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Both intra- and inter-individual variation in salivary flow rate, buffer effect, and the levels of 
salivary mutans streptococci and lactobacilli were analyzed in 128 1 l-year-old children. The 
follow-up period was 9 months, with six saliva samplings done at regular intervals. Inter- 
individual variation was relatively large in paraffin-stimulated salivary flow rate: low (<1.0 ml/ 
min) and high (a2.0ml/min) flow rates were measured in 18% and 13% of the children, 
respectively. Intraindividual variation during the follow-up period was found in 63% of the 
boys and in 73% of the girls. The buffer effect stayed stable in all samplings in 59% of the 
boys and in 42% of the girls. Buffer effect was significantly ( p  < 0.001) lower in girls than in 
boys. Mutans streptococci were analyzed by a chair-side method (Strip mutans test) and by 
cultivation on mitis-salivarius-bacitracin (MSB) agar plates. The results of the two methods 
correlated highly significantly (r = 0.79, p < 0.001). With the Strip mutans test no variation 
in test scores occurred in 49% of all subjects in all six samplings, whereas the respective 
percentage for MSB scores was only 19%. No variation in salivary lactobacilli occurred in 
only 18% of the subjects, and in 13% the intraindividual variation was as high as 2 3  logs. 
These results show that in young teenagers with a developing dentition, simultaneous changes 
in behavioral, hormonal, and dietary factors make single-point measurements of salivary 
factors too unreliable for caries-diagnostic or predictive purposes. 0 Diagnostic metho&; 
physiologic Variability; puberty; saliva 
Jorma Tenovuo, Department of Cariology, Institute of Dentistry, University of Turku, Lem- 
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Salivary counts of mutans streptococci and 
lactobacilli, combined with the measurement 
of the salivary flow rate and buffer effect, are 
frequently used for diagnostic and predictive 
purposes in cariology ( 1 4 ) .  However, the 
variability of these tests on an individual 
level is not well documented. For the pur- 
pose of diagnosing and predicting caries, the 
intra- and inter-individual variation is par- 
ticularly important at the time of tooth 
emergence, which allows new tooth surfaces 
to become colonized by cariogenic bacteria, 
such as mutans streptococci and lactobacilli 
(5). In permanent dentition, variations in 
bacterial counts at the time of eruption and 
maturation of second molars and premolars 
are of special interest. These early teen years 
are interesting also because at this age the 
diagnostic saliva tests may be of particular 
value in identifying patients at increased risk 

for dental caries (6,7). However, among the 
confounding factors may be puberty-related 
changes in the levels of female sex steroid 
hormones, known to affect buffer effect (8) 
and counts of mutans streptococci (9). 

Depending on the age group, time and 
method of saliva collection, and storage con- 
ditions, rather small (2, 10-12) or relatively 
large (13) intraindividual variations in the 
numbers of salivary mutans streptococci 
have been reported. Such variations in flow 
rate and buffer effect have been described 
recently by Soderling et al. (8). In this study 
we have analyzed both intra- and inter-indi- 
vidual variations in salivary flow rate, buffer 
effect, mutans streptococci, and lactobacilli 
among 128 young teenagers during a period 
of 9 months. We also compared the chair- 
side test (Strip mutans) and conventional 
agar plate method to quantitate salivary 
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mutans streptococci, since both methods are 
frequently used for caries-diagnostic and 
-predictive purposes. 
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line examinations 1 year (5  1 month) earlier. 
DMFS values for boys and girls at the base- 
line examination are given in Table 1. 

Subjects and methods 
Subjects and dental examinations 

The study group comprised 128 school- 
children (68 boys, 60 girls) who were 11 years 
old in 1990 when the study was initiated. All 
children lived in the city of Salo and its near 
surroundings. The amount of F- in drinking 
water ranged from <0.3 to 1.0ppm. Chil- 
dren with orthodontic appliances were 
excluded from the study group. 

