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Dobi e Jenkins 
Committee for the Protection 

A & E Building 
Campus 

of Human Subjects 

RE: CPHS #80-9-15 

- *- 

Dear Dobie: 

Enclosed is the revised version o f  the referenced consent form for patients 
involved in both our protocol ("Brain Tumor Localization and Blood Brain Barrier 
Studies Using Rb-82") and Dr. Fabrikant's protocol ("Investigation of Charged- 
Particle Beams for Radiological Neurosurgery in Treatment of CNS Disorders"). 
Section 2.b. o f  the consent form is revised so that patients are informed that 
they are receiving an additional exposure of radiation. 

I hope this modification is satisfactory to the Committee. 

Sincerely , 

Chi-Kwan Yen, M.D. 
Principal Investigator 

CKY :mg 
Enclosure 

cc: LBL Human Use Ccmmittee 
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CONSENT TO AJT AS SUBJECT 

FOR 

TRANSVERSE SECTION AND TOMOGRAPHIC IMAGING USING RUBIDIUM-82 

The diagnostic procedure of imaging the brain in transverse section i:-a new method 
for determining the health of brain tissue. 
brain if the brain tissue i s  damaged. This procedure may aid a physician in eval- 
uating the extent and location of the blood vessel abnormalities. There is little 
discomfort from the injection of the isotope as the radiation dose is far less than 
that received from angiographic or other nuclear medicine procedures. 
places i n  the world have the instrumentation and isotopes available for this new 
procedure. 

The isotope, rubidium-82, goes into 

Only a few 

Subject's name 

Date 

1. I hereby authorize 
(name of person(s) who will perform diagnostic procedures) 

and/or such qualified assistants as may be selected by him to perform the 
following: 

Radiographs o f  the brain will be made using a rubidium isotope. 
will be injected intravenously using saline (salt water) for the infusion. 
will rest comfortably on my back and may have EKG electrodes on both arms or 
chest during this procedure. 
by a ring of crystal detectors. The 
entire procedure will take 1 1/2 to 2 hours. 

I understand that the procedure described in Paragraph 1 involves the following 
risks and discomforts: 

a. 

This isotope 
I 

The information from the brain will be detected 

' 
l 

A few injections might be necessary. 

2. 

Slight discomfort associated with placement of the indwelling intravenous 
need1 e. 

The radiation received in this study i s  in addition to the radiation 
associated with therapeutic irradiation. 
with any radiation exposure. 
small and i s  equivalent to the dose from routine nuclear medicine pro- 
cedures for examination of the heart, lungs, brain or kidneys. 
whole-body dose from the isotope is only 0.073 rad or equivalent to 1 / 2  
the natural background dose for one year. The kidneys receive the maximum 
dose which is 4.3 rads (less than that received from a comprehensive x-ray 
kidney study). 

I understand the the possible benefits of the procedure(s) and/or investiga- 
tion(s) are as follows: 

a. 

b. 
There is some risk associated 

The dosage involved in these procedures i s  

The 

3 .  

Information will be obtained about blood vessels in the brain. 
of information cannot be obtained by other methods. 

T h i s  type 
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'l'hcsc inc lude  a number of compounds b u t  the  following p repa ra t ions  

a r e  most r r equen t ly  used: 

00111 I'c-I;tlinneliydroxy 114g1pjp1ionate ( 9 9 m ~ ~ . c ~ ~ ~ ~ ~ )  

-. ; Y Olll, 1 . c -1'0 l y  p 110s pha t o ( rc P o l y )  
3 .  y9m' r~ -pyrop~ iosp~ ia t e  (99ni~rcPyro) 
4 .  9'hnTc-E.lethylcne Uipliosphonate ( 9 9 ' k D P )  
5 .  ")"' rc-llyd roxymcttiy lcne  U iphosphoiiate (99mlbiUl>) 

,e. -1 

01 d 0 
! I1  Ill I t  

NO o - P f 0- pl- o - P- o NO 
I '  I. I 

METHYLENE 
DIPHOSPHONATE 

I - lG.  1 
cciriniiis c.oiilpte.uc-s o r  "'*re. i\ltliougli tlrese a r e  stiown as  tetrasodium 
s J l t s .  i n  . ~ ~ ~ l i i t i o n  a t  n e u t r a l  pH they  arc probably disodium s a l t s .  

Cl iwica l  forlilybas 0 1  l~oiie sccking  phosphates and diphosphonates 

; I I C S C  t i v e  p repa ra t ions  liave been shown t o  liave b io log ic  d i f f e r -  

cnces appa ren t ly  relatcd t o  t h e i r  clieiniccll sLruc tu rcs .  'l'he mcclianisin o l  

bone irptn!,c of tliesc conipounds i s  not  p e r f e c t l y  e luc ida tcd  b u t  Llicy seein 

t o  b i n d  s t r o n g l y  to  the  bone s u r f a c e  b y  abso rp t ion  ("clicniisorption") . A 

r ecen t  r c p o r t  sugges t s  t h a t  tliese compounds, aiul e s p e c i a l l y  pyrophos- 

p l i a t ~ ~ ,  l i , iv<* .I jirtut1.i d l  f iii1i.y l o r  nun-ustcoid or):anic iiintrix Lhnn Llie 

cry<;L.1 I 5 1 1 1  I ' ICC' .  

d 
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1\11 f i v e  agen t s  have a h i~ ; l i  a f f i n i t y  f o r  bone b u t  

b i o l o g i c a l  d i f f e r c n c c s  which sccm t o  I I U  r c l a t c d  t o  thc 

chemical s t r u c t u r e  ( 4 . 5 ) .  

tllcy 

r t l i  

The blood c l ca rance  o €  t h e  'Tc-l'hosphates i n  hurnans and animals 

appears to  be bes t  f o r  the E I O I '  a n d  IIE.U)I), followed by K t l l ) l ' ,  I'yroplrosphate, 

and Polyphosphate. 

I .  1 I I . I . I , , I  
I 2  3 4 5 6 24 

H O l l l l  

Subramanian e t  a l .  J Nuc Fled 10: 7 4 8 ,  1975. 

c 
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3 BONE IMAGING . .  

O v e r a l l ,  Tc-diphospho’nate has  been favored as  t h e  b e s t  a g e n t  f o r  c l i n i c a l  

use  followed by t h e  Tc-pyrophosphate and t h e  polyphosphates (10,lI). 

A s  a n  example, some s p e c i f i c  d a t a  are g iven  f o r  t h e  l a b e l l e d  d i -  

phosphonate. 

U. LECIINLTIUM LABELLED DIPHOSPHONATES (P-C-P Bonds [ Pyrophosphonates 

Iiavc 1’-0-1’ bonds which l e a d  t o  some minor d i f f e r e n c e s ] ) .  

1. Act ions  

a .  Increased  blood f low 

b.  Chemisorption 

c .  Displacement of or thophosphate  

2 .  L o c a l i z a t i o n  

a. Amount and type of calcium and phosphorus p r e s e n t  

b. Increased  v a s c u l a r i t y  of area (i.e., epiphyses)  

c .  Increased  s u r f a c e  area 

d .  Increased turnover  

3 .  l’!iysiology and Pharmacology 

a .  Optimum s c a n  time - 2-3 hours ,  depending on t h e  pharma- 
c e u t i c a l  502 i n  bone - 50% excre ted .  P a t i e n t  should 
void a t  1 hour and a t  time of imaging. 

Diphosphonate - c h e l a t e  excre ted  v i a  GFR 
(b ladder  is c r i t i c a l  organ)  

c .  High r a t i o  bone/sof t  t i s s u e  

d .  High r a t i o  l e s i o n  t o  normal bone 

e .  Low r a d i a t i o n  dose 

b .  

1’ 

W 
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I !  

4 TABLE I 

DOSIMETRY OF BONE IMAGING ACENTS 

( i n  70 kg Adult - Rads/mci Administered) (Data from package in& 

Radiopharmaceutical  

18F 67Ga C i t r a t e  -- ORCAN 99mTcMDP 9gmTc Pyrophosphate 99mTc EHDP -- 
Skeleton .035 

Bone Yarrow .028 

Kidneys .031 

Liver  .008 

T o t a l  Body .0065 

Bladder 
2-3 h vo id ing  .I3 

4.8-6 h vo id ing  .31 

Test i s  
2-3 11 vo id ing  .008 

4 . 8 - 6  11 voiding .01 

Ovaries  
2-3 h vo id ing  .012 

4.8-6 h vo id ing  .017 

Heart 
So rni.11 
Impaired 

C:;istroenter i c  'I'ract 
S t m;ic h 
Smrill bowcl 
Cppcr 1:irgc bowel  
Lowcr l a r g e  bowcl 

3 0 0 b O i b  

,034 

.028-.036 

.028-. 14 

.001 

.009 

.04-. 1 

.07-.23 

.004- .O 1 

.007-.015 

.004-. 009 

.007- .015 

.007 
,014 

I .V--y-- 

.039 .15-.29 

.028 .04 

.14 

.009 .05 

2.0 
.1 
.23 

.007 
.02-. 03 

.22 

.36 

.56 

.9 



BONE IMAGING 
5 

C .  OLDER BONE SEEKING AGENTS 

1. 
photons are not  i d e a l  f o r  gamma camera. 

