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Abstract

Introduction In operative treatment of distal radius fractures satisfying outcome mainly relies on anatomical fracture reduc-
tion and correct implant placement. Examination with two-dimensional fluoroscopy may not provide reliable information
about this. The aim of this study was to determine the effectiveness of additional intraoperative three-dimensional imaging
in the operative treatment of comminuted distal radius fractures.

Materials and methods From August 2001 to June 2015, patients with a distal radius fracture who were treated opera-
tively and received intraoperative three-dimensional scan were included. The findings of the three-dimensional scan were
documented by the operative surgeon and analyzed retrospectively with regard to incidence and the need for intraoperative
revisions. Clinical evaluation included the patient’s medical history, the injury pattern of the affected wrist (according to
the OTA/AO fracture classification) and concomitant injuries. Intraoperative and postoperative complications and revision
surgeries were evaluated as well.

Results Of 4515 operatively treated distal radius fractures, 307 (6.8%) received additional intraoperative three-dimensional
imaging during surgery. 263 of 307 patients (85.7%) had a distal radius fracture type C. Intraoperative three-dimensional
imaging revealed findings in 125 patients (40.7%) that were not detected on conventional two-dimensional fluoroscopy. In
54 patients (17.6%) these findings led to an immediate revision. Most commonly, revision was done in the case of remaining
steps in the articular surface > 1 mm (n=25, 8.1%) followed by intra-articular screw placement (n=23, 7.5%).
Conclusions Intraoperative three-dimensional imaging can provide additional information compared to conventional two-
dimensional fluoroscopy in the operative treatment of distal radius fractures with the possibility of immediate intraoperative
revision.

Keywords Distal radius fracture - Three-dimensional imaging - Two-dimensional fluoroscopy - Intra-articular screw -
Complication - Revision surgery

Introduction

Distal radius fractures are the most common upper extremity
fractures with 162 fractures per 100,000 persons per year
and the prevalence of intra-articular distal radius fractures
accounts for approximately 60% of all radius fractures [9,
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16, 19]. Volar plating is most commonly treatment of care
for comminuted and displaced distal radius fractures [21,
22, 31, 34]. Complications of palmar plating are reported
in 0-44% of cases depending on the type of injury [1, 5,
27, 35]. Surgical revision is necessary in 0-36% patients,
in most cases due to implant-related complications such as
hardware failure, malunion or tendon ruptures [5].

Correct fracture reduction and implant placement is
conventionally verified by intraoperative two-dimensional
fluoroscopy. Suboptimal positioning of implants, insufficient
reconstructions and joint incongruities are frequently not
revealed with standard two-dimensional fluoroscopy [11,
30]. The angulation of the subchondral screws, overlapping
of anatomic structures, and the concavity of the joint surface
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are prone to misinterpretation by the operative surgeon [8,
11, 12, 30]. Subsequently, implant malposition and remain-
ing steps in the articular surface are often recognized at first
on postoperative computed tomography (CT) scans [8, 11,
25, 32].

It has been shown that specific intraoperative images
such as the dorsal tangential view and the radial grove view
can help improve the screw placement [6, 14, 18]. Alterna-
tively, intraoperative three-dimensional imaging might be
a useful imaging modality to decrease the surgical revision
rate due to implant malpositioning or remaining steps in the
articular surface. Preliminary reports with a small numbers
of cases have shown that intraoperative three-dimensional
imaging in the treatment of distal radius fractures can pro-
vide additional information compared to conventional two-
dimensional fluoroscopy [3, 7, 17, 23]. These studies, how-
ever, lack detailed analysis of the intraoperative findings and
postoperative course.

The objective of this study was to determine the effec-
tiveness of intraoperative three-dimensional imaging in the
operative treatment of distal radius fractures. We hypoth-
esized that intraoperative three-dimensional imaging with
a mobile C-arm could detect inadequate implant placement
or fracture malreduction that had not been verified on con-
ventional two-dimensional fluoroscopy leading to immediate
intraoperative revision. Approval from the appropriate Eth-
ics Committee was obtained for analysis of the data.

Materials and methods

This retrospective study was conducted at a level 1 trauma
centre. From August 2001 to June 2015, all patients with
operatively treated distal radius fractures, who had been
evaluated with additional intraoperative three-dimensional
imaging, were prospectively recorded. Evaluation of data
was done in a retrospective chart review. Patients were
included in this study regardless of age, comorbidities, or
other injuries. All of the study data were collected on the
basis of a normal standardized clinical investigation.

