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Introduction
Patients’ salivary characteristics, 

such as flow rate, pH and buffering 
capacity, may provide information 
about future caries risk.1–3 Present-
ly, there are several commercially 
available test kits and methods for 
measuring salivary characteristics. 
The salivary diagnostic tests avail-
able chair–side today evolved from 
a laboratory method developed by 
Ericsson for measuring the buffering 
capacity of saliva electrometrically.4 
Ericsson’s test was correlated with 
an increase in dental caries and is 
still considered the standard today. 
The first chair–side method of as-
sessing buffering capacity was de-
veloped and commercialized a cou-
ple of decades later. In this method, 
the laboratory pH meter was substi-
tuted with a liquid colorimetric pH 
indicator in a test tube to which a 
known volume of stimulated saliva 
was added.5 This technique was fur-
ther simplified for chair–side use to 
a pH indicator strip that was impreg-
nated with acid.6 To use the buffer 
strip, the clinician places a drop of 
the patient’s saliva on the acid test 
pad and determines the color read-
ing produced. Both methods only 
determine crude estimates of buffer-
ing capacity within the range of low 
(pH≤4.0), intermediate (pH=4.5 to 
5.5) and high (pH≥6.0). Using this 
range, they have been compared to 
Ericsson’s test and have been shown 
to be valid measurements of salivary 
buffering capacity in the low to inter-
mediate range, with a tendency to 
underestimate the values in the high 
range (not considered clinically sig-
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Purpose: Patient salivary characteristics are being measured as 
part of the Northwest PRECEDENT (Practice–based REsearch Col-
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nificant).6 Additionally, the reliability of the original 
buffer strip method was tested by adding each sa-
liva sample to duplicate strips, which were found to 
have consistent reliability.6 However, there is a lack 
of evidence in the literature on inter–examiner reli-
ability using the various salivary tests to measure 
salivary characteristics. This test of reliability is es-
pecially important if the salivary characteristics are 
to be measured across multiple practice settings 
and by a variety of clinicians in a practice–based 
research network.

There is increasing interest in dental practice–
based research networks and the types of re-
search protocols that can be carried out in these 
settings.7–10 In a given network, a research study 
may be carried out by upwards of 100 independent 
dental practitioners. Among the challenges for net-
works is evaluation of inter–examiner reliability for 
tests and measurements that are used in carrying 
out the protocols in practitioners’ offices. Two stud-
ies described here illustrate methods that may be 
employed for establishing inter–examiner reliability 
for the protocols used in the private practices of a 
practice–based research network.

Northwest PRECEDENT (Practice–based REsearch 
Collaborative in Evidence–based DENTistry) is 1 of 
3 dental practice–based research networks funded 
and established in 2005 by the National Institute of 
Dental and Craniofacial Research.11 Member–den-
tists in the PRECEDENT network are drawn from the 
5 state region of Washington, Oregon, Idaho, Mon-
tana and Utah. Faculty and staff at the University of 
Washington (UW) and the Oregon Health & Science 
University Schools of Dentistry have oversight and 
management responsibilities for the network. There 
are 216 fully trained member–dentists in the net-
work including a sub–network of 44 orthodontists.

The practitioner–members suggest topics of re-
search interest and the academic centers organize 
and develop protocols and materials for conducting 
studies in the network practices. One of the topics 
of primary interest to practitioners is the validity of 
techniques that are available for caries risk assess-
ment. To this end, Northwest PRECEDENT is con-
ducting Study 002: Salivary Markers in Caries Risk 
Assessment. This study will evaluate the contribu-
tions of historical, environmental and behavioral 
factors and salivary characteristics to caries risk. 
The primary outcome measure is caries incidence 
in permanent teeth over 2 years.

Prior to the implementation of tests measuring 
salivary characteristics in this cohort study on car-
ies risk assessment in a practice–based setting, 2 
inter–examiner reliability studies were conducted. 

