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Key takaway

As the number of spine surgeries contin-
ues to rise, there has been an increased 
reliance on surgical planning and navi-
gation tools, leading to higher usage of 
pre- and intraoperative X-ray-based 
imaging. These imaging methods expose 
both patients and the surgical team to 
radiation, raising concerns about the 
increased risk of developing malignan-
cies. Awareness of these cancer risks 
has driven the development of safer 
alternatives like BoneMRI. 

BoneMRI for surgical planning and nav-
igation provides MRI-based CT-like 
imaging without the associated radia-
tion risks. This technology seamlessly 
integrates soft tissue and osseous infor-
mation by incorporating the BoneMRI 
scan sequence into the standard MRI 
protocol. Therefore BoneMRI further 
improves patient care and optimizes 
the spinal surgical workflow. Clinical 
evidence has shown BoneMRI’s efficacy, 
accuracy, and easy integration. The per-
formance of BoneMRI in adolescents has 
been quantitatively assessed and shown 
to be accurate in terms of morphological, 
radiodensity, and radiodensity contrast. 

Rising numbers of spinal surgeries with 
planning and navigation 

In the last decades, there has been an upward 
trend in the number of spinal surgeries 
worldwide. 1, 2, 3 Between 1998 and 2014 
a relative increase of 89% in spinal fusion 
procedures was seen in the US, and further 

growth is expected to come in the upcoming 
fifteen years. 1, 4 Factors contributing to this 
increase are the aging population, broader 
indications, and the development of enabling 
technologies for diagnostics and surgical 
procedures. 1, 2, 3 

Another significant contributor to the rising 
number of spinal surgeries is the growing 
prevalence of lower back pain. Lower back 
pain is a leading cause of disability worldwide, 
affecting approximately 540 million people.5 
The increasing incidence is driven by factors 
such as sedentary lifestyles, obesity, and 
occupational hazards. 6 

With the rising number of spinal surgeries and 
the adoption of innovative patient-specific 
treatment approaches, a further increase in 
the use of image-guided surgical planning and 
navigation is expected as well. Image-guided 
spine surgeries were first described in the 
nineties and since then this technology has 
been continuously developed. 7, 8 

Nowadays, these computer-assisted surgical 
planning and navigation technologies are 
widely adopted due to a growing amount of 
evidence supporting their safety and efficacy. 9 

Within the image-guided surgery workflow 
medical imaging, mostly used to visualize 
sensitive soft tissue and osseous structures, 
is adopted pre- and intraoperatively. The im-
aging options to visualize osseous structures, 
which are mainly used for treatment planning 
in these clinical workflows, are highlighted 
on the right. Besides imaging the patients’ 
unique 3D anatomy, a series of tracking array 
tools are required to register the real-time 
anatomy of the patient and the localization 
of the surgical instruments.

Image-guided navigation systems for spinal 
surgeries are used for various indications in 
the spinal column including degenerative 
disease, infections, trauma, deformity, and 
for resection and revision surgeries. 10, 11, 12  
The use of computer-assisted image-guided 
planning and navigation is beneficial for 
several reasons: 

Higher accuracy of implant or screw 
placement, resulting in 9% lower 
risk of pedicle breach compared to 
freehand techniques. 13 

Facilitating the surgeon’s orientation 
and coregistration of MRI and CT 
which  are beneficial in the visualiza-
tion of critical anatomical structures 
including complex vasculature and 
nerves. 8, 12  

Creating possibilities for spinal 
robotics to enter the operating 
rooms. 10, 11

Improving the education of spinal 
surgeons and shortening the learning 
curve, as navigation systems can 
provide consistent and reproduc-
ible guidance during (simulated) 
procedures. 14

Enhanced standardization of 
surgical procedures, which will 
lead to ongoing improvements 
and adherence to best practices, 
resulting in uniform outcomes and 
less complications. 14, 15

Common imaging options for 
visualizing osseous structures during 

spinal surgical workflows

 Intraoperative 2D fluoroscopy to 
register 3D preoperative plans to the 

real-time anatomy

Preoperative 3D CT scan to plan 
and prepare for surgery

Intraoperative 3D CT to provide real-
time reconstructions, potentially used 

for planning and navigation
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Risks of using radiation-based imaging 
techniques 