Imaging technique

Preoperative CT was routinely performed in patients with
type C fractures according to the OTA/AO fracture clas-
sification [20]. The intraoperative three-dimensional scans
were performed with mobile C-arms. We used a SIREMO-
BIL Iso-C3D (Siemens, Erlangen, Germany) early in the
series. From March 15, 2005 onwards the ARCADIS Orbic
3D (Siemens) was used and from 2011 onwards second-
generation ARCADIS Orbic 3D was used.

In all patients, the wrist was positioned on a radiolu-
cent, carbon fiber, arm-table for the operative procedure.
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The C-arm position is perpendicular to the upper limb.
After operative reduction and fracture fixation, conven-
tional two-dimensional imaging with a mobile C-arm
was performed. Intraoperative antero-posterior and lat-
eral views were obtained with respect to the palmar and
radial tilt to obtain full insight into the radiocarpal joint.
In addition, dynamic fluoroscopy was performed to detect
intra-articular screw placement in the radiocarpal as well
as in the distal radioulnar joint. The dorsal tangential view
was not performed in this study. The surgeon evaluated
these two-dimensional images; if fracture reduction was
considered to be anatomical (no intra-articular step, no
dorsal tilt, radial tilt of 20°-30°, ulna aligned with the
distal radius with neutral or slightly negative ulnar vari-
ance) and implant position were judged to be appropriate
(no intra-articular screw placement, no screw penetra-
tion of the dorsal cortical bone), an intraoperative three-
dimensional scan was performed (1) if the assessment of
fracture reduction was difficult due to comminuted fracture
pattern with defects and possible central impression of the
articular surface according to the preoperative CT and/
or (2) assessment of implant placement was difficult due
to screw placement very close to the radiocarpal and/or
distal radioulnar joint. In case of immediate intraopera-
tive revision, the same sequence of intraoperative imaging
was followed as before, i.e., two-dimensional fluoroscopy,
dynamic fluoroscopy and then intraoperative three-dimen-
sional scan.

Assessment of the data

The total number of intraoperative three-dimensional
scans and the intraoperative findings and the conse-
quences (revision or no revision) of each intraoperative
three-dimensional scan were documented in the immedi-
ate postoperative period by the surgeon while still in the
operating room (index procedure). Retrospectively, the
intraoperative findings could be categorized according to
the following criteria: (1) correct implant positioning and
screw placement, (2) remaining step-off > 1 mm in the
articular surface, (3) intra-articular screw placement, and
(4) prominent screw on the opposite cortex. Prominent
screws were defined as those screws protruding equal to
or greater than 1 millimeter from the opposite cortex of
the radius.

For each patient, the medical history and previous sur-
geries of the affected wrist were assessed. The mechanism
of injury, the injury pattern of the wrist, and concomitant
injuries were recorded. All fractures were classified accord-
ing to the OTA/AO fracture classification by the operative
surgeon according to preoperative radiographs, preoperative
CT and the intraoperative assessment [20].
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Statistics

Mean and standard deviation (SD) were calculated for con-
tinuous variables.

Results

Of 4515 operatively treated distal radius fractures, 307
patients (6.8%) were evaluated by additional intraoperative
three-dimensional imaging during the study period. The
study group consisted of 180 men (58.6%) and 127 women
(41.4%) with an average age of 50.0 (SD 16.1) years (range
14.9-87.5). The right side was injured in 158 patients
(51.5%). 55 patients (17.9%) had at least one comorbidity;
most frequent were hypertension (n=32, 10.4%) and dia-
betes (n=11, 3.6%). The mean body mass index was 27.0
(SD 5.2) kg/m?. 263 patients (85.7%) had a type C fracture
according to the OTA/AO fracture classification (Fig. 1).

In 234 patients (76.2%), three-dimensional imaging was
performed during primary surgical treatment of the distal
radius fracture 7.2 (SD 7.7) days after injury. Another 73
patients (23.8%) had prior surgical treatment, 40 patients
(13%) were treated with an external fixator during primary
surgery and 33 patients (10.7%) had failed osteosynthe-
sis requiring revision surgery. Twelve of these 33 patients
(36.4%) were referred from another hospital for revision sur-
gery. Mean time between application of the external fixator
and definitive fracture stabilization (index procedure) was
8.9 (SD 5.6) days. After failed previous osteosynthesis, the
index procedure was performed after an average of 26.4 (SD
26.4) days.

