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Abstract Fracture surgery of the extremities using 2D
Xuoroscopy frequently fails to detect the suboptimal posi-
tioning of implants and joint incongruities. The use of intra-
operative 3D-rotational X-ray (3D-RX) imaging with a new
X-ray device potentially reveals these failures. We com-
pared 50 intraoperative (2D) results of surgery and cer-
tainty about the eVectiveness of diVerent aspects of fracture
reduction as interpreted from conventional (2D) methods
versus intraoperative 3D-RX in 42 distal extremity frac-
tures by means of a surgery questionnaire. In addition, we
investigated the need for revision surgery based on postop-
erative radiological Wndings in 81 patients. After fracture
reduction, just before a 3D-RX scan, the surgeon preopera-
tively assessed the result of surgery. Three months after
surgery, the 3D-RX scan was judged by three experienced
surgeons independently. Intraoperative 3D-RX showed sig-
niWcantly more information as to screw positioning and
rotation of the fracture reduction than the conventional

method (p < 0.005). None of the 81 patients in whom
3D-RX was performed needed surgical revision based on
postoperative radiological examinations. Intraoperative
3D-RX with this new device scanning oVers additional
information about extremity fracture reduction as compared
to conventional intraoperative 2D imaging, and may reduce
the need for revision surgery. The value of 3D-RX on func-
tional outcomes still needs to be assessed.
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Introduction

With the use of conventional C-arm Xuoroscopy in fracture
surgery of the extremities, suboptimal positioning of
implants (viz., screws, plates) and joint incongruities fre-
quently remain unrevealed in clinical practice [2, 4, 5, 14,
16, 17]. These imperfections are often only recognized on
postoperative computed tomography (CT) scans [2, 4, 12,
14, 21]. AO guidelines recommend an anatomical reduction
of the fracture as a basis for optimal outcome. The reported
malreduction, redisplacement and complication rate for
fracture surgery of the extremities based on radiological
result can be up to 26% [3, 6, 9, 11, 19]. To obtain more
intraoperative information, one possible solution could be
surgical navigation based on preoperative CT. However,
registration of small joints and multiple fragments as
encountered in fracture surgery of the distal extremities is
laborious and inaccurate [18]. Another solution to avoid
unexpected and/or suboptimal postoperative radiological
results is better intraoperative imaging.

Intraoperative use of 3-dimensional rotational X-ray
(3D-RX) for fracture surgery of the extremities has been
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reported regarding the Arcadis Orbic 3D in literature to
lower revision in 21–39% of the cases [8, 12, 14, 15, 20].
Intraoperative revision of reduction, as indicated by the 3D
scan, occurred for 11–19%, and for implant position 11–
26% of the operations in these studies [8, 14]. These
authors did not register the pre-3D-scan status based on
conventional examination and 2D Xuoroscopy, but consid-
ered this to be optimal. However, intraoperative imaging is
often used to achieve an optimal result in a stepwise and
minimally invasive manner. Therefore, instant optimal
results and conWdence regarding these results are not self-
evident, that is, intraoperative 3D-RX scanning guides the
diVerent stages of an operation. The threshold for revision
surgery is much higher when the patient has left the OR.
Small imperfections that were revealed with aid of intraop-
erative 3D-RX could have been revised directly, but less
likely afterwards. Further investigation of revisions avoided
is desired as well as of revision rates during follow-up.

All above referenced publications used the Arcadis
Orbic 3D (Siemens Healthcare, Erlangen, Germany), we
used a recently new introduced mobile C-arm with 3D-RX
capabilities, the BV Pulsera with 3D-RX (Philips Health-
care, Best, The Netherlands).

Our research objective was to compare performance and
certainty about the procedure result as interpreted from
conventional methods versus additional intraoperative 3D-
RX for fracture reduction of the extremities with this new
device. We hypothesized that 3D imaging would reveal a
diVerent, less satisfying surgical performance, but with
more certainty about the procedure result. Subsequently,
when acted upon these Wndings during the same surgical
procedure, we expect a low revision rate because subopti-
mal reduction and Wxation are detected intraoperatively and
directly adjusted.

