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1. INTRODUCTION

The importance of saliva in oral health has
become increasingly apparent in expanding aged
population. Nowadays, advance in medical pro-
cedures and utilization of medication have been
combined in an effort to maintain the quality of
life. However, one of the common sequela to this
effort is an increased prevalence of salivary dys-
function and the most common clinical manifes-
tation of salivary dysfunction is a decreased
output of secretion, termed “dry mouth”(hypo.-
salivatidn,Vxerostomia,vor asialorrhea), which clini-
cally may vary from a slight reduction in salivary
flow with transitory inconvenience to a total
xerostomia.”

Among diverse functions of saliva, lubrication
is not only important in facilitating the move-

ments of the tongue and lips during chewing and
swallowing but also essential for clearly articulated
speech.?”® Therefore, individuals with diminished
salivary gland function are subject to serious
alteration of the oral mucosa and may have dif-
ficulty with speech, mastication, and deglutition,
‘= In addition, high rate of caries susceptibility
and attrition of the dentition may be observed,
4-6)

While the many causes of xerostomia and its
proper diagnosis have been addressed in the recent
literature**”, two approaches have been utilized
for the treatment of dry mouth : intrinsic and
extrinsic, ® Intrinsic reagents have been used to
maintain or augment hypofunctional glands and
can include pilocarpine®™°, bromhexine®, and
anethole-trithione.® An obvious disadvantage of
this approach is the potential side-effects, and
the actual formulation and regimen of these com-
pounds ar€ still under experimental study.® As
a extrinsic reagent, artificial saliva has served as
a replacement modality for individuals exhibiting
hyposalivation  *'*"'*¥ But, most commercially
available artificial salivas generally lack the lu-
bricatory protein, macromolecules, and antimicro-
bial factors found in normal saliva 52

The efficacy of saliva as a lubricant will depend



on its viscosity and how this changes with shear
rate, i.e. the rheological properties®® And, to
reproduce the lubricating and protective properties
of saliva substitutes, a thorough understanding
of the rheological properties of human saliva is
essential” However, the information on the bio-
rheology of saliva in literature is sparse. Until the
1970s, most rheological measurements of saliva
were limited almost exclusively to Ostwald type
U-tube viscometers or their modifications.”
Therefore, none had overcome the problems of
ensuring true quantitative measurements in this
nonhomogeneous, non-Newtonian excretion. But,
to solve this problem, the viscometer with small-
angle, cone-and-plate configuration has been used
to measure the rheological properties of saliva®™

1* 17 because it has an advantage that the mate-

rial in the gap is subject to a uniform shear. And,
several studies have been attempted to apply the

results from this type of viscometer to the diag-

15)

nosis of disease™ and assessment of various saliva

substitutes, %"

Yet, relatively little information exists concern-~

ing age—and sex—related changes of the visco-
sity values of saliva in normal healthy population.

The purpose of this study is : (1) to investigate
the age —and sex —related changes in the viscosity
values of stimulated whole saliva, (2) to examine
the differences among the viscosity values of stim-
ulated and unstimulated whole saliva, stimulated
parotid saliva, and stimulated submandibular-
sublingual mixed saliva, and (3) to present the
equation representing the viscoelastic character-
istics of saliva by regressional analysis.

[I. MATERIALS AND METHODS
Subjects

The 240 healthy unmedicated subjects without
history of suffering form dry mouth, were included
in this study. The subjects were divided into six
groups according to age and each group included '
20 males and 20 females(Table 1).
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Table |.Demographic characteristics of the

subjects.
Group | Age Sex Number | Mean age
1 0-9 Male 20 8.6
Female 20 8.6
2 10-19f Male 20 17.4
Female 20 16. 8
3 20~29( Male 20 23.7
Female 20 23.8
4 30-39| Male 20 34.9
Female 20 35.1
5 40-49| Male 20 43.2
Female 20 44.7
6 50~ Male 20 56. 6
Female 20 55.4

-Sallva collection

Saliva collections were performed between 7 :
00 AM. and 10 : 00 A.M. The subjects refrained
from eating, drinking and brushing prior to sample
collection(minimum one hour). The collections
of stimulated whole saliva(S.W.S) were done in
all subjects except the twenties by having the
subjects chew paraffin wax(1-2 &, melting point
42°C) with a constant rate(about 60-70 chews/
minutes) and expectorate into test tubes. For the
measurements of the viscosity values of unstim-
ulated whole saliva(U.W.8), stimulated whole
saliva(S\W.S), stimulated parotid saliva(S.P.S),
and stimulated submandibular-sublingual mixed
saliva(S,8.8), four salivary specimens were collec-
ted from each subject of the twenties(group 3),
always in the same sequence, The subject was
instructed to rinse his or her mouth thoroughly
with sip of water, to clear the oral cavity of ex-
isting secretions, and then to swallow the water,
The unstimulated whole saliva was collected by
the spitting method. The subject was seated com-
fortably for a period of two minutes, with eyes
open and instructed to spit out every 30 seconds,
The stimulated whole saliva was collected by the
same method, chewing the paraffin wax. Secre-

tion of the parotid saliva was stimulated by
chewing wax, and the saliva was collected uni-




