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The purpose of this study is to evaluate salivary flow rate, Key words: head and neck cancer patients, cariogenic activity,
salivary pH, and cariogenic activity using unstimulated salivary pH, salivary flow rate
saliva of the head and neck cancer patients. Twenty three
cancer patients (19 males, 4 females) who had undergone
chemotherapy and radiation therapy and twenty four healthy
volunteers (14 males, 10 females) as a control were included. Introduction
Salivary flow rate, salivary pH, and cariogenic activity using
unstimulated saliva were examined. Compared to saliva of
the control group, salivary flow rate (p<0.001) and salivary
pH (p<0.001) were significantly lower in head and neck
cancer patients. The colony counts of Lactobacilli was higher
in head and neck cancer patients (p<0.05) than in control
group. These salivary factors and cariogenic activity can
increase the prevalence of dental caries in head and neck keer. jsp.).
cancer patients. Malignancies of head and neck occur in the oral cavity,

According to the Korean National Cancer Statistics,
more than 200,000 new patients were diagnosed with
cancer in 2010. In korean cancer patients, 2.2% patients
(approximately 3,700 patients) are newly diagnosed to head
and neck cancers each year (http://ncc.re.kr/english/infor/

pharynx, paranasal sinuses, larynx, thyroid gland, salivary
glands, bronchial tubes, and esophagus. Histologically,
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followed by other types, such as an undifferentiated
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with age. Tumors of the upper aerodigestive tract occur
mostly in the fifth and sixth decades of life [2,3]. The
present aging population has comparatively higher number
of natural teeth as compared to those of the past. For the
last 20 years, the number of patients visiting dental offices
for caries has decreased in the pediatric population, but
has increased for those who were 40-to-50 years old [4].
Thus, there is a need for different ways of prevention and
management of tooth decay for different age groups.

The management of cancer patients depends on the type
of cancer, metastasis, and age. Head and neck cancers are
treated with a combination of surgery, radiation therapy,
and chemotherapy to improve survival rate [5]. These
treatments cause physical, emotional, and social side
effects. Chemotherapy and radiation therapy destroy and
weaken not only cancer cells but also non-cancerous cells,
which produce intra-oral complications such as stomatitis,
xerostomia, the change of taste, pain, and bleeding [6-9].
With the radiation therapy, salivary glands are irreversibly
damaged, and resulted in xerostomia. Reduced salivation
increase the occurrence of rampant caries [6-9]. As for the
children with cancer, radiation therapy affect the
developing teeth and cause oligodontia, microdontia,
abnormal root growth, and hypocalcification [10].
Deterioration of quality of life due to dental complications
has been unavoidable. In particular, head and neck cancer
patients experience serious worsening in vocalization,
deglutition, and physical appearance, which deteriorates the
quality of life [6-9].

Therefore, management head and neck cancer should not
only include the treatment of the disease itself but also the
minimizing functional and aesthetic complications. In order
to do so, oral examination should be performed to find out
oral diseases and proper dental treatment prior to cancer
therapy. These efforts should be made during and/or after
anticancer treatments for preventing oral complications.

There have been researches on anticancer treatment-
related oral complications [6-10]. However, few studies
have investigated the characteristics of saliva and caries
activity in these patients. Thus, researches about the
characteristics of saliva and caries activity in this
population are urgently needed.

In this study, salivary flow rate, salivary pH, salivary
buffering capacity, and caries activities were compared
between healthy subjects and head and neck cancer

patients. An accurate caries risk assessment can identify
patients at high caries risk for preventive therapies and
improved treatment effectiveness. This research was
performed to obtain a baseline data for proper oral
hygiene management for individuals.

