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LEARNING OBJECTIVES

Review of the technique: nuclear medicine examinations of the MSK system
Guidelines for the nuclear examinations of the MSK system

|dentify how and when to perform nuclear medicine examinations of the MSK system
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Bone physiology and pathophysiology

Nuclear Medicine is the Knowledge of physiology

medical specialty that and pathophysiology is
applies radioactive isotopes— crucial for interpreting
to DIAGNOSIS and THERAPY NM scans
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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
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Imaging of the Developing Skeleton
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Bone development:
A Embriology
A Bone physiology
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Bone Physiology

Matrix of bone
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Kollagen fibres
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Acalcium phosphate
Anydroxide

METABOLIC BONE IMAGING

MECHANISM
PMTecDIPHOSPHONATE

CALCIFICATION:
Amineral crystals deposit around collagen fibres
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Ahydroxyapatite

b BONE SCINTIGRAPHY
I8F-Fluorine
M BONEPET

wBoth diphosphonates and Fluorine
have a high avidity to hydroxyapatite

crystals

wThis ighe mechanism to obtain

metabolic bone images

wthe uptake intensity depends on
wvascular supply
wosteoblastic and osteoclastic
activity

2008 Jan;49(1):68i 78.

Blau M, Nagler W, Bender MA. Fluorine- 18: A new isotope for bone scanning. J Nucl Med 1572, #/.4;3:332-4.

French RJ, McCready VR. The use of 18-F for bone scanning. Br J Radiol 1967, S¢p;40(477,»55-61.

Stansfield EC, Sheehy N, Zurakowski D, Vija AH, Fahey FH, Treves ST. Pediatric 99mTc-MDP bone SPECT with ordered subs gi@ipecta tion. Radiology

), 2577231 801
Segall G, Delbeke D, Stabin MG, Even-Sapir E, Fair J, Sajdak R, et al. SNM practice guideline for sodium 18f-fluoride PETICﬂanS ‘. J Nucl

Med 2010, N¢' 1(”\):1513-20.
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Bone Physiology

Cells

AOSTEOBLASTS: bone forming cells

Amesenchymal origin

Aproduce bone tissue:
Aorganic bone matrix
Acollagen fibres

| N
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AOSTEOCYTES

Aproduce the inorganic matrix

Ano longer secrete bone matrix

Aderived from osteoblasts that have secreted bo
around themselves

AOSTEOCLASTS

Aextremely large cells
Aderived from haematopoietic system
(fused monocytes)
Abone resorption
= destruction of bone matrix
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Bone Physiology

Bone Growing during Childhood

AARTICULAR CARTILAGE
Agrows externally
Areplaced by bone internally

| " | AEPIPHYSEAL CARTILAGE W i
Cartilage grows / oy Agrows to the epiphysis (AR ahiss
[ NG Areplaced by bone on the [ \fj,,';

b diaphysis side || R g

Cartilage replaced

by bone Cartilage replaced ;& f}.‘:,
by bone GLA
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Bone Physiology

Bone Growing during Childhood

Y = Epiphyseal ——= " Articular
D in > artery and : AR cartilage
vein
Spongy
e bone
Uncalcified
matrix Epiphyseal
plate

Nutrient

artery and vein
| o

Development of a secondary ossificatior
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
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Bone Physiology

Bone Growing during Childhood
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At 10 years

The appearance of secondary ossification
centres can be misinterpret as pathology
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Bone Physiology

Bone Growing during Childhood
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Some examples of the bone scan
visualization of femoral head ossification
centre during development
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DEVELOPING SKELETON

COMPACT or CORTICAL BONE TRABECULAR or SPONGY or EPIPHYSEAL PLATES

CANCELLOUS BONE
ABone Growth: mainly located at the
EPIPHYSEAL PLATES of the CORTICAL

and SPONGY BONES

ACortex:

A80% skeleton mass
A99% calcium
A90% phosphorus

AHigh turnover rate:
X8 > cortical bones

AHosts haematopoietic and blood cells APaediatric skeleton is in
CONSTANT GROWTH

AMedulla: spongy bone

Appendicular skeleton Axial skeleton

in
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EPIPHYSEAL PLATES
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GROWTH CENTERS:

Aphysis of long bones

Aapophysis of flat and irregular bones

Site of apophysis Age at

fusion
(years)
Iliac crest 17-18

Anterior superior  16-20
iliac spine

Anterior inferior 25
iliac spine

Symphysis pubis 20-25

Ischial tuberosity ~ 20-25
Lesser trochanter 18-19
Greater trochanter 18-19
Olecranon 18
Distal radius 18