18F - s h o r t  T 1 / 2  (1.8 h r ) .  

18F has  very  f avorab le  b io log ic  c h a r a c t e r i s t i c s .  

High energy (511 KeV) a n n i h i l a t i o n  

I t  i s  
absorbed b y  t h e  Gl t r a c t  and can be g iven  o r a l l y .  The mechanism 
of uptake appears  t o  be t h a t  of ion exchange a t  t he  l e v e l  of the  
hydroxyapat i te  c r y s t a l s .  Ex t r ac t ion  e f f i c i e n c y  is e x c e l l e n t  and 
approaches 100% depending on bone flow. 

l 8 F  i s  r a p i d l y  s e c r e t e d  by kidney (20-60% a t  2 hours) a f a c t o r  
t o  keep i n  mind s i n c e  over lapping  of t h e  kidneys and b ladder  w i t h  
s t r u c t u r e s  may occur .  

2 .  85sr - long T 1 / 2  ( 6 4  days) r e q u i r e s  low adminis te red  dose f o r  
low p a t i e n t  doses.  
time, and low r e s o l u t i o n .  Obsolete. 

3. 
t i s s u e  c l ea rance .  Higher photon energy (388 KeV) not i d e a l  f o r  
gamma cameras. Obsolete.  

This  l e a d s  t o  low photon f l u x ,  long scanning 

”Sr - s h o r t  T1/2 (2.8 hours) does no t  a l low f o r  adequate s o f t  

v 
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BONE IHACINC 

I I. PATHOPHYSIOLOGY 

I t  appears  t h a t  s e v e r a l  f a c t o r s  a r e  impl ica ted  and determine the  I 

degrea  of c o x e n t r a t i o n  of bone seeking  a g e n t s  i n  t h e  osseous tissue. 

These f a c t o r s  a r e ;  

1. 
2 .  
3 .  
4 .  
5 .  

The 

Vascu la r i ty  and blood flow 
Depos i t ion  a t  t he  l e v e l  of t h e  minera l  phase (hydroxyapat i te )  
Depos i t ion  a t  t h e  o rgan ic  phase (os t eo id  mat r ix)  
Degree and level between o s t e o b l a s t i c  and o s t e o l y t i c  a c t i v i t i e s  
F i n a l l y  the  mechanism of depos i t i on  i n  some non-osteoid forming 
t issues  l i k e  tumors and ischemic and n e c r o t i c  t i s s u e s  (e.g. 
niyocardial i n f a r c t i o n ) ,  i s  not f u l l y  understood b u t  i n t r a c e l l u l a r  
cictnbolic changes a p p e a r  t o  b e  involved. 

r e l a t i o n s h i p  between o s t e o l y t i c  and o s t e o b l a s t i c  a c t i v i t i e s  i s  

a very important f a c t o r  i n  determining d e p o s i t i o n  of r ad ionuc l ides  i n  

bone. Radionuclide uptake  is as soc ia t ed  wi th  o s t e o b l a s t i c  a c t i v i t y .  

Since most of t he  pa tho log ic  processes  are a s s o c i a t e d  wi th  o s t e o b l a s t i c  

a c t i v i t y  (tumor, i n f e c t i o n ,  trauma, e t c . )  bone scanning is a non-spec i f ic  

procedure.  F i n a l  d j agnos i s  should be attempted on o t h e r  c l i n i c a l  grounds. 

One expec t s  t o  f i n d  p o s i t i v e  bone scans  when o s t e o b l a s t i c  a c t i v i t y  is 

tlie prominent event  and converse ly  nega t ive  s t u d i e s  i f  absent .  This 

, 

f 

f ind in f i  is t h e  common one, b u t  t h e r e  a r e  many except ions  t o  t h i s  observa t ion .  

I L1. INTlil<l'RETATION - NOM&?& 

A .  The Spine 

3 0 0 b O  I 8  

Some d i f f e r e n c e  due t o  tomographic e f f e c t  of focused c o l l i m a t o r s  
used with r e c t i l i n e a r  s canne r s  ve r sus  gamma cameras must b e  cons idered . '  

,+ 

> I  1. Ver t eb ra l  Hodics ' I  j ' r-L t' t '. 
d 

p o s t e r i o r  p o s i t i o n  where lumbar reg ion  is seen  

n e s p e c i a l l y  wi th  l a r g e  p a t i e n t s .  
as being of uniform dens i ty .  H i p  and femoral heads a r e  

1. C r a n i a l  v a u l t  and f a c i a l  s t r u c t u r e s  a r e  well seen  ( su tu res  { , 

2. Base of s k u l l  
3 .  Externa l  o c c i l i i ~ a l  protuberance 
4 .  I f  p o s i t i v e  image i s  seen ,  o b t a i n  ve r t ex  view t o  exclude 

i n t  racr'an i a l  d i s e a s e .  

seen in  chi1drc.n).  

I \ \  ' A '  



C .  The Thorac ic  Region __ 
1. I n f e r i o r  ang le  and sp ine  of scapu la  are w e l l  seen .  Sternum 

and o s s i f i c a t i o n  c e n t e r s  and s t e r n o c l a v i c u l a r  j o i n t s  (watch 
f o r  assymetry.  Occas iona l ly ,  c o s t o  chondra l  j unc t ions  a r e  
w e l l  seen. 

D .  _The Long Bones 

I. Small bones in wrists, hands, and f e e t  a r e  f r equen t ly  

' t o  c o r t i c a l  bones. Good d e t a i l  achieved wi th  p inhole  
e a s i l y  v i s i b l e  d u e  t o  l a r g e  p ropor t ion  o f  cance l lous  

c o l l i m a t o r .  

E .  Other Normal S i t e s o f  Increased  Uptake 

1. 
2. 

Epiphyses and apophyses i n  j u v e n i l e s .  
J o i n t s  - v a r i a b l e  and sometimes assymetr ic .  
a .  Sacro - i l i ac  j o i n t s  u s u a l l y  show. inc reased  uptake.  

S a c r a l  t u b e r c l e  norma1,ly prominent @ 4 % ) .  [ B l e i  L . ,  
e t  a l . ,  The S a c r a l  Tuberc le  - A Cause f o r  Hot Spots on 
Bone Scan. C l i n  Nuc Med 3: 3 5 1 - 3 5 4 ,  19781. 

b .  Sku l l  - pe t rous  pyramids and f a c i a l  bones 
c .  C a r t i l a g e  - watch f o r  thyro id  c a r t i l a g e  
d .  

3 .  Organs 

Shoulder uptake corresponding t o  handedness and/or  
post  t i n n .  

a .  Kidney and b ladder  
b .  Breas t  
c .  bt cardium 

4 .  Free Jki,c o4 

a .  Thyroid 
b .  S a l i v a r y  Gland, S inuses  
c .  Stomach 
d .  Bowel 
e .  Liver ( r a r e )  

5 .  Technica l  - change i n  d i s t a n c e  of s p i n e  from co l l ima tb r  

IV. INTERPKETATION - A B N O R L Z L  * 
I 

A .  Son-spec i f i c i ty  of Hone Scans - cannot d i s t i n g u i s h  benign from + malignant d i s e a s e .  

E. Eoi_t Tissue  Injury 

Post -opera t ive  s i t e s ,  inyocardial i n f a r c t i o n ,  C V A .  

C . Vcr t c b r a l  Bodies 

Most coimon s i t e s  l o r  bony me tas t a s i s .  
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u .  

E. 

F. 

-. Delayed ScannAnx (continued) 

2 .  I n  p a t i e n t s  w i t h  ques t ionab le  d e n s i t i e s  a t  2-3 hours.  A t  
12-24 hours occas iona l ly  a n  abnormality w i l l  appear h c t t e r  
v i s u a l i z e d  tlian a t  t h e  e a r l i e r  time. 

sot Images us ing  p inho le  o r  o t h e r  co l l ima to r  (converging o r  
d ive rg ing )  a s  i nd ica t ed  i s  o f t e n  use fu l .  
views a r e  o f  t en  he1 p f u l .  ’The oppos i t e  s i d e  sholild he imaged 
i o r  coniparison. 

Oblique and l a t e r a l  

Efe tas tascs 

Metas tases  t o  t h e  s k e l e t o n  may show as s i n g l e  o r  mul t ip l e  a r e a s  
of  increased  uptake.  P r a c t i c a l l y  any bone of t h e  s k e l e t o n  may 
be involved ,  b u t  s p i n e ,  r i b s ,  and p e l v i s  a r e  the  most Erequently 
observed. 

