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Abstract

Introduction: The aim of this study was to evaluate the intraoperative revision rate and reasons for revision
following 3D imaging in the management of dislocated articular tibial plateau fractures based on a large patient
sample.

Methods: This retrospective cohort study included all patients who underwent open reduction and internal fixation
due type B or C tibial plateau fracture according to the AO/OTA classification between August 2001 and December
2017 using intraoperative cone beam CT (3D imaging) for the analysis of fracture reduction and implant placement.
The findings of the 3D scan were categorized regarding the amount and type of revision. Furthermore,
demographic data was examined.

Results: Five hundred and fifty-nine consecutive fractures were included in the study. Evaluation of the image data
records revealed an intraoperative revision due to the usage of 3D imaging in 148 out of 559 cases (26.5%). The most
common reasons for an intraoperative revision were insufficient fracture reduction (114 cases) and screw length (21
cases).

Conclusion: This study reveals indications for a limited analysis of fracture reduction and implant placement during
the operative treatment of dislocated articular tibial plateau fractures using conventional fluoroscopy. In view of the
high revision rate during open reduction and internal fixation of tibial plateau fractures due to 3D imaging the usage
of intraoperative cone beam, CT may be considered. If this is not possible, a postoperative computed tomography may
therefore be reasonable.
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Introduction
Tibial plateau fractures account for around 1% of all
fractures and can be treated conservatively or surgically,
depending on the fracture morphology [1, 2]. For dislo-
cated articular tibial plateau fractures, surgical manage-
ment is regarded as the gold standard.
Various osteosynthesis procedures and implants are

available for the surgical management. For the intraoper-
ative analysis of fracture reduction and implant place-
ment, conventional fluoroscopy is generally applied [3].

However, the standard fluoroscopy has limitations with
regard to displaying the complex anatomy of the tibial
head. Due to the concave shape of the tibial plateau,
parts of the tibial head are often overlaid by other bony
structures in the beam path of two-dimensional images
(this is known as the “summation effect”). As a result, a
sufficient assessment of the complete articular surface
may not be possible [4].
Postoperative computed tomography (CT) is therefore

recommended to evaluate the surgical result [5]. If inad-
equate implant positioning or insufficient reduction is
observed in these images a revision surgery may be ne-
cessary. Intraoperative 3D imaging provides additional
information and displays sectional images similar to
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computed tomography detecting malreduction and im-
plant malposition that were not visible in conventional
fluoroscopy [6, 7].
Until now, only a few studies have been published on

intraoperative 3D imaging in the treatment of proximal
tibia fractures. The benefits of 3D imaging have been
demonstrated in various anatomical regions based on a
large cohort. 3D imaging led to a revision rate of 32.7%
in syndesmotic lesions and up to 40.3% in calcaneal frac-
tures [8, 9]. With regard to the consequences of using
intraoperative 3D imaging techniques in tibial plateau
fractures, very few studies exist. Furthermore, relatively
small numbers of fractures were investigated; in some
studies, proximal tibia fracture was only analyzed as a
subgroup. These publications report a revision rate from
11 to 21% based on 3D imaging [10–13].
The aim of this study was to evaluate the intraopera-

tive revision rate and reasons for revision following 3D
imaging in the management of displaced articular tibial
plateau fractures based on a large cohort. The hypothesis
was that insufficient reduction or implant malposition
may not be visible in conventional fluoroscopy but can
be visualized in intraoperative 3D imaging.

Material and methods
The retrospective study included all patients who under-
went surgery for type B or C tibial plateau fracture ac-
cording to the AO/OTA classification between August
2001 and December 2017 and whose results were veri-
fied using intraoperative 3D imaging.
The patients were positioned supine on a radiolucent

carbon-fiber table, and a tourniquet was applied. De-
pending on the fracture type, an anterolateral, anterome-
dial, central, or posteromedial surgical approach was
performed for exposure. After open reduction, an in-
ternal plate fixation was carried out.
The control of the reduction was then performed, ini-

tially with 2D fluoroscopy. If the surgeon was satisfied
with the reduction result and implant placement in con-
ventional fluoroscopy, a 3D scan was performed with a
cone beam CT (Fig. 1).
Initially, a SIREMOBILE Iso-C 3D (Siemens, Erlangen,