The objective of this report is to investigate the 
inter–examiner reliability of 4 salivary diagnostic 
tests: resting salivary pH, stimulated salivary flow 
rate, pH and buffering capacity in 2 populations. 
The first study, Reliability Study 1, was conducted 
on a convenience sample of dental students from 
the UW. The second, Reliability Study 2, was per-
formed with patient–populations representative of 
the practice–based network in 4 private practices 
of PRECEDENT member–dentists. Reliability Study 
2 also assessed the feasibility of conducting these 
4 tests and an additional 2 tests (resting salivary 
consistency and resting salivary flow rate from labi-
al salivary glands) by dental personnel in practice–
based settings.

Methods and Materials
Protocol development established 6 salivary di-

agnostic tests to be used in Study 002. The sali-
vary characteristics selected had to have evidence 
of potential to predict future caries.1–3 In addition, 
Northwest PRECEDENT practitioners expressed 
that it was important that the in–office methods 
for salivary testing be easy–to–use and feasible to 
employ in a busy private practice or community 
clinic setting. Because they had to be easy–to–use 
chair–side by dental auxiliary personnel, microbio-
logical tests were considered too cumbersome at 
the time to be practical, as they required special 
handling, a counter–top incubator and delayed re-
porting of results.

The salivary characteristics recorded in Study 
002 are:

Resting salivary consistency: the appearance of 1. 
the saliva is visually assessed as watery and clear 
or thick, sticky and frothy (Normal: watery and 
clear)
Resting salivary flow rate from labial salivary 2. 
glands: the lower labial buccal mucosa is dried 
and the rate of secretion from the minor salivary 
glands is timed, up to a maximum of 90 seconds 
(Normal: 60 seconds or less)12

Resting salivary pH: the patient expectorates sali-3. 
va (without stimulation) into a collection cup. The 
pH of the saliva is immediately evaluated with a 
pH test strip. The strip is compared to a reference 
chart that is provided in the data collection form 
(Normal: pH 6.5 to 7.5)1 (Figure 1)
Stimulated salivary flow rate: the patient chews 4. 
a wax pellet and expectorates into a collection 
cup regularly for 5 minutes. The volume of saliva 
is measured by reading the level of the watery 
component. The milliliters per minute flow rate is 
calculated for analysis (Normal: 1 ml per minute 
or greater)2 (Figure 1)
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Stimulated salivary pH: the pH of the stimulated 5. 
saliva sample is directly measured with a second 
pH test strip (Normal: pH 6.5 to 7.5)1 (Figure 1)
Stimulated salivary buffering capacity: a drop of 6. 
stimulated saliva is placed via pipette onto each 
of the 3 pads on a buffer test strip. Each pad 
presents a different acid challenge. The color pro-
duced on each pad by the saliva is evaluated and 
the corresponding verbal description on the data 
collection form is checked. No reference chart of 
colors is provided (Figure 1). The pads are indi-
vidually scored from 0 to 4 (red=0, green=4). The 
buffer strip may have a cumulative score from 0 
to 12. Examiners are not informed of the scoring 
code or of the significance of the colors (Normal: 
10 to 12 points total per manufacturer)13

Salivary test kits for Study 002 containing all the 
necessary components for the 6 tests were devel-
oped and assembled by PRECEDENT staff. It was 
practical to use a commercially available buffer test 
strip (the Saliva–Check buffer test strip from GC 
Corporation, Tokyo, Japan). Additionally, timers 
are supplied to all practices (Figure 2).

Focus Group

After finalizing the salivary diagnostic tests to be 

used in Study 002, the next step developed a set 
of instructions for performing the tests, which were 
then pilot tested in a focus group setting. These 
instructions, which included photographs illustrat-
ing the 6 tests and reference charts for pH values, 
also served as the data collection instrument. Five 
dental assistants (not color blind) of varying levels 
of experience working in the dental clinics at the 
UW School of Dentistry were asked to participate 
in the focus group.