The most f r equen t  tumors wi th  bone metas tases  found i n  c l i n i c a l  
p r a c t i c e  arc cancer  o f  t h e  b r e a s t ,  lung and p r o s t a t e  gland 
(12) * 

A clear d e c i s i o n  f o r  p reope ra t ive  bone scans  i n  p a t i e n t s  wi th  
o e r a b l e  Breast Cancer i s  no t  e n t i r e l y  reso lved .  9--c--;___ l e s i o n s  2 cm i n  diameter tend not  t o  have p o s i t i v e  scans .  
With i n c r e a s e  i n  lesion s i z e  and t h e  presence  of p o s i t i v e  
axi l lary nodes r a t e s  of t r u e  p o s i t i v e  scans  range from 6% t o  
about  25%. The v a r i a t i o n  i s  due t o  s e v e r a l  f a c t o r s :  s i z e  o f  
tilmor, d i f f c r c n c e v  in  h o s p i t a l  popu la t ions ,  d i f f e r e n c e s  i n  
tcd in iq l ie ,  problems oL FP and FN i n t e r p r e t a t i o n .  FN inc lude  
ear ly  very  small me tas t a ses ,  l ack  of a n  o s t e o b l a s t i c  response ,  
l e s i o n s  of p u b i s  and ischium. FP inc lude  t h e  many o the r  causes 
o !  p o s i t i v e  bone scans .  CT,  obse rva t ion  and biopsy may be 
nceded t o  r e s o l v e  t h i s  problem. The subsequent development o f  
metas tases  i s  reLated t o  t h e  s i z e  and e x t e n t  of t h e  o r i g i n a l  
tumor. 

P a t i e n t s  with 

Kr ic rcnces :  Bone scanning i n  b r e a s t  cance r ,  Brit. M.J. 2: 180- 
181, 1 5  J u l y  1978. 

Galasko CSB. Problems a s soc ia t ed  wi th  t h e  d e t e c t i o n  of s k e l e t a l  
metas tases .  J .  Roy. SOC. Med. 71:  38-41, 1978. 

McNeil BJ e t  a l .  P reope ra t ive  and follow up of bone scans  i n  
p a t i e n t s  wi th  primary carcinoma of t h e  b r e a s t .  Surg., Gynec and 
O b s t  1 4 7 :  745-748 ,  1978. 

C la rk  DC e t  a l .  Ind ica t ions  f o r  bone scans  i n  p reopr ra t ive  
eva lua t ion  of b r e a s t  cance r .  Am .J  Surg 135: 667-670, 1978. 



H. The P a t i e n t  w i t h  D i f fuse  Increase  Uptake i n  Ske le ton  (14,15,16) 

U 

V 

Dif fuse  o r  synmetr ic  i n c r e a s e  uptake i s  not  a rare s i t u a t i o n .  
The importance of t h i s  p o s s i b i l i t y  stems from the  f a c t  t h a t  a 
symmetric d i f f u s e  uptake may b e  e a s i l y  overlooked. 

This  f i n d i n g  has  been noted  in m e t a s t a t i c  cancer  of t he  p r o s t a t e  
and d i f f u s e  lymplioma and cancer  o f  t h e  r e n a l  p e l v i s .  I t  i s  a l s o  
cxpei: tcd i n  metabol ic  bone d i s e a s e  due t o  hyperparathyroidism 
and os teomalac ia .  In our l a b  w e  have found Page t ' s  of t h e  s k u l l  
~ n d  hyper t rophic  pulmonary os t eoa r th ropa thy  p resen t  wi th  symmetric 
boiic involvcment. I t  can occur  i n  hyperv i taminos is  D and a l s o  i n  
r e n a l  os teodys t rophy where i t  may r ep resen t  secondary hyperpara 
thyroidism. [Fogelman e t  a l .  Bone scan  f i n d i n g s  i n  hyperv i ta -  
minosis D :  Case r e p o r t ,  J Nuc Med 18: 1205-1207, 1 9 7 7 1 .  

I. Presence of " C o l s c s i o n s  i n  Bone Scanning (17,18,19) 

A co ld  l e s i o n  may OCCUK as t h e  s o l e  abnormality i n  a bone 
scan  and i t  has  been recognized most f r equen t ly  i n  t h e  v e r t e b r a  
and long bones. It has been descr ibed  i n  t he  fo l lowing  cond i t ions :  

1. M e t a s t a t i c  d i s e a s e  of d i f f e r e n t  sources  
2. Post - t raumat ic  a s e p t i c  nec ros i s  
3 .  S i c k l e  c e l l  anemia wi th  bone i n f a r c t i o n  
4. Chronic r e n a l  f a i l u r e  

Pathogenesis of t h i s  type  o r  cond i t ion  has  not  been e luc ida ted  
but i n t e r r u p t i o n  of blood s u p p l y  appears  t o  be a prominent f a c t o r .  
Conceivably a poor o s t e o b l a s t i c  r e a c t i o n  surrounding an a r e a  of 
n e c r o s i s  o r  tumor would r e s u l t  i n  a "cold" a r e a .  

See Table  111. 

J. The F a l s e  NeJAtive and F a l s e  P o s i t i v e  Bone Scan 

False nega t ive  bone scans  may r e s u l t  when r a d i o a c t i v i t y  in 
the l e s i o n  i s  not intense enough, when the  l e s i o n  is  mostly 
o s t e o l y t i c  ( e . g . ,  50% o t  m u l t i p l e  myeloma) o r  when the  d i s e a s e  
procrss  involves  the  s k e l e t o n  i n  a d i f f u s e  o r  symmetric fash ion .  

F a l s e  p o s i t i v e  scans  a r e  seen  mainly as a consequence of  
contaminat ion  Ki th  u r i n e  and a t  t h e  s i t e  of i n j e c t i o n .  I f  t he  
technetium l a b e l  i s  poor,  up take  by the  thyro id  gland and the  
stomach may b e ' a  source  of confus ion .  Increased  uptake i n  t h e  
a r e a  of r a d i c a l  mastectomy presumably due t o  decreased a t t e n -  
u a t i o n  of 
Increased  u p t a k e  in a r e a s  of post-surgery s c a r s ,  biopsy s i tes ,  
normal o r  patho.logic b r e a s t  t i s s u e ,  s o f t  t i s s u e ,  inflammation 
.aiid inyocard i31 and c r r c b r a l  i n f a r c t s  occurs .  

y r a y s  by removed s o f t  t i s s u e  has  been observed. 

3 0 0 b 0 2  I 1. Uptake ' i n  U s  teoiri Forillin); T i s sues  
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K .  Increased  Concent ra t ion  i n  E x t r a s k e l e t a l  T i s s u e s  ( con ' t  .) 

a .  Myos i t i s  o s s i f i c a n s  
b .  D i f fuse  c a l c i n o s i s  
c .  Metastatic o s t e o s a r c o v  
d.  Osseous me tap la s i a  i n  s o f t  t issues o r  lymph nodes 
e. Ec topic  c a l c i f i c a t i o n  i n  pa rap leg ic  p a t i e n t s  
f .  Metas tases  of b ladder  (with osseous me tap la s i a )  
g. C a l c i f i c  t e n d o n i t i s  

I n  t he  above cond i t ions  concen t r a t ion  of bone seeking  agents  
i s  expected and probably r e l a t e d  to t h e  presence  of  hydroxyapa- 
t i t e  a s  w e l l  as  immature co l l agen  mat r ix .  

2 ,  "Non-osteoid" forming t i s s u e s  

a.  Thoracotomy and post-surgery scars 
b. S o f t  t i s s u e  inflammation 
c .  Brain i n f a r c t i o n  
d .  Bra in  astrocytoma 
e.  Bra in  me tas t a ses  from lymphoma 
f .  Myocardial  i n f a r c t i o n  

The mechanism of' uptake i s  no t  known bu t  increased  blood flow 
and concen t r a t ion  of t h e  i so tope  by t h e  co l l agen  and i n t r a c e l l u l a r  
s t r u c t u r e  could be  involved. 

L. The S i g n i f i c a n c e  of Kidney Abnormal i t ies  I n c i d e n t a l l y  Found 
During Bone Imaging (20-23) 

This  p o i n t  has  been r e c e n t l y  brought t o  a t t e n t i o n  s i n c e  many 
of t he  bone seeking  r ad io i so topes ,  s p e c i f i c a l l y  the  Tc-Phosphate 
compounds, a r e  a v i d l y  concen t r a t ed  by t h e  kidneys enabl ing  u s  
t o  observe  some anatomic d e t a i l  of t h e  kidneys and exc re to ry  
system. The fo l lowing  p o i n t s  should b e  emphasized: 

1. 

2 .  

3 .  

4 .  

5 .  

The i s  no good c o r r e l a t i o n  between kidney concen t r a t ion  
of  "F-Fluoride and r e n a l  func t ion .  