laterally by use of Lashley cup. The submandi-
bular-sublingual mixed saliva was collected from
the floor of the mouth with slight suction by an
alternative and simple technic which was to block
off secretion from the parotid glands with absorb-
ent swabs, and a cotton roll was placed in the ves-
tibule adjacent to the lower lip, as described by
Fox et al.® Gustatory stimulus(lemon candy) was
employed to stimulate the secretion of the sub-

mandibular-sublingual mixed saliva,

Viscosity measurement

Viscosity measurements were performed at
37.0° £0.2°C by means of a model LVT Wells-
Brookfield cone—and ~plate digital viscometer
(Brookfield Engineering Laboratories, Stoughton,
MA, US.A). A—0.8— degree cone(model No, CP-
40) was used in all experiments, Shear rates were
varied incrementally from 11.3 to 450.0(sec™) at
six different speeds, The steady-shearing data were
measured at the lowest rate of strain and then at
progressively higher rates of strain in order to
minimize shear-degradation of the high-molecu-

viscosity

lar-weight mucins in the saliva samples. Viscosity
values in centipo'ise( cps) were obtained from the
displayed value multiplied by a factor supplied
by manufacturer. Then, the values of shear stress
and torque at different speeds were recorded. A
0.5-1.0ml volume of fluid was used in each test.

Statistical analysls

Data were inputed on a 16 bit IBM PC and
all the statistical analyses were performed by SPSS
PC*(Microsoft Corp., US.A,). T-test, ANOVA,
and Duncan’s multiple range test were used to
compare the mean values and to examine the
effects of variables. Regressional analysis by
variable transformation was also utilized,

. RESULTS

The viscosity values for saliva were dependent
on the shear rate as seen in Fig, 1, 2, 3, and 5,
In general, the viscosity values were inversely

proportional to the shear rate with a large initial

shear stress

(cps) (dyne/cm2)
6 3
5 y s 2-5
41 12
3 11.8
2 i - 1
1 0.6
s
o 1 I\ 1 1 o
(o) 100 200 300 400 500
shear rate(sec™1)
—— VM —t=VF ~—¥VyT -8-8M ~X¥-8F ~—9o- 8T

(V:viscosity, S:shear stress, M:male, F:female, T:total)
Fig. 1. Graph of the viscosity and shear stress vs. the shear rate for stimulated whole saliva

in all subjects.



decrease in value. From 450 to 450.0(sec™), the
viscosity values decreased to a lesser extent, The
relationships between the shear stress and shear
rate were seen in Fig. 1 and 5, This pattern was
typical of shear thinning, i.e. pseudoplasticity
which reflected the non-Newtonian characteristics
of saliva,

The mean values and standard deviations of
the viscosity values of stimulated whole saliva
in different shear rates were shown in Table 2,
and these values at a shear rate of 450.0(sec™)
were in Fig. 4. The mean values of the viscosity
of stimulated whole saliva for male and female
subjects at a shear rate of 450.0(sec™) were 0.45,
and 0.41 in group 1, 0.66 and 0.54 in group 2, '
0.45 and 0.53 in group 3, 0.46 and 0.77 in group
4, 0.43 and 0.70 in group 5, and 0.75 and 0.71 in
group 6, respectively,

vl;cosity(cps)

In male subjects, the stimulated whole saliva
of group 2 and 6 displayed high values of viscosity
(Table 2, Fig.2, and 4), And, significant differences
(p=0.05) in the viscosity values were found
between the other groups and group 2 and 6 at
a shear rate of 450.0(sec™). In female subjects,
there was a different pattern in the change of
viscosity values with aging, The saliva samples
of old subjects had viscosity values greater than
those of young subjects. The stimulated whole
saliva of group 4 displayed the highest values of
viscosity, and there were significant differences
(p=0.05) in the viscosity values between group
4 and group 1, 2 and 3 at a shear rate of 450.0
(sec™). Group 1 had the lowest values of viscosity
and the significant differences(p=0.05) were found
between group 1 and group 4, 5, and 6 at a shear
rate of 450.0(sec™)(Table 2, Fig.3, and 4).
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Fig. 2. Graph of the viscosity vs. the shear rate for stimulated whole saliva in male subjects

according to age.
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Table 2. Mean values and standard deviations of the viscosity values (cps) of stimulated whole saliva
according to sex and age in different shear rates.

GROUP GR1 GR2 GR3 GR4 GR5 GR6 TOTAL
Shear [ AGE | 0-9 10-19 20-29 30-39 40-49 50~
rate SEX Mean Mean Mean Mean Mean Mean Mean
(sec™) (SD) (8D) (SD) (SD) (SD) (SD) (SD)

Significance

M 6.07 6.55 421 515 563 55 5053 | %(23)
(L.51) (2.50) (1.88) (3.90) (2.51) (2.27) (2.60)
11.3 F 6.43 452 5. 24 6. 28 5.57 4.76 5.4b
(2.82) (3.43) (3.17) (2.83) (2.41) (2.77) (2.94)
T 6.26 551 4.72 569 560 517 549 | *(1,3)
(2.27) (3.14) (2.62) (3.43) (2.42) (2.53) (2.77)