Materials and methods

All consecutive patients treated for intra-articular fractures
of the foot, wrist, elbow or shoulder, between August 2005
and December 2006 in the Academic Medical Center (a ter-
tiary referral center) at the University of Amsterdam were
eligible for inclusion. Final inclusion with additional appli-
cation of the 3D-RX system depended on the availability of
the system, practical accessibility of the scanning area by
the C-arm and a fracture type according to an AO classiW-
cation of B2 or higher. Approval of the medical ethics
board for this study was obtained, and all patients signed an
informed consent.

Surgical procedures were performed according to stan-
dard protocols. For ankle and foot surgery, a standard table
(AlphaMaquet®, Maquet, Baambrugge, NL) was used. As
long as the foot is not in line with the table side rails no

metal artifacts will appear (Fig. 1, right). For hand and
wrist surgery, we utilized a RADIUS table (Liftac AG,
Zurich, Switzerland), which is a unilateral suspended-arm
table with a carbon Wber tabletop without ground support to
allow rotational imaging (Fig. 1, left panel). Before posi-
tioning the C-arm, a sterile bag (such as normally used to
cover the image intensiWer or an instrument table) was
placed over the operation zone by the surgeon and instru-
menting nurse. Thus, the extremity, table and drapes are
inside the bag to keep the operation zone sterile. An antero-
posterior and lateral low-dose X-ray image was taken to
conWrm the alignment of the system to the patient’s
anatomy.

During the operation, the surgeon decided whether and
when to perform a subsequent 3D-RX scan. If no scans
were made during the operation, at least one was made at
the end of the operation just before wound closure. The sur-
geon was free to check in any way the current operation
state by means of 2D Xuoroscopy or examination. After the
scan was made, but before the 3D image was shown, the
surgeon answered the questions used for intraoperative
assessment of the operation result as shown in “Appendix
A”, Table 4. The Wrst 50 scans were included in this assess-
ment. No questionnaire was taken immediately after the 3D
to avoid bias.

For 3D-RX imaging, the BV Pulsera (Philips Health-
care, Best, The Netherlands) with 3D-RX system was
used. This is a new mobile C-arm, modiWed for motorized
movement and integrated with a Philips 3D-RA worksta-
tion. For this study, a series of 225 projection images are
taken during a 200° rotation of the C-arm in 30 s, which is
used to reconstruct a 3D-RX scan. The dose of each image
in this scanning run is dynamically adjusted to obtain low
dose and optimal image quality. The maximum eVective
dose for a hand/wrist 3D-RX scan is 6 �Sv, for a foot
10 �Sv [12]. For comparison, for CT imaging of the lower
extremities a typical dose is 120 �Sv and the dose of plain
hand and foot radiograph are 0.17 �Sv and 0.7 �Sv,

Fig. 1 Left panel: a picture of the 3D-RX scanning setup during a dis-
tal radius fracture operation of the wrist. Right panel: the scanning of
a calcaneal fracture. Both extremities are placed on a carbon Wber rest
inside a sterile bag
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respectively [7, 13]. Depending on the size of the anatomy
of interest, we adjusted the magniWcation to either a
spherical shape with a diameter of 12.5 or 18 cm, with
slices of 0.5 or 0.7 mm thick in all directions, respec-
tively. After reconstruction, the 3D-RX data set could be
viewed on a workstation in the operating room. Both vol-
ume rendering and coronal, sagittal and axial slices were
available. After this, the operation could continue, while
the images were being processed (4 min). Sterile cover-
age, aligning and scanning takes approximately 3 min, in
total 7 min are needed to obtain a 3D image. Next, the sur-
geon examined the 3D-RX images and continued or
Wnished the operation.