Germany) was used for this purpose. From 2005 on-
wards, an ARCADIS Orbic 3D (Siemens, Erlangen,
Germany) was utilized.
The two 3D C-arms share the same operating

principle:
The motorized C-arm performs a 190° orbital move-

ment and produces 100 two-dimensional images. These
images are then combined in a 3D dataset and processed
into sectional images. Within the 3D dataset, any desired
plane may be set. In practice, the sagittal, transverse, and
frontal planes are adjusted initially based on anatomical
landmarks (Fig. 2).

Similar to a CT scan, it is possible to analyze the
planes layer by layer and thus gain an overview of the re-
duction results and the implant position.
The scan time lasts for 1 min (ARCADIS Orbic 3D) or

2 min (SIREMOBILE Iso-C 3D). Including the evaluation
of the images and decision making, the total additional
intraoperative time approximates to 5 min. To view spe-
cific anatomical regions, the pre-set “standard plane” can
be exited and realigned as required. Step-offs and splits
can also be measured via the screen.
If a malpositioned implant or insufficient reduction

was observed during the assessment of the scan, a cor-
rection was performed immediately. Again, the reduc-
tion and implant position was evaluated using
conventional fluoroscopy in the two standard planes. If
the assessment did not reveal a malalignment or malpo-
sition of the implant in conventional fluoroscopy, a 3D
scan was performed again (Figs. 1 and 3).
The result of each scan and the ensuing consequences

were documented in the immediate postoperative period

Fig. 1 Workflow for the intraoperative 3D scan
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by the surgeon while still in the operating room. The re-
visions were classified into four categories:

1. Improvement in reduction with articular step-offs
of > 2 mm

2. Replacement of an intraarticular screw
3. Replacement of a screw with one of a different

length. Here, either a shorter screw was inserted to
correct a projection of more than 4 mm on the
opposite side or a longer screw was used to correct
defective fixation of a fragment.

4. “Other consequence”

In addition to the database analysis, demographic data
and the side affected by the fracture and were also stud-
ied. The evaluation was conducted using the Excel
spreadsheet software (Microsoft, Redmond, USA).

Results
Five hundred and fifty-nine consecutive fractures were
included in the study. Most of these were type B3
(37.4%) and C3 (30.4%) fractures. These were followed
by type B2 (15.9%) and B1 (7.9%) fractures. The least
common were type C2 (4.5%) and C1 (4.3%) fractures.

Two hundred and twelve fractures (37.9%) affected the
right side and 347 fractures (62.1%) the left side.
The demographic data is detailed in Table 1.
The evaluation of the data revealed in 148 out of 559

cases an immediate intraoperative revision after using
intraoperative 3D imaging. The revision rate accounted
for 26.5% (157 revisions in total). An improved reduc-
tion result was achieved in 114 cases. An intraarticular
screw was replaced in five cases. A different screw length
was used in 21 cases: in 17 of these cases, a shorter
screw was inserted because the original one had pro-
jected by more than 4mm on the opposite side, and in
four cases, the original screw did not fix the targeted
fragment fully so a longer screw was chosen. The cat-
egory “other consequences” was broken down as follows:

� In three cases, an intraarticular bone fragment was
removed which was not visible in conventional
fluoroscopy.

� In two further cases, an additional screw was
inserted to support the reduction result.

� In one case, a plate projected proximally and was
corrected,

� In five cases, the position of a screw was altered to
achieve better fixation of a fragment.

Fig. 2 3D scan of the tibial plateau. For analysis, the sagittal, transverse and frontal planes were set, based on anatomical landmarks in order to
obtain an orientation over the joint
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� In two cases, an additional defect was discovered
which was not visible in conventional fluoroscopy.

� In one case, a lateral fragment could not be fixed
and had to be discarded.

� In one case, it was found that a central fragment
could not be reached via the lateral approach
making an additional dorsal approach necessary.

� In one case, it turned out that an additional plate
was necessary to achieve stabilization.

The distribution of intraoperative revisions divided by
fracture types is shown in Table 2.

