
276 Acta Orthop Scand 1994; 65 (3): 276-280 

Quantitative bone scanning after asymptomatic 
Charnley arthroplasty 

Arun B Mullaji', Richard C Todd2, Steven Robinson3 and Mair Critchley4 

To establish the normal pattern of postoperative 
tracer uptake we performed 73 99mtechnetium 
methylene diphosphonate scans following primary 
Charnley hip replacements for arthrosis in 68 pa- 
tients without clinical, hematological and radio- 
graphic complications. The patients were divided 
into 7 subgroups according to the period, 6-24 
months, between surgery and scan. There were 
10-1 2 patients in each subgroup. A high-resolution 
gamma camera with a large field of view was used. 

Ratios of uptake in each of 10 peri-prosthetic zones 
to normal bone were calculated. 

Femoral uptake was found to decrease in linear 
fashion from 6 to 12 months after surgery. Thereaf- 
ter the uptake remained unaltered at levels nearly 
twice the normal ones in the greater trochanter and 
nearly 1.5 times in the lesser trochanter, returning 
to almost normal levels in other zones. Acetabular 
uptake remained elevated throughout. 
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Radionuclide imaging may be used to differentiate 
septic trwn aseptic loosening when preliminary 
"""'Tc-MDP scans show increased uptake. However, 
even alter uncomplicated hip replacements, thcre is 
increased tracer uptake around the prosthesis (Bauer 
el  A. 1973). The increased uptake is reported to last  
l'or 6-24 months (Weiss et al. 1979. Williamson et 
;II. 1979. Browett and Ostrowski 19x0, tle Rossi and 
Focncci I9X3, l J t z  et al. 19x6. Bridle et al. 19x9). 
Prosthetic loosening nnd infection can also increase 
rxlionuclide aclivity around the prosthesis which 
rnust be distinguished from the nonnal pattern. 

Therefore. we quantified the y"ll'Tc-MDP uptake 
iii the various peri-prosthetic m i e s  during the 6-24- 
month period after uncomplicated Charnley arthro- 
plasty to cst;iblih the pattern o f  uptake in different 
Iollc?I. 

Patients and methods 

From hospital records we selected patients who i n  
19x8- I990 underwent primary Chnmlcy hip rc- 
placeinent for arthrosis through a posterior or direct 
la~crol approach without trochanteric osteotoniy, had 
;in uneventful post-operative recovery, were asymp- 
tom;itic at regular reviews, and were found not to 
have any clinical or radiographic complications in a 

minimum follow-up 0 1  2 years. Patients were cx- 
cluded from the study if  bone-gralting o f  acctahulum 
or femur had been carried out at the time of nrthro- 

nadvcrtent fracture hiid occurred. Pa- 
tients with Paget's disease, myeloma. metastases. 
inarrow disorders or metabolic hone diwasc were 
excluded. 

All the patients were assessetl clinically hy two o f  
the authors (AHM or KCT) prior to sc;unning. and ;I 
Harris (1969) score was obtained: patients with ;my 
syrnptoins attributable to the prosthetic hip wcrc ex-  
cluded. Patients were also excluded it ot lhc tiiiic 01 
the scan their ESR exceeded 3.5 mii, WH(' count 
was over I I x 10" ceIIs/L, or i t  serial iiritcropostcri- 
or and lateral radiographs showed any signs ol' loos- 
ening (TehrnnLadeh et aI. I 9 X X ) .  

Infomied consent was obtained i n  dl c;ises. Cow 
senting patients were divided into 7 groups hnscd on 
the interval from operation to scnnning. s o  tliai p-  
tients in each group were scanned ;II 6, 9. I ? ,  I S ,  I X .  
21, or 24 months. All scans were done within ;I wcch 
of the specified post-operative interval. 