The data of base-line dental examinations 
and treatments in 1990 were collected from 
the records of the Salo Health Care Center, 
where these examinations had been done by 
in total six dentists. In the visual and tactile 
examination, only cavities extending to den- 
tin were included in the decayed, missing, 
filled-teeth surfaces (DMFS) index. Radio- 
graphs were not taken. All diagnostic, pre- 
ventive, and treatment measures were 
implemented in accordance with the guide- 
lines and instructions of the National Board 
of Health in Finland. None of the children 
in this study population used chlorhexidine 
during the follow-up period. Because this 
study was not specifically designed to explore 
possible associations between clinical and 
salivary variables, no calibration of the clini- 
cal recordings by various dentists was done. 
Follow-up clinical caries recordings were 
made by the same dentists who did the base- 

Salivary determinations 
Paraffin-stimulated whole saliva was col- 

lected into a graduated tube for 5 min, during 
each visit at the same time of the day from 
the same individual. Before collection, each 
subject refrained from eating or drinking for 
1 h, but toothbrushing was allowed in the 
morning. During the 9-month follow-up 
period five follow-up saliva samples were 
collected at regular intervals. All saliva 
analyses during and after each sampling were 
made by the same dentist (H. Tukia- 
Kulmala), experienced in doing and ana- 
lyzing saliva tests, to prevent interindividual 
variations in the interpretation of the test 
results. The amount of saliva was measured 
to a precision of 0.1 ml, and the flow rate 
expressed in ml/min. The flow rate was 
grouped as low (61.0 ml/min), intermediate 
(1.1-2.0 ml/min), and high (>2.0 ml/min). 
Salivary buffer effect was assessed immedi- 
ately after the collection using the Dentobuff 
strip method (14), in accordance with the 
manufacturer’s instructions (Orion Diag- 
nostica, Espoo, Finland). For statistical pur- 
poses, the buffer effect was classified as low 
with a final pH of saliva S4.0, intermediate 
with pH 4.5-5.5, and high with pH 2 6.0. 

Mutans streptococci (MS) were quan- 
titated immediately after saliva sampling by 
means of a commercial Dentocult SM Strip 
mutans test (15). The classification of test 

Table 1 .  Clinical caries data and salivary flow rate and mutans streptococci of the study 
population at base line of the 9-month follow-up period 

Boys (n = 68) Girls (n = 56) 

Mean SD Mean SD Significance* 

DMFS 0.63 1.43 0.70 1.74 NS 
DSimt 0.16 0.41 0.37 0.87 NS 
n o w  rate (rnI/rnin) 1.64 0.57 1.48 0.53 NS 
Mutans streptococci$ 5.34 5.64 5.59 5.94 NS 

* Student’s t test; NS = not significant. 
t New decayed surfaces (canes increment) during the I-year follow-up period. 
$ Log colony-forming units/rnl; mutans streptococci quantitated with MSB agar plates. 
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Fig. 1 .  Frequency distribution (in percentages) of intraindividual variations during the 9-month follow-up period 
(6 samples) in salivary mutans streptococci, lactobacilli, buffer effect, and stimulated Bow rate in a group of 128 
children. The steps are described in detail in the Methods section. 

scores 0-1, 2, and 3 corresponded to <lo5, 
~ l o ~ - < l O ~ ,  and >lo6 colony-forming units 
(CFU)/ml, respectively (15). For laboratory 
analysis, 100 pl of whole saliva was immedi- 
ately transferred into a tube containing 1 ml 
tryptic soy broth (Oxoid, Basingstoke, 
U.K.) supplemented with 20% glycerol. The 
samples were stored frozen (-20 "C) for 3-4 
weeks and then thawed and mixed vigorously 
for 20 sec with sterile glass beads. For quan- 
titation of MS the suspension was diluted 
1:lO and 1:100, and 10 p1 was plated in dupli- 
cate on mitis-salivarius agar supplemented 
with 15% sucrose and 0.2U bacitracin per 
milliliter. The colonies were counted after 3 
days' incubation in candle jars at 37 "C. The 
CFU/ml of <lo5 were considered low, 
3105-<106 intermediate, and >lo6 high 
levels of salivary MS. These steps were used 
for the analysis of the frequency distribution 
(Fig. 1 and Table 2), but the base-line levels 
(Tables 1 and 3) and the correlation between 

the two methods (Table 4) were calculated 
from individual CFU values. 