Attached muscle

Abdominal wall muscles

Sartorius muscle
Rectus femoris muscle

Adductor group of
muscles

Hamstring muscle
Iliopsoas muscle
External rotators
Triceps
Brachioradialis

Orthopedic Nuclear Medicine, AH Elgazzar



GROWTH CENTRES: EFFECT OF IMMOBILIZATION

> 50% BONE ACTIVITY in case of:
Ano movement of a limb for more than 24 hours (PAIN)

DIFFUSE WHOLE BODY HYPOACTIVITY of the bone and the growth

~ Y . - " plates in case of:
E ASICK CHILDREN
E: Adiminished physical activity
d . " Asevere iliness
\ ¢ % LI |
= - ! R o R -
R -
e .= 2
BP BONE SCAN
W LR
ECPR EKESK%%%%%?OSLEOGY Atlas of bone scintigraphy in the developing paediatric skeleton:
June 21-23, 2021 Musculoskeletal Imaging the normal skeleton, variants and pitfalls




Techniques

MSK IMAGING:

TECHNIQUES IN
PAEDIATRIC NUCLEAR
MEDICINE

e June 21-23, 2021
virfual

EUROPEAN COURSE
PAEDIATRIC RADIOLOGY
Musculoskeletal Imaging

A BONE SCINTIGRAPHY
A WHOLE BODY
A FOCAL= SPOT
A PIN-HOLE
A SPECT
A SPECT-CT

A PET18F
AWITH CT
AWITHOUT CT




Bonescintigraphy
- V" Tediphosphonates
Imaging
Vasculaandblood pool phases
planar
pin-hole
SPECT or SPECT

Stansfield EC, Sheehy N, Zurakowski D, Vija AH, Fahey FH, Treves ST. Pediatric 99mTc-MDP bone SPECT with ordered subset expectation. Radiology 2010,‘:75-‘2’." 801
Sarikaya |, Sarikaya A, Holder LE. The role of single photon emission computed tomography in bone imaging. Semin Nucl Med 2001, Jan;51(N\:3-16.



3-phases BONE SCINTIGRAPHY

—
S
4

VASCULAR PHASE
Dynamidmages to value the lesion
vascularization.

Imagingvalue 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 25 minutes
after tracer injection.

These images detect INFLAMMATIC
Quick bone metabolism in children
can maslquicklythe blood pool

BONE IMAGES

IMAGE RESOLUTION is the

cornerstone of images in children:

Important technique

A Focal imaging have higher
resolution than WB imaging

A Child positioning: as close as
possible to the collimator

activity.

W\
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HYBRID
Images
like
SPECT-CT
and
PET-CT
are the
EMERGING
TECHNIQUES
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Bone Scintigraphy

IN YOUNG CHILDREN IT IS

, EASIER TO OBTAIN
ASPOT frames than WB
AspPoT images: higher QUALITY

than WB images Pl

Same child

A body closer to detector Same exam
A avoid movement A WB image

A improve collaboration A Focal images

A very low dose
A small structures
A increased detection time ? !

CLOSE CONTACT
CHILD-DETECTOR Y
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Bone Scintigraphy: PINHOLE

SMALL ORGANS femor al head, kidneys in babiesté

Asmall size hole
Aclose to the skin
Aorgan to be studied in the centre of the image
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Blood Pool Planar bone image Pin-hole views SPECITC

PINHOLE

PINHOLE views have thigghest resolutionthat we can obtain with gammacamera.
Much higher resolution than planar images and even SPECT

Limitations
A Low availability of this kind of collimator
A Long acquisition time, requiring immobilizatior18 min)




SPECT-CT

Gammacamera

i 3 :\

SPECT-CT / )
Bone T\
scintigraphy W/




SPECT and SPECIT
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

wSPECT is a complementary
tomographic technique to planar
images

wSPECT and SPECITare replacing
pin-hole collimator in most
departments

whigh sensitivityto detectvertebral
lesions

win children and teenagers
with vertebral pain is _
mandatory to obtairSPECT Cervical
images, even if planar image: Vertebral
are normal! Fracture

Stansfield EC, Sheehy N, Zurakowski D, Vija AH, Fahey FH, Treves ST. Pediatric 99mTc-MDP bone SPECT with ordered subset expectation. Radiology 2010, 257:792+ 801

N



VASCULAR_E
1

SPECand SPEGCTT
INDICATIONS

wPerform a SPEEIT only to localize
bone metabolic lesion.

wDO NOT PERFORM a SRELIiT
SPECT is normal.

wPerform a low dose CT, just to
localize the lesion.

wWSPECTTIn children:
oLimited use due to the CT
dosimetry

Pseudoarthrosis

.