All scans were performed i n  the Department of' 
Nuclear Medicine. Colchester General Hospilol. A 
Siemens Orbiter camera with a large field of' view 
and 75 photomultiplier tubes was used along with ;I 
high-resolution parallel-hole collimator. This w;is i l l -  

tnched to ;I Siemens Dot Console :ind Microdot 
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Figure 1. The 11 zones from where uptake was obtained 

Imager for analogue images and linked to a Siemens 
Microdelta computer for storage and data process- 
ing. 500 MBq of """'Tc-MDP (Amerscnn Mcdronate 
I I  kit; Radiochemical Centre. Amersham, England) 
were injected intravenously. Anterior and posterior 
images of the pelvis and proximal femora were taken 
approximately 2.5 h after injection. The image ac- 
quisition time was 5 niin for each view. Analogue 
images were obtained on x-ray films. Images were 
stored on computer for data processing on ;i 256 x 
256 matrix. These were then snioothed once (%point 
smooth) prior to data processing. 

A software program was designed to demarcate 
1 I regions of interest on the scan (Figure I ): 3 ace- 
tabular peri-prosthetic zones (DeLee and Charnley 
1976) designated A 1-3; 7 femoral peri-prosthetic 
zones (Gruen et al. 1979) FI-7; and one area over 
the isthmus of the contralateral femur taken to repre- 
sent the normal bone value. The maximum pixel val- 
ue of each area was recorded. I n  each periprosthetic 
zone the ratio of uptake to that of  norninl bone was 
calculated separately for the anterior and posterior 
images. The uptake ratios of anterior and posterior 
images were then averaged and used for further cal- 
culations. The relationship between these values of 
uptake ratio in the different zones and the time 
elapsed since operation was then analyzed. All read- 
ings were obtained by SR who was unaware o f  the 
time interval between operation and scans. A statisti- 
cian was consulted for analysis and interpretation of 
the data. An IBM PC computer and a Magnavox 
Professional PC computer were used, and the results 
were stored in Minitab release 7.2 statistical analysis 
package and Excel version 2. Id software. 

The values of uptake ratio in each zone (e.g.. A I ) 
for all patients in a group (e.g.. 6 months post- 

operatively) were averaged. This was done for each 
acetabular and femoral zone. and the mean values 
were plotted against time. I n  addition, analysis of 
variance and regression of uptake with time were de- 
tcnnined using the values of uptake ratio in each 
zone i n  all 68 patients. Again, this was carried out in 
all acetabular and fetnoral zones. 

Of 100 patients considered as possible candidates 
for inclusion in the study. 79 patients underwent 
y"llTc-MDP scans after being found to be without 
complications after clinical examination, laboratory 
tests, and radiography. 1 I scans were technically in- 
adequate (from contamination of undergarments due 
to incontinence of urine) and these patients were ex- 
cluded from the study. 

The scniis of 73 Charnley total hip replacernents 
i n  6X patients were studied. The patients were 73 
(6O-X6) years old. There were 36 females. 5 patients 
had bilateral hip replacements. Cement was pressur- 
ized by digital nieans or by using ;I syringe; bone 
blocks or plastic cement restrictors were used. 

The Harris score averaged 78 (standard deviation 
6 . 5 ) .  reflecting the uncomplicated situation in these 
patients. 

Results 

Femoral uptake decreased in near-linear fashion in 
all zones from 6 to 12 months after surgery (Table 
1 ). Analysis o f  variance showed a linear decrease in 
uptake from h to 12 months (P < 0.05 in FI and F7 
zones and P 0.06 i n  F4), with essentially no change 
in uptake between patients scanned from 12 to 24 
months. While P-values in the other zones were not 
significant. they did not contradict those in zones FI,  
F4 and F7. The coefficients of the regression equa- 
tion were all consistently negative in all femoral 
zones from 6 to 12 months, confirming the decrease 
i n  uptake; from I2 to 24 months they were nearer to 
zero. 