Salivary lactobacilli were estimated 
immediately after saliva sampling with a dip- 
slide test, Dentocult-LB, as described by 
Lamas (16). In counts of lactobacilli the 
following classification was used: < lo3, lo3, 
lo4, lo5, and 2106 CFU/ml (17). 

Ten samples were excluded from micro- 
biologic analyses because of a recent (less 
than 1 month) history of antibiotics, four of 
them in the first sample collection. In these 
10 cases, the variations in salivary MS and 
lactobacilli were calculated from 5 different 
saliva samplings. All base-line values for the 
studied salivary variables are given in Tables 
1 and 3. 

Statistics 
Spearman rank correlations coefficients, 

Student's f test, and the chi-square test were 
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Table 2. Mean frequency distribution, standard deviation (SD), and range in percentages of inter- 
individual variations in different salivary variabies during the 9-month follow-up period (in total, 
6 examinations) in a group of 128 children. The variables are described in detail in the Methods 
section 

Boys ( n  = 68) Girls (n = 60) 

Mean SD Range Mean SD Range 

Mutans streptococci 
MSB agar plates 

L O W  
Intermediate 
High 

Strip mutans test 
Cb1 
2 
3 

Lactobacilli 
a 0 3  
103 
104 
105 
2106 

Low 
Intermediate 
High 

Row rate 
LOW 
Intermediate 
High 

Buffer effect 

57.9 13.5 
32.8 7.6 
9.3 6.6 

64.3 4.1 
22.2 2.7 
13.5 3.3 

18.0 3.2 
27.1 5.6 
20.3 4.4 
18.0 5.5 
16.7 4.5 

0.5 0.7 
19.6 6.2 
79.9 5.6 

20.1 2.5 
58.6 3.6 
21.3 5.7 

(33 574.6)  
(20.6-44.4) 
(1.6-22.2) 

(57.1-69.8) 
(17.5-25.4) 
(7.9-17.5) 

(15 6-25 .O) 

(12.526.6) 
(9.4-26.6) 

(10.9-21.9) 

(O.Ckl.5) 
(10.4-28.4) 
(71.6-88.1) 

(18.7-34.4) 

(16.2-23.5) 
(54.4-64.7) 
(11.8-27.9) 

42.3 
41.0 
16.7 

46.1 
32.1 
21.8 

16.7 
29.2 
21.1 
18.1 
14.9 

5.3 
38.9 
55.8 

25.4 
59.3 
15.3 

11.6 
5.3 

11.4 

2.0 
3.6 
2.8 

3.4 
1.3 
5.8 
3.6 
3.5 

3.2 
6.7 
6.1 

8.1 
4.3 
6.2 

(22.2-57.4) 
(35.2-50.0) 
(7.4-38.9) 

(43.649.1) 
(27 3-38.2) 
(18.2-25.4) 

(12.5-21.4) 
(21.4-30.4) 
(12.5-30.4) 
(14.3-23.2) 
(8.9-19.6) 

(O.crlO.0) 
(3 1.7-48.3) 
(48.3-65.0) 

(16.9-42.4) 
(54.2-62.7) 
(3.4-22.0) 

used for statistical analyses. Significance was 
claimed at p < 0.05. 

Results 
In the beginning of the 9-month follow-up 
period DMFS indices or salivary variables 
did not diff6r statistically significantly 
between boys and girls, except for buffer 
effect, which was significantly higher 
( p  < 0.001) among boys (Tables 1 and 3). 
The mean value for the flow rate was also 
higher among boys, but owing to the large 
interindividual variation the difference was 
not statistically significant. Interindividual 
variations were large also for cariogenic bac- 
teria, especially for salivary MS (Table 1). 

