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PROGRESS IN THE USE OF RADIONUCLIDES 

IN ORTHOPAEDICS 

G ORAl'l B AUER 

F or m ore than two centuries the advan cement of knowledge in the 
fi eld of bone physiology h as been intima tely linked with p rogress in the 
u se of trace r techniques applied to bone. For exam ple, u se of m etal 
m arker s by Hales and Duhamel in the eighteenth century put an end 
to the theory of in ter s titia l elongation and showed tha t growth occurred 
by apposition . F urther refinement of this technique was m ade possible 
when roentgenog ram s were u sed for in vivo localiza tion of m etal 
m arkers o r other landm a rks, such as growth ar res t lines, exos toses or 
s triae caused by metal po isoning. Use of madder for vital s taining of 
forming bon e ti ssue permitted a detailed descrip tion of bon e re­
m odelling in experimental anim als. Thi s technique was of cru cial 
importan ce to Kolliker in hi s a llemp t to link bone cell s, as seen in the 
mi croscope, to specific functions in the metaboli sm of bone. Use of lead, 
beta-emilting rndionuclides like 32P or 45Ca, and tetracycline in creased 
the sensitivity of the intrav ital s taining techniqu es; compa red with 
m adder th ese t race rs p rov ided much higher r esoluti on . 

Refinement of tracer techniques thu s involves localiza tion and 
quantita ti on of trace r . Thi s can be done con venientl y in m an onl y if 
the tracer can be adminis tered and detected safely in vivo without a 
biopsy. These requirements a re met by gamm a-emilling r adionuclides. 
Use of r adionu clides for the study of skeletal phys iology and pa thology 
in m an thus cons titutes an important link in a ch ain of events which 
has its origin in the eighteenth century. 

In particul a r, the applica tion of r ad ionuclide trace r techniques h as 
provided clinical orthopaedics with an in sight int o metabolic problems 
comparable to that which h as so long been the p rerogative of th ose 
studying the paren chym a tous organs. For example, such important 
conditions in orthopaedics as a rthrosis, n ecros is of bone, tumour, septic 
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conditions and rheumatoid arthritis can now be analysed on a clinical 
level with the aid of trace r techniques. In a ll these conditions, co m­
parison of these metabolic data with inform a tion derived from con­
ventional m orphologic m ethods has yie ld ed n ew in sight immed iately 
useful in diagnosis and therapy. 

On the basis of previous reviews of the use of r adionu clides in 
orthopaedics (Bauer et a l. 1958, Bauer 1965, 1968, Dreye r & Georgi 
1972 ) five subjects of pa rticul a r interes t will be di scussed in thi s 
a rticle : osteonecrosis, the infected enclop ros th es is, functional s tudi es 
of bone metabolism, choice of tracer, and detection techniques. Finally, 
the present indica tions for radionuclide scintimet ry in clini cal ortho­
paedics will be defin ed. 

OSTEONECHOSIS 

Cameron (1969) first showed that radi onuclide scintimetry may 
demonstrate an abnormality in non-traumatic necrosis of the h ead of 
femur long before morphologic changes are visible by radiography. 
Ahlback et al. (1968 ) showed that n on-traum a tic n ec rosis of bone is a 
relatively common condition also in the knee and that radionuclide 
scintimetry may be of distinct va lue in the ea rly di agnosis of the con­
dition. These findings h ave subsequently been confirmed by Julien 
(1974 ) and others. In an ex ten sive s tudy of 70 patients with non­
traumatic osteonecrosis of the hip and th e knee, Julien found agree­
m ent between scintimetry/g raphy (see below ) and the clinical and 
r adiographic development of the disease in all but 3 of 95 involved 
joints. 

By currec t interpretation, high scintimetry va lues m ean a high level 
of m etabolic activity. One may then ask why the sc intimetry values 
are high when the bone is dead. The resolution of thi s paradox is th a t 
the high metabolic activity is second ary to the primary process; bone 
dea th s tarts a pathophysiologic process charac terized by r emoval of 
dead bone and formation of new bon e. The scintimetry values thu s 
reflect the s trong tend ency to r epair, noted by D'Aubigne et al. (1965) . 
Immediately at onset, n ecrosis of bone should thus yield low or normal 
r a ther th an high sei ntimetry va lues. To my knowledge, only one patient 
has thus far been s tudied at su ch an early s tage of osteonecrosis of the 
knee; 85Sr scintimetry was indeed n ormal. One month later, the values 
were exceedingly high , whereas the typi cal radiographic les ion did not 
appear until much la ter . 
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Recenlly, s imilar techniqu es have been applied to the study of 
osteonecrosis secondary to intracapsular fracture of the neck of femur 
( Shoj i et al. 1972, Asnis et al. 197 5) . Shoj i et a l. showed that the 
scintimelry values in nine cases of osteonecrosis of the head of femur 
were remarkably high compared to the values in uncomplicated 
fracture cases. Asnis et al. in the same laboratory refined the 
technique further. They demonstrated high accuracy in the prediction 
of necrosis and / or non-union by measurements made 2 months or 
la ter after fracture. On the basis of these data from the Hospital for 
Special Surgery in New York it now seems possible to define a new 
clinical s trategy in cases of fracture of the neck of femur. Already 
during the first few months following injury a d iagnosis of impending 
necrosis and / or non-union can be made and a hemi- or total 
arthroplasty performed. The dream of predicting these complications 
already at the lime of the initial surg ical procedure has not material­
ized, however. i\Iethods based on clea rance of tracer injected into the 
head of femur have proven imprecise, probably because of the dif­
ficulties encountered in definition of injection site. Methods based on 
accumu lation of tracer have failed, very probably because such 
methods have now proven to depend on the repair reaction being 
under way. 

