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State-of-the-art 3D imaging and navigation
with the Ziehm Vision RFD 3D mobile C-arm
and Brainlab Spine & Trauma 3D navigation.
A workshop on human specimens.
Lower reimbursement trends and the
awareness of increased accuracy and
reduced X-ray exposure in surgical procedures are rising challenges in healthcare.1,2 Improving patient care as well as
optimizing clinical workflows drive these
challenges even further.3
To overcome the challenges of demanding procedures in areas like cervical
and upper thoracic spine as well as
pelvic or minimally invasive surgeries,
Ziehm Imaging, in cooperation with
Brainlab, developed an interface to combine surgical navigation systems and
intraoperative 3D imaging with the Ziehm
Vision RFD 3D mobile C-arm.
This paper will first describe the latest developments in image-guided surgery for
the Ziehm Vision RFD 3D in combination
with Brainlab navigation. Second, it will
give an overview of initial customer feedback on results in human specimen cases.
This paper will give an overview of the
broad application area for the combination
of Brainlab Spine & Trauma navigation and
the Ziehm Vision RFD 3D, and shows how
innovative technologies can help to overcome current challenges in healthcare.

The rising trend of minimally invasive
procedures and image-guided surgery
A number of reasons – including an ever-increasing aging population – lead to a rising demand for
efficient high-quality care.4 The aim is to benefit
from reduced costs as a result of shorter hospital
stays through less-invasive approaches, and to
improve patient outcomes.
As a result, the demand for minimally invasive
procedures is growing and posing increasing
requirements on the development and equipment
of imaging and navigation technologies.5
Intraoperative 3D imaging is recognized as the
latest imaging technology for mobile devices to
achieve complete 3D CT-like image information in
just one scan procedure, cost-effectiveness and
lower exposure rates in orthopedic, trauma and
spine surgeries in comparison to fixed systems.6
In combination with dedicated navigation systems
like Brainlab Spine & Trauma 3D, it enables the
surgeon to perform demanding minimally invasive procedures with higher confidence and, more
importantly with less dose exposure to patients
and the surgical team.7
In more than 21 % of complex anatomical osteosynthesis procedures, an intraoperative improvement of the implant position or a revision of
reduction has to be performed.6
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Fig. 1: Example setup of the Ziehm Vision RFD 3D and Brainlab navigation system Kick®.

Image-guided surgery has been proven to potentially lower revision rates and increase accuracy.
This applies especially to complex procedures.8,9
Navigation enables clinicians to improve patient
outcomes, reduce X-ray exposure and improve
efficiency in the OR by optimizing clinical workflows.

Typical workflow
A common procedure for navigation is registering preoperative CT scans for navigation where
a manual registration of the bone structure is
required, as the patient’s position in surgery may
differ from the scanning position.
In such cases, a postoperative scan is common to verify whether the intervention was successful. Intraoperative 3D imaging with the new
Ziehm Vision RFD 3D C-arm, eliminates the need
for manual registration and delivers intraoperative real-time information, optimizing the clinical
workflow and bringing new levels of image quality
and efficiency to the OR.

Step 1 – Setup of navigation system
The navigation camera and the monitor cart can be
positioned flexibly beside or in front of the patient’s
table as they are separated from each other. A
reference clamp with a reflective marker array is
attached to the patient’s bony anatomy. A second
array is firmly mounted to the detector housing of
the Ziehm Vision RFD 3D. There are two dedicated
registration arrays for each side of the flat-panel
detector (FD), which can be mounted onto the handle at the FD housing. As the registration arrays
are autoclavable and designed for sterile use they
can be attached over the FD’s housing drape. The
reference clamp, which is attached to the patient’s
bone structure to be navigated upon, has to be visible to the infrared camera.
Step 2 – Image acquisition with
the Ziehm Vision RFD 3D
When the set-up is done the Ziehm Vision
RFD 3D generates a high-resolution 3D dataset in less than 5 minutes. This time includes
draping, hyperoxygenation and breathing stop
of the patient, the team leaving the OR, image
acquisition, and reconstruction.
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Once the scan is finalized, the acquired 3D dataset is automatically transferred via the Ziehm
NaviPort interface to the Brainlab navigation
system to be automatically registered. That means
that the position of the patient is set in relation to
the acquired dataset. The automatic registration
and transfer of the 3D dataset to the navigation
system is performed in less than 1 minute.10
Step 3 – Navigation procedure with
Brainlab Spine & Trauma 3D navigation
As soon as the dataset has been transferred to
the navigation system, navigation can be started.
Optical tracking of the C-arm is no longer required. Surgical instruments are continuously
tracked with the infrared camera and their position visualized on the patient data. This allows
for more accurate procedures compared to conventional surgical techniques. The surgical procedure on the 3D dataset is performed using
various navigational instruments like a navigated
drill guide from Brainlab.
Step 4 – Final control scan with
the Ziehm Vision RFD 3D
For the final quality check of the results or for documentation purposes, the Ziehm Vision RFD 3D
can generate a control scan in the OR. Efficiency
can be increased as postoperative CT scans may
no longer be required.

First results in specimen
Methods
A 92-year-old female specimen was the subject
of a one-day workshop held by both manufacturers at the Institute of Anatomy, at LudwigMaximilians-University, Munich, Germany. Different 3D scans followed by navigated screw placements in cervical, thoracic and lumbar spine as
well as at the pelvis were performed using the
Ziehm Vision RFD 3D and Brainlab Spine & Trauma
3D navigation software (Fig. 2 - 5).