Most planning and navigation techniques 
include X-ray-based imaging methods, such 
as CT, fluoroscopy, and/or intraoperative 
3D imaging. 8 However, when considering 
X-ray-based imaging modalities, there is a 
growing concern regarding the potential 
harm from radiation exposure. 16, 17 In 2012 
the International Agency for Research on 
Cancer classified ionizing radiation as a 
carcinogen. The World Health Organization 
and the European Union highlighted its 
negative health effects as well. 18, 20 Therefore, 
the introduction of image-guided surgical 
planning and navigation comes with concerns 
for patients and staff that should be carefully 
weighed against its benefits.

For patients

The growing integration of surgical planning 
and navigation in spinal surgical workflows 
has led to higher utilization of pre- or in-
traoperative CT and therefore increased 
radiation exposure to the patient compared to 
traditional freehand surgeries, which typically 
only included intraoperative fluoroscopy. 21, 22 

Preoperative CT scans generally contribute 
to the highest radiation exposure for the 
patient, with a typical spine CT delivering 
a total effective dose of approximately 6 
mSv, compared to 0.05 mSv from a single 
fluoroscopy shot. 8, 23, 24 Similarly, image-guided 
surgeries using intraoperative 3D CT tech-
nologies, such as the C- and O-arm, expose 
patients to higher effective doses of radiation 
compared to surgeries only utilizing fluoros-
copy. 8 However, intraoperative CT-guided 
surgeries generally result in lower radiation 

exposure than navigated surgeries based on 
preoperative CT. 8 Exceptions arise in cases 
requiring multiple intraoperative CT scans, 
which can significantly increase radiation 
doses. For instance, a recent publication 
reports that adolescent idiopathic scoliosis 
surgeries on average result in total effective 
intraoperative doses of 8 mSv for young 
patients. 25 

Pediatric patients are particularly vulnerable 
to ionizing radiation, as their risk of developing 
radiation-induced malignancies is estimated 
to be 2 to 3 times higher than in adults above 
45 years. 26 Recent research by Striano et 
al. highlights this concern, projecting that 
1 in 1.000 adolescent idiopathic scoliosis 
patients undergoing navigated surgery will 
develop malignancies as a result of increased 
radiation exposure. 25 This is particularly 
relevant given the risk of developing radi-
ation-induced cancers arises linearly with 
the radiation dose. 27 

Following the FDA, the risk of fatal cancer is 
estimated to increase by 1 in 2.000 people as 
a result of a typical CT of 10 mSv 28. Within 
the navigated spinal surgery workflows, in 
patients undergoing a lumbar CT, 3.1 cancer 
events occur in every 10.000 patients and 
intraoperative CT increases the risk of devel-
oping cancer over a lifetime by 2.3 incidents 
per 10.000 patients. 29 These risk estimations 
apply to both men and women, although it 
is shown that women have a higher risk of 
developing malignancies, especially breast 
cancer. 30, 31, 32, 33 

	› 3D and 2D BoneMRI example
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For surgical staff

In addition to the harmful radiation exposure
to patients, the surgical team is also exposed 
to radiation during image-guided surgeries, 
so the scatter dose is still a big concern for 
the surgical staff. 34, 35, 36, 37, 38 As the radiation 
scatter dose is cumulative, when performing 
large numbers of surgeries the staff needs 
to be aware of their annual dose limits. 39

Multiple studies show that spine surgeons 
easily exceed the radiation limits. 40, 41 A 
29% incidence of cancer was reported 
among orthopedic surgeons working with 
radiation. 42 Compared to other orthopedic 
specialties, spine surgeons are found to be 
exposed to 4 to 12 times higher radiation 
doses. 43, 44 The areas of highest exposure for 
these orthopedic surgeons are mostly in the 
fingers, chest, neck, and eyes. 45 In addition, 
an increasing chance of developing thyroid 
malignancies was reported. 46 

