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Introduction
At the University Clinical Center in Gdansk, Poland, we  
offer dedicated magnetic resonance imaging (MRI) for  
children. This is due to the high demand for pediatric MR 
examinations from our pediatric departments. Diagnostics 
in our center focus on oncology, cardiology, hematology, 
nephrology, neurology, and orthopedic patients. Due to 
the patients’ young ages1, many examinations are carried 
out under general anesthesia. When patients weigh less 
than 5 kilograms, we perform the examination with a  
dedicated incubator (LMT Medical Systems GmbH, Lübeck, 
Germany), fed and swaddled.

To reassure children and encourage them to enter the 
MR room, we have a projector that displays cartoons and 
plays music videos. Our MR scanner is also decorated with 
pictures of underwater animals, and special lighting helps 
the children to feel at ease.

Examining pediatric patients presents a number  
of technical issues. The age range is large, covering  
newborns1 to young adults. The challenge for the MR  
team is that we must always achieve a balance between 
acquisition time and the quality of the study. We have  
to consider various fields of view, as well as aspects  
such as slice thickness, matrices, coding directions, and  
appropriate fat saturation techniques. Imaging newborns 
and toddlers can also result in artifacts from diapers. 

Equipment
Imaging is performed on a 1.5T MAGNETOM Sola (Siemens 
Healthcare, Erlangen, Germany) equipped with BioMatrix 
Technology. The protocols are optimized for image quality 
and acquisition time. For MSK examinations our center has 
the following coils: BM Head/Neck 20, Spine 32, Body 18, 
UltraFlex Large 18, TxRx Knee 18, Peripheral Angio 16, 
Special Purpose 4. 

Protocols
We have a permanent pediatric imaging team consisting  
of five radiographers, one medical physicist, six radiologists,  
and four anesthesia nurses (not including the anesthesia 
personnel). Due to the variety of examinations, the diag-
nostic demand, and the variety of patients, there has been 
a call to create standard protocols that our team can 
change on an ongoing basis. 

We have several standard protocols for musculoskele-
tal (MSK) imaging. For the joints, cartilage, and ligaments, 
we have three-plane proton-density turbo-spin-echo with 
fat saturation sequences, and turbo-spin-echo T1 and T2 
sequences. For oncological or hematological problems 
with bones and soft tissue, our protocols include: T1 VIBE 
Dixon, diffusion-weighted imaging, T2 turbo-spin-echo 
Dixon, and T2 HASTE with and without fat saturation. 
When contrast is required, we can use dynamic sequences 
(T1 VIBE, TWIST) or we can first inject contrast and then 
scan the patient with T1 Dixon in three planes. While this  
is a very simplified picture of our protocols, it shows the 
basic sequences needed when examining MSK patholo-
gies. However, as mentioned above, pediatric patients  
differ widely. This paper will therefore present a variety  
of cases and our approach to imaging them. 

Conclusion 
The demand for MSK imaging in children is growing.  
Pediatric patients vary widely in terms of height, weight, 
and the types of diseases. Therefore, it is worth developing 
basic protocols that can be supplemented by other  
sequences as needed. At the University Clinical Centre in 
Gdansk, the pediatric radiology team has developed and 
refined systems and basic sequences that can serve as a 
gold standard for diagnostic MR examinations in children. 
The sequences shown in this paper helped to improve,  
simplify, and accelerate MSK diagnoses for children.

1 MR scanning has not been established as safe for imaging fetuses and infants less than two years of age. The responsible physician must evaluate the benefits of the 
MR examination compared to those of other imaging procedures. Note: This disclaimer does not represent the opinion of the authors.
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1   Damaged meniscus. (1A) Coronal T1 TSE; (1B) coronal and (1C, D) sagittal PD TSE fatsat; (1E) transverse T2 TSE;  
(1F) sagittal isotropic PD SPACE; (1G) sagittal T2*; (1H) T2* map.

Case 1
14-year-old female with a damaged meniscus. In terms of the shaft and the corner of the front-side  
meniscus: a horizontal gap, cracking with the movement of a fragment of the meniscus to the medial; 
flap damage; damage covering zone vascularization. For this case, we used our standard knee protocol 
and the TxRx Knee 18 coil. 
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2   Pathological post-traumatic damage in the femoral condyle. (2A) Coronal T1 TSE; (2B) coronal PD TSE fatsat; (2C) sagittal 
PD TSE; (2D) transverse PD TSE fatsat; (2E) transverse T2 TSE; (2F) sagittal PD SPACE isotropic; (2G) sagittal T2*;  
(2H) T2* map.

Case 2
8-year-old patient with pathological post-traumatic damage in the femoral condyle.  
Images acquired using the TxRx Knee 18 coil.
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3   Inflammation is visualized using the following sequences: (3A) Transverse T2 TSE; (3B) coronal T2 TSE; (3C) transverse  
T1 TSE; (3D) coronal PD TSE fatsat; (3E) transverse T1 TSE post-contrast; (3F) coronal T2 TIRM; (3G) transverse T1  
VIBE Dixon post-contrast; (3H) coronal PD TSE fatsat.

