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A radiation-free imaging alternative to CT scans.

By Carrie Wismans

Expanding the Diagnostic Capabilities for 
Adolescents, While Eliminating Cancerous Radiation 

	› Image by Sander Sammy



2

Expanding the Diagnostic Capabilities for Adolescents, While Eliminating Cancerous Radiation

Key takaways

	> Adolescents with orthopedic 
conditions benefit from 3D bone 
visualization for diagnostics and 
treatment;

	> Pediatric and adolescent patients 
are vulnerable to the harmful 
effects of radiation caused by 
X-ray based imaging like CT scans 
and intraoperative imaging;

	> Radiation exposure in early life 
results in an increased incidence 
of malignancies at a later age;

	> BoneMRI is the modality of 
choice when visualizing the bony 
anatomy without introducing risk 
on radiation induced malignancies;

	> BoneMRI has been shown in 
multiple peer-reviewed papers to 
be accurate and clinically valuable 
in adolescents. 

Medical imaging plays an important role in 
the diagnosis, monitoring, and treatment of 
many orthopedic conditions to assess the 
underlying soft and osseous tissue defects. 
MRI has traditionally been particularly suitable 
for the visualization of soft tissue structures 
to assess the functional aspects, whereas CT 
is in general used in the evaluation of the bony 
architectural details and its structural changes. 

Orthopedic conditions can be related to 
numerous causes. In elderly, they often 

relate to the process of aging and as such 
to degenerative diseases. Orthopedic prob-
lems may develop during adolescence as 
well. Adolescent orthopedic conditions that 
potentially require medical imaging, include 
spine deformities such as scoliosis, hip and 
SI-joint disorders such as hip dysplasia, 
femoroacetabular impingement and juve-
nile spondyloarthritis, and sports-related 
injuries such as spondylolysis. In the spine, 
radiographs are often used to diagnose 
potential deformities in the early phase as 
well as to monitor progression of a deformity. 
In spinal diagnostics, MRI typically adds value 
for evaluating nerve roots and spinal cord 
abnormalities whereas CT is traditionally best 
suited for the 3D visualization of complex 
osseous deformities. In addition, when the 
patient is referred for surgical treatment, a 
preoperative CT might be used for surgical 
planning and navigation. 

Although the different imaging techniques 
each provide unique information needed for 
diagnosis, monitoring and/or treatment of a 
disease, they all have their limitations as well. 
Conventional MRIs have been shown to miss 
over 50% of spondylolysis in the pediatric 
population. 1 In addition, facet fractures 
are also often missed on MRI. 2 Information 
regarding the cortical and cancellous bone 
provided by CT is crucial here, but exposes 
the patient to ionizing radiation. 

The use of multiple radiographs, in combi-
nation with an increasing use of CT scans 
for surgical planning and navigation leads to 
significant radiation exposure in young pop-
ulations.3, 4, 5 Many publications have pointed 
out the increased incidence of malignancies 
at a later age related to the carcinogenic 
nature of ionizing radiation. This should be 

Scoliosis

Adolescent idiopathic scoliosis (AIS) is 
an abnormal curvature of the spine that 
appears when children are rapidly grow-
ing, in their adolescent growth spurt. 
The vertebrae of the spine are twisted 
or rotated instead of growing straight. 
The cause of this condition is unknown, 
therefore the term “idiopathic”. AIS is the 
most frequent deformity in children and 
adolescents, with a prevalence ranging 
from 1-3% and females are affected twice 
as much as males. 12 - 16, 45 

AIS, and its progression, are often di-
agnosed and monitored using multiple 
imaging techniques.  Where X-rays, CT, and 
3D ultrasound assess the curve magnitude, 
MRI can be performed to assess the spinal 
cord, intervertebral discs or brain stem 
abnormalities, such as tethered cord syn-
drome and Chiari malformations. 17 Some 
of these affected children develop a severe 
or progressive abnormal spinal curvature 

taken into account when considering a CT 
scan for diagnostic imaging and treatment 
planning of patients. 6, 7, 8 This is especially 
limiting for adolescents and children as they 
are more sensitive to radiation-induced 
carcinogenesis and also have a higher risk of 
cancer development as they have a longer 
life expectancy. 9, 10, 11 

This is where the solution developed by 
MRIguidance, BoneMRI, comes into play. 
BoneMRI is an MRI-based synthetic CT 
technology that is a radiation-free imaging 
alternative to CT.

that requires surgical intervention. 18 The 
primary surgery in these patients is fusion 
surgery, in which vertebrae are fused into 
the corrected position. 