Equivalent to the previously noted higher 
incidence of developing malignancies in 
women exposed to radiation, female ortho-
pedic surgeons have twice the expected risk 
of developing malignancies. Compared to 
other female surgeons, female orthopedic 
surgeons were reported to have 2.9 times 
the expected risk of developing breast 
cancer, and even 4 times higher compared 
to women in general. 47, 48 

BoneMRI as a solution to minimize 
radiation exposure for patients and 
healthcare staff 

Since the use of navigation in spinal surgery 
is increasing worldwide, there is a need to 
strive towards methods that can reduce 
radiation exposure for both patient and 
healthcare staff. BoneMRI is an MRI-based 
imaging solution that offers 3D visualization 
of osseous structures for accurate geometric 
assessment that does not rely on the use of 
ionizing radiation. 

BoneMRI enables radiation-free preoperative 
imaging as it eliminates the necessity of a 
preoperative CT. With its new CT DICOM 
compatibility, BoneMRI now comes with   an 
axial reformat, packaged as a CT DICOM, 
allowing seamless integration into CT-based 
surgical planning and navigation systems.

A preoperative BoneMRI provides a 3D image 
that reduces the need for intraoperative 
3D imaging for planning and navigation, 
lowering radiation exposure for patients 
and clinical staff.

	› BoneMRI software reconstructs a soft tissue MRI created with a dedicated MRI sequence, to a BoneMRI image that visualizes osseous structures. 

BoneMRI is a radiation-free imaging 
method for bone visualization. This CT-
like MRI-based image shows increased 
contrast of osseous structures with respect 
to the surrounding tissue, and provides 
quantitative values, known as CT-values 
in Hounsfield Units. With the availability 
of its CT DICOM compatibility, BoneMRI 

can be used in software that requires an axial 
CT scan as input. The BoneMRI application is 
a standalone image reconstruction software 
based on a dedicated MRI sequence that can 
be added to the standard-of-care MRI protocol.

BoneMRI imaging can be seamlessly in-
tegrated into the radiology workflow, via 

The annual effective dose recommended by the 
International Commission on Radiological Protection 
(ICRP) is <20 mSv and <100 mSv over a continuous 
period of 5 years to minimize the risk for developing 

radiation-induced malignancies. 49

PACS, and may be used to assist in the 
diagnosis, monitoring, and treatment 
planning of orthopedic conditions by 
imaging experts. 

BoneMRI is available for the total spine 
and the pelvic region, for patients aged 
12 years and older. 
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BoneMRI for streamlining workflows in 
navigated spinal surgeries

In general, patients eligible for spine surgery 
will have had an MRI scan in the diagnostic 
process, to assess the soft tissue struc-
tures in the spine neural axis.  Preoperative 
planning and surgical navigation however, 
typically, rely on  3D bone information often 
obtained with a CT scan, which provides 
complementary information about the 
patient’s bone anatomy.

Utilizing multiple imaging modalities how-
ever requires a more complex planning of 
the preoperative process, and demands 

patients to undergo multiple scans and 
hospital visits. BoneMRI offers the advantage 
to perfectly overlay soft tissue and osseous 
tissue images, by the integration of the 
BoneMRI sequence in the MRI scanning 
protocol. This integration provides better 
information for diagnostics and treatment 
planning, and increases confidence of the 
surgeon. 

By integrating the BoneMRI sequence into 
the preoperative MRI protocol, the need for 
a separate preoperative CT scan is eliminat-
ed. BoneMRI can therefore streamline the 
diagnostic workup as well as the navigated 
spinal surgery workflows. This one-stop-shop 

approach provides the information needed 
from a single MRI exam, which means a 
reduction in the number of procedures and 
hospital visits for the patient. Requiring 
only one imaging exam not only simplifies 
the patient journey, but also optimizes the 
preoperative workflow and can decrease 
workload for radiology staff. 