M 3.95 424 2,64 363 3.8 39 3

(1.20) (1.37) (1.28) (1.88) (1.51) (1.31) (L
22.5 F 3.97 305 339 426 3.9 338 3.66
(1.42) (1.76) (L.73) (1.64) (1L.91) (L51) (L

T 3.96 3.63 3.0 393 3.9 364 3
1.30) (1.67) (1.5%) (177 (1.71) (1.42) (L

M 2,12 2.47 1.42 205 2,19 247 212 | %(1,3) (2,3) (3,4 (3,5
0.72) (0.79) (0.78) (0.81) (0.82) (1.03) (0.89) | *(3,6)
45.0 F 2.00 1.74 215 272 2.31 212 216 | *%(2,4) +(2) *+(3)
(1.03) (0.92) (L15) (L29) (1.13) (L20) (L 14)
T 2.06 210 L79 237 225 230 214 | %34
(0.89) (0.92) (1.03) (1.10) (0.98) (1.12) (1.02)
M 1.22 159 0.9 1.09 1.16 1.63 1.28 | *(1,2) (1,6) (2,3) (2,4)
0.52) (0.58) (0.53) (0.41) (0.3 (0.75) (0.58) | *(2,5) (3,6) (4,6) (5,6
90.0 F 1.03 1. 15 1.25 1.69 1.43 1.39 132 | *(1,4) (2,4)
(0.46) (0.52) (0.65) (0.77) (0.70) (0.78) (0.67) | * (2} =+ (4)
T 112 1.36 1. 10 1.38 1.30 1.51 1.30 | *(1,6) (3,6)
(0.49) (0.59) (0.60) (0.67) (0.56) (0.77) {0.63)
M 0. 68 .02 072 0.77 0.80 .08 0.85 | *(1,2) (1,6) (2,3) (2.4
(0.27) (0.38) (0.43) (0.26) (0.22) (0.49) (0.38)| *(3,6) (4,6) (56)
225.0 F 0.60 0.80 0.87 1.09 1.02 .02 0.8 | *(1,4) (1,5 (1,6)
(0.21) (0.40) (0.43) (0.36) (0.46) (0.58) (0.45) | +==*+(4)
T 0.64 091 079 0.93 0.91 .05 0.87 [ *%(1,2) (1,4) (1,5) (L.6)
(0.24) (0.40) {0.43) (0.35) (0.38) (0.53) (0.42) | *(3,6)
M 0.45 0.66 0.45 0.46 0.43 0.75 0.53 | *(1.2) (1,6) (2,3) (2.4
0.17) (0.24) (0.20) (0.13) (0.12) (0.45) (0.27) | *(2,5) (3,6) (4.6) (56)
450.0 F 0.41 0.54 0.53 077 0.70 071 0.61 { *(1L4) (1,5 (L6 (2.4
(0.11) (0.25) (0.20) (0.23) (0.27) (0.43) (0.29) | * (3,4) +F+FF+(4)F++H5)
T 0.43 0.60 0.49 0.61 0.57 0.73 0.57 | *(L2) (1,4) (L5 (1,6
0.14) (0.25) (0.20) (0.24) (0.25) (0.44) (0.28)] *(2,6) (3,6) (4,6) (5,6)

% denotes a significant difference between groups and # denotes a significant difference between sexes
within same group (%, # :p=0.05, *+ :p=0.01, =%+ [ p=0.005, F+++ ! p=0.001).
M : male, F: female, T : total, SD : standard deviation.
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Table 3. Mean values and standard deviations of the the shear stress(dyne/enf) of stimulated whole
saliva according to sex and age in different shear rates.