Materials and Methods

The subjects

The study recruited patients visiting the dental clinic of
the Chonnam National University Hwasun Hospital
(Hwasun, Korea). Subjects with systemic diseases were
excluded, save the history of head and neck cancer for the
first group. 23 head and neck cancer patients (19 males
and 4 females) with a mean age of 57.34£8.7 years
participated. All patients had undergone chemotherapy and
radiation therapy. At least three months after therapeutic
termination, all patients were enrolled. The control group
included 23 healthy subjects (14 males and 9 females)
with a mean age of 51.1£19.2. The age difference between
the cancer patients and control group was not significant.
None of them had received antibiotics. All subjects in
both patient and control groups were advised of the
purpose of the study and signed a consent form. This
study was approved by the research ethics committee at
the Chonnam National University Hwasun Hospital (HCRI
09 032-3).

The salivary flow rate of unstimulated saliva
All saliva collections were performed at least 1 hour

after a meal. The unstimulated saliva was collected by
spitting methods in 50 ml conical tubes (SPL, South
Korea) for 5 minutes [11,12].

The amount of saliva was measured and the saliva was
transferred to 1 ml tubes (Axygen, California, USA).

Measurement of unstimulated salivary acidity
After calibrating the pH meter (pH-200L; iStek, Seoul,

Korea), salivary pH value was evaluated immediately.

Caries activity tests

(1) Test for salivary buffering capacity

The buffering capacity of saliva was tested with
Dentobuff strip (Orion Diagnostica, Espoo, Finland). A
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drop of each sample was applied onto the strips, and
developed for 5 minutes. A color of the strip was read as
the color index. The the degree of salivary buffering
capacity was rated according to the developed color:

1 (low): yellow, the final pH value is equal to 4 or
smaller,

2 (medium): green, the final pH value is equal to 4.5
or greater, but smaller than 5.5,

3 (high): blue, the final pH value is equal to 6 or
greater.

(2) Measurement of the number of Streptococa mutans

The number of Streptococcus mutans (S. mutans) was
measured with Dentocult SM (Orion Diagnostica, Espoo,
Finland). Dentocult SM is composed of two strips. The
‘screening strip” for the number of S. mutans in saliva
was applied against the tongue. The ‘site strip’ is used to
measure that in dental plaques. A sterilized cotton swab
was rubbed on inter-proximal sites of posterior teeth for
plaque inoculation. The inoculated sample was spread on
the strip. Strips were incubated for two days and evaluated
according to the density criteria :

0 : < 10* CFU/ml (CFU : colony-forming unit),
1:<10° CFU/ml,

2 : 10°~10° CFU/ml,

3 :> 10° CFU/ml.

(3) Measurement of the number of Lactobacilli

The number of Lactobacilli was measured with Dentocult
LB (Orion Diagnostica, Espoo, Finland). The saliva samples
were poured onto the culture slide and incubated for four
days at 35~37°C to be evaluated as the density criteria :

0 : nearly none to 10° CFU/ml of saliva,

1 : 10°~10* CFU/ml,
2 : 10°~10° CFU/ml,
3 :10° CFU/ml or more.

Statistic analysis

The Mann-Whitney test was used to compare the
salivary flow rate, pH, and caries activity of unstimulated
saliva between healthy subjects and cancer patients. SPSS
(Statistical Packages for Social Science 19.0, Chicago, IL,
USA) was used for the analyses, with the significance
level of 0.05.

Results

Comparison of salivary flow rate and pH between
head and neck cancer patients and healthy subjects
The salivary flow rate was 1.12£0.87 ml/Smin for head

and neck cancer patients and 2.59+1.36 ml/Smin for
healthy subjects. The difference of salivary flow rate was
statistically significant (p<0.001) (Table 1).

The unstimulated saliva pH was 6.46+0.45 for head and
neck cancer patients and 6.78+0.34 for healthy subjects.
The difference of salivary pH values was statistically
significant (p<0.01) (Table 1).

Comparison of caries activities between head and
neck cancer patients and healthy subjects
The degree of saliva buffering capacity was lower for cancer

patients (1.65+0.78) than for healthy subjects (2.00£0.59), but
this difference was not statistically significant.

The density of S. mutans colony counts was 1.13+0.92
in saliva for head and neck patients and 0.63+0.82 for
healthy subjects. The density of S. mutans colony counts
in plaque was 1.7840.93 for head and neck patients and
1.50+0.67 for healthy subjects. Differences of the density
of S. mutans were not significant in saliva and in plaque.

