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Comparison of Submandibular/
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Children and Adolescents

R. Glenn Rosivack, DMD, MS

ABSTRACT

Purpose: This study compared age related changes in submandibular/sublingual salivary flow
rates in children and adolescents.
Methods: Twenty-nine children between the ages of 5 and 14 years were evaluated. A group of
adults ages 18 to 39 years were also evaluated. No subject was taking medication which could
have affected salivary flow rate. Salivary flow was stimulated using a single application of 3%
citric acid during a 5-minute test period. A group of 12 children ages 5 to 9 years was com-
pared to a group of 16 adolescents ages 10 to 14 years.
Results: Analysis using a Wilcoxon Rank Sum Test with a .05 level used for significance showed
that the salivary flow rates of the 2 groups were not significantly different.
Conclusions: No significant difference was found between the stimulated submandibular salivary
flow rates of children ages 5 to 9 years and 10 to 14 years. (J Dent Child. 2004;71:38-40)
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It has become important when treating pediatric dental
patients to perform a risk assessment regarding each
patient’s probability of experiencing dental caries in the

future. Two risk factors, which are often cited, but not re-
searched in depth in pediatric patients are the quality and
quantity of an individual’s saliva. Specific properties of
saliva, such as flow rate, pH, buffering capacity, and bacte-
rial counts, are important in determining the oral health of
individuals of all ages. Numerous studies have been con-
ducted on the changes in these properties, which occur with
aging. The majority of studies evaluating changes in salivary
flow rates have concentrated on individuals older than 18
years. Several early studies included children in their samples.
For example, when comparing parotid flow rates, Becks and
Wainwright1 and Lourie2 studied subjects ages 5 through 9,
and 3 through 14 years respectively. Becks and Wainwright1

found that the salivary flow rate for children 5 through 9
years old was lower than the rate for 10- to 14-year-old chil-
dren. Lourie,2 however, found the opposite to be true, with
the flow rate being greater in children ages 5 through 9 when
compared to the 10 through 14 years group. Neither study

specifically compared these age groups statistically, but the
data, which is presented, is contradictory.

More recently, studies comparing whole salivary secretion
rates have targeted young children and adolescents. Bagesund3

and Kavanagh4 calculated flow rates in adolescents ranging in
age from 7 to 27, however, no comparison of age subgroups
was made. Watanabe5,6 has extensively studied whole salivary
flow rates in 5-year-old children, but the values obtained have
not been compared to other age groups. Soderling et al7 looked
at whole salivary flow rates and concluded that 15-year-old
children have a significantly higher flow rate than 10-year-old
children, but there is no difference in the flow rate of 15- and
17-year-old children. Finally, an extensive study performed
by Bretz8 evaluated unstimulated flow rates for whole saliva,
and involved 447 children from 7 different sites. This study
found that the flow rate in adolescents ages 8 to 12 was sig-
nificantly higher than children ages 4 to 7 years.

Authors have also investigated flow rates from individual
salivary glands, such as the parotid and submandibular.
Tylenda et al9 used the term “submandibular saliva” to de-
scribe the secretions that were submandibular/sublingual
saliva due to the fact that the submandibular and sublin-
gual gland ducts were either in close proximity or fused .10

As is the case with whole saliva, most of the research evalu-
ating age-related changes in submandibular salivary flow rates
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has been carried out using adults as subjects. In 1973,
Blomfield11 reported submandibular salivary flow rates for a
control group of subjects ages 5 to 18 in a study evaluating
the effects of cystic fibrosis on saliva. No breakdown of the
sample into smaller age groups was available. Twetman
et al12 published submandibular salivary flow rates in children
between the ages of 10 and 12 as part of a study measuring
fluoride concentration in saliva, but no comparison to other
groups was made.

In spite of the volumes of literature published on the topic
of saliva, little exists on the topic of age-related changes in
submandibular flow rates in children younger than 10 years.
As the dental profession evaluates risk factors and their effects
on dental caries, it is important to investigate each factor since
this will shape future preventive and restorative strategies. This
study measured the submandibular flow rate of children
between the ages of 5 and 9 and compared it to the flow rate
of adolescents ages 10 to 14. A sample of adult subjects was
included for comparison with other submandibular salivary
flow rate studies.

METHODS

Twenty-nine children between the ages of 5 and 14 with a
median age of 10 were included in this study. A group of 21
middle-aged subjects, ages 18 to 39, was also evaluated for
comparison with previous studies. All subjects were healthy
and none were taking medications that could affect salivary
flow rates. Written informed consent was obtained from a
parent, guardian, or subject of legal age. Oral consent was
also obtained from all minors before saliva collection. All
patients rinsed their mouths with tap water and expecto-
rated before the collection procedure. Salivary flow was
stimulated with a single application of 3% citric acid, which
was painted onto the dorsal surface of the tongue with a
cotton swab. Wharton’s duct was isolated in a manner simi-
lar to that used by Fox.13 Dri-angles (Dental Health Prod-
ucts, Inc., Youngstown, NY) were placed to cover Stenson’s
duct on each side and a cotton roll was placed in the vesti-
bule anterior to the lower incisors. Secretions were collected
for a 5-minute period using sterile polyethylene pipettes.
All collections were performed between the hours of 10 AM

and 4:30 PM with the majority occurring between 10 AM

and 12:45 PM. The salivary flow rates obtained were values
for 5 minutes from 2 glands. To obtain a measurement of
flow rate in mL/min/gland these values would have to be
divided by 10. The flow rates for the 2 young age groups
were compared using a Wilcoxon Rank Sum Test with a .05
probability level used for significance.

