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Knowledge of physiology 
and pathophysiology is 
crucial for interpreting     
NM scans 

Nuclear Medicine is the 
medical specialty that 
applies radioactive isotopes 
to DIAGNOSIS and THERAPY 
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2-3 y 1-2 y 4-5 y 3-4 y 6-12 m 5-6 y 6-7 y 7-8 y 

8-9 y 9-10 y 10-11 y 11-12 y 12-13 y 13-14 y 14-15 y 15-16 y 

0-6 m 

ESPECIALY IF YOU ARE A NON - PAEDIATRIC NUCLEAR 
MEDICINE PHYSICIAN  

 

Before interpreting a bone scan in children, you need to know  
the NORMAL appearance of the skeleton from infancy to adulthood:  

-Normal variants  
-Metabolic bone changes  



Bone development:  
Å Embriology  
Å Bone physiology  



Bone Physiology 
Matrix of bone  

 CALCIFICATION: 
Å mineral crystals deposit around collagen fibres 

 .hb9Ω{ C[9·L.L[L¢¸Υ  
  
Åcollagen fibres 
 

 .hb9Ω{ I!w5b9{{Υ inorganic salts 
Å calcium phosphate 
Å hydroxide  
Å hydroxyapatite 

http://slideplayer.com 

99mTc-DPD 

18F-Fluorine 

METABOLIC BONE IMAGING: 
MECHANISM  
99mTc-DIPHOSPHONATE   

Ҧ BONE SCINTIGRAPHY 
18F-Fluorine 

Ҧ BONE PET 

 
ω Both diphosphonates and Fluorine 
have a high avidity to hydroxyapatite 
crystals 
 
ω This is the mechanism to obtain 
metabolic bone images 
ω the uptake intensity depends on 

ω vascular supply 
ω osteoblastic and osteoclastic 
activity 
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Bone Physiology 
Cells 

Å OSTEOBLASTS: bone forming cells 
 

Å mesenchymal origin  
Å produce bone tissue: 

Å organic bone matrix  
Å collagen fibres   

Å OSTEOCYTES 
 

Å produce the inorganic matrix 
Å no longer secrete bone matrix 
Å derived from osteoblasts that have secreted bone 
around themselves  
  

http://slideplayer.com 

Å OSTEOCLASTS 
 

Å extremely large cells 
Å derived from haematopoietic system 
   (fused monocytes) 
Å bone resorption  
 = destruction of bone matrix 
  

OSTEON 



Bone Physiology 
Bone Growing during Childhood 

Å ARTICULAR CARTILAGE 
Å grows externally 
Å replaced by bone internally 
 

Å EPIPHYSEAL CARTILAGE 
Å grows to the epiphysis 
Å replaced by bone on the 
diaphysis side 

Cartilage grows  

Cartilage replaced  
by bone  

Cartilage grows  

Cartilage replaced  
by bone  

http://slideplayer.com 



Bone Physiology 
Bone Growing during Childhood 

Development of a secondary ossification 
centre 

To interpret the normal bone maturation imaging is important 
to know the bone growing during childhood, especially the 
development of the secondary ossification centres 



Bone Physiology 
Bone Growing during Childhood 

aƻŘƛŦƛŜŘ ŦǊƻƳ bŜǘǘŜǊΩǎ /ƭƛƴƛŎŀƭ !ƴŀǘƻƳȅ нƴŘ 9Řƛǘƛƻƴ нллр 

The appearance of secondary ossification 

centres can be misinterpret as pathology 



Modified from bŜǘǘŜǊΩǎ Clinical Anatomy 2nd Edition 2005 

Bone Physiology 
Bone Growing during Childhood 

Some examples of the bone scan 

visualization of femoral head ossification 

centre during development 



DEVELOPING SKELETON  

Appendicular skeleton 

TRABECULAR or SPONGY or 
CANCELLOUS BONE  

 
Å High turnover rate:  
x8 > cortical bones  
 
Å Hosts haematopoietic and blood cells  

 

Axial skeleton 

Orthopedic Nuclear Medicine, AH Elgazzar 

COMPACT or CORTICAL BONE  

 
Å Cortex:  
Å 80% skeleton mass  
Å 99% calcium  
Å 90% phosphorus  
 

Å Medulla: spongy bone   

EPIPHYSEAL PLATES  
  
Å Bone Growth: mainly located at the 
EPIPHYSEAL PLATES of the CORTICAL 

and SPONGY BONES   
 
Å Paediatric skeleton is in 
CONSTANT GROWTH  



Orthopedic Nuclear Medicine, AH Elgazzar 

GROWTH CENTERS:  
 