GROUP GR1 GR2 GR3 GR4 GR5 GR6 TOTAL
Shear AGE | 0-9 10-19  20-29 30-39 40-49 50- Significance
rate SEX | Mean Mean Mean Mean Mean Mean Mean g
(sec™) (SD) (SD) (SD) (SD) (SD) (SD) (SD)
M 0.68 0.73 0. 47 0.57 0.63 0. 62 0.62 | %*(2,3)
(0.17) (0.28) (0.21) (0.44) (0.28) (0.26) (0.29)
11.3 ¥ 0.72 0.50 0.59 0.70 0.62 0.54 0.61
(0.32) (0.38) (0.36) (0.32) (0.27) (0.31) (0.33)
T 0.70 0.61 0.53 0.63 0.63 0.58 0.61 | *(1,3)
(0.26) (0.35 (0.30) (0.39) (0.27) (0.28) (0.31)
M 0.89 0.95 0.59 0. 81 0. 86 0. 87 0.83 | *(1,3) (2,3) (3,4 (3,5)
0.27) (0.31) (0.29) (0.42) (0.34) (0.30) (0.34) | % (3,6)
22.5 0.89 0.68 0.76 0.95 0.88 0.76 0.82 | #+(2)
(0.32) (0.40) (0.39) (0.37) (0.43) (0.34) (0.38)
T 0. 89 0.81 0. 67 0. 88 0.87 0.81 0.82 | *(1,3) (3,4 (3.5
(0.29) (0.38) (0.35) (0.40) (0.39) (0.32) (0.36)
M 0.95 1.11 0.63 0. 94 0.98 1. 11 0.96 | *(1,3) (2,3) (3,4 (3,5
(0.33) (0.36) (0.35) (0.35) (0.37) (0.47) (0.40) 1 % (3,6)
45.0 0.90 0.78 0. 96 1.22 1.05 0.95 0.97 | *(2,4) +(2) #(3)
0.47) (0.42) (0.52) (0.58) (0.53) (0.54) (0.52)
T 0.92 0.94 0. 80 1.07 1.01 1.03 0.96 | *(3,4)
(0.40) (0.42) (0.47) (0.49) (0.46) (0.51) (0.46)
M 1. 10 1.43 0. 86 0.98 1.05 1. 46 .15 | %(1,2) (L6 (2,3) (2,4
(0.46) (0.52) (0.47) (0.37) (0.28) (0.67) (0.52) | *(2,5) (3,6) (4,6) (5,6)
90.0 0.93 1.03 1.12 1.52 1.28 1.25 118 | *(1,4) (2, 4)
0.41) (0.47) (0.59) (0.70) (0.63) (0.70) (0.61) | #(2) =+(4)
T 1.01 1.22 0.99 1.24 1.17 1.35 1.16 | *(1,6) (3,6)
(0.44) (0.53) (0.54) (0.61) (0.50) (0.69) (0.57)
M 1.54 2.31 1. 62 1.75 1.81 2.44 1.91 | *(1,2) (1,6) (2,3) (2,4)
(0.60) (0.86) (0.96) (0.58) (0.49) (1.11) (0.85) | * (3,6) (4,6) (56)
225.0 1.37 1.78 1.95 2. 46 2.30 2.30 2.01 | *x{1,4) (1,5) (1,6)
(0.48) (0.90) (0.97) (0.81) (L.04) (L31) (L00) | +++(4)
T | 145 204 179 208 206 237 197 |%(12 (14 (L5 (L6)
(0.54) (0.91) (0.97) (0.78) (0.84) (1.20) .(0.93) | *(3,6)
M 2.04 2.96 2.03 2.11 1.93 3.38 2.41 | % (1,2) (1,6) (2,3) (2,4)
(0.78) (1.10) (0.89) (0.61) (0.50) (2.03) (1.22)| %(2,5 (3,6) (4,6) (56)
450.0 1.87 2.45 2.48 3.46 3.25 3.23 2.77 1 % (1,4) (1,5 (1,6) (2,4)
0.50) (1.13) (0.97) (1.03) (1.26) (1.94) (1.32) | * (3,4) #F+++(4) F=+++H5)
T 1.95 2.70 2.25 2.74 2.61 3.30 2.59 | *(1,2) (1,4 (1,5 (1,6)
(0.64) (1.13) (0.95) (1.07) (1.17) (L.96) (1.28)} *(2,6) (3,6) (4.6) (56)

* denotes a significant difference between groups and # denotes a significant difference between sexes
within same group(*, # :p=0.05, ¥+ ! p=0.01, +=++ :p=0.005 F++++ p=0.001).

M : male, F : female, T : total,

SD : standard deviation.
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Fig. 3. Graph of the viscosity vs. the shear rate for stimulated whole saliva in female subjects
according to age.
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Fig. 4. The means and standard deviations of the viscosity values of stimulated whole saliva at
a shear rate of 450.0 (sec™).
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The mean values of viscosity of stimulated
whole saliva in female subjects were greater than
those of male subjects in group 3, 4, and 5. And,
there were significant differences between sexes
in group 4 at shear rates of 90.0(p=0.01), 225.0
(p=0.005), and 450.0(sec™)(p=0.001)(Table 2).

And, the mean values and standard deviations
of the shear stress of stimulated whole saliva in
different shear rates were seen in Table 3, and

the relationship with the shear rate was plotted
in Fig. 1.

The mean values and standard deviations of
the viscosity values of stimulated and unstimu-
lated whole saliva, stimulated parotid saliva, and
stimulated submandibular-sublingual mixed saliva
in different shear rates were shown in Table 4,
and these values at a shear rate of 450(sec™) were
in Fig. 6.

Table 4. Mean values and standard deviations of the viscosity values(cps) of stimulated and unstimulated

whole saliva (S. W. S, U.W.S.),

stimulated parotid saliva (S.P.S.),and stimulated submandibular —

sublingual mixed saliva(S. S. S.)according to sex in different shear rates.