Hence, kidney asymmetry du r ing  18F-Fluoride bone scanning 
is u n r e l i a b l e  t o  p r e d i c t  r e n a l  d i s e a s e .  

The o v e r a l l  accuracy and t h e  l e v e l  of confidence when 
kidney? a r e  f o u n d  morphologically abnormal a r e  h igh .  

In  gene ra l ,  in format ion  r ega rd ing  kidney morphology and 
func t ion  appears  t o  be similar wi th  a l l  four  c u r r e n t l y  
used Tc-Phosphate compounds. 

The most common cond i t ions  t h a t  can be de t ec t ed  dur ing  
bone imaging i n  gene ra l  c l i n i c a l  p r a c t i c e  a r e  - 
a .  B i l a t e r a l  dcc r ra sed  v i s u a l i z a t i o n  d u e  to: 

1. b i l a t e r a l  kidney d i s e a s e  
2 .  increased  bone uptake ( " s t e a l  phenomena") i 

3 0 0 b 0 2 2  
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'I'lic? S ign i f i cance  of Kidney Abnormalities- ( c o n ' t )  _ _  
b .  Small kidney due t o  u n i l a t e r a l  d i s e a s e  
c .  Space occupying l e s i o n s :  tumors, c y s t s ,  d i l a t e d  ca lyces  
d .  Absent kidney: c o n g e n i t a l l y ,  s u r g i c a l l y ,  d e s t r u c t i o n  

e .  Obs t ruc t ive  uropathy w i t h  d i l a t e d  exc re to ry  s y s t e m  
i .  1)isplaccrnriit oI' blgddt ! r  by pe lv i c  ttliiior 

;I. E c ~ o p i c  l a t . n~ io : i  

by encroaching process  

Ronc - -- S c a n r i i i c  -_ . i i r  I'c!tliatrics - - 

Sorile p c r t i n c n t  p o i n t s  a r c  t o  b c  considered wlicn dea l ing  w i t h  

p e d i a t r i c  age  group. 

1. 

1 .  

-3. 

4 .  

5. 

The presence  of normal v a r i a n t s  i nhe ren t  to t h i s  group 
such a s  t h e  inc reased  uptake i n  j u x t a - a r t i c u l a r  a r e a s .  

Posi.ti.ve bone scans  due L O  m e t a s t a t i c  d i s e a s e  of p e d i a t r i c  
neoplasms, i . e .  LJiIins Tumor, ncuroblastoma, leukemia, 
rhabdomyosarcornia. 
d i s e a s e  and e v a l u a t l n g  t rea tments .  In neuroblastoma 
bone Imaging may c : i s s  thc  Lesion nlthougli x-ray may be 
p o s i t i v e .  [KeI:i+rt,iicc - Kaufman RA c t  aI, Fa l se  nega t ive  
l ime %can!: i r i  nciirob1astorii;i metes tnLic  to ends oE long 
I ioncs.  !\ri . I .  l\cii-vt giwol. 1.30: 131-1.J5. 19781. 

Frcqucncy of sol] t s r y  lesions a r e  more l i k e l y  t o  b e  
:Issociaccd with !.irimary hqne tumors. Bcnign tumors 
tn!cc i i p  less a r t i \ , i t y  than do cialiyiiant oncs.  Imaging 

Valuable i n  f ollnwiny course  of 

imj.iiiiig c x t e n t  o r  u s t e o b l a s t i c  tumors. 

D i f f e r e n t i a l  d jagnoses  between o s t e o m y e l i t i s  and c e l l u -  
l i t i s .  Th i s  is a f requent  s i t u a t i o n  wllicli poses a 
d i f f i c u l t  problriti s i n c e  c l i n i c a l  and r ad io log ic  f ind ings  
may not be conclus ive .  111 t h i s  r ega rd ,  comparing e a r l y  
"blood pool" p icri:res w i t h  the  convent iona l  delayed scan 
is a i t m  tlcl .piul .  111 s o f t  t i s s u e  inflaniin3tion or  i n f e c t i o n ,  
the  e a r l y  b lood  poul scans show a grcaLer concen t r a t ion  
af t h e  radioisoto:)c- when compared w i t h  the  delayed scan. 
'i'hc? r eve r se  i s  u s u . 1 1 l y  fotiiid i n  cases  Jf os teomye l i t i s .  
High s e n s i t j . v i t y  ;ind pinliole coll i .niators a r c  of t en  h e l p f u l  
xhen dea l ing  witti smal.1 c h i l d r e n .  Snp t i c  a r t h r i t i s ,  
d i s c i t i s , :  ( spondyLi : r t l i r i t i s ) ,  bone j i i f a r c t s  i n  s i c k l e  cel l  
d i s e a s e  r e q u i r e  cons ide ra t ion  i n  the di i F e r e n t i , a l  d i agnos i s .  

Asep t i c  neccos i,i. l i  iinagcd ear ly ,  mdy show decreased 
up':akc2. :La ter  i i i ~ ~ a k c  w i l l  b e  inci-ibascd. Ln P e r t h e ' s  
tlisc~iise osttaoLomy w'iy dec rease  uptake. 
tcciiliiqtie iin;>orLarit l o r  b i l a t e r a l  d i s e a s e  and t o  fo l low 
C C I I ~ S C ? .  ' i ? u ; i i i L ;  r - c i  V L ~  ttihliiiique iiiny lit> v:tLu::hlc. 

A t t e n t i o n  to  

(Kcferenccs :  Nortr:, '[I; ct aL. F m o r i i l  Iicnd a c t i v i t y  i n  
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M .  Bone Scanning i n  P e d i a t r i c s  ( con ' t )  

Pe r the ' s  d i sease :  C l i n i c a l  eva lua t ion  of a q u a n t i t a t i v e  
technique  f o r  e s t ima t ing  tracer uptake ,  J Nucl Med 19: 884- 
890, 1978. 

S t y  J R .  Panner ' s  d i s e a s e  (Osteonecros is  o€  t h e  cap i t e l lum) .  
Clin Nuc Pled 3 :  1 1 7 ,  19781. 

6 .  

7 .  

8 .  

D i s c i t i s  - S p o n d y l a r t h r i t i s  - O r l g i n a l l y  descr ibed  by 
Sacnger (h J Roentgcnol 64: 20-31, 1950) by  x-ray. 
Scanning r e v e a l s  increased  a c t i v i t y  i n  ad jacen t  v e r t e b r a l  
bodies .  [Reference  - Wenger DR e t  a l .  The spectrum of  
i n t e r v e r t e b r a l  d i sc-space  i n f e c t i o n  i n  ch i ld ren ,  J Bone 
& J o i n t  Surg 60A: 100-108, 19781. I n  one r epgr t ed  case  
the  TC diphosphonate scan  was normal but the  Ga scan 
was p o s i t i v e .  [Reference - Norr i s  S e t  a l .  Early d i agnos i s  
of disc-space i n f e c t i o n  us ing  ga l l ium 67.  J Nucl Med 19:  
384-386, 19781. 

Metabol ic  and congen i t a l  bone d i s e a s e s .  A c t i v i t y  o f t e n  
increased  but n o t  always,  Perhaps a func t ion  of p a t i e n t ' s  
age .  Q u a n t i t a t i v e  techniques  may b e  u s e f u l .  [Reference - 
Sty  J R  e t  a l .  Donc s c i n t i g r a p h y  demonstrating Englemann's 
d i s e a s e .  C l i n  Nuc Mcd 3:  69-70, 19781. 

[References  - Khyte MP e t  a l .  99mTc Pyrophosphate bone 
imaging i n  o s t e o p o i k i l o s i s ,  o s t eopa th ia  s t r i a t a  and 
meleorheos tos i s .  Radio1 1 2 7 :  439-443, 1978. 

E p s t e i n  DA e t  a l .  Bone sc in t ig raphy  i n  h e r e d i t a r y  mul t ip l e  
exos toses .  Am J Roentgen01 130: 331-333, 1978. 

Park H-M e t  a l .  S k e l e t a l  and r e t i c u l o e n d o t h e l i a l .  imaging 
i n  o s t e o p e t r o s i s :  Case r e p o r t .  J Nuc Med 18: 1091-1095, 
19771. 

General References - Good review a r t i c l e s  

Harcke tlJ J r . ,  Bone imaging i n  i n f a n t s  and c h i l d r e n :  A 
review. J Nuc Med 1 9 :  324-329. 1978. 

Conway JJ .  
Chn N Am 2 4 :  701-712,  1977. 

Radionuclide bone imaging i n  p e d i a t r i c s .  Ped 

V. -- COMPARISON OF X-RAYS, EkIDP, FLUORINE 

- Radiology 107: 551-555, June 1973, S i l b e r s t e i n  et a l .  

. 18Ten p a t i e n t s  w i th  Ca and suspec ted  me tas t a s i s  had 99mT~-EHDP 
o r  F bone scans  and a roentgenographic s k e l e t a l  survey. 

