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I N T R O D U C T I O N  

A simple method for calculating the volume of the parotid gland has been 
presented in an  earlier article (Ericson & Hedin, 1970). The method was 
developed to enable a detailed study to  be made of the effect of various 
pathologic conditions and drugs on the volume of the salivary glands and 
of how the rate of secretion varies with the volume. 

The results as regards the parotid gland showed a high correlation between 
the lateral projection of the area of the gland on sialograms and thp total 
volume (r2 = 0.94), which in turn showed that the deviations in volume were 
determined almost entirely by the size of the lateral and superficial portion 
of the gland. By means of regression analysis an expression was derived 
from which the volume of a particular parotid gland can be calculated with 
the aid of a constant and knowledge of the extent of the gland expressed as 
the area of the lateral projection on sialogram. In the present study the method 
designed in the earlier one was applied to find whether for the submandibular 
gland, too, there is a relationship between the lateral extent of the gland 
on a sialogram and its total volume. The method is a combination of d 

sialographic and planimetric analysis, which is compared with a volume 
determination. 
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MATERIAL AND METHOD 

The niaterial for the study consisted of the submandibular glands from 21 
cadavers intended for autol)sy examinations. None of the suhjects had (lied 
of any disease known to involve the salivary glands. The examiriation was 
performed not later than 16 hours after death. 

,Cialogruphy. Wharton's duct was located and a polytliene tube (PE 50-60) 
filled with contrast medium was inserted until resistance was felt. To prevent 
leakage of the medium into the mouth during the injection the tube was 
sutured to the surrounding soft tissue. The irijection of the contrast medium, 
1,ipiodol Q (Etliiodol") was performed mantially at a slow rate until a firm 
resistance was felt ~ usually after injection of 0.3-0.6 ml. 

Sialograms were exposed in situ with the cadaver in the supine position. 
The cassette was placed as near the gland as possible in the sagittal plane, 
and the central ray was directed laterally on the midpoint of the gland with 
a focus-to-film dist.aiice of 70 cm. The  exposure conditions were chosen 
according to  the thickness of the object, which was assessed on the basis 
of trial exposures. So as to project the gland free of interfering tissues the 
jaws were closed. 

Size determination. 1. The extent of the submandibular gland on the 
sialograin (in lateral projection) was outlined with a pencil (Fig. 1) and the 
boun(letl area was calculated with an Aristo planimeter. The greatest longi- 
tudinal and transverse dimensions of the gland were measured. 

2 .  After dissection and removal of the gland (Fig. 2) its voltirne was 
determined by water displacement to tlie nearest 0.1 ml. 

Statistics and the error of the method. The range, mean (%), difference 
between the means (d), standard deviation (SD), standard deviation for a 
single observation (SE), the simple correlatioii coefficient ( r ) ,  the total 
correlation coefficient (R) were calculated by usual methods (Ericson, 1968). 

The precision of the planirrietric measurenients was examined. The lateral 
projection of the individual submandibular gland on the sialogram was traced 
arid the area tleterrriiiied on two occasions at an interval of 3 months (Areas I 
and 11, respectively). 

The range, tlie mean of the difference Area I minus Area 11, the simple 
correlation coefficient and the standard deviation for a single measurement 
were calculated (Table I). The analysis showed that there was no appreciable 
difference between Areas I and 11. The standard deviation for the random 
error of the method for a single determination (SE) was 0.28. The error 
incurred in tracing the gland, was small cornpared with the range for all the 
subjects. 
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Fig. 1. The extent of the suhmandibular gland on a sialograrn outlinctl in pencil. 

No  examination was made of the error incurred in projecting tlir gland on 
the X-ray film. Such an examination in respect of the parotid gland disclosed 
that deviations of the beam amounting to +3" from a zero value were neg- 
ligible (Ericson & H d n ,  1970). 