During the index procedure most patients were treated
with locked plate osteosynthesis (n=289, 94.1%, Table 1).
Three patients (1.0%) had dorsal plating, 286 patients
(93.2%) had volar plating of the distal radius. 90 patients
(29.3%) received allogeneic or autologous bone substitution.
Mean operative time was 65.9 +32.2 min.
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Table 1 Basic data of the index operation
Duration of surgery (min+ SD) 65.9+32.2
Type of implant (n; %)
Plate 289 (94.1)
Screw 72.3)
External fixator 6(2.0)
External fixator + plate 3(1.0)
External fixator + screw 2(0.7)
Bone substitution (n; %)
None 217 (70.7)
Allogeneic bone graft 18 (5.9)
Autologous bone graft 72 (23.5)

Analysis of intraoperative three-dimensional scans

In 182 patients (59.3%), correct implant placement and
anatomical reduction were documented (Table 2). Patho-
logical findings were detected in 125 patients (40.7%). In
54 patients (17.6%), the findings of the intraoperative three-
dimensional scan led to an immediate revision. In 25 patients
(8.1%), a remaining step in the articular surface of > 1 mm,
and in 23 patients (7.5%), intra-articular screw placement
was revised following the intraoperative three-dimensional
scan. In all patients that received intraoperative revision, a
second three-dimensional scan was performed to visualize
the result of the immediate revision. In 42 of 54 patients
(77.2%) completely successful revision was achieved and in
12 of 54 patients (22.2%) partial improvement (smaller step
in the joint surface) was achieved with immediate revision.
In these 12 patients, no further intraoperative revision was
performed. In comminuted distal radius fracture type C2
and C3 according to the OTA/AO fracture classification, the
highest intraoperative revision rates were found with 19.6
and 19.4%, respectively (Table 3). A patient example with
central impression of the articular surface and improvement
of the fracture reduction after intraoperative three-dimen-
sional scan is shown in Fig. 2a-f.

Table 2 Intraoperative findings and consequences after intraoperative
three-dimensional scan

Findings of 3D scan N (%) Revision

Correct implant placement, anatomical reduc- 182 (59.3) No

tion

Remaining step (< 1 mm) in the articular 71 (23.1) No
surface

Remaining step (> 1 mm) in the articular 25(8.1) Yes
surface

Intra-articular screw placement 23(7.5) Yes

Prominent screw 6(2.0) Yes
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Table 3 Analysis of intraoperative revision rates for each subgroup of
injury pattern according to the OTA/AO classification

OTA/AO No. of patients No. of revisions %
23A3 15 2 13.3
23B1 16 2 13.3
23B2 7 1 14.3
23B3 0 0
23Cl1 37 5 13.5
23C2 56 11 19.6
23C3 170 33 19.4
Discussion

The most important finding of the current study is that intra-
operative three-dimensional imaging revealed pathological
findings in 54 of 307 patients (17.6%), which were not seen
on conventional fluoroscopy, leading to an immediate intra-
operative revision. Most commonly, revision was done in
the case of remaining steps in the articular surface > 1 mm
(n=25, 8.1%) followed by intra-articular screw placement
(n=23, 7.5%). In this study, all scans were made after the
surgeon had judged the reduction of the articular surface and
the implant placement to be correct by means of a standard
two-dimensional fluoroscopic examination. Therefore, all of
the findings leading to correction in this series would not
have been addressed without the three-dimensional scan.

Previous studies reported intraoperative revision rates
after application of intraoperative three-dimensional imag-
ing ranging from 10.5 to 34.7% (3, 4, 7, 17, 23, 24, 28].
In 2013, Mehling et al. published the largest series about
the usefulness of intraoperative three-dimensional imaging
in the treatment of distal radius fractures [23]. The authors
compared the findings on conventional two-dimensional
fluoroscopy with the findings of the intraoperative three-
dimensional scan in 51 patients. Mehling et al. found that
intra-articular screw placement in 31.3% of the operations
was not revealed using standard two-dimensional fluoros-
copy but was detected using intraoperative three-dimen-
sional imaging [23].

Volar locked plating of distal radius fractures performed
with fluoroscopic guidance continues to grow in popularity.
However, the current study clearly demonstrates the difficul-
ties of detecting intra-articular screw penetration or mal-
reduction by fluoroscopic guidance alone. In 2010, Tweet
et al. investigated a cadaveric study to detect intra-articular
screw penetration during volar plating of the distal radius
with fluoroscopy [33]. The authors concluded that no com-
bination of imaging allowed detection of all intra-articular
screws, and that a high level of suspicion for intra-articular
screw penetration should be maintained during volar plating
of distal radial fractures. Intraoperative three-dimensional
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imaging might be a possible solution to overcome these
problems.