Stansfield EC, Sheehy N, Zurakowski D, Vija AH, Fahey FH, Treves ST. Pediatric 99mTc-MDP bone SPECT with ordered subset expectation. Radiology 2010, 257:793i 801
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Bone Scintigraphy: SPECT and SPECT -CT

In some pathologies, like vertebral lesions, bone SPECT has

higher SENSITIVITY to detect lesions than planar images ....

CPR
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Bone Scintigraphy: SPECT and SPECT -CT

When it is advisable

to perform

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

DO NOT PERFORM SPECT-CT |
| If SPECT is normal
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Bone Scintigraphy: SPECT and SPECT -CT

When it is advisable

to perform

In some pathologies, like vertebral lesi~~- ° ne SPECT has
‘ \nar images ....

DO NOT PERFORM SPECT-CT .

| If SPECT Is normal
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COMPARE THE DIFFERENT
MODALITY IMAGES
and
AVOID TO PERFORM
AN UNNECESSARY CT
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Football player
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SPEGCT

- TOMOGRAPHIC IMAGING
- HYBRID IMAGING SCINTIGRAHHY g
- COMPLEMENTARY TO BONE PLANAR IMAGES 5

- SPECT

- HIGHER SENSITIVITY THAN PLANAR IMAGES TC " - :
DETECT LESIONS

- ESPECIALLY IN VERTEBRAL COLUMN

- MANDATORY IN CASE OF BACK OR VERTEBRAL}

- SPECACT ,
- PRECISE ANATOMIC LOCATION OF THE METABC
LESION

5 afos, osteoma osteoide



SPEGCT

- CT ALLOWS:
- LOCALIZATION OF METABOLIC LESIONS DE
BY THE SCINTIGRAPHY
- ATTENUATION CORRECTION OF SPECT (DE
STRUCTURES)

- CT
- ADVISABLE / MANDATORY USE OF LOW DOS
- CT only If necessary

- DOSIMETRY CT: much higher that bone scintigr




18F PET

FUSION

» A much higher image resolution
- y that bone scan
A with or without CT

PET P
-
-~ &
ECPR EUROPEAN COURSE S o
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Guidelinesreview with examples
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JourMaL oF NucLEar MEepicive TecHNoLoGY * Vol 46 « No. 4 = December 2018

SNMMI Procedure Standard for Bone Scintigraphy 4.0

Twyla B. Bartel (Chair)', Manchar Kuruva®, Gopinath Gnanasegaran®, Mohsen Beheshti*, Erica J. Cohen®,
Alan F. Weissman®, and Tracy L. Yarbrough'

IGlobal Advanced Imaging, PLLC, Little Rock, Arkansas: “University of Arkansas for Medical Sciences, Litle Rock, Arkansas;
“Roval Free London NHS Foundation Trust, London, United Kingdom: *“PET-CT Center Linz, 5. Vincent's Hospital, Linz, Austria;
“Edward Hines, Jr., VA Hospital, Hines, lllineis; and “Desert Radiologists, Las Vegas, Nevada

Eur J Nucl Med Mol Imaging (2010) 37:1621-1628
DA 101007/ 5002 59-010-1492-3

GUIDELINES

Eur J Mucl Med Mol Imaging (2016) 43:1723-1738 . . . . . . 99m
DOL 101007 <00250-0 1634154 Guidelines for paediatric b:];sne scanning with Te-labelled
radiopharmaceuticals and “F-fluoride

GUIDELINES

Jan Stauss « Klaus Hahn - Mike Mann « Diego De Palma

The EANM practice guidelines for bone scintigraphy

T. Van den Wyngaert'? - K. Strobel” - W. U. Kampen® - T. Kuwert” -

W. van der Bruggen® - H. K. Mohan” - G. Gnanasegaran® -

R. Delgado-Bolton® - W. A. Weber'" - M. Beheshti "' -

W. Langsteger'' + F. Giammarile '* - F. M. Mottaghy "' - F. Paycha'® -

On behalf of the EANM Bone & Joint Committee and the Oncology Committee.
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THE JourNaL oF NucLEar Mepicivg = Vol. 51 = No. 11 = November 2010

SNM Practice Guideline for Sodium '*F-Fluoride PET/CT
H
Bone Scans 1.0
George Segall', Dominique Delbeke?, Michael G. Stabin?®, Einat Even-Sapir®, Joanna Fair*, Rebecca Sajdak?,
and Gary T. Smith®
VA Palo Alte Health Care System, Palo Alto, California; *Vanderbilt University Medical Center, Nashville, Tennessee; “Tel Aviv

Sourasky Medical Center, Tel Aviv, Israel; *Mallinckrodt Institnte of Radiology, 5t Louts, Missouri; *Lovela Universite Medical
Cemter. Chivapo, linois: and *Termessee Valley Veterans Administration Medical Center, Nashville, Tennessee

