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Abstract. The masticatory ability of 15 nondys- 
phagic volunteers with complete natural dentition 
was tested using different chewing parameters in- 
cluding preparation of  a two-color plastic chewing 
gum (bolus shape, and color mixture), particle re- 
duction of a piece of  silicone, and number of  strokes 
before swallow of  almonds. The tests were per- 
formed under conditions of normal salivation and 
experimental oral dryness caused by intramuscular 
injection of  methylscopolamine. The chewing gum 
tests as well as the silicone particle reduction tests 
were not influenced by lack of  salivation. The num- 
ber of chewing strokes prior to the initiation of  swal- 
lowing of  almonds was significantly increased. Oral 
dryness seems to cause accumulation of  particles in 
the oral cavity from friable food and the particulate 
material is not transported posteriorly into a "'ready- 
to-swallow" positioning. The absorption of saliva 
by dry oral content such as an almond further im- 
paired oral manipulation of food. 
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Oral dryness, or xerostomia, as occurs in Sj/Sgren's 
syndrome, is associated with problems of  chewing 
and swallowing [1-3]. According to Bertram, ap- 
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proximately 10% of patients with oral dryness have 
swallowing problems [ 1 ]. The mechanical effect of 
the saliva in relation to normal chewing and swal- 
lowing is to lubricate the mucosa and moisten dry 
food. The moistening of oral content during chewing 
has been considered in relation to the number of  
chewing strokes before swallow and the type of  food 
[4]. Results from chewing studies support the con- 
cept that the dryness and viscosity of  the food are 
more important than the panicle size in determining 
the number of chewing strokes prior to swallow [4]. 
No correlation was found, however, between sali- 
vary flow rate from the major salivary glands and 
the duration of  the oral phase of  swallowing [5]. No 
study has evaluated the actual chewability of dif- 
ferent types of food and other materials in relation 
to oral dryness. 

The aim of this study was to compare the mas- 
tication of different types of  material during normal 
oral conditions and experimentally induced oral 
dryness. 

Mater ia l  and M e t h o d s  

Fifteen dental students with complete natural dentition volun- 
teered for this study. There were 5 women and 10 men age 22- 
31 years, with a mean age of 25. None of  them was taking any 
medication and all were nonsmokers. 

Chewing Tests 

Four different chewing tests were used. Chewing gum (specially 
prepared by A/S Alfred Benzon, Copenhagen) made from the 
same base as their SOR-BITS | was used for the evaluation of 
color mixing and bolus shape. The chewing gums had been stained 
blue and red by water-insoluble color. A test piece was made 
from one blue and one red piece, 10 x l0 x 5 mm each. They 
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Table 1. Mean _+ standard deviation for the results of different chewing tests during normal salivation and lack of salivation (mean + SD) 

Normal salivation Lack of salivation 
p values and 
significance level 

Chewing gum color mixture 
Chewing gum shape 
Optosil | panicle reduction 
Almonds: number of strokes 

2.45 + 0.3 2.4 ___ 0.4 p = 0.569 NS 
1.2 + 0.5 1.0 _ 0.8 p = 0.414 NS 

54.0 --- 11.6 48.8_+ 14.3 p=0.0222 
12.9 - 3.6 22.2 _ 15.6 p = 0.0007 

p values and significance levels are provided for comparisons. 

were put together with the colors distinctly separated. The test 
piece was placed in the oral cavity in a standardized way. The 
subject then made 10 unrestricted chewing strokes. The chewing 
gum bolus was expectorated and then evaluated for color mixture 
and shape and categorized into one of five groups for each vari- 
able. 

Panicle size after chewing was evaluated by use of silicon 
dental impression material. Optosil | tablets (5 mm thick and 20 
mm in diameter) were prepared from a silicone dental impression 
material (Bayer Dental, Leverkusen). They were used for a par- 
tide size evaluation according to the method of Edland and Lamm 
[6]. The tablets were chewed for 20 strokes, expectorated, frac- 
tionated, and measured in a sieve system. 

Blanched almonds of uniform size were chewed and swal- 
lowed and the number of strokes needed to the first swallow was 
counted by 2 independent observers, and the mean number was 
determined. A complete test series consisted of 3 chewing gums, 
5 Optosil | tablets, and 3 almonds. The sequence of the test 
materials was randomized. The order between the test under 
normal conditions and lack of salivation was also randomized. 
They were separated by at least 1 day. Lack of salivation was 
achieved by injection of 0.5 ml methylscopolamine nitrate (Sko- 
pyl | Pharmacia, Sweden). The effect was checked with mea- 
surements of saliva stimulated by the chewing of parattin [7]. 

