticular implant position [8]. Multiplanar imaging
is more accurate than standard 2D intraoperative fluoros-
copy in the assessment of many articular fractures [9, 10],
and several studies have reported the value of intraopera-
tive 3D imaging [11-13]. Based on our experience, intra-
operative 3D imaging may be especially useful for the
following fractures:

1. Syndesmosis malreduction: We reduced syndesmosis
by using a large, pointed clamp without overcompression
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Fig. 2 a Maisonneuve fracture with Chaput fracture. b Axial com-
puted tomography (CT) image showing incongruence of distal
tibiofibular joint. ¢ C-arm image obtained after open reduction and
screw fixation. d Intraoperative 3D image showing anterior

Fig. 3 a Tibial plateau fracture.
b C-arm image obtained after
open reduction and provisional
K-wire fixation. ¢ Intraoperative
3D image showing depression
of articular fragment. d C-arm
image obtained after revision.

e Intraoperative 3D image
showing satisfactory reduction

in the neutral position of the ankle joint and fixed it with a
3.5-mm cortical screw 2.5 cm proximal to the ankle joint.
Syndesmosis reduction was evaluated radiographically
intraoperatively in mortise and talar-dome lateral images.
We revised 23.1 % of syndesmosis surgeries. Several
papers report that 16-52 % of syndesmoses were noted to
be malreduced postoperatively [14, 15]. Sagi et al. [8]
reported a syndesmosis malreduction rate of 39 % despite
treatment by experienced orthopedic trauma surgeons.
Syndesmosis malreduction can lead to ankle arthritis, but it
is difficult to obtain an accurate syndesmosis reduction
because findings of intraoperative 2D fluoroscopy
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translation of the fibula and increased gap of posterior incisura.
e Intraoperative 3D image showing correct reduction. f Postoperative
radiograph

assessing malreduction may be unreliable [8]. Summers
et al. suggested a reliable method for intraoperative 2D
fluoroscopy evaluation using mortise and talar-dome ima-
ges of the uninjured ankle in the operating room [16].
However, they agreed that CT is a more reliable method
and that their method is not indicated in patients with
injuries to both ankles. Several authors continue to support
the use of postoperative CT for evaluating syndesmosis
malreduction [14, 15]. According to Miller et al. [17],
small malreductions will likely not be evident with stan-
dard intraoperative fluoroscopy and could be an indication
for intraoperative CT. However, intraoperative 3D imaging
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Fig. 4 Fracture of posterior
wall of the acetabulum. a Pelvic
anteroposterior radiograph
showing widening of left hip
joint space after reduction of
posterior hip dislocation.

b Axial computed tomography
(CT) image demonstrating
incarcerated fragment in the hip
joint and posterior wall fracture.
¢ The screw penetrating the hip
joint was detected using
intraoperative 3D imaging; the
screw was removed

makes it possible to confirm reduction of syndesmosis, and
if malreduction is evident, to perform immediate revision.

2. Iliosacral screw fixation: We reduced the posterior
ring by skeletal traction or joystick technique with an
external fixator. A guide wire was inserted in the safety
zone and confirmed in the lateral view of the sacrum,
followed by pelvic inlet and outlet views. The final con-
firmation was performed by intraoperative 3D imaging,
which facilitated correction of 8.3 % of these fractures.
Rates of iliosacral screw malposition after implantation
under fluoroscopic guidance range from 2 % to 15 % [18,
19], with an incidence of neurologic injury between 0.5 %
and 7.7 % [20]. Zwingmann et al. reported that complete
intraosseous screw position was found in 42 % of cases
using the conventional technique, which is significantly
less than the 81 % seen using a 3D image intensifier in
combination with a navigation system. Moreover, the
revision rate was significantly less in the group in whom
the navigation system was used (1.6 %) than in the con-
ventional group (19 %) [21]. Zwingmann et al. [21] iden-
tified some causes of screw malpositioning: (1) the process
of interpolation, which is associated with inherent errors,
must be performed by surgeons, because visualization via
an image intensifier is possible in only one plane at a time;
(2) exact anatomic knowledge or extensive surgical expe-
rience is required for the procedure. Ebraheim et al. [22]
cited the following causes for screw malpositioning: diffi-
culties in radiographic interpretation because of patient
obesity and intestinal gases, and variations in the anatomy
of the posterior pelvis.