Eur | Mucl Med Mol Imaging (2015) 42:1767-1777 @ .
DOL 10.1007/500259-015-3138-y b

GUIDELINES

'"®F-NaF PET/CT: EANM procedure guidelines for bone imaging

M. Beheshti' - F. M. Mottaghy™" - F. Payche® - F. F. F. Behrendt” -
T. Van den Wyngaert” - I. Fogelman® - K. Strobel” - M. Celli® - S. Fanti® -
F. Giammarile” - B. Krause'® - W. Langsteger'
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T ECPR

Nuclear Medicine of the MSK system
Indications

Alnflammation

ABoneandjoint infections
ATrauma
AMandibularcondylarhyperplasis

ABoneinfarction
AOsteonechrosis
ABenignbonetumors
AMalignantBonediseases
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BONE SCANS INTERPRETATION

BONE DISEASES may have
different patterns during childhood

A maturity and development patterns affect the image
Interpretation

A In some bone diseases the location and morphology of
the lesions differ

A during childhood
A vary in adults and in children

) ECPR EUROPEAN COURSE Pediatric Nuclear MedicingPET, Treves
% PAEDIATRIC RADIOLOGY | N
T J 21 23,2021 Musculoskeletal Imaging Orthopedic Nuclear Medicine, AH Elgazzar




HIP
Bone Growing during Childhood

Planar . ,;.c. e Awb, A A et e

OO (M) (e (}::2 \:SY \i /

Pinhole

Ossification of the femoral head: 2 -7 months
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HIP

APIanar |mage
A Pin-hole

A SPECT
ASPECT-CT
A18F-PET
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Atlas of bone scintigraphy in the developing paediatric skeleton:

the normal skeleton, variants and pitfalls
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HIP

A Pin-hole
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the normal skeleton, variants and pitfalls
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A Planar image

A Pin-hole
A SPECT

ASPECT-CT
ABFE-PET
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Atlas of bone scintigraphy in the developing paediatric skeleton:
the normal skeleton, variants and pitfalls



A Planar image

A Pin-hole
A SPECT
ASPECT-CT

ABF-PET
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https://www -

pub.iaea.org/MTCD/Publications/PD
F/Pub1491 web.pdf

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

IAEA HUMAN HEALTH SERIES
No. 16

Atlas of Bone Scintigraphy in the

Developing Paediatric Skeleton: The
Normal Skeleton, Variants and Pitfalls
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BONE DISEASES:
different  patterns in childhood

. o Blood
A Pandiaphyseal ¢ pool +
A Usually not transverse
A Submetaphyseal
Bone
uptake +
6m
Tibia fracture
P ECPR |FaEoiarhic sabioLocy 3 N
vital % | Musculoskeletal Imaging




BONE DISEASES:
different  patterns in childhood

. .
- - , - -
Blood X
pool + 3 : o i
A Pandiaphyseal
A Usualy not transverse
Bone bl s » o A Submetaph |
o e - 3 ubmetaphysea
- -y - » - =
2y
Tibia fracture
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21-23, 2021 .
Musculoskeletal Imaging



BONE DISEASES:
different  patterns in childhood

A Pandiaphyseal R Blood
A Usualy not transverse N F  pool+
A Submetaphyseal ' |

Bone
uptake +

8y ’ \ (:,, |

Humerus fracture
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CHILD ABUSE
BATTERED CHILD
Non -accidental fractures

Bone Scintigraphy

A Blood Pool: usefull
Occult T+t

T inflammation
fractures = A Bone uptake

T +++/++
I image resolution
+/ -

A New bone fractures

I Blool pool +

I Bone uptake +
A Old fractures:

I Blood pool neg

I Bone uptake +

—

e
|

o =

n
O

—\
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CHILD ABUSE - BATTERED CHILD - NAF

PET with Eluorine 18F A Blood Pool: useful

T +++
. I inflammation
ADetects bone fractures with A Bone uptake
A High sensitivity b
A Good image resolution i image resolution
ADosimetry: low o
18
A low dose °F A New bone fractures
A Babies 0,5 mCi i Blool pool +
ﬁ EI)?]I;:IZT or Xray of the I Bone uptake +
area with 18 A Old fractures: - > & &
hypermetabolism I Blood pool neg & T ?
- - I B ke + ,
AWhole Body imaging I Bone uptake

AShorter exam 45-60 min A Same interpretation than the

bone scan
A Much higher image quality,
resolution and sensitivity
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CHILD ABUSE - BATTERED CHILD - NAF

18
PETHF BONE SCAN

COMPARE THE QUALI TY OF THE | MAGE OF BOTH TEC
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