Fig. 2: Navigated screw placement with Brainlab Spine &
Trauma 3D software at the cervical spine on the Ziehm Vision
RFD 3D dataset.

The aim was to confirm workflow and efficiency strategies, which were already tested
under lab conditions, in a hospital environment.
Furthermore, the workshop demonstrated a
broader future application area and offered
hands-on feedback from potential users on the
integration of the Ziehm NaviPort interface,
Brainlab Spine & Trauma 3D navigation and
Fluoro 3D registration software.
Workflow and results
After setting up the systems (Ziehm Imaging and
Brainlab), the C-arm has been draped, and a reference array has been attached to the flat-panel
detector of the C-arm and to the spinous process of the patient at level C2. After a successfull
collision check the 3D scan was performed to
register the dataset for navigation.
First, a spinal fusion of the first and second cervical vertebra was performed with the C-arm in
lateral position to perform Margerl’s procedure
for transarticular screw fixation. After image
registration and automatic transfer of the dataset to the Brainlab navigation system Kick®, the
accuracy of the registration has been verified thoroughly and showed high accuracy. Prior to the
navigated screw insertion, the two screws
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were planned intraoperatively on the acquired
3D dataset in the OR with a dedicated screw
planning feature within the navigation software. Afterward, a navigated tap and screwdriver were used to prepare the pedicle for a
transarticular C1/C2 screw fixation. The navigation system provided real-time 3D information about the position of instruments and implants
in axial, sagittal and coronal views. This greatly
assisted with the safe and accurate placement of
the screws, thereby minimizing the need for fluoroscopic control images and thus reducing X-ray
exposure to the surgical team and the patient.
A control scan was done to verify the position of the
screws and showed accurate results. Due to the
intraoperative control, a postoperative CT scan
was not required. In event of a necessary revision,
it could have been performed immediately.
The next procedures were a fusion of C3 / C4 and
C7 / T1. Once again, the Ziehm Vision RFD 3D in
combination with Brainlab Spine & Trauma 3D
navigation was used. Both procedures went very
smoothly and showed very satisfying results.
C7 and T1 fusion is especially challenging for
imaging since the shoulder is in the field of view.
This applies, for example, to the treatment of herniated discs with spondylolisthesis.
With the Ziehm Vision RFD 3D, these challenges
were overcome. Conventional 2D imaging shows
one of the most important disadvantages of conventional X-rays, since the higher tissue concentration significantly reduces the achievable
image quality. 3D imaging has its advantage
especially in those challenging areas. The
example image shows exactly how the k-wires
for the following fusion of C7 / T1 were placed
and demonstrate a very good image quality for
this challenging area. (Fig. 6)

Fig. 3 - 5: Navigated screw placement at the cervical and
lumbar spine on the Ziehm Vision RFD 3D dataset.

In addition, for these procedures, reference scans
as well as control scans have been performed to
evaluate accurate screw placement.
After performing cervical, thoracic and lumbar
spine fusions, the team also confirmed successful workflow strategies and image quality as well
as navigation accuracy in the pelvis.
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intraoperative control scans, post-operative
CT scans can become obsolete. This new setup
makes navigated surgery so much more efficient
that you should consider it for every case.”

Conclusion
To meet today’s challenging healthcare demands,
including rising expenditure and shrinking budgets, efficiency and accuracy are key. In addition to helping overcome these challenges, they
may also help improve the quality of healthcare,
patient quality of life as well as daily clinical
routine.

Fig. 6: Multi-planar reconstruction of axial sagittal and
coronal view of the k-wire placement C7/ T1.

As the Ziehm Vision RFD 3D provides a scan
volume of 16 cm edge length, up to 7 vertebrae can be displayed. The patented SmartScan
technology enabled the surgeons to benefit from
180 degree image information and outstanding
image quality intraoperatively.
Among other positive feedback, MD Simon
Weidert was very satisfied with workflow
improvements compared with preceding intraoperative 3D imaging workflows and the high image
quality performed by the C-arm in combination
with image-guided surgery:
“As well as the very convincing improvements
on the user interface and the workflow of the
performed 3D scan, the image quality is perfect.
Combined with the Brainlab navigation system,
procedures are handled with more confidence
due to the visual guidance and less-required
fluoroscopic control, and therefore improve our
daily workflow. With image-guided surgery and

Being aware of the rising trends of challenging
and minimally invasive procedures, Brainlab and
Ziehm Imaging offer smart integrated imaging
and navigation solutions to improve reliability and
precision during interventions and to reduce the
need for follow-up procedures.
Advanced intraoperative 3D imaging and imageguided surgery enhance clinical workflows and
improve patient outcomes.
After being presented with the opportunity to test
the solution in a clinical environment and receiving very positive feedback, we were able to successfully complete the integration of Brainlab
navigation system.
“The NaviPort interface offers surgeons ideal
access to high-resolution image data from the
Ziehm Vision RFD 3D during demanding navigated procedures. Physicians and patients benefit from enhanced precision in the OR that leads
to improved patient outcomes with no need for
additional X-ray exposure in post-operative CT
scans.” said Martin Ringholz, Director Global
Marketing of Ziehm Imaging.
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