1 
-. X-RAy Tota l  Mets 

33 59 1 7  60 
56X 98% 28%. lOOX 

E 
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V I .  GALLIUM 67 FOR BONE L M G I N G  

67Ga may be u s e f u l  i n  c i rcumstances  where "?c phosphorus compounds 
appear  t o  g i v e  normal images a s  o c c a s i o n a l l y  i n  o s t e o m y e l i t i s ,  s e p t i c  
a r t h r i t i s .  
It may b e  more u s e f u l  i n  showing t h e  e x t e n t  of s o f t  t i s s u e  ex tens ion .  I ts  
c h i e f  drawbacks are t h e  h i g h  energy of i t s  photons r e s u l t i n g  i n  yoor r e s o l u t i o n .  
It is  s u p e r i o r  t o  radiography but  g e n e r a l l y  n o t  as r e l i a b l e  a s  98'?c compounds. 
I n  s e l e c t e d  cases where 99mTc appears  e q u i v o c a l  o r  a t  v a r i a n c e  wi th  expec ta t ion  
i t  should  be u t i l i z e d .  (Reference - Handmaker H e t  a l .  Gallium imaging i n  
p e d i a t r i c s .  J Nuc Med 18: 1057-1063, 1977). 

I n  pr imary bone tumors i t  c o r r e l a t e s  w e l l  w i t h  99mTc compounds. 

V I I .  DISEASES OF JOINTS 

J o i n t  a b n o r m a l i t i e s  f r e q u e n t l y  show increased  a c t i v i t y  with 99mTc phosphorus 
compounds. 
bone surveys.  It is  prudent  t o  examine t h e s e  j o i n t s  c l i n i c a l l y  .cr by x-ray 
t o  exc lude  o t h e r  causes  f o r  v i s u a l i z a t i o n .  

O s t e o a r t h r i t i s  j o i n t s  are f r e q u e n t l y  v i s u a l i z e d  i n  t h e  course of 

I n  rheumatoid a r t h r i t i s  bone scanning a g e n t s  u s u a l l y  show more join:s t o  
be involved  than  are found c l i n i c a l l y  and o t h e r  forms of a r t h r i t i s  show s i m i l a r  
f i n d i n g s .  S e p t i c  a r t h r i t i s  is r e a d i l y  v i s u a l i z e d .  The p e r i - a r t i c u l a r  a c t i v i t y  
is u s u a l l y  i n c r e a s e d  due t o  i n c r e a s e d  blood f low and l o c a l  r e a c t i o n .  
abnormal i n c r e a s e d  i n  a c t i v i t y  of involved  j o i n t s  is sometimes d i f f i c u l t  to  
r e s o l v e  e s p e c i a l l y  w i t h  involvement of s a c r o - i l i a c  j o i n t s ,  
i n v e s t i g a t o r s  f i n d  o b t a i n i n g  j o i n t  t o  sacrum count r a t i o s  t o  b e  va luable  i n  
f i n d i n g  and s t a g i n g  s a c r o - i l i a c  d i s e a s e  (Dequeker e t  a l .  S c i n t i g r a p h i c  i n v c s -  
t i g a t i o n  of sacro-il iac d i s e a s e .  J Nuc Med 19: 119-120, 1978), and 0theL.s 
( L e n t l e  BC e t  a l .  J Nuc Med 19: 120, 1978) d i s a g r e e  i n  i t s  u s e f u l n e s s  €or  
t h e  d i a g n o s i s  of ankylos ing  s p o n d y l i t i s .  

Symmetrical 

Although some 

A p a i n f u l  t o t a l  h i p  'or  knee p r o s t h e s i s  suggiists p o s s i b i l i t y  o i  l o o s e n i a g  
of one o r  more components. 
s c r e e n i n g  procedure t o  determine loosening  o r  o t h e r  complicat ions.  The Sone 
scan  a l o n e  l a c k s  s p e c i f i c i t y  b u t  approaches 100% s e n s i t i v i t y  f o r  loosening 2v.d 
o r  i n f e c t i o n .  I f  t h e  bone scan i s  n e g a t i v e ,  no f u r t h e r  work-up i s  necessary 
a t  t h a t  time. Recent i n t e r e s t  has  been d i r e c t e d  t o  t h e  combined use o f  T c -  

. MDP and ga l l ium i n  t h e  e v a l u a t i o n s  of a p a i n f u l  t o t a l  h i p  p r o s t h e s i s .  C o t h  
s t u d i e s  are needed as t h e  i n t e r p r e t a t i o n  depends on t h e  presence of abnoma1 
uptake p l u s  t h e  p a t t e r n  of  abnormal uptake ,  t h a t  i s  t o  a s s e s s  the  congrui ty  
or i n c o n g r u i t y  of t h e  p a t t e r n s  of abnormal uptake. 

Imagine w i t h  a Tc phosphate complex is  an c f f c i t l r e  

EVALUATION OF TOTAL J O I N T  REPLACENENT WITH TC-PHOSPHATES AND (ALLIU!I 

BONE SCAN ), : GALLIUM SCAN CONGRUENT 

- LOOSENING + - - 
INFECTION + + - + 

OR + (INTENSE) + + 
W 
0 TRAUMA + + 
0 

O-VIII. QUANTITATIVE TECHNIQUES 
0 

+ 

Among t h e s e  methods c u r r e n t l y  u t i l i z e d  i s  t h a t  us ing  probes (Park e t  a l .  w 
(/I 

A q u a n t i t a t i v e  e v a l u a t i o n  o f  rheumatoid a r t h r i t i s  a c t i v i t y  w i t h  Tc 9991 HLDP, 
J Nuc Med 18: 973-976, 1977) w i t h  counts  over  a f f e c t e d  and normal a r e a s  J L  
s p e c i f i c  times a f t e r  



review of e a r l i e r  images t o  eva lua te  t rea tment  i n  rheumatoid 
a r t h r i t i s .  Another method uses  reg ions  of i n t e r e s t  and e x t e r n a l  
s t anda rds  t o  e s t i m a t e  t h e  amounts of a c t i v i t y  taken up i n  va r ious  
p a r t s  of t he  s k e l e t o n  i n  Paget ' s  d i s e a s e  [Lurye DR e t  a l .  An 
improved method f o r  q u a n t i t a t i v e  bone scanning ,  J Nuc Med 18: 
1069-1073, 19771. A t h i r d  method uses  s e r i a l  measurements a t  
f r equen t  i n t e r v a l s  up t o  24 hours wi th  a shadow s h i e l d  whole 
body monitor [Fogelman e t  a l .  Thc use  of whole body r e t e n t i o n  of 
Tc 99m dipliosphonate i n  t h e  d i agnos i s  of metabol ic  bone d i s e a s e  
J Nuc Med 19: 270-275, 1978; see also Holmes RA, e d i t o r i a l ,  Quan- 
t i f i c a t i o n  of s k e l e t a l  Tc-99m labe led  phosphates t o  d e t e c t  meca- 
b o l i c  bone d i s e a s e ,  J Nuc Med 19: 330-331, 1978).  This  technique 
d i f f e r e n t i a t e d  p a t i e n t s  wi th  r e n a l  os teodys t rophy,  Paget ' s  d i s e a s e ,  
os teomalac ia  and primary hyperparathyroidism from normal s u b j e c t s .  
P a t i e n t s  wi th  os t eoporos i s  d i d  not  d i f f e r  from normals. 

I X  . MISCELLANEOUS 

Care fu l  eva lua t ion  of jaws and r e l a t e d  s t r u c t u r e s  can  r e v e a l  
p o s i t i v e  images a s soc ia t ed  wi th  e x t r a c t i o n  si tes,  pulp and pe r idon ta l  
i n f e c t i o n s  and l o c a l  i r r i t a t i o n  [Tow DE e t  a l .  Bone scan  i n  d e n t a l  
d i s e a s e ,  J Nuc Mcd 19: 845-847, 19781. 

The use of s i n g l e  photon emission tomography of f a c i a l  bones 
us ing  a s p e c i a l  co l l ima to r  and Tc Pyrophosphate compounds g ives  
improved resolution of f a c i a l  bones and improves t h e  s tudy  of  
tumors, i n f e c t i o n s ,  bone g r a f t s  and pos t  i r r a d i a t i o n  os t eonec ros i s  
[Brown ML e t  a l .  F a c i a l  bone scanning by emission tomography, J Nuc 
Ned 18: 1184-1188, 19771. 

X .  GAMUT APPROACH AND R E F E R E N C E  

T h e  gamut approach t o  roentgenology has  been app l i ed  t o  nuc lear  
medicine.  
than  roentgen l e s i o n s ,  t h e  approach has  been u s e f u l .  ~ 

Though s c i n t i s c a n  abnorma l i t i e s  are l e s s  s p e c i f i c  

A r e c e n t  gamut prepared by o,ne of our  r e s i d e n t s  is included. 
I t  con ta ins  a comprehensive l i s t  of r e fe rences .  