Spinal fusion  is increasingly performed 
using navigated surgery,  making use of 
Xray-based imaging. Information from both 
MRI and CT is relevant in this population, 
which shows the added value of BoneMRI 
for these patients. 

	› BoneMRI (left) CT (right)



3

Spondylolysis

Spondylolysis is a fracture of the pars 
interarticularis of the (lumbar) vertebra. 
The pediatric population has a reported 
incidence of 4.4% for spondylolysis in 
children under 6 years old and 6% in 
adulthood. 

Spondylolysis causes low back pain, 
especially common in adolescent ath-
letes.19 The fracture is often diagnosed 
with radiographs or CT. MRI is often the 
modality of choice , due to the absence 
of ionizing radiation and superior soft 
tissue imaging. However, it has been 
demonstrated that MRI can miss up to 

Harmful effects of radiation on young 
patients

Pediatric and adolescent patients are par-
ticularly vulnerable to the harmful effects 
of ionizing radiation due to several factors. 
Research indicates that their developing 
organs and tissues are more susceptible/
sensitive to radiation-induced damage com-
pared to adults. 27

The rapid cell division and growth processes 
occurring during childhood and adolescence 
increase the risk of cellular mutations and 
long-term health consequences resulting 
from radiation exposure. 9 Moreover, young 
patients have longer life expectancies, 
meaning they have more time to manifest 
radiation-related health issues. 6 The cumula-
tive effects of repeated exposure to ionizing 
radiation from CT scans during childhood and 
adolescence elevates the risk of developing 
radiation-related illnesses later in life, such as 
cancer and genetic mutations. 28 Numerous 
scientific publications demonstrate children 
have a higher risk of developing cancer due 
to ionizing radiation. 6, 9, 11, 28, 29, 30, 31, 32 The dose 
of radiation exposure impacts the rate and 
type of cancer. 28, 31 Women are even more 
vulnerable to the harmful effects of radiation 
due to the vulnerability and location of female 
breast tissue and gonads. 34 

The risk of radiation-induced cancer has 
specifically been investigated for scoliotic 
patients, as these patients are young, and 
undergo frequent radiographic imaging 
examinations to monitor the progression 
of the curve. When having severe scoliosis, 
the affected patients are often treated with 
navigated surgical interventions that involve 
harmful radiation. It has been demonstrated 

that patients who were monitored or treated 
for scoliosis as children have higher rates of 
cancer. 35, 36, 37 Simony et al. 36 showed a five 
times higher cancer rate in an AIS cohort com-
pared to age-matched patients in Denmark. 
This is recently confirmed by Striano et al. 
who predict that intraoperative CT imaging 
during spinal fusion surgery in AIS patients, 
on average causing 8mSv of radiation burden, 
generates one induced malignancy in 1,000 
treated patients. 29

Type of radiation-induced cancers

Children and adolescents exposed to ionizing 
radiation of CT scans have a higher risk of 
developing all types of cancer. The following 
types of cancer are linked to CT scan radiation 
in this population: 

Leukemia: a strong correlation 
between CT scan radiation and an 
increased risk of leukemia in children 
and adolescents was found by Pearce 
et al., 2012. This is particularly con-
cerning as leukemia is already the 
most common type of cancer in 
children and adolescents. 28

Brain tumors: ionizing radiation 
from CT scans has been linked to an 
elevated risk of brain tumors. The 
rapidly developing brain tissue in 
adolescents is particularly vulnerable 
to radiation. The same study by 
Pearce et al. found that the risk 
of brain tumors could triple with 
certain levels of radiation exposure 
from CT scans. 28

Endometrial and breast cancer: 
endometrial and breast cancer were 
most frequent in the investigated AIS 
cohort compared to the age-matched 
population in Denmark. 36 Radiation 
exposure, especially before the age 
of 20, has been linked to an increased 
risk of breast cancer later in life. 38

Thyroid cancer: the thyroid gland 
is highly sensitive to ionizing radi-
ation, and exposure, particularly 
during childhood and adolescence, 
increases the risk of developing 
thyroid cancer. 39

64%% of the spondylolysis cases, whereas 
in general it can be detected on a CT scan. 1  
In these cases, a radiation-free visual-
ization of the osseous structures using 
BoneMRI to detect spondylolysis, as well 
as facet fractures, and monitoring of the 
healing of spondylolysis would be highly 
advantageous. 20 

BoneMRI
Female

68 years

Intraoperative CT 
imaging during spinal 
fusion surgery in AIS 
patients, on average 

causing 8mSv of 
radiation burden, 

generates one induced 
malignancy in 1,000 

treated patients.