The density of Lactobacilli colony counts was
significantly higher for head and neck cancer patients
(1.30£1.18) than that for healthy subjects (0.58+0.88)
(p<0.05) (Table 2).

Table 1. Salivary Flow Rate of the Study Groups

Patient group Control group
(N=23) (N=23) P-value
(ml/5min) (ml/5min)
Salivary 1.12+0.87 2.59+1.36  0.000""
secretion
Xglues are Mean+SD.
: P <0.001, by Mann-Whitney test.
Table 2. Salivary pH of the Study Groups
Patient group Control group
(N=23) (N=23) P-value
Sagﬁary 6.46+0.45 6.78+0.34 0.009"

Values are Mean+SD.
: P <0.01, by Mann-Whitney test.
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Table 3. Comparision of Cariogenic Activity of the Study Groups

Patient group Control group

(N=23) (N=23) P-value

Dentocult Buffer 1.65+0.78 2.00+0.59 0.063
Dentocult SM Dentocult screening strip 1.13+0.92 0.63+0.82 0.057
Dentocult site strip 1.78+0.93 1.50+0.67 0.118

Dentocult LB 1.30+1.18 0.58+0.88 0.027"

*Values are Mean+SD.
: P<0.05, by Mann-Whitney test.
(1) Dentocult Buffer

degree of salivary buffering capacity ; 1: the final pH value is equal to 4 or smaller, 2: equal to 4.5 or greater, but smaller than

5.5, 3: equal to 6 or greater.
(2) Dentocult SM : the number of Streptococci mutans

The ‘screening strip’ measuring the number of S. mutans in saliva was applied against the tongue. The ‘site strip’ is used to
measure that in dental plaques. The density criteria; 0: < 10* CFU/ml (CFU: colony-forming unit), 1: < 10° CFU/ml, 2: 10°~10°

CFU/ml, 3: > 10° CFU/ml.
(3) Dentocult LB : the number of Lactobacilli

The density criteria; 0: nearly none to 10° CFU/ml of saliva, 1: 10°~10* CFU/ml, 2: 10*~10° CFU/ml, 3: 10° CFU/ml or more.

Discussion

Anticancer treatments on head and neck cancers cause
complications such as stomatitis, infections, hemorrhage,
xerostomia, dysmasesis, dysphagia, taste change, and trismus.
These complication aggravate the quality of life [6-9].

In this study, the salivary flow rate, salivary acidity,
and caries activity were compared between head and neck
patients and healthy subjects. Caries activity test was
composed of salivary buffering capacity and the numbers
of S. mutans and Lactobacilli.

Dental caries is the results of a complex interaction
between acid-producing bacteria and fermentable carbohydrate,
and host factors [13]. Caries activity test is predicting the
risk of caries in considering pathogenic, host, and
environmental factors [14]. Saliva is an important host factor
acting as mechanical washing, antimicrobial function,
remineralization of teeth surface and regulating oral pH [13].

In general, the patients undergoing chemotherapy
exhibited reversible reductions in salivation and changes of
salivary composition [6-9]. Radiation therapy in the head
and neck region leads to a rapid and predictable the
reduction of salivation. It is known that, on irradiation, the
serous cells of salivary glands are damaged by acute
inflammatory reactions, and this change produces less
viscous saliva due to the markedly reduced amount of
secretion. The amount of salivation began to decrease three

days after irradiation, was at the minimum after four
weeks, and thereafter returned to normal levels after a year
[15,16]. In the present study, salivary flow rate was
significantly lower for head and neck cancer patients than
for healthy subjects. This finding agree with previous
studies.