3. Acetabular fracture: Results of an experimental study
with fresh—frozen cadavers revealed that only 18 of 24

screws were correctly identified using a conventional C
arm and that 23 of 24 screws were correctly identified
using the Iso-C3D [23]. Atesok et al. [24] reported an
acetabular intraoperative revision rate of 9 %, or one of 11
patients, and von Recum et al. [25] reported a revision rate
of 14.7 %, or 15 of 102 patients. While reporting the causes
of malpositioning, some researchers suggested that the
discrepancy between radiographic and clinical results in
some patients may be due to traumatic cartilage injury,
which itself remains poorly understood, or the inability to
accurately detect articular incongruity using conventional
2D radiography [26]. Norris et al. reported that the ana-
tomic nature of the acetabulum is such that direct visuali-
zation of the joint surface to assess reduction and the status
of intra-articular implants is rarely possible, indicating
surgeons are usually completely dependent on 2D fluo-
roscopy during surgery. A fluoroscopic view along the axis
of a screw is often necessary to confirm its extra-articular
positioning; it is frequently not feasible to obtain this view
because of obstructing factors such as soft tissues and the
surgical table [27].

4. Tibial plateau fracture: Restoration of articular con-
gruity is an essential operative goal of treating tibial pla-
teau fractures. Periarticular plates are now commonly used
to fix tibial plateau fractures, but a periarticular plate with
fixed screw trajectory can put the popliteal artery at risk
due to anterior plate translation or posterior liftoff [7].
Under 2D imaging, lateral imaging is sometimes not truly
lateral, so the penetrating screw can be concealed. In par-
ticular, the most posterior screw can penetrate the posterior
cortex of the tibia and cause arterial injury [7]. However,
intraoperative 3D imaging is better than standard
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Fig. 5 a Trimalleolar fracture.
b Coronal computed
tomography (CT) image
showing posterior malleolus
displacement. ¢ Percutaneous
screw fixation was planned
(arrow) using CT imaging. d,
e Intraoperative 3D image
showing the exact screw
position and length

intraoperative fluoroscopy for confirmation of plate posi-
tion and assessment of screw trajectory and length in order
to avoid posterior penetration and vascular injury.

5. Distal radius fracture: The increasing use of volar
plates for distal radius fractures has resulted in mechanical
injury of the extensor pollicis longus (EPL) secondary to
drill-bit penetration or rupture from prominent dorsal
screws [28]. Evaluation of the depth of a screw using
standard intraoperative fluoroscopy may be difficult, as
Lister’s tubercle or dorsal bone fragments may screen
screw protrusion into the third extensor compartment [29].
Benson et al. [29] recommended using either shorter
screws or leaving the implicated plate holes unfilled, as
well as considering open assessment of the third extensor
compartment; however, intraoperative 3D imaging can be a
good alternative for evaluating screw protrusion.

6. Calcaneal fracture: Rapid deterioration of the joint,
and most likely severe pain and disability, will develop if
the reduction is inadequate or screws protrude into the joint
[30]. In a series of calcaneal fractures, Rubberdt et al. [31]
found that in 19.5 % of cases, an implant or reduction was
changed based on Iso-C3D data.

7. Percutaneous cannulated screw fixation: Accurate
direction and length of screws should be planned thor-
oughly using preoperative CT images, and correct posi-
tioning of the guide wire can be confirmed with an
intraoperative 3D image (Fig. Se).

The disadvantages of Iso-C3D imaging are radiation
contamination and infection risk. The net radiation time in
our study was 62 s. Radiation contamination is comparable
with that of a standard CT scan, and the time corresponds
to fluoroscopy time using a conventional C arm [11];
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therefore, radiation contamination is not a cause for con-
cern. Infection can be avoided with sterile draping of the
scanning arm before the scanning procedure. A limitation
of our study is the relatively small number of cases (109),
which is not sufficient to support a definitive intraoperative
revision rate. However, the study’s main strengths are that
it was designed as a prospective study and that all opera-
tions were performed by a single orthopedic trauma expert.
This minimizes bias and provides a definitive revision rate.

Conclusion

Fracture surgery under 3D imaging incurred a revision rate
of 9.2 %. Intraoperative 3D imaging is a valid tool for error
correction, which prevents a second operation. Three-
dimensional imaging may be especially useful in intra-
articular fracture, iliosacral screw fixation, and syndes-
motic injury.
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