Shear | | [SW.S. UWS. s.PS S.S.S. Sioni
rate
(sec) Mean(SD) Mean(SD) Mean(SD) Mean(SD) | o0 e
M | 20 |4.21(1.88) 4.93(3.05 4.78(2.45) 9.02(3.23) |
1.3 | F | 20 [524(3.17) 6.88(4.91) 4.33(2.47) 9.71(4.51) | =
T | 40 |4.72(262 591(4.15 4.56(2.44) 9.36(3.88) | *
M 20 2.64(1.28) 3.31(1.75) 3.04(1.34) 5.90(1.77) | =
225 | F | 20 |3.39(1.73) 4.66(3.03) 3.05(148) 5.86(2.61) | =
T | 40 [3.01(1.55 3.99(2.53) 3.04(1.39) 5.88(2.20) |+
M | 20 |1.42(0.78) 1.94(1.15) L.71(0.72) 3.72(1.40) | =
450 | M | 20 |215(115)+3.04(2.56) 1.82(0.91) 3.67(L84) | =
T | 40 |179(1.03) 2.49(2.03) 1.76(0.81) 3.70(L62) | =
M | 20 {0.96(0.53 1.29(0.64) 0.90(0.43) 2.26(1.10) | =
9.0 | F | 20 | 125(0.65 1.68(1.25) 103(0.57) 2.29(1.08) | =%
T | 40 |1.10(0.60) 1.48(1.00) 0.97(0.50) 2.27(L.07) | %4 #++
M | 20 |0.72(0.43) 0.96(0.46) 0.63(0.35) 1.54(0.64) | = &+ %
225.0 F 20 |0.87(0.43) 1.07(0.58) 0.58(0.29) 1.45(0.51) | =#++++%
T | 40 [0.79(0.43) 1.01(0.52) 0.60(0.32) 1.50(0.57) | % # # # # ++++ %
w 20 | 0.45(0.20) 0.62(0.30) 0.38(0.18) 0.87(0.29) | =#+++ %
450.0 | F | 20 |0.53(0.20) 0.68(0.34) 0.37(0.15) 0.90(0.30) | % #++++%
T | 40 [0.49(0.20) 0.65(0.31) 0.37(0.17) 0.89(0.29) | # # # # & ++++*

*denotes a significant difference between stimulated whole saliva and unstimulated whole saliva. (*:p=0.05)
# denotes a significant difference between stimulated whole saliva and stimulated parotid saliva.
(# :p=0.05, ## :p=0.01, #£##4# :p=0.001)
+ denotes a significant difference between unstimulated whole saliva and stimulated parotid saliva.
. (+:1p=0.05, ++:p=0.01, +++ :p=0.005, +-+-++ :p=0.00])
¥ denotes a significant difference (p =0.001) between stimulated submandibular — sublingual mixed saliva
and the others.
#+ denotes a significant difference between sexes in the same shear rate. (¥ : p=0. 05)
M male, F: female, T : total, SD : standard deviation, N : number of subjects.

The mean values of viscosity at a shear rate unstimulated whole saliva, and stimulated sub-

of 450.0(sec™) were increased in order of stimu- mandibular-sublingual mixed saliva, Significant

lated parotid saliva, stimulated whole saliva, differences in viscosity values at a shear rate of



450.0(sec?) were found between stimulated sub-
mandibular-sublingual mixed saliva and the others
(p=0.001), stimulated whole saliva and unstim-
ulated whole saliva(p=0.05), and stimulated whole
saliva and stimulated parotid saliva(p=0.05) in

male and female subjects. And, significant differ-
ences were found between the viscosity values
of unstimulated whole saliva and those of stim-
ulated parotid saliva in male(p=0.005) and fermale
(p=0.001) subjects(Table 4, Fig. 5, and 6).

Table 5. Mean values and standard deviations of the shear stress(dyne/caf) of stimulated and
unstimulated whole saliva {(S. W. S., U. W. S.), stimulated parotid saliva{(S.P.S.), and
stimulated submandibular — sublingual mixed saliva(S. S. S.) according to sex in differ-

ent shear rates.

Shear S.W.S. U.W.S. S.P.S. S.8.8. )
rate SEX N Significance
{sec™) Mean(SD) Mean(SD) Mean(SD) Mean(SD)
M 20 |0.47(0.21) 0.55(0.34) 0.53(0.28) 1.01(0.36) | *
11.3 F 20 |0.59(0.36) 0.77(0.55) 0.48(0.28) 1.09(0D.51) | =
T 40 10.53(0.30) 0.66(0.47) 0.51(0.27) 1.05(0.44) | =
M 20 ]0.59(0.29) 0.74(0.40) 0.68(0,30) 1.32(0.40) | #
22.5 F 20 |0.76(0.39) 1.04(0.68) 0.68(0.34) 1.31(0.59) | =
T 40 10.67(0.35 1.89(0.57) 0.68(0.31) 1.32(0.49) | =
M 20 | 0.63(0.35) 0.87(0.52) 0.76(0.33) 1.67(0.63) | =
45.0 F 20 1 0.96(0.52)+ 1.42(1.15) 0.81(0.41) 1.65(0.82) | =
T 40 10.80(0.47) 1.14(0.92) 0.79(0.37) 1.66(0.72) | =
M 20 10.86(0.47) 1.16(0.58) 0.81(0.39) 2.03(0.99) | =*
90.0 F 20 | 1.12(0.59) 1.57(1.11) 0.93(0.51) 2.05(0.97) | =
T 40 [0.99(0.54) 1.36(0.90) 0.87(0.45) 2.04(0.96) | =# & ++
M 20 | 1.62(0.96) 2.15(1.04) 1.42(0.79) 3.45(1.44) | =H#+ *
225.0 F 20 | 1.95(0.97) 2.41(1.30) 1.31(0.65) 3.30(1.16) | #=#++-+-+*
T 40 1 1.79(0.97) 2.28(1.17) 1.36(0.72) 3.38(1.29) |*=#H##$#++++*
M 20 [2.03(0.89) 2.79(1.33) 1.71(0.83) 3.92(1.28) | == # + -+ -+ *
450.0 F 20 12.48(0.97) 3.05(1.51) 1.68(0.66) 4.06(1.33) | =H#++++*
T 40 | 2.25(0.95) 2.92(1.41) 1.69(0.74) 3.99(1.29) |+=## # &+ +++*

* denotes a significant difference between stimulated whole saliva and unstimulated whole saliva. (*:p=0.05)
# denotes a significant difference between stimulated whole saliva and stimulated parotid saliva.