Table I. 
Error o j t h e  method for a single determination (SE)  of the ZateralproJehon of the sitlimandi- 

bular gland on stalograms, performed bv one investigator on two occasions 
- ~ ~ ~ ~~ ~~ 

Rangc d 
~ ~- ~ _ _ _ _ _  - 

Aica I minuv 
Area I Area I1 Area I1 SE r 

~ ~~ - - - ~- 
N 

21 5.8-10.3 6.0-10.9 0.20 0.28 t 0.97 
_ _ ~  ~ 

~ _ _ _ _ ~ ~ ~  ~ - - ____ . ~~~ 
~ 

3 
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Fig. 2. The dissected sulimantiil)ular gland. 

KESLI.TS 

The means for the volume and area determinations are shown in Table 11. 
The correlation between the gland voliurie ( V )  arid its lateral extent on the 

sialogram (Y) - where Y = (Area I + Area 11) - was examined. The 
coefficient ( r )  for the simple corrclation between the gland volume and the 
area on the radiograph was + 0.68. There was tliiis a positive correlation, 
though not a particularly close one. The correlation for 21 subjects is shown 
in Fig. 3. 

Table 11. 
M e a n  v o h m e  of sirhrnandkbular gland ( b  ; In  rnc l /d i t re$)  a n d  area of h t e r a l  p ro jec t ion  

rneaaured on t h e  s ia lograrn  ( Y ;  in yqirare ten t imet re \ )  
~- ~ _ _ _ _ _ _ _ _  

Cland volume Area 
~ - - 

~ 

N x f SD f sr) 
21 6.5 f 2.6 8.9 f l72- 

___ ~- _ _ _ ~  

~~ ~ 
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Fig. 3 .  Correlation between the true volume and the lateral projection of the glands on a sialo- 
gram. The regression line I’ = --6.64 -1.- 1.47 Y,  w-here V is the volume and Y the area, has 

h e n  inserted. 

To find whether the breadth or height of the gland on the sialogram, either 
separately or cornhined with the lateral projection of the area gave a hetter 
estimate of the volume than the lateral area alone a multiple regression analysis 
was performed with the volume as the regressarid and the above varialdes as 
the regressors. The volume was found not to  he closely correlated to any of 
the distances or products considered. The product of the length and area 
was almost as closely correlated with the volume ( r  = 10 .67)  as the area 
itself. The age factor - that is, the age of the subject - was found to have 
n o  bearing on the results. 

To find whether the correlation analyses might be influenced by variations 
in image quality an examination of the residual variance for individual obser- 
vations with regard to image quality was performed. The radiographs were 
divided into three grades with respect to exposure factors and the volume of 
medium injected compared with the maximum possible volume. For the 
glands used in the study there was no correlation between image quality 
and the residual values for the ratio between area and volume. From a 
regression analysis an expression was derived for the volume of the gland, 
V;  as a function of its projected area: 

V = - 6.64 + 1.47 Y 

where Y is the projected area of the intlividiial gland. The standard deviations 
(SE) for the constants 6.64 and 1.47 were 3.25 and 0.36, respectively. This 
regression line has been entered in Fig. 3. The square of the total correla- 
tion coefficient (K2) was $0.47. 
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DISCUSSION 

For practical reasons Lipioclol@ (Etliiotlol@) was used as the cont.rast niediiini. 
1 he volumes injected were ecpivalerit to those of water-solnlde contrast 
medium found to he clinically suitohle for olitirnal diagnosis. N o  differences 
in the visualimtion of tlie subrnaritli1,ular gland on the sialograrrl were foun(I 
hetweeri contrast niediiirns that are and  are not water-soluble, arid it Jnay 
therefore lie inferred that the results are valitl for the cvater-sold)le contrast 
mcclia, wliich would he preferahlr in c:linical ap1)lication of the methotl. 

N o  calculation was niatlr of the volume of contrast medium in [lie glantl 
die11 tlie sialogram was exposed and when the volume of the ghrirl was cal- 
culated. The injected quantities were srriall (0.3-0.6 nil) arid an appreciable 
fraction was possil)ly located in the actual gland duct. When the gland was 
removed prior to the volunir tleterrriiriatioii the greater part of the contrast 
niecliurn ran 0111. In view of this antl tlie fact that tlie injecte(1 arriount was 
srriall comIJare(1 with tlie volume of thc glaritl, the results cannot have heen 
influenced by the ainount of contrast rnetliiini injected. 

