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Abstract. The authors report on a computer-assisted 
method that allows a semi-quantitative assessment 
of salivary gland function under normal and patho- 
logic conditions. They illustrate some mathematical 
procedures suitable for this purpose and the results 
achieved in various salivary gland diseases. 

Introduction 

Radioisotope methods are regarded at present as an 
indispensable diagnostic tool in various fields of Ear, 
Nose and Throat  pathology, including salivary glands 
[1-4, 10-15, 171. 

In some previous studies [5-9] we reported the 
results of radioisotopic and thermographic research 
on salivary gland diseases. The aim of this paper 
is to illustrate the possibility of a semi-quantitative 
assessment of these results. 

Material and Methods 

Our technique, previously [5-9] reported in detail, is here summa- 
rized: after 2 mCi 99rnTcO4 i.v., sequential scintiphotos were taken 
by a 29 x 1.3 cm Anger scintillation camera with a pin-hole collima- 
tor and an exposure time of 2 min, at 5, 10, 20, 25 and 40 min 
respectively. Simultaneously the data were collected on magnetic 
tape in 2 min frames from 0 to 44 min ; after 0.25 mg carbaminoyl- 
choline chloride s,c. at the 22nd min, a rapid and intense sialorrhea 
followed. 

The stored data were recalled from the magnetic tape and 
displayed; four regions of interest (R.O.I.) were then selected, cor- 
responding to the major salivary glands (Fig. 1). For  each R.O.I. 
the computer (Laben 70) displayed a counts/time curve that we 
called "funct ional"  (Fig. 2). 
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Mathematical elaboration of the curves obtained in some of 
the subjects previously [7] examined was then performed. 

Results 

Parotid and submandibular curves under normal con- 
ditions are shown in Fig. 2. After an initial steep 
rise of radioactivity in the first 4-6 rain (gland perfu- 
sion) the concentration of 99mTcO4 steadily increases 
until the 12th-22nd rain as reported by many Authors 
[2, 3, 10, 13, 15, 17] and confirmed by our experience 
in 12 patients with no salivary pathology undergoing 
radioisotope examination for 90 min without carba- 
minoylcholine stimulus. At 2-4 minutes after carba- 
minoylcholine a rapid and intense sialorrhea follows. 

We first considered Tmax, i.e. the "peak- t ime"  
of the curve that under normal conditions ranged 
from the 12th up to 16th min for submandibular 
glands and from the 16th up to the 22nd min for 
parotid glands. 

Furthermore we evaluated the slope of the seg- 
ment of the curve ranging from the 2nd-4th min up 
to Tmax, i.e. the rate of accumulation of activity 
in the stated time interval. To this purpose we feel 
it worthwhile to use the power function reported by 
Rosenthal and Kaye [16] for 99mTc-Pyrophosphate 
kinetics : 

C =  Kt ~ 

where C is the counts, K a constant, t the time in 
minutes and m the slope of the logC versus logt plot. 
Fitting this curve to the considered segment of the 
functional curve, the correlation coefficient always 
exceeded 0.97. 

It was more difficult to find a suitable mathemati- 
cal parameter for a satisfactory semi-quantitative as- 
sessment of the descending segment since it represents 
a complex curve that cannot be reduced to a simple 
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Fig. 1. Regions of interest selected by the computer for each major salivary gland 

exponential function. We assumed that a practical 
index of 99mTcO4 excretion rate would be the ?/2 
obtained by graphic interpolation of the points from 
2 up to 10 min after the " p e a k "  of the functional 
curve. 

Laben 70 computer  in '° off-line" mode was able 
to give us all the mathematical  results using a suitable 
program in Basic language: an example is shown in 
Fig. 4. 

The results obtained in 32 normal  subjects are 
reported in Table 1. Mean values of accumulation 
and excretion parameters  showed a close symmetry 
between right and left side for parotid and submandi- 
bular  glands as well, as reported in the previous stud- 
ies [5-9] and shown by Fig. 3. 

As far as pathologic conditions are concerned 
(Table 2) the usefulness of radioisotope methods in 
facial paralysis " a  f r igore" was clearly shown in our 
previous studies [5-7], the difference between the af- 
fected and the normal  submandibular  curve being 
an important  criterion for deciding on surgical man- 

agement. Three out of fourteen patients showed in 
the affected side a Tmax that was prolonged by more 
than 20% as well as a decreased slope on the accumula- 
tion curve. Moreover  the excretory ?/2 was between 
45% and 73% higher than in the contralateral gland. 
These subjects underwent surgical operation with 
good results, while in the remainder of the cases with 
side asymmetry of mathematical  parameters of less 
than 20% or no variation, the drug therapy was pre- 
ferred (Table 3). 

Chronic inflammation of salivary glands is charac- 
terized by a slower 99mTcO4 uptake:  m is 39% lower 
than the normal  value with a decreased excretion as 
well. 

In acute inflammation the excretion is markedly 
slowed but on the contrary 99mTcO4 accumulation 
in the involved gland is 28% higher than in the normal  
one. 