(# :p=0.05 ## :p=0.01, #### :p=0.001)

+ denotes a significant difference between unstimulated whole saliva and stimulated parotid saliva.
(+ :p=0.05 ++:p=0.01, +-+- :p=0.005 -+-+-++ :p=0.001)
# denotes a significant difference:(p ®0.001) between stimulated submandibular ~ sublingual mixed saliva

and the others.

# denotes a significant difference between sexes in the same shear rate. (# . p=0.05)
M: male, F :female, T : total, SD: standard deviation, N ! number of subjects.

No significant difference was found in the vis-
cosity values between sexes at shear rates of
90.0, 225.0, and 450.0(sec™).

The values of the shear stress were shown in
Table 5 and the relationship with the shear rate
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was plotted in Fig. 5.

The results of regressional analysis by variable
transformation were shown in Table 6 and 7. The
equations represented the curves of asymptotic
form.
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Fig. 5. Graph of the viscosity and shear stress vs. the shear rate for stimulated and
unstimulated whole saliva (S.W.S., U.W.S.), stimulated parotid saliva (S.P.S.),
and stimulated submandibular — sublingual mixed saliva(S. S. S.) in all subjects
of group 3.
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Fig. 6. The means and standard deviations of the viscosity values of stimulated and unstimulated
whole saliva(S.W.S.,U. W. S.), stimulated parotid saliva (S.P.S), and stimulated subman -
dibular ~ sublingual mixed saliva(S.S.S.) at a shear rate of 450.0 (sec™).



Table 6.

The results of regressional analvsis for
stimulated whole saliva according 1o sex
and age (Y =aX?® Y ! viscosity, X | shear
rate; .

Age Sex a b

0-9 Male 34.1 -0.721
Female 39.3 | -0.768
l'otal 36.6 —0.744
10-19 Male 27.9 ~-0.619
Pyamale 17.1 -0,574
Total 22.2 -{). 599
20~29 Male 15.6 -0, 589
Female 22.4 -0.614
Total 19. 1 —0. 604
3039 Male 25.8 - 0. 663
Female 24.8 -0.576
Total 24. 8 -0, 613
4049 Male 30.9 —0. 696
Female 21.3 -{). 569
Total 25.0 —0. 624
50— Male 20.5 —0.546
Famale 16.0 -0.516
Total 18. 2 —0. 533
Total Male 25.0 —0. 635
Female 22.2 -0. 599
Total 23.6 -0,617

Table 7. The results of regressional analysis for

stimulated and unstimulated whole saliva
(S.W.S.,U.W.S.),stimulated parotid saliva
(S.P.S.), and stimulated submandibular-
sublingual mixed saliva(S.S.5.) according

to sex{Y=aX? Y ! viscosity, X . shear
rate).

Type Sex a b
o Male 15.6 —-0.589
S.W.S. Female | 22.4 ~0.614

Total 19.1 -0. 604
Male 17.6 -0.552
U.W.S. Female 32.5 -0.634
Total 24.5 -0, 599
Male 24.0 -0.688
S.P.S. Female 23.8 -0. 684
Total 24.3 —-0. 689
Male 40.4 ~-0.620
S.S. 5. Female 42.5 -0.633
Total 40. 9 - 0. 625
V. DISCUSSION
Biorheology which embraces elasticity, viscosity,

and plasticity is the name given to the science
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of the deformation and flow of matter in biologic
systems or in materials derived from such systems®

Viscosity of a fluid is defined as the ratic of
shear stress to shear rate., Shearing occurs as the
result of the internal friction of the fluid layers
moving over one another during flow. For simple
fluids, this relationship is linear. But, the presence
of colloidal suspension or macromolecular sub-
stances usually cause marked alinearity of this shear
stress-shear rate relationship., In order to deter-
mine the viscosity of a fluid with anomalous flow
properties, it is necessary to use an instrument
with which all of the fluid under test is exposed
to a uniform shear stress and shear rate. The
viscometers with cone-—and-—plate or similar
geometry which have an advantage that the
material in the gap is subject to a uniform shear,
were developed to overcome this limitation.'®

Capillary tube viscometry which has been used
to measure the viscosity traditionally, yields only
a one point measurement on the shear stress
versus shear rate curve that describes the rheologic
behavior of a fluid, This is satisfactory for New-
tonian fluids in which the shear stress-shear rate
relationship is linear but for non-Newtonian fluids
a single point on a curve of a nonlinear function
will not allow a meaningful derivation since bio-
logic fluids must experience a variety of different
shear rates in vivo, Therefore, an accurate record
of viscosity at physiologically significant rates of
shear is essential’™ For example, the shear rate
can obtain high values, 60 and 160(sec™), during
swallowing and speaking, respectively,® and may
reach even higher values during chewing the hard
food.