TilE INFECTED ENDOPHOSTI I ESIS 

On the basis of earlier work (Noh 1972, Groher et a l. 1972, Venohr et 
al. 1972, Bauer et al. 1973), Sjostrand (197 4) has made a th orough 
analysis of radionuclide scin limetry in total hip arthroplasty. The 
purpose of his investigation was to develop a method lo be used in 
differential diagnosis of pain afler total hip arthroplasties. A base 
material of 135 hips was divided into three series: ( 1) hips without 
pain, (2) hips with proven infection and (3) hips with pain but without 
proven infection. Scintimetry was performed 2 weeks after administra­
tion of 85Sr. The patients were examined by rectilinear scanning over 
the hips. The data were analysed with regard to the acetabulum, the 
intraarticu lar space and the proximal femur, and mean values of 
activity were related to a total body activity index. The values thus 
obtained showed a regular pattern in the uncomplicated arthroplasties; 
a rapid increase after surgery and then a slow drop to a rather stable 
plateau some 8 months afte r surgery. Infected hips showed markedly 
elevated values of either both or one of the componen ts of the endo-
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prosthesis. Other causes of abnormally high activity were ec topic bone 
formation, femoral fracture, non-union of the great trochanter, per­
foration of the femoral shaft, Paget's disease and osteonecrosis caused 
by radiotherapy. 

By dividing the material into subsets based on clinical and radio­
graphic data, Sji:istrand analysed the scintimetry values with regard 
to causes of loosening of the femoral component. This analysis per­
mitted a description of the varus migration of the femoral component, 
common and severe in infected cases but not infrequent even in other­
wise normal canals. The cause of fracture of the femoral cement could 
thus be identified in all cases. In infected cases scintimetry permitted 
identification of the exact location of infections whi ch did not always 
involve both components of the endoprosthesis. In one case the infected 
component has subsequently been replaced with the non-infected 
component left in situ; the outcome is still successful 1 year after the 
operation . Very probably the scintimetry method may considerably 
shorten the perioa of time n eeded for diagnosis of the so-called infected 
total hip. 

F U N C T I 0 !\ A L S T U D I E S 0 F B 0 N E M E T A B 0 L I S ~I 

The development of radionuclide scintimetry of the skeleton has 
progressed from ( 1 ) topologic identification of abnormality, for 
example cance r m etas tases or osteonecrosis of the kn ee, to (2) inter­
pretation of abnormally high values in the face of a known skeletal 
abnormality, for example osteonecrosis in fracture of the neck of 
femur or the infected total hip endoprosthesis, to (3) distinction 
between different types of development of one and the same condition. 
It is the third type 1of application of trace r techniques that I have 
denoted as analysis of function. The best example of thi s third 
generation type of trace r studies of the skeleton has been furni shed by 
Koshino & Ranawat (1970) who studied 8•Sr scinlimetry pallerns 
following high tibial osteotomy for os teon ec rosis and/or arthrosis of 
the knee. The purpose of the osteotomy was to shift the body-weight 
from the diseased m edi al compartment of the knee to the less involved 
lateral compartment. They found that in those cases where the 
osteotomy h ad been mechanically success ful, the preoperatively high 
focus of uptake had shifted laterall y. However, in those cases that we~e 

under-correc ted, i.e. where the osteotomy had not achieved its mechan­
ical purpose, the highes t scintimetry values were loca ted medially even 
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postoperatively. Tliese observations are thu s a practical example of 
Vlolff's law which relates function, metabolism and form of the 
skeleton (Bauer 1968 ). 

Further examples of analys is of the fun ction of the skeleton by 
radionuclide scintimetry have been furnished by Segmiill er (1971 ) 
and by l\Iuheim (1973). Segmiiller thus sh owed h ow different types of 
pseudarthrosis of the lower leg may differ in their sci ntim etric pattern 
and that these differences were correla ted to the clinical course. 
l\fuheim found a s triking difference in s•mSr uptake in frac tures trea ted 
conservatively as compared to fr actures trea ted by a compress ion plate. 
Hi s data furthermore sugges ted that seri al scintimetry may be useful 
for early detection of incipient n on-union . 

Finally, l\fuheim & Bohne (1970) h ave demonstrated that the 
prognosis in osteonecrosis of th e knee as rega rd s development of 
arthrosis is related to the scintimetry pallern observed during an early 
s tage of the condition. 