Acetabular uptake decreased between patients 
scanned at 6 through 12 months in all zones. This 
trend was confirmed by the negative coefricients o l  
the regression equation. However, on analysis of var- 
iance the P-values were not found to  be significant. 
The slight increase in uptake from I2 to 24 months 
was not borne out by analysis of variance. 

Thus, acetabular uptake was found to remain ele- 
vated, even up to 24 months. at levels nearly twice 
those of normal bone. In the femur, the trochanteric 
regions, and to a lesser extent the prosthetic tip re- 
gion, showed a drop in uptake between patients 
scanned at 6 through 12 months. In the other zones 
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Table 1. Mean values of uptake ratio zonewise for each group of patients 

Months 

6 
9 

12 
15 
18 
21 
24 

~ 

Acetabulum 

A1 A2 A3 

229 210 190 
201 219 209 
1 9 8  189 173 
187 193 183 
203 193 183 
196 192 176 
206 215 199 

~~~~ ~~ ~ 

~ ~~ ~ ~~ 

~ 

F1 

2.29 
2 07 
175 
1 73 
1 98 
1 84 
197 

Table 2. Months taken for 9gmTc-MDP uptake to return to 
normal after uncomplicated hip replacement according to 
different studies 

Author Acetabulum Femur 

Weiss et al 6-8 6-8 
Williamson et al 6 6 
Browett and Ostrowski 16-24 12 
de Rossi and Focacci 8 8 
Utz et al 6-12a 6-12 
Bridle el al 12-60' 12-24 

~ ~ 

apersistent activity in 10 percent, b 2 ~  percent, 
and 35-60 percent 

Table 3. Value of sequential imaging with gallium and 
indium-labeled WBCs in the diagnosis of painful hip 
prostheses (percent) 

Tracer / Author 

Tc-Gallium 
Lyons et al. 
Aliabadi et al. 
Tehranzadeh et al 
Merkel et at. 
McKillop et al. 

Indium 
McKillop et al. 
Mulamba et al. 
Pring et al. 
Johnson et al. 
Johnson et 
Magnuson et al 
Wukich et aLa 
Wukich et al. 
Cuckler et al. 

a + Tc-MDP 

Sensitivity Specificity Accuracy 

67 100 77 
37 100 - 
80 100 90 
66 81 77 
83 78 - 

50 
92 

100 
100 
88 
88 
85 

100 
60 

100 
100 
66 
50 
95 
73 
85 
45 
73 

- 
94 
80 
65 
93 
81 
85 
65 
70 

there were siniil;ir though smaller changes. Beyond 
12 nionths. the uptake remained almost unaltered in 
;ill miles. Uptahe remained ;it levels nearly twice 
that of nonnal femoriil bone in the greater trochant- 
er. nearly 1.5 times in tlie lesser trochanter, but fel l  
to tiearly nonnal levels in the remaining areas. 

Femur 
~ ~ 

F2 F3 F4 F5 F6 F7 

119 145 144 1 2 8  131 178 
119 1 2 9  127 1 2 6  123 154 
111 125 116 1 2 0  118 146 
109 118 119 1 2 0  115 145 
125 1 1 9  118 1 2 3  117 145 
108 1 1 9  113 115 114 149 
118 126 114 125 124 I 5 1  

~~ ~~ ~ 

Discussion 

There is considerable vnriation in the literature :is re- 
gurds uptake of tracers after asyiiiptoiiiatic ;iintl tin- 
cotnplicnted hip rep1:iccincnts (Table ?). There i y  a -  
so lack of agreement on the interpretation o f  t i~acer 
activity after sequential imaging with g:illiuiii or ill- 

tlium-labeled WHCs i n  complicotcd C;IW\ (Table 3 ). 
We feel that there ;ire several possihlc rc;isoiis for 

the diversity of opinion with regml 10 """'Tc-MI)P 
patterns after wymptomatic THR. The typc~ 0 1 .  xrthri- 
tis wiis not specified in most studies; activity p;ittcrns 
may he dil'fercnt in  patients with rheuniatoitl arthritis 
(lioscnthnll el  aI. 1979. Magnuson el  i l l .  I O X X ) .  We 
included only nrthrosis patients. The type of prosthc- 
sis ciin alter the activity pattern. antl i t  I \  known that 
uncemented feinoral stems have ii tlifl'ei-ent appeai-- 