Some biologic fluids such as blood, sputum,
gastric juice, synovial fluid, and saliva have been
measured by various types of viscometers, and
there were many attempts to apply the results
clinically.

As the role of the viscosity of the blood in blood
flow and peripheral resistance, a change in blood
viscosity has been implicated in many clinical
conditions, Studies on viscosity of plasma, various



dextrar solutions, and blood with different hema-
tocrit levels have been performed using various
types of viscometers,'®?*®

The rheological properties of tracheobronchial
secretions have been regarded of great clinical
importance, especially in patients with chronic
bronchitis and bronchial asthma.?? And, the
viscosity of sputum could be an objective yard ~
stick of evaluating the effects cf expectorants.’®

Kurita et al® found a significant positive
correlation between the viscosity and macromo-
lecular glycoprotein concentration of gastric juice,
and suggested that the viscosity of gastric juice
might be an index of the defensive factors of the
stomach in gastric ulcer patients, and could be
applicated in the staging of peptic ulcers.

Swann et al?®

suggested that articular lubri -
cation might be an inherent property of the arti-
cular cartilage and its macromolecular structure
per se, and that a component of the articular
lubricating fraction isolated from synovial fluid
might occur there as a consequence of wear pro-
cesses. Reimann® suggested that the viscosity and
boundary lubricating properties were correlated
to the different joint diseases or to the degree of
alteration in the joint from which the synovial
fluids were obtained, and described the correlation
between the viscosity of synovial fluids and the

amount of hyaluronic acid and its degree of poly-
merization,

While the viscosity values of saliva were obser-
ved to be non-Newtonian and shear-thinning
in this present study, the overall values were lower
than those of previously reported.!”® Such differ-
ences could be due to the manner of sample
collection and handling, the method and time of
testing, and individual variation in the chemical
composition of the secretion.

Saliva is a complex system of glycoproteins,
electrolytes, proteins, sugars, bacteria, enzymes,
ete. Constituents such as proteins and polysac ~
charides in aqueous media form viscoelastic fluids,
perhaps having internal structure, Also, glycopro-
teins are polyelectrolytes. For certain environ-

mental conditions, intermolecular association result
in a cohesive gel, Also natural saliva is labile and
inhomogeneous, It is possible to have, simulta—-
neously, a liquid phase, a gaseous phase(bubbles),
and a gel phase® And, studies by Shannon® and
Nordbo ® provided that flow rate, calcium level,
and pH value could influence the salivary visco-
sity. Therefore, the rheological properties of whole
saliva are highly variable and in general, there
has been a lack of consistency among the values
reported for salivary viscosity,'®

In the present study, the author found that the
viscosity values of stimulated whole saliva in male
increased with aging after the twenties, though
this pattern was not consistent in young subjects,
These age-dependent changes of viscosity values
could be explained by the decreased flow rate in
the old. These changes were compatible with the
premise that, at the very low levels of gland
function, decrease in flow rate bring into domi-
nance the process of passive diffusion of water from
the saliva down an osmotic gradient produced by
sodium reabsorption.® And, Shannon® suggested

that an increase in total protein brought about
by decreased flow rate was probably instrumental

in producing the measured increase in viscosity.

Recently, though, several carefully controlled
studies have reported unchanged stimulated se -
cretion rates of whole,?® ~3?)of parotid®®, and of
submandibular saliva® Therefore, except the
change of flow rate, other factors such as the
changes of salivary composition and the degree
of contributions-of glandular secretions to whole
saliva with age, etc., could be also involved.

In female, the viscosity values of stimulated
whole saliva increased with aging until the thirties
and decreased slightly thereafter. This phenome-
non could be also explained by the change of flow
rate with age and the effects of female sex hor-
mones,

It was described that during the progesterone
phase of the menstrual cycle, the viscosity values
of the cervical secretions were much greater than
during the estrogen phase, While, the hormonal



balance could not be reflected in the saliva in the
same way as in the cervical mucus, the fact that
progesterone produced a marked increase in the
viscosity of the salivary secretion and estrogen
alone also produced a slight increase, was described
by Dworkin and Mendelsohn® in their experi-
ment of canine saliva, '

Hormonal effects and difference in flow rate
due to smaller gland size in famale® might explain
the sex difference in the viscosity values, Although
it has not been well known, Kullander and Son-
esson™ suggested that salivary changes in post-
menopausal women might be due to an abscence
of hormonal stimuli and / or age atrophy of the
gland. These changes might be causal faétor in
sialosis and other oral diseases which increase in
frequency at this period, In mice it was well
known that the histological picture of the salivary
gland changed after oophorectomy.