Using the data collection form with instructions 
for each of the salivary tests, the dental assistants 
individually performed the tests on a volunteer 
without any additional training, with the exception 
of the opportunity to read the instructions prior to 
the clinic session. The lead coordinator for North-
west PRECEDENT observed each dental assistant 
as salivary tests were conducted, and the coordi-
nator evaluated the results. After the clinic ses-
sion the dental assistants assembled to discuss 
performing the salivary tests, the feasibility and 
amount of time required, the instructions provided 
and recommendations for training. Based on their 
feedback, the instructions were modified and a de-
tailed training protocol was developed.

Figure 1: Illustrations of the four salivary tests evaluated for inter–examiner reliability
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Reliability Study 1

The purpose of this reliability study was to evalu-
ate the degree to which dental staff, trained to per-
form and evaluate the results of the salivary tests, 
give consistent and reliable results when examining 
the same saliva samples. Inter–examiner reliability 
was evaluated for 4 of the 6 salivary tests used 
in Study 002: resting salivary pH, stimulated sali-
vary flow rate (5 minute volume), pH and salivary 
buffering capacity (Figure 1). The resting salivary 
consistency test and the evaluation of resting sali-
vary flow rate from labial salivary glands required 
a clinical exam that was not feasible to perform on 
the dental student volunteers during a class labo-
ratory session. The UW Institutional Review Board 
approved the study using an oral consent process, 
as no identifying information was collected as part 
of the study and saliva samples were immediately 
discarded after the tests were completed.

To establish whether or not there is good inter–
examiner reliability for these salivary tests, 5 UW 
dental assistants, different from the dental assis-
tants who participated in the focus group, were 
recruited. These dental assistants were not color–
blind, and were as similar as possible to the per-
sons who would be performing the salivary tests 
in the dental practices of Northwest PRECEDENT. 
They were trained to perform and evaluate the sal-
ivary tests prior to participating in this reliability 
study. The training protocol involved a review of 
the salivary test instructions and kit components 
with the lead coordinator. The dental assistants 
then performed a practice run to administer the 
tests unsupervised on a volunteer. The lead coordi-
nator clarified any questions raised when the den-
tal assistants reported on their practice session.

During a regularly scheduled class session in the 
dental school simulation laboratory, 40 dental stu-
dents provided salivary samples for inter–examiner 
reliability testing. One hour prior to the collection 
of salivary samples, the students were remind-
ed that they must abstain from smoking, eating, 
drinking (except water), tooth brushing and using 
mouthwash. The students provided a resting sali-
vary sample and a stimulated sample following the 
collection protocol for the salivary tests.

The 40 paired, numbered samples were immedi-
ately transported to a biomedical laboratory, where 
the 5 dental assistant examiners and the lead coor-
dinator completed the 4 salivary tests on 20 pairs 
of samples. An incomplete block design was used 
to assign 20 pairs of samples to each examiner, 
and each sample was evaluated by 3 examiners. 
The examiners first evaluated all 20 assigned stim-

ulated saliva samples for flow rate (5 minute vol-
ume). After flow rate evaluation was completed, 
the examiners evaluated the stimulated salivary 
pH, buffering capacity and resting salivary pH for 
their assigned samples.

Reliability Study 2

The second reliability study had 2 objectives. 
The first was to evaluate the inter–examiner reli-
ability of 4 of the 6 salivary tests (same tests as 
in Reliability Study 1) among dental assistants in 
practice–based settings. The resting salivary con-
sistency test and the resting salivary flow rate from 
labial salivary glands could not be evaluated for 
inter–examiner reliability in the practice setting, as 
these tests were required to be performed directly 
on the patient, and saliva collection would change 
the patient’s oral environment from the first to the 
second evaluation. The second objective was to as-
sess the feasibility of using the 6 tests to measure 
salivary characteristics in a practice–based setting 
by evaluating the time required for completion of 
the tests.

