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Dental caries is still one of the 
most prevalent chronic diseases in 
the U.S.1 According to the National 
Health and Nutrition Examination 
Survey 2004, 92% of adults age 20 
to 64 have experienced dental car-
ies in their permanent teeth.2 The 
Centers for Disease Control and Pre-
vention currently report that over 
19% of children ages 2 through 19 
years have untreated dental caries.3 
Dental caries continue to pose a 
substantial problem despite the con-
tinual development of new means to 
prevent and treat the caries process.

The most recent attempt to con-
trol dental disease is to assess car-
ies risk factors and manage caries, 
based on preventive and curative 
clinical procedures. One protocol, 
termed Caries Management by Risk 
Assessment (CAMBRA), is an evi-
dence-based approach to prevent-
ing, reversing and, when necessary, 
repairing early damage to teeth.4-7 
The practice of CAMBRA involves cal-
culating the patient’s risk factors for 
caries development, and prescribing 
preventive treatment based on risk 
levels categorized as low, moderate, 
high or extreme caries risk.8,9 The 
protocol includes obtaining informa-
tion about the patient by means of 
a questionnaire, intraoral examina-
tion, dental radiographs and other 
tests, that can be performed by a 
licensed oral health care provider 
such as the dental hygienist. As a 
preventive oral health care specialist, the dental 
hygienist is the ideal provider to perform much of 
CAMBRA protocol.7,10-13

CAMBRA has been shown to reduce caries risk, 
as was suggested in a 2 year clinical trial of anti-
caries, therapies targeted according to risk assess-
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Abstract
Purpose: The purpose of this study was to survey dental hygien-
ists to determine their knowledge, attitudes and practices regard-
ing the implementation of caries risk assessment, particularly car-
ies management by risk assessment (CAMBRA), in private dental 
practices.
Methods: A 17 item survey was developed to evaluate dental 
hygienists’ knowledge, attitudes and practices related to CAMBRA 
and perceived barriers to CAMBRA implementation in private den-
tal practice. Surveys were mailed to a randomized sample of 1,000 
dental hygienists licensed to practice in California. Responses were 
tabulated for each respondent, and the response frequency for 
each survey item was calculated. Respondents’ comments to the 
open-ended question were compiled, according to themes.
Results: The response rate was 18%. Only 66% of the respon-
dents were familiar with the term CAMBRA, although 89% agreed 
with its underlying principles of risk assessment. CAMBRA protocol 
had been implemented in 40% of the respondents’ employment 
sites. Respondents disagreed that time (45%) and cost of prod-
ucts (68%) were barriers to implementation. Many did not know 
their employers’ knowledge or attitudes about CAMBRA and its im-
plementation, as evidenced by a “don’t know” response range of 
29 to 48% for the 4 relevant statements. Respondents’ comments 
included both successes and barriers implementing CAMBRA.
Conclusion: CAMBRA protocol has not been widely implemented 
in private practice, although the current data do not indicate in-
surmountable barriers. Broader dissemination may be feasible if 
dental hygienists would obtain more comprehensive knowledge 
of evidence-based risk assessment protocols and would assume 
a leadership role in implementing CAMBRA protocols and proce-
dures in private dental practices.
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Research

Introduction

ment.14 Furthermore, it has been suggested that 
CAMBRA would be economically viable in private 
practice.13,15

While following CAMBRA protocol in clinical den-
tal care has shown promise in reducing caries risk, 
implementation in private practice has met resis-
tance.16-18 Performing some type of caries risk as-
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sessment has been more widely adopted than im-
plementing CAMBRA protocol that includes using a 
special form, documenting the outcomes and pro-
viding an individualized caries management plan, 
based on the patient’s caries risk status.18-20

Reasons for this lack of CAMBRA implementation 
have not been well documented. However, discus-
sions in current literature and anecdotal comments 
suggest the involvement of multiple barriers.21,22 
Dental hygienists are in a good position to recog-
nize these barriers, as they are usually the dental 
personnel who implement preventive protocols. 
Their perceptions may shed light on why CAMBRA 
has not been more widely adopted in private prac-
tice.

The purpose of this study is to survey dental hy-
gienists to determine their knowledge, attitudes 
and practices regarding the implementation of car-
ies risk assessment, particularly CAMBRA, in pri-
vate dental practices.

Methods and Materials
Results

This prospective, cross-sectional study was ap-
proved by the institutional review board of the 
University of California, San Francisco. The study 
population consisted of dental hygienists licensed, 
and in good standing, to practice in California 
from 1972 to present. A randomized sample of 
1,000 subjects was selected from a population of 
15,320 by a computerized randomization process 
performed by R&D Data Corporation. This private 
company brokers files of names, license numbers 
and addresses of individuals licensed through the 
California Department of Consumer Affairs. As-
suming a 40% response rate, a sample size of 400 
respondents was statistically determined, based on 
the expectation that 50% of the dental hygienists 
would not have familiarity with CAMBRA, and us-
ing a confidence level of 95% with a total width of 
0.10 (+0.05). For recruitment mailing addresses of 
the subjects were also obtained from the R&D Data 
Corporation.