Obstructive disorders (i.e. calculi and duct steno- 
sis) " f la t tened"  the excretory segment and thus tl/2 
was so prolonged that it was undeterminable in most 
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Fig. 3. Parotid curves are graphically represented as the percentage 
of the m a x i m u m  radioactivity reached within the Tmax 

Fig. 2. Functional  curves of  parotid and submandibular  glands 
under normal  conditions 

Table 1. Normal  Subjects 

Mean ± SD Mean _+ SD 

Tmax 19 + 3  14 ± 2  

m a 37.5_+5 32 .6+5  

#/2 8.5+2.7  12 + 2  

Parotid glands Submandibular  glands 

a For  practical purposes the values printed out  by the computer  
were multiplied by 100 before calculating mean and standard devia- 
tion 

cases. Accumulation rate was decreased as much as 
37% and Tmax very prolonged. 

Mathematical  parameters in Sjogren's syndrome 
clearly " ref lec ted"  scintigraphic and functional pat- 
terns, all being markedly altered. 

Finally no significant change was found in system- 
ic diseases. 

Discussion 

Semi-quantitative measurement  of functional curves 
substantially confirms what we reported in the pre- 
vious studies and at the same time gives some addi- 
tional useful data. 

In this connection let us take into account Table 1. 
The range of normality is narrow enough to allow 

an exact differentiation between normal  and patho- 
logic cases. This is clearly confirmed from the values 
of P which were always >0.001. 

In chronic inflammation both Tmax and m values 
support the hypotesis of a prevalent involvement of  
the accumulation segment. In sub-acute and especially 
acute diseases on the other hand, hyperemia is the 
cause of a shortened Tmax with a steeper slope of 
the curve. In both cases tl/2 of the descending seg- 
ment is more or less prolonged in connection with 
the degree of duct involvement, i.e. according to 
the higher or lower resistance to the transit of saliva 
flow towards the mouth. Once this situation reaches 
the " a c m e "  such as in the occlusion of the duct 
either by a large calculus or by a stone plus stenosis, 
ll/2 becomes undeterminable because of the "f la t -  
ness"  of  the descending segment. 

The value of radioisotope method instead of 
Blatt 's test i.e. the separate catheterisation of Whar-  
ton's ducts, as described by Bernard et al. [3] - in 
order to decide on surgical management  in facial pa- 
ralysis is more and more confirmed by mathematical  
parameters that also allow for a higher diagnostic 
accuracy. P values in Table 2 are obviously insignifi- 
cant for the submandibular  glands too, since only 
3 out of 14 patients showed appreciable changes of 
the parameters.  

Finally it is easy to realize the usefulness of  semi- 
quantitative measurements to follow-up the effects 
of surgery, drugs or radiotherapy. 



Table 2. Abnormal  subjects 

Tmax  m a tt/2 

Parotid Submandibular  Parotid Submandibular  Parotid Submandibular  
glands glands glands glands glands glands 

Num-  
ber 
of  
sub- 
jects 

Mean P Mean  P Mean P Mean P Mean P Mean P 
_+ SD + SD -+ SD -+ SD _+ SD -+ SD 

Chronic 22 18 22.8 19.9 13.8 19.6 
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 37 

inf lammation _+ 2.2 _+ 3.7 _+ 9.5 + 9 _+ 5.8 + 9.9 

Acute or sub-acute 16 10 48 41.7 22.1 31.2 18 
< 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

inf lammation _+ 1.9 + 4  -+ 11 _+9.5 -+9.6 -+ 12 

Facial paralysis 18.9 15 37 31.7 8 11,2 14 
n.s. n.s. n.s. n.s. n.s. n.s. 

-+1.3 -+3.5 -+2 -+1.5 _+1.7 -+1 

Calculi 39.1 29.9 23.6 20.5 
<0.001 <0.001 <0.001 <0.001 n.d. - n.d. - 6 

+14  -+13 +10  -+8.8 

Systemic diseases 18.8 13.7 37.6 32.4 8.2 11.8 
n.s. n.s. n.s. n.s. n.s. n.s. 6 

+ 2  _+1 _+1.9 -+1.4 -+1.4 _+1.8 

Sj6gren's syndrome 11 <0.001 21 <0.001 0.12 <0.001 0.14 <0.001 57.5 <0.001 75 <0.001 3 
_+4.8 -+5.3 -+0.2 _+0.4 _+0.5 -+0.7 

a As in Table 1 
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Fig. 4. Printout  of  the computer  with mathemat ical  elaboration 
of a parotid curve showing from up-side to down-side: the inputs 
(minutes and respective integral values of the selected area) for 
accumulat ion curves in 2 rain frames ; the values of: accumulat ion 
constant  (K), m (M), determination coefficient (R2), correlation 
coefficient (R), s tandard error (ES), difference between experimen- 
tal and calculated curve (D) ; inputs (same parameters as for accu- 
mulation) for excretion curve in 2 min frames;  excretion constant  
(K ESC); excretion tl/2 (T1/2) 

Table 3. Variation of quantitative parameters of involved subman-  
dibular gland in facial paralysis 

No  Up to 20% 21-40% 41-60% > 60% 
variation 

Tmax 6 cases ? 5 cases $ 1 case ? 1 case ~ 1 case 

m 6 cases + 5 cases $1 case $1 case $ 1 case 

?/2 4 cases ? 7 cases $ 2 cases t 1 case 
Drug  therapy Surgery 

t = I n c r e a s e d  value; ; = D e c r e a s e d  value 

In our opinion the introduction of mathematical 
methods in order to semi-quantitatively assess the 
"functional" curves is a real "step forward" in the 
diagnosis of salivary gland diseases, taking into ac- 
count the possibility of extending this method to other 
fields of radioisotope studies following the example 
of Rosenthal and Kaye [16]. 
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