Four months after obtaining the Wrst 50 scans, three
experienced trauma surgeons, who also operated the major-
ity of the patients included, reviewed the 3D-RX images.
The reviewers were oVered the images in a blinded and ran-
dom fashion and were asked to answer the questions
regarding the intraoperative assessment of the operation
result. Primary outcome was the result of pre-3D scan sur-
gery as judged by the surgeon, based on conventional
examination and 2D Xuoroscopy, in comparison with the
judgment based on the 3D-RX scan by means of the ques-
tionnaire. Secondary outcome was the number of revision
surgeries based on postoperative radiological Wndings like
radiographs or CT imaging, for patients treated with the
help of 3D-RX. Record was kept for the number of revision
surgery procedures within 3 months of follow-up, based on
the radiological outcomes.

The judgment results from the three reviewers were
averaged and are presented as median values. A Mann–
Whitney U test was used to analyze diVerences between
the surgeon’s answer and the median value of the three
reviewers for every question (“Appendix A”, Table 4). A
two-tailed signiWcance level of p < 0.05 was considered
signiWcant.

Based on the literature Wndings, a 20% diVerence in revi-
sion rates can be expected when 3D-RX imaging is used

[8, 14]. This diVerence was used to calculate a minimum
number of 14 patients required to achieve statistical signiW-
cance: if for three out of 14 patients (21.4%) a revision is
avoided, this outcome has a 95% conWdence interval of
5–51%, that is., the revision rate is signiWcantly above 0.
We included a larger number of patients to be able to
increase the precision of the point estimates also regarding
other outcomes.

To analyze the agreement among the three reviewers
regarding their judgment of the 3D-RX scans, we deter-
mined the percentage of agreement (i.e., the accuracy)
among the surgeons within one point on the 5-point scale.
This was also used to assess the intra-observer agreement.
For this purpose, three patients (a hind foot, an ankle and a
wrist fracture) were reviewed a second time by all review-
ers six weeks later.

Results

A total of 81 operations concerning 81 patients were oper-
ated with aid of 3D-RX and included in this study. In total,
97 3D-RX scans were performed, 65 patients were scanned
once, 16 patients twice, during diVerent stages of the opera-
tion (on average 1.2 scans per patient). The average opera-
tion time was 126 min. The mean age of the group was
44 years (ranging from 12 to 86) and comprised 45 males
and 36 females. Patient data are shown in Table 1.
Excluded 3D-RX scans were those with a poor image qual-
ity due to wrong aligning (3), too much metal (3), or inex-
plicable failure (2).

The comparison between conventional methods and
intraoperative 3D-RX scanning for fracture surgery of the
extremities showed a signiWcantly lower performance as to
screw positioning and rotation of the fracture reduction
after 3D-RX (p < 0.002, Table 2). The same trend could be
observed for the other aspects interrogated. Certainty about
the rotation of the fracture reduction performance was

Table 1 Description of the 
study population. Numbers 
between parenthesis indicate 
the number of patients included 
in the questionnaire

Extremity Patients Scans ClassiWcation Scans

Foot 52 (24) 66 (31) Hind foot 26 (12)

Ankle 30 (16)

Forefoot 5 (2)

Arthrodesis 4 (1)

Perioperative imaginga 1a

Wrist 25 (16) 27 (17) Distal radius 23 (14)

Osteosynthesis carpal/metacarpal fracture 4 (3)

Elbow 3 (1) 3 (1) Radial head 3 (1)

Shoulder 1 (1) 1 (1) Scapula 1(1)

Total 81(42) 97(50)

a In one case after removal of 
osteosynthesis material a 3D-RX 
scan was made and on the basis 
of the image no further interven-
tion was done
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signiWcantly larger (p < 0.05) if based on 3D-RX images
(Table 2).