1 lie correlation hetween the lateral 1)rojcc.tion of tlie area antl the total 
voliinie of the suhniandibnlar glantl was positive, with r = t0.68. The 
correlation between the area and voliirnr, however, is riot strong enough for 
the area variahle alone to be wet1 as a hasis for estimating the volume of tlie 
glancl, as w-as t.he case for the pirot id gland, where the correspontling valiie 
was +0.96. It is evident from the coefficient for the correlation hetween tlie 
lateral area and tlie voluine that about 50 per cent of the variation in voliinie 
in the material can be attributed to differences in the lateral evtent of the 
suhmandibular gland. The reason for the difference het ween tlie salivary 
glands in this respect is to he found in the variahility of their anatomic shape. 
For the submandibular glantl the third tlirricnsion, the thickness, is c1e;irly 
more variable, and iiitleperitlerit of the lateral area; the volinrie of tlie gland 
is thus more del)e~i(lent on the thickness than is the case for the p;irotitl 
glontl. When the dissected glaritls wcrc exaniitied, a high or low value for 
this thickness was found for the glands located farthest from tlic regression 
line in Fig. 3.  

The projection of the glaiiil in the frontal planes could not be arialysed 
on autopsy series for technical reasons, hut in clinical work these projections 
are riot difficult t o  register, arid the volinrie of the gland may herefore be 
c a l d a t e d  with a higher level of reliability. 

r 7  

r 7  
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SUM MARY 

A niethotl derived for determining the volume of the parotid gland has been 
applied to the suhmandihular. The correlation between tlie volume of this 
gland and the lateral projection of the gland on a sialogram was weaker than 
for the parotid gland. A detailed analysis was made of factors conceivahly 
having a hearing on the result. By means of a multiplier a rough estimate 
of tlie volunie of tlie suhmandibular gland can be obtained when the projected 
area of this gland on the lateral sialograiii is known. 

R ~ S U M B  

U N E  MCTIIODE POUR D ~ T E R M I N E R  LE VOLUME D E  LA CLANDE SOUS-MAXILLAIRE 

PAR SIALOGRAPHIE 

Une rnbthode cl6jjh ernployke pour clCterminer le volume de  la glande itarotitle 
a CtC appliquke h la glande sous-rriaxillaire. Ida corrdation entre le volume tle 
la glande sous-maxillaire et sa superficie en projection latCrale telle qu’elle se 
dessine siir la sialographie n’ktait pas aussi 6lev6e cine pour la glande parotide. 
Une analyse plus poussCe cles facteurs poiwant jouer un r81e a Cti. faite. I1 est 
possilde d’arriver A une estimation approximative du volume de la glarirle 
sons-maxillaire ii l’aide d’un multiplicateur cpand la superficie de la m h e  
g l a d e  sur la sialographie latkrale est conniie. 

ZUSAMM ENFASSUNG 

EINE K I J N I S C I I - K ~ N T G E N O L O G I S C H E  STUDIE UBEH DAS VOLUMEN DER 

(CLANDULA) SUBMANDIBU1,ARIS MIT SIALOGRAPHIE 

Eine Methode - friilier heschrieben - um clas Volurnen der Parotis zu 
beret:lirien ist jetzt anf die Glanclula suhmandibularis gebraucht worden. 
Die Ubereinstimmung zwisclien tlern Volumen tlieser Driise uritl ilirer late- 
ralen Projelction - so wie sie sicli auf einem Sialogram zeichnet - wiirtle 
niclit so gross wie die die fiir Parotis giiltig war. Eine niihere Analyse cler 
Faktoren, tlie moglicherweise das Ergebnis beeinflussen kiinnten ist ails- 
gefiilirt worden. Da, wo nian clic Fliiche tler Suhniantlibularis auf einern 
lateralen Sialogram lcennt ist es mit IIilfe eines Multiplikators rniiglich eine 
approximative Hcstimmung tles Voluinens dieser Driise Z U  machen. 
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