Normal salivary flow rate is important to a protective
effect against dental caries. With normal salivary flow rate,
the half time for saliva clearance is much shorter than the
time required for oral bacterial cell division. Therefore,
these bacteria cannot survive in the mouth unless they
have the ability to bind to teeth or the oral mucosa [17].
As Kaur Al et al’s study, 90% children in caries-free
group had a stimulated salivary flow rate greater than 1
ml/min as compared to 33.3% in caries-active group. The
salivary flow rate was 0.1-2.2ml/5Smin (mean 1.12+0.87
ml/5Smin) for head and neck patients in the present study.
It is considered a potential risk factor when the
unstimulated salivary flow rate is lower than 0.30 ml/min
[18].

Maintenance of physiologic hydrogen ion concentration
at the mucosal epithelial cell surface and the tooth surface
is an critical function of salivary buffers. The quantitative
assessment of resistance to pH changes is referred to as
buffer capacity. High salivary buffering capacity protects
the tooth from dental caries [19]. The salivary pH is
determined by [HCO3-]/[H2CO3]. When the amount of
salivation is greater, the saliva is weakly alkaline.
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Conversely, when the amount is smaller, it is slightly
acidic [20]. Fast-flowing saliva is alkaline reaching pH
values of 7.5-8.0 and is vitally important in raising the pH
of dental plaque previously lowered by exposure to
carbohydrates [18]. Low buffering capacity is usually
associated with caries development because of its impaired
neutralization of plaque acids and reduced remineralization
of early enamel lesions [21]. Studies have shown that
patient with low or no caries activity had a resting
salivary pH of around 7.0. Those with extreme caries
activity had a resting pH below critical pH 5.5 [18]. In
the present study, the pH and salivary flow rate were
significantly lower for head and neck cancer patients than
for healthy subjects. But, the difference of saliva buffering
capacity was not statistically significant. More studies are
necessary to determine saliva buffering capacity of head
and neck patients.

Radiation therapy-related caries especially affects cervical
areas of teeth and spreads throughout the entire dental
arches. This type of caries does not directly result from
the radiation itself; rather, it is a consequence of decreased
salivation and subsequent increases in number of cariogenic
bacteria [9,22]. Saliva serves as an oral circulating fluid
for bacterial transmission and a reservoir for bacterial
colonization. The oral cavity harbors over 700 species of
bacteria that contribute to the health and physiological
status of oral cavity. There are about 10° to 10° CFU/ml
oral microorganisms in saliva. These salivary microbial
species reflect the health and disease status of the oral
cavity [23-25].

It is known that, on irradiation, the serous cells of
parotid glands are damaged by acute inflammatory
reactions, and this change produces less viscous saliva due
to the markedly reduced amount of secretion [15,16].
Decreases in salivation rate is associated with decreased
pH and buffering capacity. In turn, this promotes
acidification of saliva at the teeth surface and increases the
risk dental caries [19,21]. Therefore, the changes of
salivation rate and salivary composition may increase the
proportions of acidophilic microbes in the oral flora, such
as S. mutans, Lactobacilli, and yeast [25,26]. Decreased
salivation is very closely associated with Lactobacilli [27].
Lactobacilli are highly acidogenic, but do not play
significant role in the initiation of caries. However, once a

lesion has been established, its proportions were seen to

increase [28]. Therefore, salivary lactobacilli level could be
indirectly related to caries progression. In a study on
salivary bacterial composition after radiation therapy among
oral cancer patients, the number of acidophilic bacteria,
Candida, Staphylococcus, Lactobacillus, and S. mutans
were found to be significantly increased after irradiation.
In this same study, the S. mutans numbers increased
immediately upon completion of irradiation but did not
increase thereafter [25].

Tong et al observed changes in the numbers of
intra-oral microbes in patients with reduced salivation from
anti-cancer drugs and/or radiation therapy. They reported
that the number of S. mutans was decreased before the
radiation therapy but was not detected right after the
therapy, and that wunder low pH, Lactobacillus,
Streptococcus  mitis, and Streptococcus salivarius were
primarily detected [29]. Our findings are in agreement with
this report. In this study, the number of Lactobacilli in the
cancer patients was significantly greater for than that in
the healthy subject. While the differences of the S. mutans
numbers between the two groups was not significant.