In workflows without preoperative imaging, 
planning on 3D CT imaging is performed 
intraoperatively, which adds time to the 
actual table time of the surgery. 50 Extended 
surgical duration has been associated with 
longer anesthesia time, additional blood 
loss, higher complication rates, greater use 

of materials at the OR and a tighter surgery 
schedule. 51, 52, 53  

Performing a preoperative BoneMRI can 
potentially eliminate 3D imaging intraop-
eratively, saving surgery time and therefore 
improving patient care. This reduction in 
surgical duration also leads to less use of 
resources, contributing to more sustainable 
practices in the OR. Furthermore, through-
out the procedure the need of associated 
personnel for radiology can be eliminated. 
Therefore, BoneMRI can reduce costs and 
improve patient care, besides optimizing the 
clinical workflow.

Patient’s direct identifiers removed

BoneMRI protocol MRI scanner PACS Workstation

Plan on aligned 
MRI & BoneMRI

Match navigation
with planning

Execute surgery 

	› BoneMRI integration in the clinical workflow 
for radiology and orthopedic surgery
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Clinical evidence showing the value 
of BoneMRI for surgical planning and 
navigation 

BoneMRI has been validated on morpho-
logical accuracy, radiodensity accuracy, and 
radiodensity contrast metrics, compared 
to the golden standard CT. BoneMRI is 
FDA cleared and CE marked. After testing 
BoneMRI’s application for surgical purposes 
in simulation studies, as well as in cadaver 
studies, BoneMRI has been used in clinical 
practice. Below is an overview of the collected 
evidence and clinical application of BoneMRI 
for surgical planning and navigation described.

BoneMRI for pedicle screw trajectory and 
screw thickness estimation

Staartjes et al. (2021) published a clinical 
proof-of-concept of the BoneMRI product, 
to evaluate the potential of BoneMRI for 
surgical planning in three subjects. 54 Based 
on visual inspection, it was concluded that the 
lumbar spine screw trajectories and screw 
thickness were successfully planned using 
BoneMRI.  Also conventional measurements, 
as well as semi-automated measurements 
such as vertebral body segmentations were 
illustrated as reliable on BoneMRI (see image 
for a visualization of the screw trajectories 
and measurements).

Evaluation of preoperative screw planning 
using BoneMRI 

Evaluation of preoperative screw planning 
on BoneMRI was presented at the German 
Spine Congress 2024. 24 degenerative spine 
patients were included and three surgeons 
independently evaluated the planned lumbar 
spine screws. On average,96% of the screws 

	› BoneMRI image with estimated pedicle screw 
trajectory and screw thickness. 54

	› Pedicle screw planned on BoneMRI using 
Brainlab Spine Navigation

 BoneMRI is feasible 
and noninferior to 
conventional CT, 

for navigated screw 
placements in the 

total spine.planned were classified as grade A, and 
4% as grade B according to the Gertzbein-
Robbinz classification system with an average 
Cohen’s Kappa interrater reliability of 0.62, 
outperforming planning the screws on regular 
3D MRI. These findings led to the surgeons 

agreeing for 99% in rating BoneMRI as a 
significant gain for surgical planning. 55 

Robot-assisted screw fixation in a cadaver 
using BoneMRI 

The team of Prof. Theodore from Johns 
Hopkins University Hospital published a 
cadaver study using BoneMRI for robot-as-
sisted screw fixation. 56 They used CT and 
BoneMRI images to compare morphometric 
analysis and lumbar screw placements on both 
modalities. High precision and accuracy were 
found for BoneMRI. All screws placed were 
graded A on the Gertzbein-Robbins scale in 
both modalities. The results demonstrated the 
successful use of BoneMRI for preoperative 
planning and intraoperative navigation for 
the placement of pedicle screws. 

Cadaver study using BoneMRI for planning 
and navigation 

At the Nordic Orthopedic Federation confer-
ence 2024, findings on radiation-free spinal 
navigation using BoneMRI were presented. 
Five cadaver full spines were included to 
perform surface matching for navigated place-
ment of K-wires. Four surgeons performed 
navigation on CT and BoneMRI to compare 
both modalities based on a postoperative 
CT. Results showed that surface matching 
was possible on all vertebral levels and sides. 

