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Shortly after intravenous injection of bone seeking tracers like 
alizarine-sulphonate, lead, certain tetracyclines, radioactive calcium, 
strontium or barium, high concentrations of tracer will be found in 
areas where bone formations is active. With the aid of such tracers it 
is possible to locate areas of active bone metabolism occurring norinally 
during growth and remodeling (for example calcifying metaphyscal 
cartilage, haversian systems) or  pathologically (for example fracture, 
tumor, infection of bone). The case of detcction make radioactive 
tracers generally more useful than non-radioactive tracers. This is 
cspccially true of y-emitting radioactive isotopes which may be detected 
in uivo with externally located scintillation detectors. Under clinical 
conditions this is an advantagc over P-emitting isotopes which can 
usually be detected only in bone obtained at  biopsy. 

Bauer & Wendebery  (1959) have shown that in man external 
y-counting of Ca ‘7  and SrXs may be useful for detection and delineation 
of localized bone lesions like fracture and tumor and for measurements 
of the rate of bone formation in such lesions. Gynning ef al. (1961) 
have recently shown that this method can he used for detcction of 
metastatic cancer in the spine. 

This paper describes results of external counting over the spine fol- 
lowing administration of Sr”j to human subjects with non-malignant 
vertebral 1 es ions. 



Fig .  1 .  
Equ i se n s i  t i v i  t y c 11 rves ( in w a t e i )f c 01 1 i ma t ed crystal s u  pcri mp ( )sed ( I  11 I i n e ti ra \v i n g 
of 1umt)ar spine. I t  is seen h o w  t h e  counter  is more sensitive to Sr8J located i n  

spinoos prcicexses t h a n  t o  Spy5 located in vertehral hodies. 

)I  4 '1' I.: t i  1 ,2 1, 

This  study comprises 25  j)aticmts, 10 ni:ilts ant1 15 fcmalcs, ranging 
in ngt froin 10 to 7 3  ycars ( w c '  'l'ahlc 1 1.  

Thc paticmts sclcctcd for study citlicr had a localizt.d lesion o f  thc. 
spinc or  \ycrc suhjc>ctcd to truccr studies o f  their hone nictal)olistn 
kinetics I)t.causc o f  1norc o r  less gcnc.rwlized discasc. I ~ i d i ~  idu:rl (1i:ignosc.s 
a re  rccordctl in Tal)lt. 1 .  

11 E 'I' If 0 I) b 

Isofopc  ~ ~ t l m i n i . s f m l i o r i  a r i d  c l r ~ l w l i o i i .  

In gentiral, thc, nicthods for Sras administration and dctcction uwt i  i n  
this study wcrc those dcscrihcd hy Baiipr & Wcntlebrrg (1959). l ' h c .  
carricr-frcc SrXi was injcctctl intravcnously a t  a dosc not cxcwding 
1 p,C 1)tlr kg. hody wvight, usually 50 pC total tlosc. This d o s c  ( l o c h s  not 
cxcccd t hc  pc.rniissii)le \ v c ~ ~ k I y  (lost. o f  0.3 rad as  rccoinmcnclctl by thcb 
In t e rn at  io t i  :I I (lo 111 111 i s s io II of Rat1 i 01 og ic a 1 P rot ec t i on . 7'hc c ou 11 t i n g 
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F i g .  2. 
Normal pattern of externally recorded counting ra te  14 days after intravenous in- 
jection of Si-85. This curve was  obtained hy pooling individual values of 7 patients 
without localized vertebral  lesions (cases 1-7 of Table I).--In each of these subjects 
each individual activity value recorded over the  spinal counting levels on Day 14 
was expressed a s  fraction of t ha t  recorded over L-IV. These values were pooled to  
give a mean value wi th  standard deviation for  each level counted over the  spine. 
These mean values were plotted on the  ordinate of  a linear diagram in which the  
levels counted formed the abscissa. For  comparison with da ta  in individual cases, 

this curve has  heen drawn as a broken l ine in Figs. 3-13 and 15-A. 

equipment consisted of a collimated scintillation detector (Fig. 1), a 
linear amplifier, a single channel pulse analyser and a scaler. External 
counting was performed over several levels of the spine at  7 and 14 days 
(Days 7 and 14) following isotope injection. In  a few cases measure- 
ments over the spineous process of the fourth lumbar vertebra (L-IV), 
only, were carried out daily. 