In conclusion, salivary flow rate and pH were lower for
the head and neck cancer patients than for the control
group. The number of Lactobacilli increased significantly
in the patient group. These results indicate that an
individualized education for oral hygiene is essential to
promote a patient’s ability of managing oral health. In
order to improve a patient’s self-cleansing capacity,
salivary  substitutes and oral lubricants should be
prescribed. Individuals with reduced salivary flow should
be advised to maintain acceptable patterns of oral hygiene
and to reduce the frequency of sugar ingestion. For
patients undergoing radiation therapy on head-and-neck
area, dental examination and fluorine coating should be
carried out regularly. Professional oral health care program
and systematical management should be applied on a
regular basis as long as possible. Further studies are
needed to understand the change of caries activities before,
during, and after anticancer treatments.

Acknowledgements

This research has been conducted by the research grant
of Gwangju Health Collage in 2013.



62 Hae-Soon Lim, Kyung-Yi Chung, Ae-Ok Kim, Mi-Ran Kim, Youn-Shin Kim, Mi-Sun Kang, Jeong-Won Hong, Ji-Yeon Jung, Ji-Il Park, and Guem-Sug Lee

Conflict of interest

The authors declare that they have no competing interest.

References

10.

11.

. Hopkins J, Cescon DW, Tse D, Bradbury P, Xu W, Ma C,

Wheatley-Price P, Waldron J, Goldstein D, Meyer F,
Bairati I, Liu G. Genetic polymorphisms and head and
neck cancer outcomes: a review. Cancer Epidemiol
Biomarkers Prev. 2008;17:490-499.

. Hashibe M1, Brennan P, Benhamou S, Castellsague X,

Chen C, Curado MP, Dal Maso L, Daudt AW, Fabianova
E, Fernandez L, Wiinsch-Filho V, Franceschi S, Hayes RB,
Herrero R, Koifman S, La Vecchia C, Lazarus P, Levi F,
Mates D, Matos E, Menezes A, Muscat J, Eluf-Neto J,
Olshan AF, Rudnai P, Schwartz SM, Smith E, Sturgis EM,
Szeszenia-Dabrowska N, Talamini R, Wei Q, Winn DM,
Zaridze D, Zatonski W, Zhang ZF, Berthiller J, Boffetta P.
Alcohol drinking in never users of tobacco, cigarette
smoking in never drinkers, and the risk of head and neck
cancer: pooled analysis in the International Head and Neck
Cancer Epidemiology Consortium. J Natl Cancer Inst.
2007;99:777-789.

. Warnakulasuriya S. Global epidemiology of oral and

oropharyngeal cancer. Oral Oncol. 2009; 45:309-316.

. Choi YK, Do SR, Park DY. Changes in the trends of dental

caries patients in Korea -based on patient survey data from
1990 to 2008. J Korean Soc Dent Hyg. 2011;11:489-497.

. Dimery IW, Hong WK. Overview of combined modality

therapies for head and neck cancer. J Natl Cancer Inst.
1993;85:95-111.

. Kaban LB, Pogrel MA, Perrott DH. Complications in oral

and maxillofacial WB  Saunders.

Philadelphia, 1997.

surgery, pl79.

. Kim JB, Nam KY, Chung WG, Noh HJ, Jang SO, Yoo JH

at al. A clinical study on the care of oral complications in
the admission patients with major malignant cancers. J
Korean Assoc Maxillofac Plast Reconstr Surg.
2004;26:53-60.

. Silverman S Jr. Oral cancer: complications of therapy. Oral

Surg Oral Med Oral Pathol Oral Radiol Endod.

1999;88:122-126.

. Epstein JB, Chin EA, Jacobson JJ, Rishiraj B, Le N. The

relationship among fluoride, cariogenic, oral flora, and
salivary flow rate during radiation therapy. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 1998; 86:286-292.
Heo SK, Choi NK, Kim SM, Yang KH. Developmental
disturbance of permanent teeth after radiotherapy for
treatment of malignant cancer: report of cases. J Korean
Acad Pediatr Dent. 2008;35:144-150.