Å physis of long bones 

Å apophysis of flat and irregular bones 

EPIPHYSEAL PLATES  

6 y 

16 y 



GROWTH CENTRES: EFFECT OF IMMOBILIZATION  

Atlas of bone scintigraphy in the developing paediatric skeleton:  
the normal skeleton, variants and pitfalls  

> 50% BONE ACTIVITY in case of:  
Å no movement of a limb for more than 24 hours  (PAIN) 

 

DIFFUSE WHOLE BODY HYPOACTIVITY of the bone and  the growth 

plates in case of:  

Å SICK CHILDREN  

Å diminished physical activity 

Å severe illness 

R                            R  
 
 
 
 
 
 
 
 
        BP                         BONE SCAN 
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MSK IMAGING:  
 

 TECHNIQUES IN  
PAEDIATRIC NUCLEAR 

MEDICINE  

ÅBONE SCINTIGRAPHY 
ÁWHOLE BODY  
ÁFOCAL = SPOT 
ÁPIN-HOLE 
ÁSPECT 
ÁSPECT-CT 

ÅPET 18F 
ÅWITH CT 
ÅWITHOUT CT 



Bone scintigraphy 
- IV 99mTc-diphosphonates 

Imaging 
- Vascular and blood pool phases 
- planar  
- pin-hole  
- SPECT or SPECT-CT 

Stansfield EC, Sheehy N, Zurakowski D, Vija AH, Fahey FH, Treves ST. Pediatric 99mTc-MDP bone SPECT with ordered subset expectation. Radiology 2010, 257:793ï801 

Sarikaya I, Sarikaya A, Holder LE. The role of single photon emission computed tomography in bone imaging. Semin Nucl Med 2001, Jan;31(1):3-16. 

 



3-phases BONE SCINTIGRAPHY 

VASCULAR PHASE 
Dynamic images to value the lesion 
vascularization. 
 
Imaging value the arterial and the 
venous perfusion of the lesion or the 
limb. 

BLOOD POOL 
Images of the blood pool, focal or 
whole body,  are obtained 2-5 minutes 
after tracer injection. 
 
These images detect INFLAMMATION. 
Quick bone metabolism in children 
can mask quickly the blood pool 
activity. 

BONE IMAGES 
IMAGE RESOLUTION is the 
cornerstone of images in children: 
Important technique  
Å    Focal imaging have higher 
 resolution than WB imaging 
Å Child positioning: as close as 

 possible to the collimator 



HYBRID 
images  

like 
SPECT-CT  

and 
PET-CT 
are the 

EMERGING   
TECHNIQUES 

ÅBONE SCINTIGRAPHY 
ÁWHOLE BODY  
ÁFOCAL = SPOT 
ÁPIN-HOLE 
ÁSPECT 
ÁSPECT-CT 

ÅPET 18F 
ÅWITH CT 
ÅWITHOUT CT 



IN YOUNG CHILDREN IT IS 
EASIER TO OBTAIN   

Á SPOT frames than WB  
Á SPOT images: higher QUALITY 
 than WB images  

Å body  closer to detector  
Å avoid movement  
Å improve collaboration  
 
Å very low dose  
Å small structures  
Å increased detection time ? !  

detector 

CLOSE CONTACT  
CHILD-DETECTOR 

Bone Scintigraphy  

Same child 
Same exam 
ÅWB image 
Å Focal images 



SMALL ORGANS femoral head, kidneys in babiesé 
Å small size hole  
Å close to the skin  
Å organ to be studied in the centre of the image   

Bone  Scintigraphy: PINHOLE  



PIN-HOLE 
PINHOLE views have the highest resolution that we can obtain with a gammacamera.  
Much higher resolution than planar images and even SPECT.  