In  each patient L-IV was used as a landmark for positioning the 
detector. Starting from this point the activity was recorded a t  equidis- 
tant  levels 5 cm. apart in line with the spineous processes (see Fig. 2 ) .  
Usually two levels distal to L-IV and seven proximal to I,-IV were 
countcd. No measurements were carried out over the cervical spine. 
The head of the collimator was kept parallel to the desk on which the 
patient was lying in the prone position. Owing to the curved configura- 
tion of the spine the collimator usually touched the patient's skin only 
with part of its border. 4 t  each measurement 1,000 impulses were re- 
corded. No measurements were accepted in which the probable standard 
error of the net counting rate was higher than 5 per cent. 

In  addition to each measurement over the spine, the activities over 
knees and thighs werc recordeed as  previously described ( 2 ) .  

Correction for physical decay of the isotope was made by expressing 
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F i g .  Y. 
Case 8: a 68-year-old man with c rush  
fracture of L I .  The in jury  ~iceurrcd 
one month  p r i o r  to isotope study. Dot-  
t ed  curve shows activity recordings 
( in  a rh i t ra ry  values) with narrow (24 

mm.) cylindrical collimator. Broken 
cnrve represents normal values (see 

Fig. 2 ) .  

.... I 
0- 

L I P  

93 

15 
L 
L 

1 
c- 

1.0 . 
1.5 c, 

I 

. 
T 

F i g .  4. 
( : a x  0 :  a 34-j-ear-old wtiman wi th  
crush fractures of Th-VIII, IX and X. 
The in jury  occurred one month  prior 
to isotope study. Ih t te t l  curve shows 
activity recordings ( in  a rh i t ra ry  va-  
lues) with narrow (24  mm.) cylindri- 
cal collimator. 13roken ciir\re represents 

normal values ( s e e  Fig. 2 ) .  

all externally recorded actik itics as  perccntagc of the counting rate of 
a standard sample of SrX5 rneasurcd immediately heforc or aftcr rc- 
cordings in patients. 

A fcw patients received :I swond injection after an intcrval o f  sonic 
months ( s w  Table I ) .  

H c.pr P S  t'n i a t io n of r(7s 11 1 is 

The material was divided into two groups according to 1)rcscncc or 
ahscncc o f  vcrtcbral lesions. The former group comprised sevc'n subjects 
in whom radiographic examinations failctf to reveal any spinal discasc. 
In  each of thcse subjects cadi individual activity value rccorticd over 
thc spinal counting levels on Day 14 was expressed as  fraction o f  that 
recordcd over 1, -1V. These values wcrc pooled to givc :i Incan value with 
standard t1c~vi:ition for c:ich Icvcl counted ovcr thc s1)inc.. Thcst mc:in 
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F i g .  5. 
Case 10: a 73-year-old woman with 
crush fracture of Th-IX. The injury 
occurred 2 month5 prior to  iwtope 
study. Broken curve represents normal 

values (see Fig. 2 ) .  

I 1 

CASE 15 

LIP 
Fig.  7. 

Case 15:  a 55-year-old woman with 
crush fracture of Th-XII. The injury 
occurred 8 month\ prior to isotope 
s tudj .  Broken curve reprewnts normal 
values (\ec Fig. 2).The uptake pattern 

is considered normal. 

h CASE11 1.5 

Fig. 6. 
Case 1 1 :  a 23-year-old man with crush 
fracture of L I .  The injury occurred 
2 months prior to  isotope study. Rro- 
ken ciirvc represents normal values 

(see Fig. 2) .  

CASE 17 

.._.A- '. 

Fig .  8 .  
Case 1 7 :  a 57-year-old woman with 
crush fracture of L I I .  The injury oc- 
curred 2 years prior to isotnpe study. 
Broken curve represents normal values 
(see Fig. 2 ) .  The uptake pattern is 

considered normal. 

values were plottcd on the ordinate of a linear diagram in  which the 
levels counted formed thc abscissa. Thc curvc shown in this diagram 
(Fig.  2 )  forms thc basis for cvaluation of thc individual spinal activity 
patterns recorded in cases with vertebral lesions. When the pathological 
lesion was situated close to L I V ,  the spinal activity values were nor- 
malized with rcspcct to one of the counting levcls over the thoracic 
spine rather than L I V  ( see  Figs. 9 and 1 1 ) .  
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Case 18: a 59-year-old woman with a Case 1 9 :  a 39-year-old woman wi th  a 
tu1)erculous spondglitis of L I I ,  known tuberculous sponriylitis o f  Th-XI1 antl 
since 1 year prior to  first  isotope I--I known since 1 ycar prior t o  iso- 
study. 'I'hc second isotope study was tope study. l<rolicn curve repwscnts 
made when general and  local condi- normal values ( w e  Fig. 2 ) .  

t ions had improved after immohiliza- 
t ion in plaster and antihiotic therapy. 
Hroken curve represents normal  values 
(see Fig. 2 ) .  All  values have been nor- 
malized t o  a counting 1 

racic spinc rather than to  I ,  IV. 