atice (Lifeso et ;iI. I99 I ): most reports did 1101 spcci- 
fy this detail. nor  the operative approache\ ;ind inetli- 
o d s  of cementing used. all of which c;in ;iIter upiahc. 
particu1;irly it trochanteric osteotomy is perl'oi-ined 
(Weiss et ill .  1979). 

Only one study (Browett and Ostrowshi 1080) 
used both visual atid qunntitative methods 01' analy+is 
in all the cases; however, the authors tiset1 the ilioc 
crest for comparison. This region. hcciuisc 01' i l s  spa- 
tial asymmetry, shows various uptahcs on the anteri- 
or antl posterior images ant1 can thus he niisle:iditig. 
The remaining reports used purely visu;iI nie;iiis 01' 
determining uptake (Utz  et al. 19x6). Moreover. iior- 
mil hip nnd sacroiliiic ,joints ;ire known to show ;in 

increased uptake (Kirchner ant1 Simon I O X  I ), 

We prefer to tise tlie isthmic region of  the oppo- 
site lemur for cotnp;irison. We feel that the accuracy 
of o u r  method is enhanced by nvcraging the uptake 
ratios i n  anterior and posterior view5 and cletemiin- 
ing uptake zonewise in the acet;ihulum atid I'etiiur. 
Our tiietliod also eliniinates from tne;istireiiietits the 
region between the cup and proxirn;il I'eniur. where 
hcterotopic ossification most commonly occurs. I n -  
creased tracer activity due to heterotopic ossification 
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may be confused with that due to component loosen- 
ing on visual analysis (Gelman et al. 197X). 

In the acetabuluni. persistent tr;icer activity. 
based on visual analysis, has also been noted by 
Bridle et al. ( 19x9). Whether this persisteril !racer 
activity represents peri-articular biological activity, 
which is nonnally more than on the lcmornl side or 
bone reaction or is simply ;I very sensitive indicator 
of true loosening from the very beginning. remuins 
as yet undefined. Thus. the value of  radionuclide im- 
aging for detecting acetabular complications is ques- 
tionable (Gelman et al. 1978. Weiss et id. 1979. Bri- 
dle et al. 1989). I n  contrast to this, uptake in the 
trochanteric zones drops to 1 .S-2 times nomial fe- 
moral levels at 24 months. Uptake in these miles, 
even in normal scans of the contralateral unreplnced 
femur, exceeds I .O. This is corroborntetl by the find- 
ing that uptake ratios return to those levels rather 
than to 1.0. 

Studies based on visual analysis of' uptake show 
very conflicting trends: we suggest that quantitative 
analysis allows a more accurate method of assessing 
activity pattern (Batter et nl. 1973). Any deviation 
from the trend shown in this study may help exclude 
a normal post-operative course. Quantitative serial 
uptake values may be even more meaningful in the 
evaluation of a painful prosthesis. 

The use of visual methods to compare "')"'Tc 
MDP uptake with gallium (which is less specific and 
seldom used) or indium-labeled WBCx to determine 
whether or not there is congruence between tracer 
patterns is also prone to error-as is perhaps retlect- 
ed in the wide variation in reported 
usefulness. We suggest that if sequential scanning 
with gallium or indium is employed after initi;il tcch- 
netium MDP imaging. then quantilication of uptake, 
in the manner described in this study, i'or compari- 
s o n  of congruence or lack of i t  would provide more 
objective and reliable data. This would enhance iur- 
ther the value of radionuclide imaging iti the patient 
with a painful prosthesis. 
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