Becks H, Wainwright WW. Human saliva: IX. the effect of
activation on salivary flow. J] Dent Res. 1939;18:447-456.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Navazesh M. Method for collecting saliva. Ann N'Y Acad
Sci. 1993;20:694-727.

Selwitz RH, Ismail Al, Pitts NB. Dental caries. Lancet
2007;369:51-59.

Newbrun E. Cariology. 3rd ed. pp 289-299, Quintessence
Publish. Chicago, 1989.

Eneroth CM, Henrikson CO, Jakobsson PA. Pre-irradiation
qualities of a parotid gland in predicting the grade of
functional disturbance by radiotherapy. Acta Otolaryngol.
1972;7:436-444.

Kashima HK, Kirkham WR, Andrews JR. Post-irradiation
sialoadenitis ; a study of the clinical features-histopathologic
change and serum enzyme variations following irradiation of
human salivary glands. Am J Roentgenol Radium Ther Nucl
Med. 1965;94:271-291.

Dawes C. Estimates, from salivary analyses, of the
turnover time of the oral mucosal epithelium in humans
and the number of bacteria in an edentulous mouth. Arch
Oral Biol. 2003;48:329-336.

Kaur A, Kwatra KS, Kamboj P. Evaluation of non
-microbial salivary caries activity parameters and salivary
biochemical indicators in predicting dental caries. J Indian
Soc Pedod Prev Dent. 2012;30:212-217.

Leone CW, Oppenheim FG. Physical and chemical aspects
of saliva as indicators of risk for dental caries in human. J
Dent Educ. 2001;65:1054-1064.

Miller CS, Foley JD, Bailey AL, Campell CL, Humphries
RL, Christodoulides N, Floriano PN, Simmons G,
Bhagwandin B, Jacobson JW, Redding SW, Ebersole JL,
McDevitt  JT. Current developments in salivary
diagnostics. Biomark Med. 2010;4:171-189.
Tukia-Kulmala H, Tenovuo J. Intra- and inter-individual
variation in salivary flow rate, buffer effect, lactobacilli,
and mutans streptococci among 11- to 12-year-old
schoolchildren. Acta Odont Scand. 1993;51:31-37.

Vissink A, Jansma J, Spijkervet FK, Burlage FR, Coppes
RP. Oral sequelae of head and neck radiotherapy. Crit Rev
Oral Biol Med. 2003;14:199-212.

J Chung, HS Na, SY Kim, YH Choi, JY Lee. Oral
Microbiota Comparison between Healthy volunteers,
Periodontitis patients and Oral cancer patients. Int J Oral
Biol. 2013;38:181-188.

Greenstein G, Lamster IB. Bacterial transmission in
periodontal diseases: a critical review. J Periodontol.
1997;68:421-431.

Lee JH, Kim MJ, Choung PH, Choi JY, Seo BM, Song
RH, Ahn KM, Kim JW, Nam IW, Kim SK. The changes of
salivary microorganism composition after therapeutic
radiation for oral cancer patients. J of Korean Acad Oral
Maxillofac Surg. 2000;26:18-23.

Eliasson L, Carlén A, Almstdhl A, Wikstrom M,
Lingstrom P. Dental plaque pH and micro-organisms
during hyposalivation. J Dent Res. 2006;85:334-338.
Almstahl A, Carlén A, Eliasson L, Lingstrom P.
Lactobacillus species in supragingival plaque in subjects
with hyposalivation. Arch Oral Biol. 2010;55:255-259.
Aas JA, Griffen AL, Dardis SR, Lee AM, Olsen I,



Cariogenic Activity in Saliva of Korean Head and Neck Cancer Patients 63

Dewhirst FE, Leys EJ, Paster BJ. Bacteria of dental caries 29. Tong HC, Gao XJ, Dong XZ. Non-mutans streptococci in
in primary and permanent teeth in children and young patients receiving radiotherapy in the head and neck area.
adults. J Clin Microbiol. 2008;46:1407-1417. Caries Res. 2003;37:261-266.