Four Northwest PRECEDENT practices volun-
teered as sites for the inter–examiner reliability 
testing. It required 2 dental assistants to be avail-
able to evaluate the saliva samples back–to–back. 
The practice sites received study binders contain-
ing in–depth instruction on study conduct, includ-
ing the Patient ID Log, phone recruitment script, 
Staff Log and training requirements, Manual of 
Procedures (MOP), salivary test instruction/data 
collection forms and consent forms. PRECEDENT 
assembled salivary test kits were provided to the 
sites. The lead coordinator held a conference call 
with the 2 salivary administrator dental assistants 
in each practice. The call reviewed, in detail, the 

Figure 2: PRECEDENT salivary test kits
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Results
Reliability Study 1

Identifying information for the participating den-
tal student subjects, such as age and gender, was 
not collected. However, the mean age of the entire 
class of students was 26 years old and 38% of the 
class was female. The mean stimulated salivary 
flow rate (calculated from the 5 minute volume) 
was 1.78 ml per minute, with a mean stimulated 
salivary pH of 7.61. The resting salivary pH mean 
was 7.28. Buffer pad 1 had a mean score of 3.83, 
buffer pad 2 had a mean of 3.63 and buffer pad 3, 
the strongest acid challenge, had a mean of 1.67. 
This resulted in an overall buffer capacity mean 
score of 9.13 (Table I).

The assessment of stimulated salivary flow rate 
demonstrated excellent inter–examiner reliability 
(ICC=0.96). The resting salivary pH showed high 
inter–examiner reliability (0.76), while the stimu-
lated salivary pH had a very low ICC (0.08). The 
stimulated salivary buffering capacity test, with the 
3 test pad scores summed, had moderate inter–
examiner reliability (ICC=0.43), with very low reli-
ability of the first and second test pad challenges 
(ICC=0.02 and 0.20) and moderate reliability of 
the third acid challenge (ICC=0.46) (Table I).

Reliability Study 2

Among 4 Northwest PRECEDENT dental practic-
es, 85 patients were recruited for inter–examiner 
reliability testing. The number of patients in each 
age category, as designated for Study 002, were as 
follows: age 9 to 17 (n=23), age 18 to 64 (n=45) 
and age 65+ (n=17). DA1 conducted the 6 salivary 
tests in a mean time of 13 minutes per patient, 
with a range of 8 to 17 minutes (SD=2.2 minutes). 
The average time between DA1 and DA2 conduct-
ing their respective salivary tests was 5.5 minutes 
(SD=9, median=3, interquartile range=1 to 7 min-
utes).

The first 2 salivary diagnostic tests, resting sali-
vary consistency and resting salivary flow rate from 
labial salivary glands were conducted by DA1 only. 
Resting salivary consistency was thick and frothy 
in 18% of the participants. The mean time for the 
labial glands to produce saliva was 41 seconds 
(SD=25, median=35, interquartile range=22 to 53 
seconds). A cut–off of 90 seconds was used for the 

study protocol, MOP and the required training. 
Each dental assistant practiced administering the 6 
salivary tests on an office volunteer with the den-
tist observing. Dentist certification of the salivary 
practice runs were faxed to PRECEDENT prior to 
starting the study.

The UW Institutional Review Board approved the 
study protocol using the oral consent process for 
patients. A random sample of 20 to 25 patients per 
practice was selected using an assigned systematic 
sampling interval (every Nth patient) based on a 
typical weekly patient schedule in order to recruit 
approximately 1 patient per day. Patients age 9 
years and older who spoke English were eligible to 
participate.

After consent to participate in the study was ob-
tained, it was confirmed that the patient had ab-
stained for the previous hour from smoking, eat-
ing, drinking (except water), tooth brushing and 
using mouthwash. The first dental assistant (DA1) 
timed and performed the 6 salivary tests on the 
patient in the following order: resting salivary con-
sistency, flow rate from labial glands, resting pH, 
stimulated salivary buffering capacity, pH and flow 
rate (5 minute volume). The patient’s participation 
in the study was complete at that point. Within a 
maximum of 10 minutes, the second dental assis-
tant (DA2), blind to DA1’s results, evaluated the 
same samples to determine the inter–examiner re-
liability for 4 of the 6 tests in the following order: 
measurement of stimulated salivary flow rate (5 
minute volume), buffering capacity, pH and rest-
ing salivary pH. The saliva samples were then dis-
carded. The dental assistants’ roles were not inter-
changeable.