Correlations among salivary variables are 
shown in Table 4. First, the two methods to 
quantitate salivary MS-that is, the chair- 
side Strip mutans test and the laboratory 

cultivation with mitis-salivarius-bacitracin 
(MSB) agar plates-correlated positively 
(r  = 0.79) and highly significantly ( p  < 
0.001) with each other. Of the 124 samples 
in the base-line examination, 4 gave the low- 
est score (<105CFU/ml) with MSB agar 
plates; in the Strip test these same samples 
gave the highest score. In contrast, none of 
the highest scores (3  lo6 CFU/ml) with MSB 
was associated with the lowest score in the 
Strip method. 

Correlations between MS and lactobacilli 
were statistically significant both in children 
without earlier caries (r = 0.35, p < 0.01) 
and in those with earlier caries (r  = 0.50, 
p<O.OOl). In only one subject was the 
lactobacillus score very high (>lo6 CFU/ml) 
when the MS score was low (<lo4 CFU/ml, 
n = 42). All children with the highest MS 
count (z=106CFU/ml, n = 7) also had at 
least lo4 CFU/ml of lactobacilli. The num- 
ber of MS correlated negatively with salivary 



ACTA ODONTOL SCAND 51 (1993) Variability of salivary factors 35 

Table 3. Distribution of salivary lactobacilli, mutans streptococci (Strip mutans test) 
and buffer effect in different classes among the study population at base line of the 
9-month follow-up period. The classes are described in detail in the Methods section 

Boys (n  = 68) Girls (n = 56) Significance: 

Lactobacilli 
< l o 3  
103 
104 
105 
==lo6 

0-1 
2 
3 

LOW 
Intermediate 
High 

Strip mutans test 

Buffer effect 

11 
19 
12 
13 
13 

45 
15 
8 

1 
7 
60 

7 
14 
14 
9 

12 

25 
19 
12 

4 
17 
35 

NS 

NS 

p < 0.001 

* Chi-square test; NS = not significant. 

flow rate (r = -0.26, p < 0.01), but a stat- 
istically significant positive correlation (r = 
0.51-0.60, p < 0.001) was found between 
salivary buffer effect and flow rate, both 
among boys and girls (Table 4). Low buffer 
effect (final pH ~ 4 )  was never found among 
subjects with the highest flow rate (>2.0 ml/ 
min, n = 17), but high buffer effect (final 
pH 3 6) was measured in 10 subjects even 
though the salivary flow rate was low 
(4.0 ml/min, n = 23). 

The clinical caries indices, base-line 
DMFS, and 1-year caries increment (DSinc), 
correlated positively and statistically sig- 
nificantly (p < 0.001, Spearman rank cor- 

relation) with base-line MS (CFU/ml) and 
lactobacilli, whereas an inverse relationship 
(p < 0.001) was found with base-line values 
for the flow rate and buffer effect (data not 
shown). 

Intraindividual variations in salivary 
variables during the 9-month follow-up 
period are shown in Fig. 1. The overall vari- 
ation of salivary MS counts was lower with 
the Strip method than with MSB cultivation 
(Fig. ): no variation (that is, less than one 

49% of the strips but in only 19% of the 
MSB plates. Salivary lactobacilli varied 
intraindividually even more than MS. In 

step) Ill i the six saliva samplings occurred in 

Table 4. Correlations between salivary levels of mutans streptococci assayed with mitis-salivarius- 
bacitracin (MSB) agar plates and the Strip mutans test, the level of lactobacilli, salivary flow rate, 
and buffer effect. The correlations are calculated from the base-line values (boys, n = 68; girls, 
n = 56) 

Mutans streptococci 
(Strip mutans test) Lactobacilli Flow rate 

Mutans streptococci 0.79 p<O.001* 0.35t p<O.Ol -0.26 p<O.O1 
o.so* p<o.001 
0.459 p<O.OOl 

(MSB) 

0.51 p <0.001 Buffer effect, boys 
Buffer effect, girls 0.60 p<O.Ool 

* Spearman rank correlation. 
t Subjects without canes experience (n = 62). 
$ Subjects with caries experience (n = 62). 
§ All subjects (n  = 124). 
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13.3% of both boys and girls the variation 
was equal to or higher than three steps, 
corresponding to a change 3 3  logs in CFUs/ 
ml (Fig. 1). 