Inter-observer accuracy was good (85 § 2%) for a diVer-
ence of up to one point on the 5-point scale, while 40 § 4%
was scored unanimously. Intra-observer accuracy was
excellent (94 § 3%) for a diVerence of up to one point
between the Wrst and second judgment, while 62% § 3%
was scored unanimously.

None of the 81 patients included in this study needed
revision based on the postoperative radiological examina-
tions. An example of 3D-RX imaging versus 2D Xuoros-
copy is shown in Fig. 2.

Discussion

Fracture surgery of the extremities with conventional
examination methods frequently misses out suboptimal
positioning of implants and joint incongruities during the
operation. These problems remain unrevealed until postop-
erative radiography or CT imaging is performed [2, 4, 14–
16, 21].

This study was performed with a new device for intra-
operative 3D-RX imaging. The main diVerences between a
longer known X-ray device, the Arcadis Orbic 3D (Sie-
mens Healthcare, Erlangen, Germany) are shown in
Table 3. The 3D movement of the Arcadis is able to reach
more parts of the body. According to technical speciWca-

tions, the Pulsera should at least provide the comparable
image quality.

Limitations of this study include patient selection.
Although we prospectively included all patients, the scan
movement was not predeWned. However, a protocol to scan
at predeWned moment is cumbersome in patients suVering
from a great variety of fractures qualifying for 3D-RX
scanning. In addition, 3D-RX scanning may be inconclu-
sive, which occurred in 8%, of the scans in our study. How-
ever, these occurred in the Wrst 58 consecutive patients
(14%). Improved experience of the radiology technicians

Table 2 Questionnaire results of the 50 scans investigated

N is the total number of times the question was answered or applicable.
S is the intraoperative surgeons score, R the median of the reviewers.
S > R concerning the performance means that the reviewers are less
satisWed with the performance of the surgeon before the 3D-RX scan
than her/himself. S > R concerning the certainty question means that
reviewers are less certain about the diagnosis than the surgeon before
the 3D-RX scan about his/her performance

Values in * represents a signiWcant diVerence

N S < R S > R SigniWcance (p)

Performance

Positioning K-wires? 14 1 6 0.12

Positioning screws? 34 4 20 0.0004*

Reduction fracture: alignment? 47 11 16 0.09

Reduction fracture: rotation? 36 4 18 0.002*

Joint surface? 48 12 22 0.1

Certainty

Positioning K-wires? 14 6 4 0.6

Positioning screws? 34 14 7 0.09

Reduction fracture: alignment? 47 13 15 0.9

Reduction fracture: rotation? 36 17 10 0.05*

Joint surface? 48 17 19 0.9

Fig. 2 Intraoperative X-ray images of patient treated minimally inva-
sive for an AO type C2 trimalleolar ankle fracture. Shown are the Xuo-
roscopy images (a, c) and 3D-RX slices in respectively sagittal,
coronal and axial direction (b, d, e). In the coronal 3D-RX slice it is
clearly visible that a screw penetrates the distal tibio-Wbular joint
(arrow in image d and e)
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and anticipating metal artifacts avoided problems in the
remaining scans.

Furthermore, the golden standard as to the eVectiveness
of fracture surgery is long-term functional outcome.
However, examination of CT scans or postoperative 2D
radiographs is considered an acceptably predictive interme-
diate-term outcome measure [3, 6, 9, 11, 19]. Currently,
there is no golden standard available during surgery, which
hampers clinical evaluation of this technique which is a
weakness of our study. Evaluation of the radiological diag-
nostic value of 3D-RX has been done previously and was
considered adequate and similar to CT and radiography for
imaging bony structures [1, 8, 10, 12, 14, 15, 20]. We com-
pared 3D-RX with the conventional intraoperative practice,
which is known to have shortcomings [2, 4, 12, 14, 21].
Thus, the particular shortcomings could be exposed. In this
manner, we proved that intraoperative 3D imaging provides
additional information, an import condition to further
investigate long-term functional patient outcome.