Alternatively, arthroscopically assisted fracture reduc-
tion has been described to visualize fracture reduction and
screw placement in the operative treatment of distal radius
fractures [11, 26, 30]. Ruch et al. found that patients who
underwent arthroscopically assisted procedures had a greater
degree of supination, flexion, and extension than patients
undergoing fluoroscopic-assisted surgery [30]. Edwards
et al. concluded that residual displacement noted by adjunc-
tive arthroscopy may prompt another reduction effort and
result in an improved articular alignment of intra-articular
distal radius fractures [11]. These findings confirm the
results of the current study that two-dimensional fluoros-
copy is prone to misinterpretation in the operative treatment
of distal radius fractures. Despite the good results described
in the literature, arthroscopically assisted fracture reduction
has not been implemented in daily clinical practice in the
operative treatment of distal radius fractures. Alternatively,
intraoperative three-dimensional imaging might be a less
invasive alternative compared to wrist arthroscopy.

Volar locking plate fixation also bears the risks of exten-
sor tendon rupture due to excessively long distal screws [2].
Ruptures of extensor tendons have been reported in as high
as 8.6% of patients. Recently, Ganesh et al. compared intra-
operative fluoroscopy and postoperative CT regarding the
detection of prominent hardware in volar locked plating of
distal radius fractures [13]. Postoperative CT showed that 5
of the 175 screws (3%) in 5 of the 30 (17%) fractures had
prominent screws of 1 mm or greater not detected by the
standard fluoroscopic views or dorsal tangential view. The
authors concluded that intraoperative fluoroscopy including
the dorsal tangential view is not sufficient to avoid dorsal
screw prominence. In the current study, prominent screws
were detected by intraoperative three-dimensional imaging
in six patients and could be revised immediately. However,
it should be noted that the dorsal tangential view was not
performed.

One major criticisms of intraoperative three-dimensional
imaging is the amount of time needed for performing the
three-dimensional scan, editing, and interpreting the gener-
ated data. Richter et al. reported that the operation was inter-
rupted for 7.2 min on average in their study for ISO-C-3D
use and using the ARCADIS Orbic 3D for 5.2 min [23, 29].
A cost analysis of intraoperative three-dimensional imaging
by Hiifner et al. has demonstrated that an economic benefit
can be achieved if the revision rate is decreased by just 5%
[15].

From our point of view, intraoperative three-dimen-
sional imaging can be efficiently be integrated in the sur-
gical workflow and the distal radius is easily assessable
for intraoperative three-dimensional imaging. Especially
in complex radius fractures with the need of very distal
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Fig.2 a, b Distal radius fracture type 23C3 in a 53-year-old woman.
¢ Conventional lateral view appeared to be adequately reduced with
correct implant placement. d Intraoperative three-dimensional scan
revealed a remaining step of 2 mm in the articular surface. e After

immediate intraoperative revision of the fracture reduction the result
was first checked with fluoroscopy. f Repeated three-dimensional
scan shows almost anatomical reduction with correct screw place-
ment (the remaining gap was accepted by the surgeon)
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implant positioning and a considerable risk for intra-artic-
ular screw placement, the advantages of secure identifica-
tion of malpositioned screws or remaining steps in the
articular surface, as well as the possibility of an immediate
correction, rule out the possible disadvantages [23].

This study has some limitations. Even if all cases
were included in a prospectively recorded database, the
evaluation was done in a retrospective chart review. The
population selection was randomly chosen by the opera-
tive surgeon. However, a protocol to scan at predefined
patients is difficult to apply on patients who have a great
variety of pathologies, which qualify for the use of three-
dimensional imaging. Furthermore, three different three-
dimensional image intensifiers were used during the
course of the study. Postoperative CT scan was not used
in the current study to validate the data. It has been shown
previously that intraoperative three-dimensional imaging
is comparable to CT regarding the assessment of fracture
reduction and implant placement [36]. It should be fur-
ther noted that the dorsal horizon view was not performed
in this study, which could have decreased the detection
rate of pathological findings with an intraoperative three-
dimensional imaging in this study. Finally, it should be
mentioned that the clinical outcome of the patients was not
assessed in the current study, and therefore, radiographic
outcomes have not been correlated with clinical or func-
tional outcomes. Previous studies found that variations of
radiographic parameters did not affect the clinical outcome
after operative treatment of distal radius fractures [10].
Further studies with assessment of the clinical outcome
are necessary to prove the clinical benefit of intraopera-
tive three-dimensional imaging in distal radius fractures.

Conclusion

In the present study, intraoperative three-dimensional
imaging revealed findings in 17.6% of cases, which were
not seen on conventional fluoroscopy, leading to immedi-
ate revision. The use of intraoperative three-dimensional
imaging might be helpful to improve the fracture reduction
and implant placement in the operative treatment of distal
radius fractures, especially in comminuted fracture types.
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