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Background

A very young patient cannot tell where the pain is

Unfortunately, the clinicians can’t, either

How should I examine a patient with unclear focus with suspicion of 
osteomyelitis or spondylodiscitis?

Start with a good overview examination, and be prepared not to find what 
you expect, so be ready to proceed depending on the findings



Technique - How to Start

Rule out of fracture with X-Ray, but X-Ray is often normal in osteomyelitis
Ultrasound: Search for joint effusion (always check hips, knees and ankles on both 
sides). Eventually look for subperiosteal fluid collection.

MRI:
Coronary whole body STIR sequences (or half body from lumbar spine to toe)
Depending on the findings or the suspicion, continue with
• T1 coronary / axial
• T2 fat sat axial
• Maybe diffusion-weighted imaging
• Intravenous contrast media -> time resolved dynamic imaging with DISCO and 

post-contrast T1w fatsat



Normal Findings

Important to know the age related normal signal intensity and morphology of 
the pediatric skeleton 

-> Get familiar with the process of primary and secondary ossification and its 
typical (MR-) imaging manifestations 

-> Know the time and distribution of conversion from red to yellow bone 
marrow and the typical age related signal intensity.



Normal Findings

Bone marrow conversion

Bone marrow conversion

D. Jaramillo

At birth, the whole skeleton contains 
blood-building bone marrow

Transformation to fatty marrow starts in 
the epiphysis about 6 month after the 
ossification is seen in X-ray

Conversion starts from distal to proximal 
and from the periphery to the center



Normal Findings

1M                                  8M                                         4y 17 y

Normal conversion from red to yellow bone marrow:



Normal Findings

Normal bone marrow signal in growing long bones and cartilage

Three-layered epiphyseal plate

Heterogeneous signal intensity of unossified posterior 
femoral condyle (hyaline cartilage)

Ossified epiphysis / secondary ossification center



Normal Findings

Normal bone marrow signal in growing long bones and cartilage

Ax T2w Ax T1w Ax T1w +C

Preossification:

Water is not bound 
anymore in the cartilage 
matrix. 
Hyperintense signal on 
T2 due to hypertrophy of 
chondrocytes just before 
the start of 
mineralization of the 
chondral matrix.

3y, ankle pain



Normal Findings

Normal bone marrow signal in growing long bones and cartilage

Multiple punctuated 
STIR-hyperintensities
representing residual 
blood building bone 
marrow, typical in the 
foot

Sag STIR

Ax STIR



Normal Findings

Normal bone marrow signal in growing long bones and cartilage

Typical irregularities 
on the dorsal aspect 
of the secondary 
ossification center, 
representing irregular 
ossification

T2 fs PDw T1w

Juvenile idiopathic arthrithis (JIA)



Normal Findings

Normal bone marrow signal in growing long bones and cartilage

Typical irregularities 
on the dorsal aspect 
of the secondary 
ossification center, 
representing irregular 
ossification

3y old boy



Toddler’s Fracture
Typical fracture in lower 
extremity when 
children begin to walk
Peak: 1-3 years
Usually nondisplaced, 
spiral fracture, best 
seen on lateral 
projection
Other sites involve 
femur, fibula, talus, 
calcaneus, cuboid, 
metatarsals
Can be occult on x-ray, 
occasionally found in 
lower body MRI when 
searching focus



Coxitis
8y old boy, left hip pain

Left joint effusion. X-ray: Rule out slipped capital femoral epiphysis and perthes disease. Transient synovitis is a 
diagnosis of exclusion, after previous viral infection, for example after upper airway infection



Coxitis
8 month old boy, fever of unknown origin. Elevated infection parameters. 
US of hip, knee and ankles: Effusion in right hip. 
MRI: Is it osteomyelitis?

Radiological diagnosis: Arthritis (can not differ between transient synovitis, septical arthritis, inflammation)
Joint puncture revealed septic arthritis caused by group A streptococcus

Ax T2 fs Ax T2 fs Cor T1w fs +C



Osteomyelitis
Ankle pain without trauma for 2 days. Fever. Search for osteolysis, periosteal 

reaction, sclerosis, joint 
effusion
Considered normal
-> does not rule out OM

Ultrasound: Hyperechogenic, hyperperfused
soft tissue in anterior tibiotalar joint



Sag T1w fs +C

Osteomyelitis
Ankle pain without trauma for 2 days. Fever. 

Sag T1w Sag STIR Sag +C dyn sub AX DWI



Legg-Calvé-Perthes Disease

Crescent sign

Idiopathic osteonecrosis of capital
femoral epiphysis
Age: 4-12 years, peak 5-7 years
10-20% bilateral (asynchronous)



Stages of Waldenström

ReossificationCondensation FragmentationInitial stage Healing (does not 
mean perfect…)

Legg-Calvé-Perthes Disease



Legg-Calvé-Perthes Disease

Perfusion deficit
Subchondral fracture

Joint effusion
Bone marrow edema
Aspheric configuration

MRI can detect early
perfusion deficit, when
X-ray is normal



Slipped Capital Femoral Epiphysis

Left groin pain since 2 month 
Painful internal rotation

Line of Klein:
Line along the superior edge 
of the neck of the femur. The 
line normally intersects the 
lateral part of the superior 
femoral epiphysis

Line of Klein fails to intersect

13y old boy

Epiphysis slips medial and 
posterior
Age: 8-17 years, 

Most common hip disorder in 
adolescents
Obesity «slipped ice cone sign»



Percutaneous screw of epiphysis 
to femoral neck

Prophylactic contralateral fixation!
Risk of contralateral SCFE >20%

Slipped Capital Femoral Epiphysis



Chronic Recurrent Multifocal Osteomyelitis
10-y old boy, pain in forefoot

Ax STIR Ax T1w fs +C

Differential diagnosis?
Infection,  Inflammatory, traumatic, tumor, unspecific…



10-y old boy, pain in forefoot
Next step? 
Whole-Body MRI: Search for
additional bone marrow
abnormalities
Periphyseal along long bone
or metaphyseal-equvalent
regions. Medial clavicle is a 
typical location
Can be symmetrical

Chronic Recurrent Multifocal Osteomyelitis



…not to confuse with
hyperintense, flame-shaped
appearance of residual 
blood-building bone marrow
adjacent to metaphysis

Chronic Recurrent Multifocal Osteomyelitis



Bone marrow infiltration
3-y old boy with leg pain and X-ray with widened mediastinum
Whole body MRI: Are there other abnormalities?

Cor T1
Cor STIR Cor STIR

Cor STIR

Diagnosis: 
Juvenile leukemia with bone marrow
infiltration



Take home message

Young children can not tell where the pain is located
• X-ray (Fracture, osteolysis), Ultrasound (joint effusion, fluid collections)
• MRI: Always start the examination with coronary STIR whole-body sequences.
• Be ready to adjust a current examination– you newer know what is expecting you

– be in close contact with your technician
Know about age-typical pathologies

Know about the normal findings of a growing skeleton 
• with normal appearance of ossifying cartilage
• Normal patterns of conversion from red to yellow bone marrow
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