—Striano et al. 



4

Expanding the Diagnostic Capabilities for Adolescents, While Eliminating Cancerous Radiation

Ethical considerations
 
The principle of medical ethics emphasizes the 
importance of minimizing harm and maximizing 
benefit for patients. The ALARA (As Low As 
Reasonably Achievable) principle indicates 
that the lowest reasonable amount of radiation 
exposure should be given while maintaining a 
suitable image quality for diagnosis. 

Healthcare professionals have the ethical 
obligation to prioritize patient safety and 
well-being, which includes minimizing unnec-
essary radiation exposure whenever possible. 
Guidelines for using imaging modalities based 
on ionizing radiation in young patients often 
recommend avoiding CT scans whenever 
possible. 11, 40

Technological advancements

Advancements in medical imaging technology 
have led to the development of alternative 
imaging modalities that reduce or eliminate 
the need for ionizing radiation. Non-ionizing 
imaging techniques do not pose the same risks 
of radiation exposure as CT scans, making 
them particularly suitable for pediatric and 
adolescent patients.

BoneMRI is a novel MRI-based synthetic CT 
technology that is a radiation-free imaging 
alternative to CT. It is easily obtained in con-
junction with traditional MRI examinations, 
which are used for the detection of soft tissue 
and bone marrow abnormalities.

 From a single MRI-exam including a BoneMRI, 
detailed imaging of both bone anatomy and 
soft tissue is provided while eliminating 
radiation exposure. It is a one-stop-shop that 
streamlines the workflow and the patient’s 

burden. BoneMRI is shown to provide valuable 
diagnostic information to guide medical 
interventions, and therefore a valuable tool.

BoneMRI has 510(k) clearance and CE ap-
proval for usage in patients aged 12 years 
and above. 

BoneMRI in adolescents

The performance of BoneMRI in adolescents 
has been quantitatively assessed and shown 
to be accurate in terms of morphological, 
radiodensity, and radiodensity contrast. 
The shown accuracies guarantee the safe 
use of the device when used for diagnostic 
purposes and within surgical planning and 
guidance workflows. The use of BoneMRI 
in adolescents is supported by the evidence 
of the following clinical studies.

 Juvenile spondyloarthritis

Inflammation in the spine and joints is 
described as spondyloarthritis, which 
has a prevalence of ~1% in the United 
States. 21 Juvenile arthritis is the most 
common rheumatologic disease in chil-
dren, which starts before childhood. Of 
patients experiencing spondyloarthritis, 
10-20% have an onset during  child-
hood.21 Early detection is important 
in order to start therapy to delay the 
progression and treat sacroiliitis in 
these patients. 22, 23 

Imaging techniques can help in the 
early detection of arthritis, as the initial 
symptomatic manifestations can be 
subtle. As inflammatory changes occur 
in this early stage, MRI can be valuable 
as MRI can detect active inflammatory 
lesions of sacroiliitis 23, whereas CT is 
not able to detect these early, active le-
sions. CT can be used for the evaluation 
of chronic sacroiliitis, but due to the 
radiation exposure this is not the mo-
dality preferred in children. Therefore, 
with BoneMRI, both can be visualized 
using only a single, radiation-free, MRI 
examination. 

Hip dysplasia

Developmental dysplasia of the hip (DDH), 
is a malformation of the hip that is mostly 
congenital. DDH may be diagnosed later 
in life when patients are in adolescence 
and pain and dysfunction become appar-
ent. Detecting DDH is important as this 
could result in hip osteoarthritis in these 
patients. Detection and treatment of 
DDH are critical for the patient’s quality 
of life, as severe and untreated dysplasia 
may lead to a total hip arthroplasty at a 
later age. 