Statistical Methods 

Comparisons were made by Wilcoxon's assigned rank test and 
the level for significance was p > 0.05 (N.S.). 

R e s u l t s  

Lack o f  Salivation 

T h e  c e s s a t i o n  o f  s a l i v a t i o n  was  v e r y  effect ive.  E igh t  
o f  15 tes t  sub jec t s  h a d  n o  m e a s u r a b l e  s a l i v a  a f te r  
i n j e c t i o n  o f  m e t h y l s c o p a l a m i n e .  T h e  s a l i va  p r o d u c -  
t i on  u n d e r  n o r m a l  c o n d i t i o n s  was  2.71 _ 1.19 ( m e a n  
• SD)  m l  p e r  r a i n  ( range,  1 .0-5 .0)  a n d  0 .14  -!-_ 0.21 
( range,  0 - 0 . 6 )  u n d e r  tes t  c o n d i t i o n s .  

Chewing Tests 

T h e  resu l t s  o f  t he  chewing  tes t  a r e  p r e s e n t e d  in  T a b l e  
1. C o m m e n t s  f r o m  the  t es t  sub jec t s  a b o u t  c h e w i n g  
d u r i n g  l a ck  o f  s a l i v a t i o n  were  n o t e d .  S ix  p e r s o n s  re- 

p o r t e d  s p o n t a n e o u s l y  t he  s a m e  r e a c t i o n  a b o u t  c h e w -  
ing  the  a l m o n d s :  t h e y  fel t  as  i f  t he  a l m o n d  was  r e a d i -  
ly  f r a g m e n t e d  for  s w a l l o w i n g  b u t  t h e y  were  u n a b l e  
to  s t a r t  t he  s w a l l o w i n g  act .  F o u r  p e r s o n s  h a d  a l m o s t  
i d e n t i c a l  c o m m e n t s  on  s e n s i t i v i t y  o f  the  o ra l  m u -  
cosa .  T h e i r  c o m m e n t s  a b o u t  O p t o s i l  | a n d  a l m o n d  
c h e w i n g  were  t h a t  t h e y  h a d  less  a c c u r a t e  p e r c e p t i o n  
u n d e r  c o n d i t i o n s  o f  l a ck  o f  s a l i v a  a n d  c o u l d  n o t  
l oca te  t he  p a r t i c l e s  in  t h e  o ra l  c a v i t y .  R i n s i n g  w i th  
w a t e r  b e t w e e n  the  d i f fe ren t  tes t s  h a d  no  effect o n  
the  s e n s a t i o n  o f  d rynes s .  

D i s c u s s i o n  

O r a l  d r y n e s s  is  a c o m m o n  c l in i ca l  c o m p l a i n t  t h a t  
m a y  i m p a i r  speech ,  chewing ,  swa l lowing ,  a n d  tas te .  
T h e  d y s f u n c t i o n  m a y  b e  v e r y  u n c o m f o r t a b l e  a n d  
affects p a t i e n t s '  q u a l i t y  o f  l i fe  in  a n e g a t i v e  w a y  [1, 
3, 8, 9]. A w i d e  l i t e r a t u r e  a b o u t  c h e w i n g  a b i l i t y  is  
a v a i l a b l e  a n d  m a n y  v a r i a b l e s  h a v e  b e e n  s tud i ed .  F o r  
o v e r v i e w s ,  see w o r k  b y  Ba tes  a n d  co l l eagues  [10] 
a n d  G u n n e  [ 11 ]. 

T h i s  s t u d y  is c o n c e r n e d  w i th  t he  c o n t r i b u t i o n  
o f  s a l i v a  to  c h e w i n g  c o m p e t e n c e  a n d  to  t he  sub jec -  
t i ve  sense  o f  s w a l l o w  r ead ines s .  O u r  ser ies  d o c u -  
m e n t e d  o n l y  y o u n g  h e a l t h y  p e r s o n s  w i th  g o o d  con -  
d i t i o n s  o f  the  o r a l  m u c o s a ,  j a w  musc les ,  a n d  
t e m p o r o m a n d i b u l a r  j o i n t s .  O l d  o r  u n h e a l t h y  pe r -  
sons  a re  l i ke ly  to  s h o w  a n  e v e n  m o r e  r e d u c e d  c h e w -  
ing  a b i l i t y  in  a s i m i l a r  c o n d i t i o n  o f  l a ck  o f  s a l i va -  
t ion .  T h e r e f o r e ,  resu l t s  o f  o u r  s t u d y  p r o b a b l y  r e v e a l  
t he  l o w e s t  deg ree  o f  n e g a t i v e  effect. 