TABLE 11 

SINGLE LOCALIZED AREA OF INCREASED RADIONUCLIDE UPTAKE O N  A BONE SCAN 

COMMON 

1. E le t a s t a t i c  tumor ( lung ,  breast, p r o s t a t e )  (26,67) 

2. Post  thoracotomy/surgery scar (26,28) 

. 3 .  Ver t eb ra l  body compression f r a c t u r e  (26) 

4 .  Normal v a r i a n t s  ( shou lde r ,  sternum) (29) 
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BONE IMAGING 

TABLE I1 ( con ' t )  

LESS COMMON 

1. Metastatic tumor ( ce rv ix ,  neuroblastoma i n  c h i l d r e n )  ( 2 7 , 3 0 )  

2 .  P r i m a r y  bone tumor (Ewing's sarcoma, osteosarcoma, o s t r o -  
chondroma) (26.31) 

3 .  Lymphoma ( 2 6 , 2 7 )  

4 .  Monar t icu lar  degene ra t ive  d i s e a s e  (26) 

5. Trauma - f r a c t u r e  o t h e r  than  v e r t e b r a l  body, biopsy s i t e ,  
p r o s t h e s i s  s i t e )  (26) 

6 .  Os teomye l i t i s ,  pyogenic ( 2 6 )  

7 .  Per idon ta l  d i s e a s e  ( 3 3 )  and pos t  t oo th  e x t r a c t i o n  

8 .  Page t ' s  d i s e a s e  ( 2 6 , 2 7 )  

RARE - 
1. Metastatic tumor ( t h y r o i d ,  r e n a l ,  melanoma, pancreas ,  o the r  

gas  t r o i n t e s t  i n a l )  ( 2 7 )  

2 .  Primary bone tumor ( f ibrosarcoma,  chondrosarcoma, g i a n t  c e l l  
tumor, f i b r o u s  d y s p l a s i a ,  enchondroma, o s t e o i d  osteoma, bone 
c y s t ,  hemangioma) (26, 3 2 - 3 5 )  

3 .  Mul t ip l e  myeloma ( 2 7 )  

4 .  Asept ic  n e c r o s i s  ( 3 2 )  

5 .  Osteit is  pubis  ( 3 2 )  

6 .  Os teomye l i t i s ,  TB ( 2 6 , 3 6 )  coccidiomycosis ( 2 7 )  

7 .  Ext ra  s k e l e t a l  c a l c i f i e d  and non-ca lc i f i ed  t i s s u e  uptake 
[ b r e a s t  carcinoma (29 ,34) ,  neuroblastoma ( 3 7 , 3 8 ) ,  neuro- 
fibroma ( 3 9 ) ,  b r a i n  m e t a s t a s i s  from lung carcinoma ( 3 4 ) ,  
c e c a l / r e c t a l  carcinoma ( 3 4 ) ,  nasopharyngeal carcinoma ( 3 4 ) ,  
fibrosarcom? ( 3 4 ) ,  s o f t  t issue abscess  ( 4 0 ) ,  bra in  i n f a r c t i o n  
( 4 1 ) ,  myocardial  i n f a r c t i o n  and o the r  a r e a s  of t i s s u e  n e c r o s i s ,  
Hodgkin's i nvo lv ing  sp leen  ( 4 2 ) ,  leukemic i n f i l t r a t e s  ( 3 5 ) .  
myos i t i s  o s s i f i c a n s  ( 4 3 ) ,  c a l c i f i c  t e n d o n i t i s  ( 3 2 1 ,  thrombo- 
p h l e b j t i s  (Z9) J .  Also i n  lung ,  stomach, l i v e r ,  kidneys in 
m e t a s t a t i c  melanoma and ch ron ic  r e n a l  d i s e a s e  [Veukatesh 
e t  a l .  M e t a s t a t i c  c a l c i f i c a t i o n :  t h e  r o l e  of bone scanning ,  
Radiology 129: 755-758, 1978; Rosenthal D I ,  Uptake of bone 
imaging agen t s  by d i f f u s e  pulmonary m e t a s t a t i c  c a l c i f i c a t i o n ,  
Am .J Roentgenol  129: 8 7 1 - 8 7 4 ,  1 9 7 7 ;  Qren  VO et  a l . ,  L 4 ~ g ; ~  
mc tas t a ses  of o a t  c e l l  carcinoma of lung de tec t ed  on 
diphosphonate bone scan ,  C l i n  Nuc Med 3 :  5 5 - 3 5 7 ,  1978 - has 
a good t n b l e , o f  s o f t  t i s s u e  uptake  wi th  9amTc bone imaging 

u 

a l J : P l l L S ] .  

I 
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TABLE I1 

8. 

9. 

10. 

11. 

16 

(con't) 

Gout ( 2 6 )  

Periostitis (31) 

Meningiomas (44) 

Scurvy - [Front D et al., Bone scintigraphy in scurvy, J Nuc 
Med 19: 916-917, 19781. 

TABLE I11 

DECREASED RADIONUCLIDE UPTAKE ON A BONE SCAN 

AVASCULAR AREAS 

Aseptic necrosis, bone infarcts 
Radiation therapy (late effect) 
Lack of weight bearing stress 
Metastasis 
Sickle Cell C crisis 
Chronic renal failure 
Acute osteomyelitis 
References: Ceorgen e t  al., J Nuc Med 15: 1120-1124, 1974 

' 

Fordham et al., Sem Nuc Med 4: 411-429, 1974 
Quint PA, Radio1 130: 751-752, 1979, 158. 

TABLE IV 

True Abnormal, False Abnormal and False Normal Abnormalities i n  Bone Imaging 
Silberstein, EB, J Nuc Med 17:,229-232, 1976 

Abnormalities generally show increased uptake of radiopharmaceuticals 

A .  'True Abnormal 
1. Tumor, primary or secondary 
2 .  Fractures and surgical osteotomy 
3. "Metabolic" 

a. hyperparathyroidism 
b. Paget's disease 
c. osteoporosis 
d. osteomalacia and occasional pseudofractures of ribs 

[Fogelman et al., The role of bone scanning in 
ostdmalacia, J Nuc Eied 19: 245-248, 1978; Fogelman 
et ai., Pseudofracture of the ribs detected by bone 
scanning, J Nuc Med 18: 1236-1237, 19771. 

4 .  Inflammation of bone 
a. 
b. 

d .  
e. 
f .  
g. 

C. 

3 0 0 b 0 2 8  

ostepmyelitis 
abscess 
sterile osteitis (e.g. osteitis pubis) 
granuloma including sarcoid, eosinophilic granuloma 
hyperostosis frontalis interna 
fibrous dysplasia 
hypertrophic pulmonary osteoarthropathy 



1 7  
BONE IMAGING 

TABLE I V  ( c o n ' t )  

5 .  A r t h r i t i s  
a .  o s t e o a r t h r i t i s  
b .  rheumatoid a r t h r i t i s  
c .  gouty a r t h r i t i s  

6 .  S o f t - t i s s u e  c a l c i f i c a t i o n s  
a .  myos i t i s  o s s i f i c a n s  
b .  s o f t - t i s s u e  osseous metaplasia 
c .  s o f t - t i s s u e  tumors wi th  c a l c i f i c a t i o n  o r  e c t o p i c  

bone formation 
d .  v a s c u l a r  c a l c i f i c a t i o n ,  e s p e c i a l l y  femoral a r t e r y  
e.  c a l c i f i c  t e n & o n i t i s  
f .  abscess  
g. i n f a r c t ,  c e r e b r a l  o r  myocardial  
h. th rombophlebi t i s  

a .  sur rounding  t h e  bone i n f a r c t  

a .  tumor 
b.  d i s u s e  of limb (may also b e  inc reased  wi th  os t eoporos i s )  
c .  vascu la r  o b s t r u c t i o n  (e .g . ,  s i c k l e  c e l l  d i s e a s e ,  a s e p t i c  

7. Vascular  

8 .  Decreased uptake 

n e c r o s i s )  

11. Falsely Abnormal 
1. Renal a r t i f a c t s  O K  d i s e a s e  

a .  hvdroure ter-hvdroneDhrosis wi th  99mTc-diphosphonate 
b .  contaminat ion  o f  c l o t h i n g  o r  s k i n  wi th  

2 .  Recent s u r g i c a l  procedures on bone or s o f t  
3. Uiopsy s i t e  
4 .  Co l lo id  format ion  w i t h  l i ve r - sp leen  uptake 

C .  F a l s e l y  Normal 
1. Les ions  of sma l l e r  s i ze  than  t h e  r e so lv ing  

2 .  Pure ly  l y t i c  l e s i o n s  (e .g . ,  some myelomas) 
3 .  J ewe l ry ,  pros theses ,  pacemaker over ly ing  a 

sys  tem 

TABLE V 

u r i n e  
t i s s u e  

power of t he  

l e s i o n  

Bilateral Lower Limb Uptake o f  Boae Scanning Agents, i n  
R.P. Spencei  and J.A. Datu,  Sem Nuc Med 10, (#3): 314-316,1980 

Some causes of b i l a d e r a l  lower limb uptake of bone imaging agen t s  are: 

1. "Calc i f ied"  femora l  vessels 
2. Trauma (and b a t t e r e d  c h i l d )  
3. S t r e s s  f r a c t u r e s  
4. Asep t i c  n e c r o s i s , *  o s t e o n e c r o s i s  

W *increased  uptake  is l i k e l y  o u t s i d e  o f  t h e  a f f e c t e d  reg ion .  