For the lumbar and thoracic spine, on both 
modalities no major breaches were found 
exceeding the pedicle cortex >2mm. 72% of 
the CT-guided screws were classified with 
Gertzbein-Robbins A, 28% as B. For BoneMRI, 
87% were grade A and 13% grade B. For the 
cervical spine, 93% of the CT-navigated screws 
were within the pedicle or <2mm exceeding 

the pedicle cortex, compared to 100% of the 
BoneMRI-navigated screws. These results 
show that BoneMRI is feasible and noninferior 
to conventional CT, for navigated screw 
placements in the total spine. 57, 58

https://mriguidance.com/resources/clinical-evidence/
https://mriguidance.com/brainlab-navigation-system-with-bonemri-for-radiation-free-spine-navigation/
https://mriguidance.com/brainlab-navigation-system-with-bonemri-for-radiation-free-spine-navigation/
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	›  Dr. Poelstra performing the first BoneMRI-based planned surgery

After several simulated shadow planning sessions with 
BoneMRI side by side with traditional CT scans, I was 

able to determine that the accuracy and image quality 
were very comparable. 

—Dr. Kornelis Poelstra

First successful human spine surgery based 
on BoneMRI
 
Spine surgeon Dr. Poelstra from Southern 
Hills Hospital in Las Vegas, USA, was the 
first to successfully include BoneMRI for the 
surgical planning of spinal fusion surgery. A 
patient eligible for lumbar fusion surgery 
became the first patient ever to undergo 
surgery with BoneMRI-guided navigation.  
BoneMRI was used for preoperative screw 
trajectory planning and intraoperative 
registration using 2D-3D image fusion, 
which resulted in no need for a CT scan in 
the entire treatment workflow.
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100% radiation-free spine surgical 
workflow using BoneMRI for preoperative 
planning and navigation

Dr. Rumley from the Center for Spine and 
Orthopedics in Denver, USA, highlighted 
BoneMRI’s utility in spinal fusion procedures. 
Eight patients underwent BoneMRI-guided 
TLIF surgery, with machine vision image guid-
ance. Results once more showed that BoneMRI 
provides clear visualization of relevant pathol-
ogies and structures, including landmarks and 
access points, with a satisfactory field of view. 
Within the navigation workflow, it was shown 
that the BoneMRI datasets loaded successfully 
and that the images were properly registered 
and reconstructed in different views. BoneMRI, 
with visible light-based navigation, facilitated 
surgical planning and navigation while offering 
a completely radiation-free experience for 
patients and clinical staff.

I can now provide 
my patients a 100% 

radiation-free 
experience from their 
pre-op exam through 

the navigation imaging 
for their spine surgery.

—Dr. Jacob Rumley

	› 7D MRVision™ dataset in Planning Workspace

Conclusion

BoneMRI is changing the landscape of spinal 
surgical planning and navigation by reducing 
or even eliminating the use of radiation within 
the surgical workflow. This is highly valuable 
for patients and healthcare staff, as risks of 
developing radiation-induced malignancies 
will be drastically diminished. Specific patient 
cohorts such as pediatric patients suspected 
of common conditions in the pelvis and spine 
may substantially benefit from BoneMRI. 

Furthermore, BoneMRI can be seamlessly 
integrated into the surgical clinical workflow. 
Together with the potential to optimize 
the preoperative diagnostic and surgical 
workflow and to save time in the operating 

room, BoneMRI can ensure a safer and more 
efficient future in spinal surgery planning 
and navigation. 

The value of BoneMRI for surgical planning 
and navigation has been shown, particularly 
in pedicle screw planning and placements. 
The accuracy and reliability have been vali-
dated with results comparable to CT scans. 
BoneMRI has achieved high precision in 
screw placement, evidenced by high ratings 
on the Gertzbein-Robbins scale. Surgeons 
have reported significant benefits and high 
satisfaction with BoneMRI, noting its clear 
visualization of healthy and pathological 
spinal structures. 

BoneMRI should be considered a viable tool in the 
preoperative assessment of children with hip disorders 

that could replace conventional CT.59

—Researchers from 
Boston Children’s Hospital
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