 

Limitations: 
Å Low availability of this kind of collimator 
Å Long acquisition time, requiring immobilization (5-10 min) 
 

Blood Pool            Planar bone image                   Pin-hole views                                   SPECT-TC 



SPECT-CT 
Bone 

scintigraphy 

SPECT-CT 

Gammacamera 
 



 
SPECT and SPECT-CT 
increase the diagnostic 
safety and allow an 
accurate anatomical 
localization of the 
metabolic injury 

Severe Osgood-Slatter syndrome 

 

but also detect  

a fissure of  

an osseous bone cyst 



SPECT and SPECT-CT 
 
ω SPECT  is a complementary 
tomographic technique to planar 
images 
 
ω SPECT and SPECT-CT are replacing 
pin-hole collimator in most 
departments 
 
ω high sensitivity to detect vertebral 
lesions:  

ω in children and teenagers 
with vertebral pain is 
mandatory to obtain SPECT 
images, even if planar images 
are normal! 

Stansfield EC, Sheehy N, Zurakowski D, Vija AH, Fahey FH, Treves ST. Pediatric 99mTc-MDP bone SPECT with ordered subset expectation. Radiology 2010, 257:793ï801 

Cervical 

Vertebral 

Fracture 

 



SPECT and SPECT-CT 
INDICATIONS 
 
ω Perform a SPECT-CT only to localize a 
bone metabolic lesion. 
 
ω DO NOT PERFORM a SPECT-CT if 
SPECT is normal. 
 
ω Perform a low dose CT, just to 
localize the lesion. 
 
ω SPECT-CT in children:  

ωLimited use due to the CT 
dosimetry. 

Stansfield EC, Sheehy N, Zurakowski D, Vija AH, Fahey FH, Treves ST. Pediatric 99mTc-MDP bone SPECT with ordered subset expectation. Radiology 2010, 257:793ï801 

Pseudoarthrosis  



In some pathologies, like vertebral lesions, bone SPECT has 
higher SENSITIVITY to detect lesions than planar images ....  

Bone  Scintigraphy: SPECT and SPECT - CT 



In some pathologies, like vertebral lesions, bone SPECT has 
higher SENSITIVITY to detect lesions than planar images ....  

Bone  Scintigraphy: SPECT and SPECT - CT 

When it is advisable   
    to perform   a SPECT or SPECT - CT?  

DO NOT PERFORM SPECT-CT  
if SPECT is normal  



In some pathologies, like vertebral lesions, bone SPECT has 
higher SENSITIVITY to detect lesions than planar images ....  

Bone  Scintigraphy: SPECT and SPECT - CT 

When it is advisable   
    to perform   a SPECT or SPECT - CT?  

DO NOT PERFORM SPECT-CT  
if SPECT is normal  



COMPARE THE DIFFERENT 
MODALITY IMAGES  

and  
AVOID TO PERFORM  

AN UNNECESSARY CT  

Football player 
Back pain 



SPECT-CT 

- TOMOGRAPHIC IMAGING 
- HYBRID IMAGING SCINTIGRAPHY-CT 
- COMPLEMENTARY TO BONE PLANAR IMAGES 

- SPECT 
- HIGHER SENSITIVITY THAN PLANAR IMAGES TO 

DETECT LESIONS 
- ESPECIALLY IN VERTEBRAL COLUMN 
- MANDATORY IN CASE OF BACK OR VERTEBRAL PAIN 

- SPECT - CT 
- PRECISE ANATOMIC LOCATION OF THE METABOLIC 

LESION 

5 años, osteoma osteoide 



- CT ALLOWS:  
- LOCALIZATION OF METABOLIC LESIONS DETECTED 

BY THE SCINTIGRAPHY 
- ATTENUATION CORRECTION OF SPECT (DEEP 

STRUCTURES) 

- CT 
- ADVISABLE / MANDATORY USE OF LOW DOSE CT 
- CT only if necessary 
- NO CT IN CASE OF NORMAL SPECT!!!!!!!!! 
- DOSIMETRY CT: much higher that bone scintigraphy 

SPECT-CT 



18F PET  

 

PET 

CT 

FUSION 

Å much higher image resolution 
that bone scan 

Å with or without  CT 
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ÅInflammation 
ÅBone and joint infections 
ÅTrauma 
ÅMandibular condylar hyperplasia 
ÅBone infarction 
ÅOsteonechrosis 
ÅBenign bone tumors 
ÅMalignant Bone diseases 