T h e  e x p e r i m e n t a l  set  u p  was  b a s e d  o n  l a ck  o f  
s a l i v a t i o n  i n d u c e d  b y  m e t h y l s c o p o l a m i n e  n i t r a t e ,  
t he  effect o f  w h i c h  was  m e a s u r e d  b y  w h o l e  s a l i v a r y  
s a m p l i n g .  T h e  r e d u c t i o n  was  d ra s t i c :  al l  sub jec t s  h a d  
a s e c r e t i o n  ra te  a f t e r  c e s s a t i o n  o f  s a l i v a t i o n  t h a t  is  
c o n s i d e r e d  ve ry  low (i.e., b e l o w  0.7 m l / m i n )  [ 12, 13]. 
T h e  w h o l e  s a l i va  f low p r e d o m i n a n t l y  r e v e a l s  the  
s e c r e t i o n  o f  s e rous  s a l i v a  a n d  n o t  o f  m u c o u s  sa l iva ,  
w h i c h  m a y  be  m o r e  i m p o r t a n t  for  l u b r i c a t i n g  the  
m u c o s a .  I t  has ,  h o w e v e r ,  b e e n  s h o w n  w i t h  a f r i c t i on  
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surface test o f  oral m ucos a  that  me thy l scopo lamine  
nitrate also has a clear effect on buccal  as well as lip 
mucosa l  wett ing [14]. 

These  var ied substances and  chewing routines 
test  different aspects and  var iables  o f  mast icat ion.  
Tha t  there is no influence o f  oral dryness  on the 
ability to chew chewing gum m a y  be explained by 
the fact that  the chewing g u m  incorpora tes  no saliva 
and  remains  as one  piece due to internal adhesive-  
ness dur ing chewing. The  silicone also does not  in- 
corpora te  any  sal iva dur ing chewing. I t  is friable and  
breaks  and  the particles are dis t r ibuted in the oral  
cavity.  Since the Optosi l  test  does not  include any  
swallowing, it is influenced by the difficulty in col- 
lecting the particles and  locating t h e m  between the 
occluding teeth during chewing under  condi t ions  o f  
lack o f  saliva. The  a l m o n d  test, which includes ac- 
tual swallowing, is highly modif ied  by lack o f  sali- 
va t ion .  The  reason for this m a y  be that  the a lmond ,  
during chewing under  condi t ions  o f  no rm a l  sali- 
vat ion,  takes up sal iva like the Brazil nuts used in 
s imilar  studies by  Lucas and  Luke [4], Dur ing ex- 
per imenta l  xeros tomia ,  the a lmonds  dry out  the oral 
cavi ty  even  m o r e  dur ing chewing and  the collection 
o f  the particles is m a d e  impossible ,  as in their  t rans-  
por ta t ion  towards  the pharynx.  M~nsson and  Sand- 
berg have  shown that  the capaci ty  o f  repeated dry 
swallowing is significantly reduced when  saliva se- 
cret ion is inhibi ted [ 15]. 

Th is  is p robab ly  due to  a depress ion o f  the ini- 
t ia t ion o f  the pharyngeal  swallow reflex. I t  seems as 
i f  the m e c h a n i s m  is related to the dryness  as such 
and  not  the lack o f  anything to swallow, since the 
s ame  si tuat ion occurs when  particles f rom a lmonds  
are present.  Lack o f  sal iva m a y  thus negat ively in- 
fluence chewing o f  certain types o f  food and  the 
swallowing reflex directly. 

Our  s tudy indicates that  the type o f  chewing 
pe r fo rmance  included in kneading a coherent  pl iable 
bolus  is not  influenced by  exper imenta l  xeros tomia .  
However ,  the collection o f  particles o f  a friable food 
tha t  are spread in the oral  cavi ty  are crucially af- 
fected, as is their  t r anspor ta t ion  toward  the pharynx.  
The  p rob lems  o f  xe ros tomia  can thus be classified 
into p rob l ems  o f  chewing, swallowing, and  locating 
particles spread in the oral cavi ty  during chewing. 

The  clinical impl ica t ion  o f  our  results therefore  

seems to be that  in pat ients  with xe ros tomia  hydro-  
philic foods that  also b reak  into particles, such as 
biscuits and  a lmonds ,  migh t  be unsui table  for mas -  
t icat ion and  swallowing and  tha t  foods  that  stick 
together  as a single bolus  m a y  be m o r e  suitable for 
swallowing. Mea t  m o s t  p robab ly  can be handled  
a lmos t  in the s ame  way during xe ros tomia  as during 
no rma l  sa l ivary condit ions.  

The  n u m b e r  o f  chews required to swallow an 
a l m o n d  is a s imple  measure  that  could be used to 
grade the degree o f  oral dryness  in pat ients  with 
xeros tomia .  
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