Discussion
The aim of our study was to determine the revision rate
and reasons for revision following intraoperative 3D im-
aging in the management of tibial plateau fractures.

Our hypothesis was that insufficient reductions or im-
plant malpositions which are not visible in conventional
fluoroscopy may be visualized by intraoperative 3D
imaging.
In our study, at least one revision was performed

based on 3D imaging in 26.5% of the cases.
The largest number of tibial plateau fractures previ-

ously included in an intraoperative 3D imaging study
was 32 and patient numbers in other studies were lower
[10]. One reason for this was that tibial plateau fractures
were viewed as a subgroup. Ruan et al. and Kendoff et
al. obtained similar results for the revision rate (20% and
21%, respectively) as observed in this study [11, 13].
Conversely, studies by Kendoff et al. and Atesok et al.

looking at the tibial plateau group showed lower revision
rates of 12.5% and 11.7%, respectively [10, 12]. In these
studies, the lower number of intraoperative conse-
quences might be due to a different benchmark for the
necessity of revision. Just like in our study, Kendoff et al.
used an articular step-off of > 2mm as a reason for a
further correction. The other sources available to us
contain no specific information in this regard.
The main reason for revision in our study was an im-

provement in reduction (72.6% of cases). This is

a b c

Fig. 3 a Intraoperative fluoroscopic images in a.p. and lateral view, with apparently stepless reduction. b Subsequent 3D scan with significant
step in the joint. c 3D scan after revision, now stepless reduction

Table 1 Demographic data

Age [years (range; SD)] 48.1 (14–85; 14.57)

Female [n (%)] 224 (40.1%)

Male [n (%)] 335 (59.9%)

BMI [kg/m2 (range; SD)] 26.4 (18–49; 4.87)
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confirmed by comparison with other studies, where the
main reason for revision was also a correction of reduc-
tion [11]. These rates are comparable to our findings.
However, in the two patients requiring revision in the
study from Atesok et al. [12], an additional screw was
inserted or the position and length of a screw were
altered.
If the distribution of intraoperative consequences

between individual fracture categories according to
the AO/OTA classification is considered, it becomes
clear that large numbers of revisions were performed,
mainly in type C3 (32.4%) and B3 fractures (27.5%).
This is because B3 and C3 fractures are split-
depression and multifragmentary fractures, respect-
ively, in which the tibial head is severely damaged
and the articular surface is indented and/or fractured
into multiple fragments. Due to the summation ef-
fects, conventional fluoroscopy is limited in these
cases, as the complexity of the fracture significantly
altered the articular surface. This problem has already
been demonstrated in the proximal tibia and other
anatomical regions on the basis of specimen studies
[4, 14, 15]. Based on the representation of the surgi-
cal site in sectional planes and the free choice of
viewing angle, 3D imaging therefore offers significant
advantages in evaluating the reduction result.
Remaining step-offs or splits, which were not visible
in conventional fluoroscopy, can therefore be de-
tected, and a correction can be achieved. Neverthe-
less, a benefit was also found when considering other
fracture types. Except in the case of type C1 fractures,
the revision rate was at least 16%. This additionally
underlines the advantage of intraoperative 3D imaging
over conventional fluoroscopy in the management of
less complex fractures.
Another important finding was the detection of

intraarticular bone fragments in three cases. Without 3D
imaging, these fragments would have remained un-
detected in conventional fluoroscopy. This problem has
not been described previously in the tibial plateau re-
gion, although Atesok et al. did report similar findings in
the hip joint. In a Pipkin I fracture, a fragment between
acetabulum and femoral head had remained undetected
in conventional fluoroscopy [12].
There exists evidence that 3D imaging offers an advan-

tage over conventional imaging for all dislocated

articular tibial plateau fractures, as it improves the
visualization of insufficient anatomical reduction, malpo-
sitioned implants, and intraarticular fragments. Since an
immediate correction is possible, a subsequent surgery
or an impaired clinical and radiological outcome can
thus be prevented.
A comparison of the demographic data from this study

with other studies revealed no anomalies with regard to
age, weight, or gender distribution [2, 16].
A possible limitation of this study is the restricted C-