For hip morphological pathologies imag-
ing plays a crucial role in the diagnosis 
and treatment planning. The diagnostic 
evaluation of the hip morphology can 
be performed with CT as CT provides 
a detailed overview of the cortical and 
cancellous bone. 

The 3D overview of the bone is also 
relevant for surgical decision-making 
and treatment planning. The associated 
soft-tissue abnormalities found in these 
hip diseases, such as labral tear, can be 
visualized with MRI. So both imaging 
modalities support the evaluation of 
hip pathologies and together, they 
provide a complementary assessment 
of the hip.  24, 25, 26

	› Figure 1: Example image of a T-spine adolescent 
EU subject. BoneMRI (left) and registered 
reference CT (right).

	› BoneMRI
Male
14 years

The performance of BoneMRI 
in adolescents has been 

quantitatively assessed and 
shown to be accurate in terms 
of morphological, radiodensity, 

and radiodensity contrast.
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Scientific evidence on BoneMRI

The utility of BoneMRI was investigated by 
Dr. Bixby from Boston Children’s Hospital 
for the evaluation of hip morphology and 
physeal status, comparing it to conventional 
CT imaging. 39 In 19 pediatric patients, mor-
phologic hip parameters including angles 
and measurements relevant for diagnostics 
and preoperative assessment; physeal ma-
turity status that is related to changes in 
morphometric parameters of pediatric hips 
and helps in deciding the surgical approach; 
and Hounsfield units in bone, muscle and fat 
tissue were measured. 

Additionally, images were qualitatively 
scored to ensure thorough evaluation. A 
mean surface distance of 0.23 mm was found 

between the cortical edges of BoneMRI and 
CT-based bone models. All hip morpholog-
ic parameters were equivalent between 
BoneMRI and CT. 

The overall accuracy of detecting the physes 
around the hip and pelvis was excellent for 
BoneMRI, it was found to be 98.4%. It was 
concluded that BoneMRI is equivalent to 
conventional CT in evaluating hip morphology, 
physeal status, and radiodensity in pediatric 
patients. 

They support BoneMRI as a viable alterna-
tive to conventional CT in the preoperative 
assessment of children with hip disorders. 

Schiettecatte et al. 40 from University 
Hospital Ghent demonstrated that BoneMRI 
is capable of accurately visualizing bone mor-
phology in adolescents. CT and BoneMRIs 
from children between 6 and 18 years old 
were scored on morphology features of 
the SI-joint. 

BoneMRI showed correct detection and 
visualization of lumbosacral transitional 
abnormalities, fusion of growth plates in 
the sacrum, and in the SI joint a correct 
visualization of the cortical delineation, 
presence of ossified nuclei, and joint facet 
defects. 

It was stated that BoneMRI showed sharper 
cortical delineation than CT, resulting in 
better visualization of ossified nuclei and 
growth plates.

	› Figure 2: Examples of 
BoneMRI (a and b) and 
CT (c and d) showing 
that BoneMRI was able 
to accurately identify 
unfused secondary 
ossification centers. 
From Iwasaka-Neder 
et al. 39

	› Figure 3: BoneMRI (a and c) and CT (b and d) image of a 15-year-old female, 
showing ossified nuclei (red arrows) and irregularities on the iliac side of the 
SI-joints (green arrows). From Schiettecatte et al. 40

	› Figure 4: BoneMRI (a) and CT (b) image of a 13-year-old male, showing open 
growth plates at the levels S1–S2 (red arrows) and partially closed growth 
plates at the S2–S3 level (green arrow). From Schiettecatte et al. 40

BoneMRI showed sharper cortical 
delineation than CT, resulting in better 

visualization of ossified nuclei and 
growth plates.

—Schiettecatte et al. 
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In two children with rare musculoskeletal 
diseases, the performance of BoneMRI has 
been evaluated by Uphadhyay et al. 41 of 
Boston Children’s Hospital. BoneMRI was 
capable of identifying and differentiating 
musculoskeletal lesions. 

In case 1, an intraosseous lesion in the 
femoral neck of a 16-year-old female with 
fibrous dysplasia was identified by BoneMRI. 
In case 2, a heterotopic ossificiant along the 
cervical spine that caused vertebral fusion 
was identified by BoneMRI in a 12-year-
old female with fibrodysplasia ossificans 
progressiva. BoneMRI has shown to be 
promising for assessing rare diseases of 
the musculoskeletal system. 