RESULTS

The mean flow rates and standard deviations were calculated
for 49 subjects. The values obtained for the 3 groups of
subjects are listed in Table 1.

One subject in the young age group did not have a mea-
surable amount of saliva in the 5-minute collection period.
This subject was not included in the calculation of the mean
or statistical analysis.

There was no statistically significant difference found
between the 5 to 9 group and 10 to 14 age group (P=.37,
>.05).

DISCUSSION

This study concluded there is no difference in the stimu-
lated submandibular salivary flow rates of 2 groups of young
individuals. This contradicts previous studies that found
differences in salivary flow rates between these age groups.
Numerous factors may explain this contradiction. This
study evaluated submandibular saliva, whereas previous
studies evaluated either whole or parotid saliva. Variations
in collection techniques, saliva stimulation, fasting require-
ments, and time of day of collection all could have caused
differences in results. The current study did not require
that patients fast for a standard period of time prior to
collection of saliva.

The mean flow rate for middle-aged subjects was similar
to the unstimulated value obtained by Tylenda et al9 for a
comparable age group. The stimulated value obtained by
Tylenda et al9 was 2 to 3 times greater than the unstimulated
value.

This discrepancy was due to the fact that the stimulus in
that study was applied every 30 seconds, while in the current
study the stimulus was only applied once. Therefore, the single
application of citric acid used in this study may not have greatly
increased salivary flow.

Future studies need to be performed on the salivary
flow rates of children. Both whole saliva and single gland flow
rates need to be evaluated further using a standard collection
regimen.

CONCLUSIONS

This study concluded there is no statistically significant differ-
ence between the stimulated submandibular salivary flow rates
for 2 groups of children ages 5 to 9 and 10 to 14 years.

ACKNOWLEDGEMENTS

The investigation was supported in part by a BRSG Grant
from the University of Medicine and Dentistry of New
Jersey. The author dedicates this study to the memory of
Dr. Julian Ehrlich who initiated this investigation.

REFERENCES

1. Becks H, Wainwright WW. Rate of flow of resting saliva
of healthy individuals. J Dent Res. 1943;22:391-396.

Table 1. Mean Submandibular Salivary Flow Rates

Age (years) Number Mean ± S.D. (mL/5 min.)

5-9 12 1.40 ± 0.95

10-14 16 1.25 ± 0.96

18-39 21 1.90 ± 1.13



Comparison of Salivary Flow Rates40  Rosivack Journal of Dentistry for Children-71:1, 2004

2. Lourie RS. Rate of secretion of the parotid glands in
normal children. Am J Dis Child. 1943;65:455-479.

3. Bagesund M, Richter S, Agren B, Dahllof G. Correla-
tion between quantitative salivary gland scintigraphy and
salivary secretion rates in children and young adults
treated for hematological, malignant, and metabolic dis-
eases. Dentomaxillofac Radiol. 2000;5:264-271.

4. Kavanagh DA, O’Mullane DM, Smeeton N. Variation
of salivary flow rate in adolescents. Arch Oral Biol.
1998;43:347-352.

5. Watanabe S, Dawes C. Salivary flow rates and salivary
film thickness in 5-year old children. J Dent Res.
1990;69:1150-1153.

6. Watanabe S, Ohnishi K, Imai E, Kawano E, Igarashi S.
Estimation of the total saliva volume produced per day
in 5-year-old children. Arch Oral Biol. 1955;40:781-782.

7. Soderling E, Pienihakkinen K, Alanen ML, Hietaoja M,
Alanen P. Salivary flow rate, buffer effect, sodium, and
amylase in adolescents: A longitudinal study. Scand J Dent
Res. 1993;101:98-102.

8. Bretz WA, doValle EV, Jacobson JJ, Marchi F, Mendes
S, Nor JE, Cancado MF, Schneider LG. Unstimulated
salivary flow rates of young children. Oral Surg Oral Med
Oral Path Oral Radiol Endod. 2001;5:541-545.

9. Tylenda CA, Ship JA, Fox PC, Baum BJ. Evaluation of
submandibular salivary flow rate in different age groups.
J Dent Res. 1988;67:1225-1228.

10. Mason MK, Chisolm DM. Salivary glands in health and
disease. Philadelphia, Pa: WB Saunders Co.; 1975:229.

11. Blomfield J, Warton KL, Brown JM. Flow rate and in-
organic components of submandibular saliva in cystic
fibrosis. Arch Dis Child. 1973;48:267-274.

12. Twetman S, Skold-Larsson K, Modeer T. Fluoride con-
centration in whole saliva and separate gland secretions
after topical treatment with 3 different fluoride varnishes.
Acta Odont Scand. 1999;57:263-266.

13. Fox PC, vander Ven PF, Sonies BC, Weiffenbach JM,
Baum BJ. Xerostoma: Evaluation of a symptom with
increasing significance. J Am Dent Assoc. 1985;110:
519-525.





Copyright of Journal of Dentistry for Children is the property of American Academy of Pediatric Dentistry and

its content may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's

express written permission. However, users may print, download, or email articles for individual use.