Intraindividual variation in salivary flow 
rate was slightly more common among girls 
than boys: the scores stayed the same in all 
samplings in 37% of the boys and in 27% of 
the girls (Fig. 1). The respective values for 
buffer effect were 59% and 42%. Of all the 
four salivary variables the buffer effect was 
clearly the most stable and lactobacilli the 
least stable over the 9-month follow-up 
period, both in boys and girls. 
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20% deviated more than two scores in a dip- 
slide test (not the Strip test) when done four 
times in 3 years. 

As expected, the base-line levels of sali- 
vary MS and lactobacilli correlated positively 
with both past caries experience (DMFS 
index) and with 1-year caries increment 
(DS,,,J. This accords with several previous 
studies (6, 19-25). The inverse relationship 
between the buffer effect or flow rate and 
the caries indices was also expected (11,26, 
27). 

On a population level, a positive cor- 
relation between salivary MS and lactobacilli 
has been reported (2, 6, 19, 23). This was 
found also in our study group. The inverse 
relationship between salivary flow rate and 
the levels of MS has also been reported 
earlier (28, 29). Salivary flow rate among 
young teenagers is still increasing with age 
(8,30), which may explain part of the intra- 
individual variability observed in our study. 
The same is true for buffer effect, but this 
behaves differently in girls and boys. With 
girls the buffer effect may even drop during 
early adolescence (8), obviously due to the 
effects of female sex steroids on salivary 
bicarbonate (31). In the present study, intra- 
individual variability of buffer effect was 
much greater in girls than in boys. The large 
variability in bacterial counts is obviously 
considerably influenced by gradually exfoli- 
ating primary teeth with concomitant emerg-. 
ence of new tooth surfaces at the age of 
11-12 years. Our observations emphasize 
that, in line with the bacterial tests, measure- 
ments of buffer effect and flow rate are highly 
variable at this age. Therefore, only single- 
point measurements of salivary variables 
should not be used for caries-diagnostic or 
-predictive purposes for :children 1 with a de- 
veloping dentition. 
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Discussion 
The chair-side method (Strip mutans test) 
to quantitate salivary MS correlates highly 
significantly with the conventional culture 
technique with MSB agar plates, as shown 
also by Jensen & Bratthall (15). However, 
the intraindividual variation was notably 
lower with the chair-side test, even though 
a similar stepwise scale was used for both 
methods. The difference may be due to the 
freezing of the samples before the cultivation 
on MSB agar plates, whereas the Strip test 
is done from fresh samples. Because even 
with the Strip test 51% of the children had 
a variability of at least one step and, of 
these, 7.8% more than two steps, this result 
suggests that measurements of MS at this age 
are highly variable for an individual patient. 
The problem is even greater with the salivary 
lactobacillus count, which showed variation 
of 2 1  log in more than 80% of all individuals. 

Minor (10, 12) but also significant (18) 
differences between morning, late morning, 
and afternoon samples of salivary MS have 
been reported. Using the Strip method, El- 
Nadeef & Bratthall (12) showed that short- 
term intraindividual variations in salivary 
MS during a 5-day period certainly occur, 
but pronounced discrepancies are extremely 
rare. Russel et al. (11) reported that salivary 
MS correlated significantly over three exam- 
inations during 1 year in a group of ado- 
lescents. In a 3-year longitudinal study, 
Alaluusua et al. (2) showed that 30% of 
children maintained the same MS score but 
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