arm image. Unlike computed tomography, it can only
display a predefined section measuring 12 × 12 × 12 cm.
This means, for example, that fracture splits extending
into the tibial diaphysis cannot be assessed. However, be-
cause such splits occur in only a very few cases, the dis-
play size is usually sufficient to analyze tibial plateau
fractures. Additionally, the limit of an articular step-off
of > 2 mm—in which correction is performed—is debat-
able; the recommendations in the literature range from
1 to 4 mm [17, 18]. However, it has already been demon-
strated in other anatomical regions that an articular
step-off of more than 2mm leads to an increased risk of
arthritis [19, 20].
Furthermore, the two three-dimensional scanners

that were used in this study differ in the time re-
quired for the scanning procedure. In addition, the
ARCADIS Orbic 3D C-arm appears to provide im-
proved image quality than the Iso-C 3D. However, in
this study, we found that this did not influence the
decision as to whether the alignment of the recon-
structed tibia plateau was correct.
A further limitation of this study is the lack of proof of

the clinical benefit. Only the radiological consequences
resulting from the intraoperative 3D imaging were ex-
amined and not the clinical outcome.
Furthermore, it should be considered whether the

benefit of intraoperative 3D imaging could have been
better verified by case control analysis without a 3D scan
in the control group. However, this was rejected for eth-
ical reasons as a worse clinical outcome was assumed. It
has to be emphasized though that an improved reduc-
tion and implant placement generally affects the clinical
outcome positively.
In addition, the consequences of a prolonged oper-

ation time of about 5 min per scan have not been
investigated.

Table 2 Intraoperative revisions divided by fracture types

Fracture classification B1 B2 B3 C1 C2 C3

Number of operations 44 89 207 24 25 170

Number with at least one intraoperative consequence 8 22 57 2 4 55

Proportion (in%) with at least one intraoperative consequence 18.2 24.7 27.5 8.3 16 32.4
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Conclusion
This study revealed that the correct alignment of the tib-
ial plateau is difficult to evaluate using conventional
fluoroscopy. In view of the high intraoperative revision
rate, intraoperative 3D imaging appears to be beneficial
for the analyzation of reduction and implant placement.
If intraoperative 3D imaging is not available, a postoper-
ative computed tomography should be considered.

Acknowledgements
Not applicable

Authors’ contributions
NB and SV wrote the manuscript. BS did the statistics. HK and MS developed
the concept and the modalities. SV carried out the statistical analysis. JF and
PG supervised the study and assisted with the concept. All authors read and
approved the final manuscript.

Funding
The research group had grants/grants pending and technical support from
Siemens (Erlangen, Germany). Siemens had no involvement in the study
design, collection, analysis and interpretation of data, the writing of the
manuscript, and the decision to submit the manuscript for publication.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Ethics approval
Ethics approval was given (Committee of the Medical Association of
Rhineland-Palatinate, Mainz, Germany, reference no 837.040.13 (8725-F).

Consent for publication
Not applicable

Competing interests
PG and JF are paid members of an advisory board for Siemens. The other
authors declare that they have no competing interests.

Received: 31 March 2019 Accepted: 19 July 2019

References
1. Rademakers MV, Kerkhoffs GM, Sierevelt IN, Raaymakers EL, Marti RK.

Operative treatment of 109 tibial plateau fractures: five- to 27-year follow-up
results. J Orthop Trauma. 2007;21(1):5–10.

2. Tscherne H, Lobenhoffer P. Tibial plateau fractures. Management and
expected results. Clin Orthop Relat Res. 1993;292:87–100.

3. Petersen W, Zantop T, Raschke M. Tibial head fracture open reposition and
osteosynthesis--arthroscopic reposition and osteosynthesis (ARIF).
Unfallchirurg. 2006;109(3):235–44.

4. Kotsianos D, Rock C, Wirth S, Linsenmaier U, Brandl R, Fischer T, et al.
Detection of tibial condylar fractures using 3D imaging with a mobile
image amplifier (Siemens ISO-C-3D): comparison with plain films and spiral
CT. RoFo : Fortschritte auf dem Gebiete der Rontgenstrahlen und der
Nuklearmedizin. 2002;174(1):82–7.