BONE LELIGINCI 

TABLE V ( c o n ’ t ) .  

5. 
6 .  
7. 
8. 
9. 

10. 
11. 

UNCOMNON 

1. 
2. 
3. 
4 .  
5. 
6. 
7. 
8. 
9 .  

10. 
11. 
12. 
13. 
14. 

M u l t i p l e  small v e s s e l  o c c l u s i o n ,  as i n  SS d i s e a s e *  
O s t e o m y e l i t i s  ( a c u t e  o r  chror.ic) 
Hypertrophic  pulmonary o s t e o a r t h r o p a t h y  
Increased  c o l l a g e n  turnover$:* 
P a g e t ’ s  d i s e a s e  
A r t h r i t i d e s  ( o s t e o a r t h r i t i s ,  rheumatoid) 
M u l t i p l e  metastases+ 

Ectopic  c a l c i f i c a t i o n s  
I n j e c t i o n  s i t e s  
Polymyosi t i s ,  myolysis ,  dermatomyosi t is  
S o f t  t i s s u e  i n f e c t i o n ,  i n f a r c t i o n  
S u r g i c a l l y  induced (bone g r a f t s ,  p inning ,  p r o s t h e s e s )  
S e p t i c  o r  o t h e r  emboli* 
B i l a t e ra l  sympathectomy 
Lymphoma 
M u l t i p l e  myeloma 
Gaucher’s d i s e a s e  
Sarcoidosis* 
scurvy 
Myelof ibros is  
J o i n t  d i s o r d e r s  

I:: 

*increased  uptake  i s  l i k e l y  o u t s i d e  of t h e  a f f e c t e d  cegion 

**Includes hyper thyro id ism,  acromegaly, t h y r o i d  acropachy, hyi’erpar~!.~i-,!.raldism, 
r e n a l  osteodystrophy.  

+ M u l t i p l e  primary bone tumors can occur  but  are q u i t e  rare. 

%el l  documented r a d i o g r a p h i c a l l u ,  less  w e l l  e s t a b l i s h e d  by b a l e  s c a ~ . s .  

3 0 0 b 0 3 0  



REFERENCES 

1. Blau, Monte, et al. I8F-Fluoride for Bone Imaging. Sern Nuc Med 

Vol 2, January 1972. 

2. Moon, N.M. et al. The Clinical Use of Sodium Fluoride F-18 in Bone 

Photoscanning. JAMA 204: 116-122. 

' 3. O'Mara, R . E .  Bone Scanning in Oeseous Metastatis Disease. JAMA 

229: 1915-1917. 

4. Subramanian, G. et a l .  An Evaluation of 99mTc-labelled Phosphate 

Compounds as Bone-Imaging Agents, i n  Subramanian, G. et a1 (eds) 

. Radiopharmaceutfcals, New York, Society of Nuclear Medicine, Inc., . 

pp 319-328, 1975. 

Ackerhalt, R.E., e t  al. 

Phosphorus Compounds and 18F-Fluoride for Skeletal Imaging. 

Med 15: 1153-1157, 1974. 

5. A Comparative Study of Three 99mTc-labelled u I 

J Nuc 

- 
6. Garcia, Daniel A . ,  e t  nl. Relative Accretion of 99mTc-Polyphosphate 

by Forming and Resorbing Bone Systems in Rats: Its Significance in 

the Pathologic Basis of Bone Scanning, J Nucl Med 17: 93-97, 1976. 

Bowen, B.M. et al. 

Polyphosphate and 99mTc-Pyrophosphate. J Nucl Med .15: 652455,1974. 

7. Analysis of the Relationship between ggmTc-Sn- 

8. Rosenthal, L. and Kaye, M. 99mTc-Pyraphosphate Kinetics and Imaging 
I. 

in Metabolic Disease. J Nucl Med 16: 33, 1975. 

u 
0 

9. Kaye, M. et al', 99?c-Pyrophosphate: Studies in-vivo and in-vitro 

J Nucl Med 16: 40-45, 1975. 

0 10. Ktishnamurphy,'C.H. et al, 'Clinical Comparison of the Kinetics of 

99?c-Labelled Polyphosphate and Diphosphonnte. 3 Nucl Med 15: 
0- 
O 
W - 

848-855, 1974. 

11. Krishninurphy C,T., et a l .  KincLics of 99?'c-Labellcd Pyrophosphate 



1 2  I 

13. 

1 4 .  

15.  

16 .  

17  

18 .  

19. 

20. 

21. 

2 2 .  

23. 

and Polyphosphate-in Man. J N u c l  Med 16: 109-115, 1975. 

T o f e ,  A . J .  e t  a l .  

o f  S k e l e t a l  Mecastases:  

J Nucl Med 16: 986-989, 1975. 

Holder ,  L.E. e t  a l .  The Gamut Approach to Sc in t ig ram I n t e r p r e t a t i o n -  

D iagnos t i c  A i d  and Teaching Method. J Nucl Med 16: 1121-1124,1975. 

Wctherspoon, L.R. e t  a l .  Bone Scan P a t t e r n s  of  P a t i e n t s  w i th  D i f f u s e  

M e t a s t a t i c  Carcinoma of t h e  Axial Ske le ton .  

F ranke l ,  R.J. e t  a l .  

S k e l e t a l  Lymphoma, Radiology 111: 365-366. 

Rosen tha l ,  L.  and Kaye, M. Technetium-99m Pyrophosphate K i n e t i c s  and 

Imaging i n  Metabol ic  Bone Disease  J Nucl  Med 16: 33'39, 1975. 

Sy, W.H. e t  a l .  "Cold" Les ions  on Bone Imaging. J Nucl Med 16: 1013- 

lO lS /  1975. 

Coergen, T.G. et 'al."Cold" Bone Les ions :  A N e w l y  Recognized Phenomenon 

of Bone Imaging J Nucl Med 15: 1120-1124, 1974. 

V i e r a s ,  F. e t  a l .  

Disease ,  Radiology 118: 121-122. 

Park ,  C .H.  e t  a l .  R e h a b i l i t y  of Renal Imaging Obtained I n c i d e n t a l l y  

in 99?c-Polyphosphate Bone Scanning. J Nucl Med 14:  5 3 4 , 5 3 6 ,  1973. 

C o r r e l a t i o n  of Neoplasms w i t h  Inc idence  and Loca l i za t ion  L 
An Analye is  of 1 ,355  Diphosphonate Bone Scans 

J Nucl Ned 17: 253-257,1976. 

Normal Bone Radionucl ide  Imaging wi th  Di f fuse  

L 

Focal  Decrease S k e l e t a l  Uptake Secondary t o  M e t a s t a t i c  

H a t t n e r ,  R.S. et a l .  S i g n i f i c a n c e  of Renal Asymmetry in Bone Scans: 

Exper ience  i n  1795 Cases. J Nucl Med 16: 161-163, 1975,. 

Sy, W. El. Bone Scan i n  Primary Hyperparathyr0idism.J Nucl  Med 15: 

1089-1091, 1974. 

Sy, W.R. e t  a l ,  S i g n i f i c a n c e  of F a i n t  O K  Absent Kidney Sign on Bone 

S tan .  J Nucl Med 16: 454-456, 1975. 

3 0 0 b 0 3 2  
I 



I .  ,:. - -. 
5 

Refcrenccs :  

, 24. 

25. 

', 26. 

2 7 .  

28. 

29. 

30. 

w 

31. 

32 * 

33. 

3 4 .  

, 35. 

w . .  

Cardi  J ,  Donneyvi f le  13: 

Arch Mal hppar Dic 51 : 55-82, 1962 

Deauchamy J t l ,  Ile 1;inKcr EM, Ncitzchmnn I I K :  

Acute Viral  IlcpaLCtis.  J l lucl  Elell 15: 356-357, 1974 

D i a g n o s t i c  Value of Hepat ic  S c i n c i l l o g r a p h y .  

I n t r i h c p a t i c  Foca l  Lesion i n  

S h i r a z i  PI(;  Rayudu, V S ,  Fordham EW: Rcvicw o f  S o l i t a r y  F-18 Done Scan 

Les ions .  Kadiology 1 1 2 :  369-372, 1974 

S l i i r a z l ,  P I I ,  R,iydu V S ,  Fordham, IX: F-13 Done Scanning:  Reviev of 

I n d i c a t i o n s  mid Rcsii l ts  o f  1,500 scans .  