	› Figure 5: On the left the Synthetic CT image and on the right the 
routine CT image of a 16-year-old patient with FD. An intramedullary, 
sclerotic lesion (red box) in the right femur was revealed on A, axial, B, 
coronal, and C, sagittal reformatted images. From Uphadhyay et al. 41

	› Figure 6: A shows a sagittal image of BoneMRI applied in a 12-year-old 
female with FOP and 3D image reconstructed on the basis of B. The 
images reveal heterotopic bone along the length of the cervical spine, 
with fusion between the posterior elements and spinous processes at 
multiple levels (green arrows). For comparison, a sagittal image from 
a C, CT and corresponding D, 3D reconstruction in an 11-year-old 
male without bone diseases revealed the different appearance of the 
posterior elements. From Uphadhyay et al. 41

In a retrospective observational study, 
BoneMRI was used for the analysis of the 
geometrical measurements of complex 3D 
deformity of the scoliotic spine in 10 female 
patients (12-16 years old) with adolescent 
idiopathic scoliosis at the University Medical 
Center Utrecht by Costa et al. 42 

The Cobb angle and thoracic kyphosis in a 
normal standing position were measured, 
which are important for the support of 
comprehensive scoliosis management and 
surgery planning. BoneMRI provided a 
clear visualization of the deformed spine, 
effectively highlighting each vertebra and 
costovertebral joints. The study demon-
strates that BoneMRI allows reliable 
quantification of 3D deformity parameters of 
the spine without the utilization of ionizing 
radiation. Figure 7: Example of a multiplanar and 3D 

reconstruction of an MRI-based sCT in a 
scoliosis patient. From Costa et al. 42

	›  

 BoneMRI allows 
reliable quantification 

of 3D deformity 
parameters of the spine 
without the utilization 
of ionizing radiation.

—Observational study
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A case study by Michael et al. 20 of a 14-year-
old male athlete with a 9-month history of 
persistent low back pain, unresponsive to 
nonoperative management showed the 
added value of BoneMRI in diagnosing 
spondylolysis. 

Initial MRI findings revealed edema with 
a stress reaction of posterior elements, 
consistent with spondylolysis. Physiotherapy 
and rest were advised. After recurring 
symptoms, a low-dose CT scan confirmed 
spondylolysis, reinforcing the initial treat-
ment plan. Subsequent reevaluation with 
an MRI including the BoneMRI sequence 
led to the decision to proceed with surgical 
intervention, resulting in complete healing. 

This case underscores the potential of 
including BoneMRI into the MRI protocol 
for assessing both bony and soft tissue 
pathology in spondylolysis, offering a sim-
plified diagnostic workflow with potential 
faster path to treatment and reduction in  
radiation exposure. 

Figure 8: A-C show conventional CTs with 
bilateral L4 spondylolysis with fracture gapping. 

D-F show MRI-generated synthetic CTs also 
demonstrating clear fracture gapping of the L4 

spondylolysis with near-identical osseous detail 
as the conventional CT scan. From Michael et al. 20

	›  

At Boston Children’s Hospital we want the 
best care for our patients. We have embraced 

BoneMRI from the beginning to assess hip 
pathologies in the adolescent population in a 

research setting. The clearance of BoneMRI for 
the adolescent population both in the pelvis/

hip and spine will be a huge leap forward for our 
patients, allowing us to visualize pathologies 

in the hip and spine in 3D, as we recently 
demonstrated in several case studies. 

—Sarah Bixby 
Boston Children’s Hospital

Conclusion

In conclusion, the initiative to eliminate ionizing 
radiation caused by X-ray based imaging for 
pediatric and adolescent patients is driven 
by considerations of patient vulnerability, 
ethical considerations, and technological 
innovations. 

By using BoneMRI as an alternative imaging 
modality, healthcare providers can adhere 
to the ALARA principle and the principle 
of “do no harm” while having high-quality 
diagnostic and surgical care to adolescent 
patients. 

BoneMRI is a technology that enables detailed 
visualization of the osseous structures, their 
abnormalities and deformations, as well 
as treatment planning, and radiation-free 
surgical navigation. 

By prioritizing radiation safety, we can op-
timize healthcare outcomes and ensure the 
long-term health and well-being of adolescent 
populations that require bony information 
for diagnostics and surgical interventions.
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