C H 0 I C E 0 F 1\ A D I 0 l\ U C L I D E T H A C E It 

Until recenlly 85Sr h as been the trace r of choice for radi onuclid e 
scintimetry of the skeleton . Thi s choice ha s been based on a thorough 
Io1 owledge, both cl inically and experim entally, of the simil a rities and 
differences between s trontium and calcium m etaboli sm , on th e favour­
able r ad iation ch a racteri s ti cs of 85Sr and on the con venient h alf-life of 
5Sr whi ch makes it readily available in the laboratory and permits 

measurements at th e lim e when lhe soft ti ssu es h ave been clea red from 
trace r. However, the long h alf-life of 85Sr r a ises objectio;1s to its u se 
in non-malignant conditions in children . The refore a number of short­
li ved tracers have been tried and some are now well establi shed for 
routin e worl<. Thus, l\fuheim & Crutchlow (19 71 ) and Asnis et al. 
(1974) have shown th a t for . certain purposes a 1-hour scan with 1sF 
may be compa rable to a 1- or 2-week scan with 85Sr. Also rmSr may be 
u sed in a similar fa shi on as discussed by Charkes (1969) for bone 
tum our a say and by Staheli e t a l. ( 1972 ) in s tudies of bone and joint 
infeclions in ch ild ren. Finally, Subramanian et al. (1974), Julien 
(1974) and several others are a t present in ves tiga ting the possibility of 
using oomTc labell ed phosphate compound s for clinical bone scintimetry. 

There is n o doubt that th e short er-lived tracers may considerably 
widen the scope of bone scintimetry und er clinical conditions. As 
compa red to 5Sr the sh ort er-lived trace rs h ave the g rea t advantage that 

2t• 
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they permit high er ac tiv ity levels a t comparabl e r ad ia tion dose. 
E ven m ore important is the possibility of do in g repea t measu rements, 
due to the r ap id di sappea rance of the tracer and lhe lower r adia tion 
dose. The possibility of m akin g m easuremen ts immedia tely a ft er 
administering the trace r is only a n appa rent advantage, h owever; thi s 
can be achieved also with 85Sr. 

E ven though different tracers m ay h ave differ ent advantages and 
disadvantages wh en applied to any pa rticul a r clini cal p robl em , it 
sh ould be emph as ized tha t each labora tory h as to build up considerabl e 
experien ce with each of the tracers u sed in order to interp ret lhe da ta 
properly. For examp le, the interpreta tion of the high scintimetry 
values in os teon ecrosis or in the infected hip res ts on a firm has is of 
va lues r eco rded in n orm al cases. 

D E T ECT I 01\ TEC H N I QUES 

The body of knowledge in r adionu elide trace r techniques for the s tudy 
of bone is based on an alys is of digital da ta. For certa in cl inical 
purposes it may be advant ageous to di splay such da ta in n on-d igita l 
form s, for example by the u se of colou r (Ba uer e t al. 1973) or other 
an alogues ( Asnis e t a l. 1973) . However, these techniques pe rmit ready 
tran sla tion of the da ta r ecorded into p recise digital va lues because the 
detec tion devices u sed in the quoted referen ces h ave hi gh p recisely 
defined resolution. I h ave u sed the term scinlimelry for these tech­
niques in contras t to scintigraphy which den otes meas urements m ade 
with the aid of a gamma camera and d isplayed as sh ades of grey on a 
photographic film. Even though the gamm a camera has reached an 
admirable level of sophis ti ca tion wh en appli ed to the skele ton il cannot 
as ye t compete with the rect ilinea r scan pe rfo rmed with a sui tabl y 
collima ted detec tor. ' Vhereas the camera has been highly successful 
for the s tudy of parenchyma tous organs, the skele ton pe rrnits such 
precise topology, with the aid of radiography, tha t i t pays to develop 
tracer da ta of sim il a r p recision . T his, unfortun a tely, cannot as ye t be 
m ade with the gamm a camera. The clinician should be aware of thi s 
p roblem . Unless the r adionu cli de labora tory can furni sh him with da ta 
perform ed in op timal fashi on, h e may well be mi sled in interp reta tin g 
t racer da ta. 

CONCLUS I ON 

The general indica tions fo r rad ionuclide scintimelry in clinical or tho­
paedic problems a re bone an d/ or j oint pain without evidence of rad io-
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graphic abnorm ality. \Vhen applied in this way, scinlimelry may aid 
in the early detection of infection ( Staheli 1972 ) , tumour and osteo­
necrosis. \Vhcn morphologic cfianges have already occurred, scin­
timetry may aid in the differential diagnosis of the primary condition, 
for example vertebral fracture ( Defiore et al. 1970, Segmi.ill er 1972 ) , or 
in the early detection of complication s, for example necrosis and / or 
non-union in fracture of the femoral neck (Asnis et al. 1975) or 
infection in total hip arthroplasty (Sjostrand 1974). Finally, radio­
nuclide scintimetry may permit a better understanding of the basic 
properties of bo~e, to wit the examples given above of the relation 
between function, metabolism and form of the skeleton. In this sense 
radionuclid e scintimetry is forming a new bridge between clinical 
orthopaedi cs and basic science (Bauer 1968). 
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