Statistical Analysis

Separate analyses of reliability of the salivary 
diagnostic tests were conducted for the 2 studies. 
Descriptive statistics (mean and standard deviation 
(SD)) were calculated for each of the tests. Reli-
ability was measured for each test using the intra-
class correlation coefficient (ICC), which is defined 
as the correlation between 2 test results obtained 
by 2 different examiners for the same patient. The 
ICC and 95% confidence interval (CI) was estimat-
ed using an analysis of variance method.14 For Reli-
ability Study 1, a balanced incomplete block design 
was used with both examiner and subject as ran-
dom effects. For Reliability Study 2, examiner and 
subject were nested within practice, and practice, 
examiner and subject were random effects. Statis-
tical analyses were conducted using Stata version 
8 and were independently validated.15 The follow-
ing scheme was used for interpretation of ICC val-

ues: 1) ICC≤0.2 (no or very low agreement), 0.21 
to 0.40 (low agreement), 0.41 to 0.60 (moderate 
agreement), 0.61 to 0.80 (high agreement) and 
0.81 to 1.00 (excellent agreement).16
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Discussion
Two reliability studies assessed 4 salivary tests in 

a convenience sample of dental students and a sam-
ple of dental patients from 4 representative PREC-
EDENT practices. The inter–examiner reliability of 
stimulated salivary flow rate and resting salivary pH 
were considered very good in both studies, but the 
stimulated salivary pH and buffering capacity were 
not acceptable in 1 study.

In Reliability Study 1, the small variation in stim-
ulated salivary pH and buffering capacity among 
the dental students may have artificially made the 
reliability appear low. For this reason, it was deter-
mined that further inter–examiner reliability testing 
enrolling a wider variety of subjects with a poten-
tially greater variation in salivary characteristics 
was needed. The follow–up study was conducted in 
a sample of PRECEDENT practitioner offices with a 
patient population representative of the dental prac-
tices where these tests are intended to be used.

Salivary Test Mean (SD) ICC (95% CI)

Rate (ml / minute) 1.78 (0.74) 0.96 (0.93–0.98)

Resting pH 7.28 (0.33) 0.76 (0.62–0.85)

Stimulated pH 7.61 (0.17) 0.08 (0.00–0.29)

Buffer pad 1 3.83 (0.49) 0.02 (0.00–0.23)

Buffer pad 2 3.63 (0.55) 0.20 (0.00–0.41)

Buffer pad 3 1.67 (1.49) 0.46 (0.26–0.64)

Buffer capacity 9.13 (1.71) 0.43 (0.22–0.61)

Table I: Summary of the salivary tests for 
Reliability Study 1

Salivary Test Mean (SD) ICC (95% CI)

Rate (ml / minute) 1.29 (0.78) 0.94 (0.91–0.96)

Resting pH 6.67 (0.46) 0.82 (0.74–0.88)

Stimulated pH 7.42 (0.27) 0.80 (0.71–0.87)

Buffer pad 1 3.64 (0.66) 0.23 (0.01–0.42)

Buffer pad 2 2.67 (1.53) 0.46 (0.25–0.60)

Buffer pad 3 0.99 (1.45) 0.27 (0.05–0.46)

Buffer capacity 7.34 (2.74) 0.55 (0.37–0.68)

Table II: Summary of the salivary tests for 
Reliability Study 2

12 participants who did not produce labial gland 
saliva within the test time limit.

For each patient’s saliva samples, 4 salivary 
characteristics were evaluated and recorded by 
both DA1 and DA2. The mean stimulated salivary 
flow rate (calculated from the 5 minute volume) 
in this patient population was 1.29 ml per minute, 
and the mean pH of the stimulated saliva was 7.42. 
The mean resting salivary pH was 6.67, and the 
stimulated salivary buffering capacity mean score 
was 7.34 (Table II).

Assessment of stimulated salivary flow rate 
(ICC=0.94) and resting salivary pH (ICC=0.82) 
demonstrated excellent inter–examiner reliability, 
while stimulated salivary pH (ICC=0.80) showed 
high inter–examiner reliability. The stimulated sali-
vary buffering capacity test had moderate reliabil-
ity (ICC=0.55) (Table II).