A dcviation from the normal pattern in any lckcl counted by morc 
than  twice thc standard dcviation of the noriiial mean \ aluc \va\ usotl 
a s  a critcrion f o r  abnormal activity pattclrn. 

IVhcn countings w'crc matlc at several tirnc intcrvals f o l l o ~  ing iwtolw 
administration, t ime was abscissa instead of the Itvcls countctl. 

In cach case the activity ratio spinc ( L  1V)ikncc was tletcrrninctl on 
Days 7 antl 14. In  addition similar ratios wcrc dctcriuined for spinc 
(1esioii)iknc~~ in casts with wrtchral lesions ('I'ahlc 1 ) .  

I<  I' s I' I <  'I' s 

Thc results arc cxpresscd a s  detailed a h \  c, and arc  rccordetl i n  
Tahlo 1 antl Figs. 1 - - 1 3 .  
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Case 2 2 :  a 51-Sear-old woman wi th  
ypondjlarthrotic changes, especially 
marked in lumhar  spine. Broken curve 
represents normal  value\ (see Fig. 2) .  
A l l  values have been normalized to  a 
counting level over thoracic spine 

ra ther  t han  to  L-IV. 

Fig.  11. 
Case 21: a 47-year-old woman wi th  
non-specific discitia following removal 
of a disc herniation in  the  L-V--S I 
in tenpace .  The isotope stud) was  
made 8 months  after operation. Bro- 
ken curve represents normal  values 
(see Fig. 2 ) .  A l l  values have been nor- 
malized t o  a counting level over tho- 

racic spine ra ther  t han  to  L-IV. 

Fig .  23. 
Case 24: a 60-year-old woman wi th  
spondylolysis of L-111. Broken curve 
represents normal  values (see Fig. 2) .  
A l l  values have heen normalized to a 
counting level over thoracic spine 

ra ther  t han  to  L-IV. 

Cnse.r withoiit vertebral lesions (cases 1-7, Fig. 2 ) .  

Data were pooled from measurements on Day 14 in seven individuals 
without X-ray or other signs of localized vertebral lesions (Fig. 2 ) .  Two 
regions with higher uptake are  seen: one over the sacrum and another, 
less marked, over the thoracic spine. 



( a )  I‘c.rfcbml frucfrirt> ( c a w s  8 17, Figs. 3 8 ) .  
In  most of thc cases \tutlicd, a niarkcd acti\ ity peak wa\ found o \c r  

the fracturccl xcrtchra ( s )  antl usually also over adjacent vcrtehra\. I n  
onc casc a \vide peak via\ apparently due to the fact that  the fracture 
was located hetwl.ccn two adjacent lcvcls counted (Fig.  3 )  . I n  t n o  c a w \ ,  
only, thc :tcti\ ity pattern did not significantly tlcviatc from the ha\ic 
pattern (Fig\ .  7 antl 8 ) .  

( b )  Spontlijlitis (cases 18-21, Fig\. !3-11). 
A highcr uptake was s w n  over  thc lesion in two of thcx thrcc c a w 4  

with a ftihrr*cxlous spondyl i t i s  (Figs.  9 antl l o ) ,  bvhilc in the third 
patient the uptake pattern tlid not deviate from riorrnal (casca 2 0 ) .  On(. 
patient (Pig.  9 )  was i n j c ~ t e d  twice. Thc second administration ~ v a \  
givcn aftcr about 1 year of immobilization in plaster and antibiotic. 
therapy. ’I’hc second activity pattern was similar to thc first \\ ith thc 
noteahle exception that  the counting rate over the lesion site \va\ 
i n  a r ke d 1 y r c d uc c d . 

In :t c a w  of non-.spc.eific d i sc i f i s  after removal of a disc herniation 
: tn  acti\ ity 1)ctak w a s  seen over the lesion (Fig.  1 1 ) .  

( c  1 OfhtIt. loc+crlized ur~rfebrcrl 1r.sion.s (cascs 22-25, Fig\. 12 :inti 1 3 ) .  
1 w o  cast’\ of marked spondyl*rt l irosis  dcformans were  \tutlird, onc’ 

with a n  ak)normal uptake pattcrn (Fig.  12) and another ( c a w  2 3 )  \\ ith 
an u1)take pattcrn which tlid not deviate from normal .  

One casc of lumbar . sporir~~jlol~js is  had a peak uptakc o\ e r  thc lesion 
(Fig.  1 3 ) .  