I s i tmnn  AT, Komaki S ,  llolmes RA: 

After  l l ad ica l  Flasteciomy. Radiology 110: 159-161, 1974. 

T h r a l l ,  Jl l ,  GIiacd N, C c s l i c n  GC, c t  a l :  

Skeletal Imaging. kn J Rocntgenol,  Kad Therapy ~ i ~ d  Nuclear Fled 121: 

Radiology 112:  361-368, 1 9 7 4 .  
A Benign Uptake of Tc-99m-Polyphosphate . '  

P i t E a l l s  i n  Tc-99m-Polyphosphate 

739-767, 197h. 

llelson L, Watson RC, lkniia R S ,  e t  a l :  F-16 Rad io i so tope  Scanning o f  

t l c t n s t n t i c  Doiic I .csions i n  Ch i ld ren  w i t h  Ncuroblastorna. hm J Roentgenol,  

Rad Thcrapy iitld h u c l c a r  ElcJ 115: 191-199, 1972. 

Wanken J r ,  C v r i n g  U, Snmucls LD: Diagnos is  of P e d i a t r i c  Bone Lesions: 

C o r r e l a t f o n  of C l i n L c a l ,  RocntRenographic,  Sr-87111 Scan ,  and P a t h o l o g i c  

Diagnos i s .  J NucL Elcd 1 4 :  803-806, 1973. 

Blau M ,  Canotrn R ,  Uendcr P I A  : F-18 F l u o r i d e  f o r  Uone Imaging. Semin 

IJucl Mcd 2 :  31-37, 1372. 

Noon NF, b o r k i n  11.1, LaFluer PD:  The C l i n i c a l  Use O E  Sodium F luor ide  

F-18 i n  Bone Pliotoscnnning. J,\fh 204: 116-122, 1968 

P a p a v a s t l i o u  C, Kostnnt ls  P ,  h p e l a k i s  P ,  e t  al: 

i n  Cxt raosseous  h i n o r .  J Nlicl Mcd 12:  265-260, 1971 

Sanue l s  LD: Shc lc ' t a l  S c i n t i g r a p h y  iii CIiLldrcu. Semfil Elucl Med 2 :  

I 

L o c a l i z a t i o n  of Sr-87m 

89-107, 1972 

3 0 0 b 0 3 '3 ,  



36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

4 4 .  

4 5 .  

46. 
L J  

0 
0 
5 47. 
0 
W 
E 

Samuels LD: .Diagnosis of Malignant Bone Disease with Strontium. Can 

Med Assoc J 104: 411-413, 1971 

Rosenfield N, Treves S: Osseous and Extraosseous Uptake of Fluorine-18 

and Technetium-99m-Polyphosphate in Children with Neuroblastoma. 

111: 127-133, 1974 

Fitzer PM: 

- Med 15: 904-906, 1974 

Nolan NG: 

Neurofibroma, J NUC Med 15: 1207-1208, 1974 

Chaudhuri TK, Chaudhuri TK, Gulesserian HP, et al: Extraosseous Non- 

Calcified Soft Tissue Uptake of Tc-99m-Polyphosphate. 

Radiology 

Tc-99m-Polyphosphate Concentration in a Neuroblastoma. 

Intense Uptake of Tc-99m-Diphosphonate by an Extraosseous 

J Nuc Med 15: 

1054-1056, 1974 

Wenzel WW, Heast RG: 

of Cerebral Infarction. J Nuc Med 15: 207-209, 1974 

Chaudhuri TK, Chaudhuri TK, Suzuki Y: 

i n  a Patient with Hodgkin's Disease. Radiology 105: 617-618, 1972 

Suzuki Y, Hisada K, Takida M: 

Tc-99m-Pyrophosphate Bone Scanning. Radiology 111: 663-664, 1974 

McQuade S, Higgens HP: 

of the Sphenoid Wing. J Nuc Med 15: 1205-1206, 1974 

Heiser WJ, Quinn"J1, Mollihan WV: 

Uptake of Tc-99m-Stannous Polyphosphate in an Area 

Splenic Accumulation of Sr-87-m 

Demonstration of Myositis Ossificans by 

Tc-99m-Polyphosphate in Diagnosing Meningioma 

The Crescent Pattern of Increased 

Radioactivity in Brain Scanning. Radiology 87: 483-488, 1966 

Forster DMC, Bethell AN: The Diagnostic Value of Scintillation 

Scanning. Clin Radio1 20: 257-268, 1969 

Brain 

Subramanian G, McAfee JG, Blair RT, Kallfelz FA, Thomas FD: Technetium 

99m Methylene Diphosphonate - A Superior Agent for Skeletal Imaging: 
Comparison with other Technetium Compounds. J Nuc Med 16: 744-755, 1975 

I 



REFERENCES 

48. Lisbona R, Rennie WRJ, Daniel RK: Radionuclidz Evaluation o f  
Free Vascularized Bone Graft. American Journal of Roentgenolopy 
134: 387-388, February 1980. 

49. Valdez VA and Jacobstein JG: Decreased Bone Uptake of Technetium- 
99m Polyphosphate in Thalassemia Major. J Nuc Med 21: 47-49, 1980. 

50. Fawcett HD, McDougall IR: Bone Scan in Extraskeletal Neuro- 
blastoma with Hot Primary and Cold Skeletal Metastases. Clinical 
Nuclear Medicine 5: 49-50, February 1980. 

51. Moyle JW and Spies SM: Bone Scan in a Case o f  Amyloidosis. 
Clinical Nuclear Medicine 5: 51-52, February 1980. 

52. Alpert LI: Pulmonary Uptake of Gallium-67 in Wegener's Cranu- 
lomatosis. Clinical Nuclear Medicine 5: 53-54, February 1980. 

53. Wiener SN and Kirschenbaum D: Osteoid Osteoma Presenting as 
Regional Osteoporosis. Clinical Nuclear Medicine 5: 68-69, 
February 1980. 

54. Lieberman CM and Hemingway DL: Scintigraphy o f  Shin S p l i n t s .  
Clinical Nuclear'Medicine 5 :  31, January 1980. 

55. Glassman AB and Selby JB: Another Bone Imaging Agent False- 
Positive: Phimosis. Clinical Nuclear Medicine 5: 34, J d n u a r y  
1 9 8 0 .  

56. Lyons KP and Jensen JL: Dental Lesions Causing Abnorma1i:ies 
on Skeletal Scintigraphy. Clinical Xuclear Medicine 4 :  5 0 9 -  
512, December 1979. 

57. Goldstein HA and Treves S: Bone Scintigraphy o f  Osteoid 
Osteoma: A Clinical Review. Clinical Nuclear Medicine 3 .  
359-363, September 1978. 

58, Sed IS, Joo KG, Baeumler GR: Multiple Manifestatior,~ of 5 5 t e o -  
lytic Lesions on Bone Imaging Letters. Journal of Nuclear 
Medicine 21: 896, 1980, September. 

59. Dhawan VM, Turner JW, Spencer RP: Osseous and Nonosseous 
"Doughnut" Sign During Bone Scanning. Clinical Nuclear V s l l c l n e  
5: 423, September 1980. 

60. Desai A, Alavi A, Dalinka M et al.: Role of Bone Scintrgra7hy 
in the Evaluation and Treatment of Nonunitcd Fractures: ~ ~ n c i s e  
Communication. Journal of Nuclear Medicine 2 1 :  931-934, O c t o b e r  
1980. w 

0 
0 

0 Scanning Agents. Seminars in Nuclear M e d i e  10: 3 1 4 - 3 1 6 ,  
W July 1980. 
cn 

61. Spencer RP, Datu JA: Bilateral Lower Limb Uptake of B o q e  

6 2 .  Hughes S: Radionuclides in Orthopedic Surgery. L:one J o i n t  
Surg Br 62-8: 141-150, May 1980. 



6 3 .  Veiss PE. J a y  C M ,  H o f f e r  P B  e t  a l :  9mT c-Ne t h y  1 enc. D i p h o s -  
p h o n a t e  Bone I m a g i n g  i n  t h e  E v a l u a t i o n  o f  T o t a l  l l i p  P r o s t h e s e s ,  
R a d i o l o g y  1 3 3 :  7 2 7 - 7 2 9 ,  D e c e m b e r  1 9 7 9 .  

R o s e n t h a l l  L ,  L i s b o n a  R ,  H e r n a n d e z  II, e t  a l :  99mTc-PP a n d  6 7 G a  
I m a g i n g  F o l l o w i n g  I n s e r t i o n  o f  O r t h o p e d i c  D e v i c e s ,  R a d i o l o g y  
133 :  7 1 7 - 7 2 1 ,  D e c e m b e r  1 9 7 9 .  

6 4 .  