In Reliability Study 2, the reliability of stimulated 
salivary flow rate and resting salivary pH were con-
sistent with Reliability Study 1, while the stimulated 
salivary pH and buffering capacity tests had a better 
performance. The stimulated salivary pH presented 
a high agreement. While the reliability of the indi-
vidual pads with different acid challenges for the 
buffering capacity test was low or at the low end 
of moderate (pad 2), the overall buffering capacity 
test score had improved moderate reliability.

The lower reliability of the buffer capacity may 
have been due to the ambiguity in color interpre-
tation of the buffering strip test pads with the 3 
different acid challenges. A reference chart is not 
available as a visual aid for evaluation of the colors 
as it is for the pH tests. This result correlates with 
the evaluation of the earlier chair–side tube method 
of estimating salivary buffering capacity, where the 
method was precise only within the crude criteria 
of low, intermediate and high buffer capacity com-
pared to the standard electrometric method.17 This 
tube method evolved into the buffer strip method 
used today. Other buffer strips continue to use the 
low, intermediate and high criteria, rather than at-
tempting to measure buffering capacity at differing 
levels of acid challenge. Those buffer strips that use 
the low, intermediate and high criteria provide a 
color reference chart for evaluating the results. A 
similar guide for color interpretation could improve 
the precision of evaluating the results from the buf-
fer test strip employed in these studies.

The 4 dental practices conducting this study found 
the salivary diagnostic tests easy to incorporate into 
the routine of the day. Dental personnel were quick-
ly and easily trained to perform the tests and pa-
tients were accepting of the procedures. The great-
est challenge was for patients to remember not to 
eat, drink (except water), brush their teeth or use 
mouthwash within the hour prior to their appoint-
ment. In some cases, the office staff contacted pa-
tients an hour before the appointment to provide a 
reminder. New technology in the form of automated 
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Conclusion

Patients’ salivary characteristics may provide in-
formation about future caries risk. Prior to imple-
mentation of tests measuring salivary characteris-
tics in a cohort study on caries risk assessment in a 
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electronic texting of appointment reminders has the 
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Practice–based research networks have been es-
tablished to assess their ability to influence the evi-
dence–base of dental practice.11 There is a question 
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attempt to perform strict calibration and reliability 
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because it is off–set by the large numbers of evalu-
ations that can be made in a network.8,18–20 Some 
practice–based research network participants advo-
cate for less emphasis on measurement calibration 
and reliability because that reflects the “real–life” 
setting of dental practice. To do otherwise might not 
be palatable to practitioners.9

If practice–based networks are to provide the best 
possible evidence–base for the practice of dentistry, 
then sound scientific methodology is an appropriate 
goal when conducting research. In a network set-
ting, where multiple examiners are collecting data 
and taking measurements, it is possible to estab-
lish a means to assess the inter–examiner reliabil-
ity of tests and measurements used. The process 
described here was the basis for a training protocol 
whereby all examiners had the same detailed level 
of instruction and practice in performing procedures 
prior to study initiation. The training protocol hav-
ing been established, inter–examiner reliability was 
evaluated for the salivary tests used. When equivo-
cal results were obtained, further testing was de-
termined to be necessary, along with possible ad-
justments to the training and procedures employed. 
In this case, further testing established adequate 
inter–examiner reliability levels for use of these 
tests and training protocol in the study on Salivary 
Markers in Caries Risk Assessment, Study 002 of 
the Northwest PRECEDENT network.
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practice–based research network, 2 inter–examin-
er reliability studies were conducted, the first on a 
convenience population of dental students, and the 
second with patient–populations representative of 
the practice–based network. These studies demon-
strated acceptable inter–examiner reliability for 4 
salivary diagnostic tests: stimulated salivary flow, 
pH, buffering capacity and resting salivary pH. In 
addition, it showed that it is feasible to perform 
the 6 tests measuring salivary characteristics in 
practice–based settings in terms of time, person-
nel required and patient acceptance.
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