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FOREWORD 
 
Since the introduction of Technetium 99m polyphosphate in 1972 by Dr. M. Subramanian, 
bone scintigraphy has become an integral part of the evaluation of paediatric musculoskeletal 
disorders. Using the current high resolution gamma cameras and Technetium 99m-methylene 
diphosphonate (99mTc-MDP) or 99mTc 2,3-dicarboxypropane-1,1-diphosphonate (99mTc-DPD), 
the quality of images available for interpretation is high. From the very earliest days, there has 
been a certain confusion over normal bone physiology, as depicted by the bone scintigram in 
paediatric patients. This has resulted in a number of difficulties in detecting subtle 
abnormalities, especially near the dynamically changing scintigraphic presentation of the 
physes (growth zones). Examples of abnormalities that might be confused with normal bone 
activity are osteomyelitis, bucket handle fractures of the long bones, as well as neuroblastoma 
and leukaemic metastases. 
The intention of this publication is to provide structured information about the maturation and 
normal appearance of the skeleton from infancy to adulthood. It is hoped that this work will 
contribute to an enhanced understanding of the dynamic process of naturally occurring 
metabolic bone changes, which will, in turn, improve the quality of reporting of paediatric 
bone scans. As the majority of paediatric bone scintigrams are interpreted by non-paediatric 
nuclear physicians, the availability of this reference atlas should improve the care of children. 
 
There has been a consensus among leading professionals in the field of paediatric nuclear 
medicine, particularly among those involved in teaching and reporting activities, that it is an 
important endeavour to disseminate the know-how concentrated in this atlas among as many 
specialists and scholars as possible.  
 
By making this work accessible to all professionals in the field, the IAEA hopes to preserve 
and disseminate this important imaging material compiled by a team of renowned paediatric 
nuclear medicine experts over several years. The IAEA would like to acknowledge the 
Paediatric Task Group of the European Association of Nuclear Medicine and the efforts of the 
experts who contributed to this book and who are listed at the end of this publication. 
 
The IAEA technical officer responsible for this publication was John J. Zaknun of the Nuclear 
Medicine Section, Division of Human Health. 



 

 
 

 
 
 
 