The viscosity values were increased in order
of stimulated parotid saliva, stimulated whole
saliva, unstimulated whole saliva, and stimulated
submandibular-sublingual mixed saliva, Explana-
tions for this order were the characteristics of
each glandular secretions and proportional differ-
ence of glandular secretions in stimulated and
unstimulated conditions. And, minor salivary
secretions might be considered.® In the present
study, the viscosity values of glandular salivary
secretions were measured in the twenties only.
The changes of the viscosity values of glandular
secretions with age remained to be investigated.

The viscosity of saliva has been described as
important in the lubrication of foodstuffs, protec-
tion of of oral mucosa, diffusion, and the reten-
tion of complete upper dentures,

One of the main functions of saliva is to cover
the foodstuff with a lubricant layer to assist
swallowing and to protect the lining cells of the
mucosa against injury? Glantz et al.® suggested
that saliva had a high viscosity to fulfil this
requirement, Yet, too high a viscosity might retard
distribution of the saliva in the oral cavity and
enclosure of boli,
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Because the diffusion coefficient is inversely
proportional to the viscosity of the medium, high
viscosity influences not only the liquid flow but
also the diffusion. Therfore, this might be impor-
ttant in demineralization and remineralization
processes in the oral cavity *

Vissink et al.'"” suggested that fixation of den-
tures would depend on the rheological properties
of saliva at low shear rates. As movement of an
ill-fitting denture will decrease the viscosity of
the saliva, it will probably both impair the reten-
’Ition of the denture and increase the wear and
tear of the mucosa thereby setting up a vicious
circle,

The rheological properties of saliva have been
also utilized to the development of artificial saliva
which could reproduce natural saliva in physical
properties, Vissink et al.'” compared the rheological
properties of saliva substitutes containing mucin,
carboxymethylcellulose(CMC), and polyethylen-
oxide (PEO), and described that CMC and PEO
solution had no viscoelastic properties and would
not adjust to the viscosity needed for proper
biological function in the oral cavity. They con-
cluded that mucin-containing saliva substitutes
appeared to be the best substitutes for natural
saliva, as far as rheological properties were con-
cerned,

There have been several attempts to relate the
physical properties of saliva to the diseases, Slo-
miany et al." studied the viscosity of parotid
saliva in patients with Sjégren’s syndrome, And,
Braddock et al.* investigated surface tension and
turbidity of submaxillary saliva in cystic fibrosis,

While reports in the literature have assumed
that a correlation exists between viscosity and
oral lubrication®, there have been several studies
to suggest that the properties of lubrication and
viscosity might differ and be manifestated by
different salivary molecules.**® And, Swann et
al.”® suggested that the lubrication of mineralized
tissues by synovial fluids was not dependent on
the viscosity of the fluid per se, but rather on the
presence of a glycoprotein capable of forming a



boundary interface at the opposing surfaces
moving relative to each other, Further studies will
be needed to investigate the relationship between
biophysical properties and certain biochemical
constituents in saliva.

In the present study, the author focused on the
viscosity values at high shear rate because the
functional discomforts such as difficulties of
swallowing, speaking, and chewing, were very
common in patients with xerostomia. But, an
important question was the reversibility of the
breakdown under shear. Well et al.'® suggested
that to a certain extent the high torque imposed
on the salivary samples might lead to physical
dissolution of macromolecular structure and there-
fore rheologic curves might reflect in part the
influence of these changes(rheodestruction) as well
as pseudoplastic flow behavior.

The impaired salivary gland function and re-
sulting decrease in the protection of the mucous
membranes may partly explain why completely
different external factors such as infections,
mechanical, thermal, chemical and electrochemical
injury seem to be able to influence the course of
various intraoral soft and hard tissue diseases,

It is necessary to define the biochemical and
biophysical basis of salivary lubrication and vis-
cosity between oral hard and soft tissue interfaces
by further studies. This information may provide
parameters for diagnosing functional discomfort
and a rationale for the development of substitute
fluids that may truly provide comfort and function
for xerostomic patients,

V. CONCLUSIONS

The rheological properties of biological fluids
have been studied by a number of investigators,
Several types of viscometers were utilized and
their results were discussed for clinical purposes.
And, it has been stressed the importance of the
shear dependent viscosity values of natural saliva
on the development of proper artificial saliva.

The author has investigated the age—and sex—

related changes in the viscosity values of stimulted
whole saliva, and the differences among the vis-
cosity values of stimulated and unstimulated
whole saliva, stimulated parotid saliva, and stim-
ulated submandibular-sublingual mixed saliva by
the viscometer with cone—and—plate geometry.
The 240 healthy unmedicated subjects were in-
cluded in this study. The author came to the fol-
lowing conclusions :

1. Saliva was the non-Newtonian fluid which
displayed viscoelastic property. And, the relation-
ship between viscosity and shear rate could be
represented by the curves of asymptotic form,

2. There were age-dependent changes of visco-
sity values of stimulated whole saliva, and the
viscosity values showed the increasing pattern
with aging. The viscosity values of stimulated
whole saliva displayed the highest values after
the age of fifties in males and in the thirties in
females,

3. The viscosity values of stimulated whole
saliva of females were greater than those of males
in the age of thirties, fourties, and fifties,

4. The viscosity values were increased in order
of stimulated parotid saliva, stimulated whole
saliva, unstimulated whole saliva, and stimulated

submandibular-sublingual mixed saliva.
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