Nuclear Medicine of the MSK system  
Indications 



Åmaturity and development patterns affect the image 

interpretation 

BONE SCANS INTERPRETATION  
 

BONE DISEASES may  have  
different  patterns  during  childhood   

ÅIn some bone diseases the location and morphology of 

the lesions differ  

Åduring childhood  

Åvary in adults and in children 

Orthopedic Nuclear Medicine, AH Elgazzar 

Pediatric Nuclear Medicine/PET, Treves 



HIP  
Bone Growing during Childhood 

Ossification  of the  femoral head : 2 -7 months  

Atlas of bone scintigraphy in the developing paediatric skeleton:  
the normal skeleton, variants and pitfalls  

Planar  
 
 
 
 
Pinhole  



Ossification  of the  femoral head : 2 -7 months  

3 m ÅPlanar image  
ÅPin-hole  
ÅSPECT 
ÅSPECT-CT 
Å18F-PET 

HIP  

Atlas of bone scintigraphy in the developing paediatric skeleton:  
the normal skeleton, variants and pitfalls  



Ossification  of the  femoral head : 2 -7 months  

ÅPlanar image  
ÅPin-hole  
ÅSPECT 
ÅSPECT-CT 
Å18F-PET 

HIP  

Atlas of bone scintigraphy in the developing paediatric skeleton:  
the normal skeleton, variants and pitfalls  



Ossification  of the  femoral head : 2 -7 months  

ÅPlanar image  
ÅPin-hole  
ÅSPECT 
ÅSPECT-CT 
Å18F-PET 

HIP  

Atlas of bone scintigraphy in the developing paediatric skeleton:  
the normal skeleton, variants and pitfalls  



Atlas of bone scintigraphy in the developing paediatric skeleton:  
the normal skeleton, variants and pitfalls  

Ossification  of the  femoral head : 2 -7 months  

9 m 

ÅPlanar image  
ÅPin-hole  
ÅSPECT 
ÅSPECT-CT 
Å18F-PET 

HIP  



Atlas of bone scintigraphy in the developing 
paediatric skeleton:  

the normal skeleton, variants and pitfalls  

https://www -
pub.iaea.org/MTCD/Publications/PD
F/Pub1491_web.pdf  



Bone  fractures in babies  
 
Å Pandiaphyseal 
Å Usually not transverse 
Å Submetaphyseal  

6 m 
Tibia fracture 

BONE DISEASES:  
different  patterns  in childhood   

Blood  
pool +  
 
 
 
 
Bone  
uptake  +  



2 y 
Tibia fracture 

BONE DISEASES:  
different  patterns  in childhood   

Bone  fractures  
 
Å Pandiaphyseal 
Å Usualy not transverse 
Å Submetaphyseal  

Blood  
pool +  
 
 
 
 
Bone  
uptake  +  



8 y 
Humerus fracture 

BONE DISEASES:  
different  patterns  in childhood   

Bone  fractures  
 
Å Pandiaphyseal 
Å Usualy not transverse 
Å Submetaphyseal  

Blood  
pool +  
 
 
 
 
Bone  
uptake  +  



CHILD ABUSE  
BATTERED CHILD  

Non - accidental fractures  

 
Occult 

fractures 
 

Í new 
Í old 

 

Bone Scintigraphy 
 

Å Blood Pool: usefull 
ï +++  
ï inflammation 

Å Bone uptake 
ï +++/++  
ï image resolution 

+/ - 
Å New bone fractures 

ï Blool pool +  
ï Bone uptake + 

ÅOld fractures:  
ïBlood pool neg 
ï Bone uptake + 



Å Blood Pool: useful 
ï +++  
ï inflammation 

Å Bone uptake 
ï +++/++  
ï image resolution 

+/ - 
Å New bone fractures 

ï Blool pool +  
ï Bone uptake + 

Å Old fractures:  
ïBlood pool neg 
ïBone uptake + 

 ALL IN ONE !!!!!  

PET with Fluorine 18F 
 
Å Detects bone fractures with 

Å High sensitivity 
Å Good image resolution 

Å Dosimetry: low 
Å low dose 18F 
Å Babies 0,5 mCi 
Å No CT 
Å Only CT or Xray of the 

area with 18F 
hypermetabolism 

Å Whole Body imaging 
ÅShorter exam 45-60 min 

CHILD ABUSE -  BATTERED CHILD -  NAF  

Å Same interpretation than the 
bone scan 

Å Much higher image quality, 
resolution and sensitivity 



COMPARE THE QUALITY OF THE IMAGE OF BOTH TECHNIQUESé 

PET 18F 
BONE SCAN 

CHILD ABUSE -  BATTERED CHILD -  NAF  