EDITORIAL NOTE 
 

The first version of this book was published in 1993 and the images were recorded in the 
late1980’s and early 1900’s. Images recorded now should be of higher quality. In this edition, 
several illustrations published in the original (hard copy) version of this book were replaced 
by recent ones provided by colleagues from around the globe. 
In addition, in Introduction the information on the Fraction of Administered Adult Dose has 
been updated to reflect current status described in a recent publication on this topic in the 
European Journal of Nuclear Medicine and Molecular Imaging. This information is now 
presented in Tables 1.1, 1.2 and Table 1.3. Several whole body images, acquired using 
modern digital gamma camera systems, of blood pool distribution and bone scans in ‘normal’ 
children at the age of 5, 8, 9, 10 and 12 years were added to the corresponding chapters. 
The permission to produce a second edition of this Atlas, thereby making it available to the 
community of nuclear medicine professionals in all Member States, was granted by the 
authors of the book and by the publisher Springer Verlag.  
Although great care has been taken to maintain the accuracy of information contained in this 
publication, neither the IAEA nor its Member States assume any responsibility for 
consequences which may arise from its use. 
The use of particular designations of countries or territories does not imply any judgment by 
the publisher, the IAEA, as to the legal status of such countries or territories, of their 
authorities and institutions or the delimitation of their boundaries. 
The mention of the name of specific companies or products (whether or not indicated as 
registered) does not imply any intention to infringe proprietary rights, nor should it be 
construed as an endorsement or recommendation on the part of the IAEA. 
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1. INTRODUCTION  
1.1.  Background 
The clinical value of bone scanning was established in the late 1960s. Over time, advances in 
imaging instrumentation and the introduction of technetium-99m labelled bone-seeking 
radiopharmaceuticals have led to a shortened procedure time, improved image quality and 
acceptance among clinicians, thereby consolidating the clinical value of dynamic and static 
bone scanning for the management of a long list of indications comprising non-communicative 
and communicative diseases. 
1.2. Objective  
The objective of producing this atlas is to provide a source of illustrated reference material and 
tructured illustrated information about the maturation and normal appearance of the skeleton 
from infancy to adulthood. It is intended that this work will contribute to an enhanced 
understanding of the dynamic process of naturally occurring metabolic bone changes, which 
will, in turn, improve the quality of reporting of paediatric bone scans. As the majority of 
paediatric bone scintigrams are interpreted by non-paediatric nuclear medicine physicians, the 
availability of this reference atlas should contribute to supporting and improving the diagnostic 
process with the aim of improving the standard of health care received by children referred to 
bone scanning. 
1.3.  Scope 
This atlas addresses the needs of nuclear medicine physicians, both residents and specialists. It 
serves as an illustrative reference to nuclear medicine professionals and to those having 
insufficient exposure to paediatric bone scanning, thereby keeping up an adequate level of 
competence in order to address more fully indications, optimizing imaging protocols and 
enhancing the overall quality of reporting in this particular application. 
1.4.  Structure 
The atlas is subdivided into three major entities. An introductory chapter covers theoretical 
and practical aspects related to bone scanning. These aspects include biochemistry, physiology 
and conditions affecting the normal distribution of technetium labelled phosphonates in health 
and disease. The chapter provides a list of indications for performing bone scanning in 
children. Practical advice is provided, including hands-on techniques to facilitate 
immobilization and optimal positioning of newborn, child and juvenile patients to achieve best 
possible imaging results; these are supported by illustrations and the advice of experts in the 
field. The latter part of the introductory chapter, entitled ‘Patients and Methods’ summarizes 
the inclusion criteria and methodology endorsed for the process of selecting ‘normal’ scans 
and the reproduction of the figures. As a relevant accessory to the methodology, the ‘Fraction 
of Administered Adult Dose’ to paediatric patients is provided separately in Appendix I. In the 
second part of the publication, chapters 2 to 19 provide scintigraphic ‘blood pool’ tissue and 
delayed bone scans of the developing skeleton for different age groups, from the newborn to 
patients of 22 years of age.  
A medical knowledge of the normal appearance of the knee and hip joints on bone scans is 
essential in order to identify subtle changes caused by benign or malignant processes affecting 
those areas. For this purpose, the third part of the atlas (chapters 20 and 21) provides highly 
detailed scans of knee and hip joints that appear normal. Chapter 22 provides concluding 
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remarks followed by a list of the experts acknowledged for their invaluable contribution to this 
book.  
1.5.  Principles of bone scanning  
1.5.1. Bone physiology and structure 
Bone tissue is a complex viable dynamic structure comprising protein and minerals existing in 
equilibrium, in which the osteocytes and vascular structures are suspended in this matrix. Bone 
mineral is deposited in the collagen by osteocytes. Bone mineral accounts for approximately 
70% of bone mass, of which about two thirds are calcium-magnesium-phosphate complex of 
hydroxyapatite crystals. In addition to bone collagen and calcium hydroxyapatite crystals, 
bone contains ions of natrium, magnesium, strontium, florin, barium, lead, gallium, and 
cesium in tracer amounts. Numerous factors in health and disease effect bone metabolism and 
therefore inflict on this equilibrium and turnover in an anabolic or a catabolic fashion. These 
factors include, among others, physical activity, vitamins and nutrition, hormones and steroids, 
inflammatory processes and medications. Increased bone turnover is present at sites of 
growing bone and following bone injury. Following intravenous injection of technetium-99m 
methylen diphosphonate (MDP), approximately 40% of the tracer will localize to the bone 
within several hours, whilst the remaining activity will undergo renal elimination. 
1.5.2. Tracer localization 
Factors affecting bone localization of bone seeking radiopharmaceuticals include:  
1. bone blood flow  
2. extracellular fluid space of bone 
3. ion exchange (between the tracer and ions in the bone) 
4. diffusion of the tracer within bone tissue and  
5. increased surface absorption to bone. 
 
1.5.3. Effect of age and gender on skeletal maturation 
The paediatric skeleton is in a constant process of growth and maturation from birth to 
adulthood. This maturation involves the growth of every bone, whereby this growth is 
principally located at the epiphyseal plates. Since the 99mTc bone scanning agents are adsorbed 
onto the hydroxy apatite, accumulated activity on the bone scan reflects higher bone turnover. 
In the developing skeleton the appearance of the rapidly growing areas is therefore different at 
different stages of maturation. Early in the course of interpreting bone scintigrams in children, 
it was realized that there was a significant difference in the appearance of the physes in the 
first years of life compared to that in a more mature child. The growth zone is globular at birth 
and becomes discoid later in childhood. The process is completed in about two years. The 
maturation of the physes varies considerably, especially between males and females. As the 
growth zone fuses, there is a blurring of the normal linear pattern, until eventually the adult 
appearance emerges. The time at which this occurs varies according to the child's degree of 
physical activity and his/her state of health and nutrition. As shown in this Atlas, there is an 
obvious general pattern to the closure of the growth zones. It is extremely important to 
understand this information, so that one can determine whether there is premature closure 