5. Khoury A, Siewerdsen JH, Whyne CM, Daly MJ, Kreder HJ, Moseley DJ, et al.
Intraoperative cone-beam CT for image-guided tibial plateau fracture
reduction. Comput Aided Surg : official journal of the International Society
for Computer Aided Surgery. 2007;12(4):195–207.

6. Rock C, Kotsianos D, Linsenmaier U, Fischer T, Brandl R, Vill F, et al.
Studies on image quality, high contrast resolution and dose for the
axial skeleton and limbs with a new, dedicated CT system (ISO-C-3 D).
RoFo : Fortschritte auf dem Gebiete der Rontgenstrahlen und der
Nuklearmedizin. 2002;174(2):170–6.

7. von Recum J, Wendl K, Vock B, Grutzner PA, Franke J. Intraoperative 3D C-
arm imaging. State of the art. Unfallchirurg. 2012;115(3):196–201.

8. Franke J, von Recum J, Wendl K, Grutzner PA. Intraoperative 3-dimensional
imaging - beneficial or necessary? Unfallchirurg. 2013;116(2):185–90.

9. Franke J, von Recum J, Suda AJ, Grutzner PA, Wendl K. Intraoperative three-
dimensional imaging in the treatment of acute unstable syndesmotic
injuries. J Bone Joint Surg Am. 2012;94(15):1386–90.

10. Kendoff D, Citak M, Gardner MJ, Stubig T, Krettek C, Hufner T.
Intraoperative 3D imaging: value and consequences in 248 cases. J
Trauma. 2009;66(1):232–8.

11. Kendoff D, Pearle A, Hufner T, Citak M, Gosling T, Krettek C. First clinical
results and consequences of intraoperative three-dimensional imaging at
tibial plateau fractures. J Trauma. 2007;63(1):239–44.

12. Atesok K, Finkelstein J, Khoury A, Peyser A, Weil Y, Liebergall M, et al. The
use of intraoperative three-dimensional imaging (ISO-C-3D) in fixation of
intraarticular fractures. Injury. 2007;38(10):1163–9.

13. Ruan Z, Luo C, Feng D, Zhang C, Zeng B. Intraoperative three-dimensional
imaging in tibial plateau fractures with complex depressions. Technol
Health Care : official journal of the European Society for Engineering and
Medicine. 2011;19(2):71–7.

14. Ebraheim N, Sabry FF, Mehalik JN. Intraoperative imaging of the tibial
plafond fracture: a potential pitfall. Foot Ankle Int / American
Orthopaedic Foot and Ankle Society [and] Swiss Foot and Ankle
Society. 2000;21(1):67–72.

15. Gosling T, Klingler K, Geerling J, Shin H, Fehr M, Krettek C, et al. Improved
intra-operative reduction control using a three-dimensional mobile image
intensifier - a proximal tibia cadaver study. Knee. 2009;16(1):58–63.

16. Petersen W, Zantop T, Raschke M. Fracture of the tibial head. Unfallchirurg.
2006;109(3):219–32 quiz 33-4.

17. Moore TM. Fracture--dislocation of the knee. Clin Orthop Relat Res. 1981;
(156):128–40.

18. Honkonen SE. Indications for surgical treatment of tibial condyle fractures.
Clin Orthop Relat Res. 1994;(302):199–205.

19. Buckley R, Tough S, McCormack R, Pate G, Leighton R, Petrie D, et al.
Operative compared with nonoperative treatment of displaced intra-
articular calcaneal fractures: a prospective, randomized, controlled
multicenter trial. J Bone Joint Surg Am. 2002;84-A(10):1733–44.

20. Thordarson DB, Krieger LE. Operative vs. nonoperative treatment of intra-
articular fractures of the calcaneus: a prospective randomized trial. Foot &
ankle international / American Orthopaedic Foot and Ankle Society [and]
Swiss foot and ankle Society. 1996;17(1):2–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Beisemann et al. Journal of Orthopaedic Surgery and Research          (2019) 14:236 Page 6 of 6


	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Material and methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval
	Consent for publication
	Competing interests
	References
	Publisher’s Note