Case 3
2-month-old1 patient with inflammation of the femur. Visible intraosseous peripheral enhancement  
in the left femoral neck after contrast injection. A narrow channel connects the lesion with another  
inflammation located in the femoral head. 
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4   Suspected caudal regression syndrome. (4A) Coronal T2 TSE; (4B) T2 SPACE isotropic; (4C) sagittal high-resolution T2 
TSE; (4D) transverse high resolution T2 TSE; (4E) sagittal T2 TSE Dixon water only; (4F) sagittal T2 TSE Dixon water 
only; (4G) T1 TSE Dixon water only; (4H) sagittal T2 SPACE.

Case 4
22-day-old1 patient, lumbar spine examination without anesthesia, in MR incubator.
Suspicion of caudal regression syndrome not confirmed by MR examination.
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5   Suspected juvenile idiopathic arthritis. (5A) Coronal T2 TSE; (5B) sagittal T2 TIRM; (5C) transverse T1 TSE;  
(5D) transverse T2 TSE; (5E) sagittal PD TSE fatsat; (5F) sagittal PD TSE; (5G) coronal PD TSE fatsat;  
(5H) transverse PD TSE fatsat.

Case 5
Ankle examination in a 12-month-old1 patient. Suspicion of juvenile idiopathic arthritis (JIA);  
swelling of the joint from 6 weeks; high signal intensity in ossification nuclei.
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6   Venous malformations of the lower extremity. (6A) transverse T1 TSE Dixon water only; (6B) transverse T1 TSE Dixon 
in-phase; (6C) transverse T2 TSE Dixon water only; (6D) transverse T2 TSE Dixon in-phase; (6E) sagittal T2 TSE Dixon 
water only; (6F) sagittal T2 TSE Dixon in-phase; (6G) coronal T2 TSE Dixon water only; (6H) coronal T2 TSE Dixon 
in-phase.

Case 6
2-year-old patient with venous malformations of the lower extremity.
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7   Condition after fracture of the medial epicondyle of the left humerus with partial soft-tissue 
damage. Transverse T2 TSE Dixon, (7A) fat only; (7B) in-phase; (7C) opposed-phase;  
(7D) water only. 
Coronal T2 TSE Dixon (7E) fat only; (7F) in-phase; (7G) opposed-phase; (7H) water only. 
(7I) transverse PD TSE fatsat; (7J) coronal PD TSE fatsat; (7K) sagittal PD TSE fatsat;  
(7L) sagittal T1 VIBE black bone minIP.

Case 7
10-year-old patient, elbow  
examined in forced position  
(contracture), hand on the  
stomach facing upwards.
Condition after fracture of the  
medial epicondyle of the left  
humerus with partial soft-tissue  
damage. Ligament damage,  
detachment of a bone fragment  
from the medial epicondyle of  
the left humerus.
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8   Suspected Ewing’s sarcoma. (8A) PET/CT; (8B) CT imaging. 
(8C) Coronal T2 TIRM; (8D) coronal T2 TSE; (8E) transverse T2 TSE; (8F) transverse T2 TSE. 
Transverse T1 VIBE Dixon post-contrast injection: (8G) fat only; (8H) in-phase;  
(8I) opposed-phase; (8J) water only.
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Case 8
3-year-old patient with 
suspected Ewing’s sarcoma. 
Pathological mass covering 
the right scapula, contrast 
enhancement, diffusion 
restriction.
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9   (9A) X-ray; (9B) coronal T2 TSE; (9C) transverse T2 Dixon water only; (9D) transverse T1 VIBE 
Dixon; (9E) sagittal T2 TSE; (9F) transverse T2 TSE Dixon; (9G) coronal T1 TSE; (9H) transverse 
T2 TIRM; (9I) coronal T2 TIRM.

Case 9
2-week-old patient1 with 
fractured clavicle. Fracture  
in the outer third of the right 
clavicle with swelling of the 
soft tissue.
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Contact 
Dr Dominik Świętoń, M.D. 
Uniwersyteckie Centrum Kliniczne GUMed 
Dębinki 7 
80-952 Gdańsk 
Poland 
dominik.swieton@gumed.edu.pl 

10   Arteriovenous malformation (AVM) in the hand. T2 TSE Dixon, (10A) fat only; (10B) in-phase;  
(10C) opposed-phase; (10D) water only. (10E) Transverse T2 TIRM; (10F) sagittal PD TSE fatsat;  
(10G) coronal T2 TSE STIR; (10H) coronal T1 TSE.

Case 10
6-year-old patient with arteriovenous malformations (AVM) in the hand. 
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