A normal uptake pattern was found in a case with a l y t ic  1(.sion 01 
unknown origin in the tenth thoracic spinou4 process ( c a w  2 5 ) .  

r ,  

D I S (: I1  S S I 0 N 

Evaluation of  external counting ovcr localized vertchral lesions is 
complicated by ( a )  activity in adjacent tissues, ( h )  activity in bowel or 
blatldc,r, arid ( c )  lack of a suitahlc rcferencc. 

( a )  Activity in soft tissucs ant1 iidjacent nietaholically :tcti\.c 1 ) o n c .  
tmtl  to “hury” that  of a pathological lesion. It is known froin car1ic.r 
studies, ho\vcwer, that  the soft t issuehone activity ratio decreases 
during the initial 14 days following intravenous injection of Srsz, and 
this swtns t < J  hold also for the  normal honelfracturcd hone activity 
ratio ( 2 ,  4 ) .  I t  \vas thcreforv dccidctl to use the mcasurenic~nts t i i n t l r ~  o n  
Day 14 :is :I basis for conil)arison hctwccn suhjccts. The validity of this 
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decision is emphasized 1)y the finding that the activity ratios spine 
(L-IV)lknee and sltinc (1csion)lknec increased from Day 7 to Day 14 
in most of thc subjects studied (Table 1 ) .  

(1)) Activity cxcrcted into the bowel or  bladder may interferc with 
measurements over the spine. For example, the effect of slow bowel 
movements on activity incasurcnients over the spine is illustrated in 
Fig. 14. For this reason, also, Day 14 will provide more reliable data 
than would ealier intervals. 

( c )  Comparison of nicasurcinents ovrr the right and left Icgs or  arms 
may scrve as a basis for evaluation of result5 of external counting over 
the cxtrcmities. I t  is difficult to providc such a basis for spinal activity 
measurements. However, the results of this study confirm those of 
Gynning ef al .  that variation between subjects without X-ray or 
other evidence of localized spinal lesion is sufficiently small to allow 
construction of a reasonably reliable basic activity pattern for coin- 
parison with individual pathologic cases. I t  should he emphasized that 
the shape of this basic pattern is influenced by the detection apparatus 
used (for example size and shape of crystal and collimator). 
,4 deviation from the basic pattcrn strongly suggests a pathological 

proccss i n  the spine. In onc case studied in this laboratory it was found, 
howcver, that a large kidney stone caused a marked rise in the counting 
ratc recorded over thc adjaccnt spinous proccss (Fig. 15). 

t 
MASSIVE 

DEFECATION 

Fig .  14.  
An isotope study was made in a 55-year-old man  
suffering from oxtcopenia. This graph shows thc  
connting ra tc  over the sacrum and the  thoracic, 
spine u p  to 14 days following intravenous injec- 
tion of Srs5. The peak counting ra te  over the  
sacrum was  due t o  Srg5 in the  bowel. The acti- 
vity is expressed as  fraction of counting ra te  
over sacrum on Day 14. Al l  values have heen 1 , , , , , , , , , , ~ , ,  * 6 * lo 12 14  corrected for background and decay. 

DAYS AFTER I N J E C T I O N  
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F i g .  15 (1. 

Fi!q. 15.  
An isotope study was 
m a d e  in a 24-yc.ar-oltl 
w o m a n  w i t h  s tones in  
h e r  lef t  Itidnc).. A high  
count ing  ra tc  was O ~ J -  

served over' ad jacent  
hpinous processcis (Fig.  
1.5 a). ' l 'hc count ing  r a t e  
OVCI' t h e  le f t  kidney 
was higher' t h a n  ovcr  
t h e  r ight  kidney (Fig.  
15))). After siirgic.aI r'c- 
moval  o f  t h e  h t o n c .  its 
ex terna l  layers  \vc~ 'c  
found t o  conta in  SrS;. 

Fiq .  15 17.  
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Mit Hilfc cines ausscrhalb aufgcsctztcn Funltcnzahlcrs war  cs miis- 
lich cinc erhijhtc spinalc Aufnahriic von intraveniis injiziertein Sr8t5 
in Fallen von \Virhelhriichen, Spondylitis und andercn Typcn von ort- 
lichen \ \ ‘ i rhels~ulcnsch~den nachzuwcisen. 

,2 (: h N 0 \V 1, 1.: D (; I.: Jl 15 N 1‘ S 

T h i \  study xvas made w hilc onc of thc authors ( P.S.) held a scholar- 
ship an ardcd hy the Swcdish Govcrnincnt. Financial support  was ob- 
taincd from grants awarded by the Josiah Macy, J r .  Foundation, New 
York, and the \Vallenhcrg Foundation, Stockholm. 
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