Since no general classiWcation system exists to rate
radiological outcomes of fracture surgery, we designed our
own, based on the standard way surgeons and radiologists
examine radiographs and/or CT scans. The questionnaire
gives a comprehensive judgment about the results of the
surgical procedure. The intra- and inter-observer accuracy
of this study was good. Nevertheless, the questionnaire
should be validated to allow comparison of the results with
those from other centers.

This study showed that intraoperative 3D-RX provides
extra information to the surgeon, especially regarding the
assessment of rotation of fracture reduction and screw
placement. These are the two important performance
parameters that are hard to appreciate by conventional
examination and Xuoroscopic inspection. Especially with
Xuoroscopy, the angle of imaging and over-projection can
lead to unreliable results. With intraoperative 3D-RX,
images can be viewed from every possible angle without
extra Xuoroscopy time, although metal artifacts may distort
the images. Our results showed that 18% of the screw pos-
itionings at least two points less satisfying were rated on the

3D-RX images than expected intraoperatively. If we con-
sider this condition a revision it is between the results of
Richter et al. (26%) and Hufner et al. (10.3%) [8, 14]. Also,
if we consider inclusion time and number for this study a
revision rate of 16% or higher is required in order to be
cost-beneWcial based on Hufner et al. [8]. Moreover, during
the course of this study we experienced that the frequency
of use increased and the device is shared with other disci-
plines as well. Nevertheless, it should be stressed that most
intraoperative failures are revised more frequently than
when revealed postoperatively.

In this study, the rotation of the reduction was diagnosed
with more certainty by the reviewers than the surgeon with-
out the 3D-RX scan. Except for the diagnosis of the align-
ment of the reduction and the joint surface the reviewers
were more certain about their diagnosis than the surgeon.
This (un)certainty, however, does not only appreciate the
result of surgery, but also the character of the surgeons
involved. Moreover, the ‘noisy’ 3D-RX images do not pro-
vide such conWdence as obtained by CT and radiography.

In this study no revisions were indicated on the basis of
postoperative radiological results, which can be attributed
to the fact that 3D-RX imaging was already in use. The
reported radiology-based failure rate, if treated convention-
ally, is higher and ranges from 10% in distal radius frac-
tures to over 26% in calcaneus or malleolus tertius fractures
[6, 9]. These failures would be, at least in most cases, a
strong indication for revision surgery.

Conclusion

Intraoperative 3D-RX clearly provides more information
about the result of fracture reduction procedures than con-
ventional 2D-scanning. The reduction in indications for
revision surgery after a relatively short follow-up period is
promising, but not equivalent to a good functional outcome.
This patient-relevant parameter still needs to be investi-
gated after a longer follow-up period which is meaningful
as proven by this study. In our hospital, the use of intraop-
erative 3D-RX imaging has become a standard procedure
during surgical treatment of complex joint fractures of the
extremities.
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Table 3 Overview of relevant properties which clearly are diVerent
for both systems

Property BV Pulsera 
with 3D-RX

Arcadis 
Orbic 3D

3D movement Head or extremity Lateral

Duration of scan 30 s 60 s or 120 s

No. of images/scan 90–225–450 50–100

Kind of X-ray images Pulsed (10 ms) Fluoroscopy

II magniWcations 6�–9�–12� 6�–9�

X-ray generator power 15 kW 2.3 kW
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Appendix A
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Table 4 Questions used for intraoperative assessment of the operation
state and review

Question Range performance Range certainty

Positioning K-wires? 1. Redo 1. Not

5. SatisWed 5. Sure
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5. SatisWed 5. Sure

Reduction fracture: 
alignment?

1. Redo 1. Not

5. SatisWed 5. Sure

Reduction fracture:
rotation?

1. Redo 1. Not

5. SatisWed 5. Sure

Joint surface? 1. Redo 1. Not

5. SatisWed 5. Sure
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