The 17 item survey, evaluating dental hygienists’ 
knowledge, attitudes and practices related to CAM-
BRA, was composed of 1 item on CAMBRA familiar-
ity (yes/no response option), 11 items on CAMBRA 
concepts and implementation (4 point Likert-type 
response options ranging from strongly agree to 
strongly disagree, plus don’t know), 1 open-ended 
item about barriers/facilitators related to CAMBRA 
implementation in the respondents’ practice set-
tings and 4 demographic items. The survey was 
pretested on a convenience sample of 5 practic-
ing dental hygienists for clarity of content. Modi-

fications were made to improve comprehension of 
questions.

After survey pretesting and refinement, the sur-
vey was mailed to the 1,000 randomly selected 
California-licensed dental hygienists along with a 
recruitment cover letter, a letter of consent ex-
plaining the study purpose, risks and benefits, and 
a self-addressed, postage-paid return envelope. 
Return of the survey indicated consent to partici-
pate in the study. Surveys were coded to ensure 
subject confidentiality, while permitting follow-up 
of non-respondents. Follow-up mailings were sent 
to non-respondents 3 weeks following the initial 
mailing.

Responses to the surveys were tabulated for 
each respondent, using Microsoft Excel, and the 
response frequency for each survey item was cal-
culated. Some items were examined in terms of 
the respondents’ familiarity with CAMBRA. Com-
ments from respondents to the open-ended ques-
tion were compiled, according to themes.

Two mailings of the survey resulted in a response 
rate of 18% (178 respondents). Of the 178 respon-
dents, 173 completed the survey and only their re-
sponses were included in the analysis.

Demographic Characteristics

Most of the respondents reported that they were 
employed in general practice, but over half were 
employed <30 hours per week (Table I). A small 
percentage was not practicing, and 35% were 
members of the American Dental Hygienists’ Asso-
ciation (ADHA). The respondents’ years of gradu-
ation were distributed similarly in intervals from 
1972 to present.

Of the 173 respondents, 66% reported that they 
were familiar with the term CAMBRA. Examining 
the demographic characteristics of the respondents 
on the basis of their familiarity with CAMBRA pro-
vided additional information (Table II). The majori-
ty of ADHA members, those currently working, and 
those having graduated within the past 20 years, 
were familiar with CAMBRA. 

Knowledge, Attitudes and Implementation

Respondents rated their level of agreement with 
statements addressing various aspects of caries 
risk assessment and CAMBRA (Table III). Most of 
the respondents agreed that “assessment of caries 
risk for a patient can predict whether or not that 
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patient develops caries in the future,” but only 70% 
agreed that “CAMBRA improves caries prevention 
in clinical dental practice.” Among the respondents 
who reported familiarity with the term CAMBRA, 
the percentage that agreed with the above state-
ment was higher (81%). Very few of the respon-
dents disagreed that “the dental hygienist would be 
an ideal candidate for implementation of CAMBRA.”

Respondents rated their level of agreement with 
statements describing the extent of implementa-
tion of CAMBRA or other caries risk assessment 
in the practice in which they worked the greatest 
amount of time (Table IV). Fewer than half report-
ed that the office followed CAMBRA protocol. Two-
thirds of all respondents reported that they assess 
caries risk, but in a form other than that of CAM-
BRA.

Barriers to CAMBRA Implementation

More respondents disagreed than agreed with the 
barriers to CAMBRA implementation, which were 
listed in the survey (Table III). Less than one-third 
of the total respondents agreed that there was not 

enough time during a dental hygiene appointment 
to include CAMBRA. Of those familiar with CAM-
BRA, 36% agreed and 51% disagreed that CAM-
BRA would pose a time barrier. Nearly one-quarter 
of all respondents did not know whether CAMBRA 
protocol would pose a time barrier. Only 25% of 
the total respondents agreed with the statement 
that: “most patients would not accept the cost of 
prescription dentifrices or other out-of-pocket ex-
penses.”

Most respondents disagreed with the listed bar-
riers that were related to their employers’ opinions 
(Table III). Few respondents agreed with the state-
ments that their employer was not familiar with 
CAMBRA, was interested in CAMBRA but did not 
know how to implement it, and was not convinced 
that CAMBRA would reduce risk of caries. Also, 
very few reported that their employer believed that 
“CAMBRA will reduce profitability of restorative 
work”. To note, 29 to 48% of all the respondents 
reported that they did not know their employers’ 
knowledge or attitudes regarding CAMBRA. Re-
spondents familiar with CAMBRA reported lower 
percentages (21% to 36%) of not knowing their 

Percent
Practice Characteristic*
General dental practice 91%
Pediatric dental practice 7%
Other specialty practice 14%
Public health dental hy-
giene

4%

Year of Graduation from Dental Hygiene Program**
2005 or later 23%
1994-2004 27%
1983-1993 20%
1972-1982 29%
Hours practicing dental hygiene per week**
Greater than 30 hours 36%
Less than or equal to 30 
hours

57%

Currently not practicing 8%
ADHA Member
Yes 35%
No 65%

Table I: Demographic Characteristics of 
Respondents (n=173)

*Respondents allowed to select more than one response
**Percentages may not equal 100 due to rounding of 
numbers

Demographic
Characteristic

Total 
number of 

respondents 
(n)

Respondents 
familiar with 
CAMBRA (n) 
(Percent*)

All Respondents 173 114 (66%)
ADHA Member 59 47 (80%)
Full time (>30 hours/
week) 13  5 (38%)

Part time (<30 hours/
week) 98 62 (63%)

Not currently working 62 47 (76%)
Graduated from dental 
hygiene program: 
2005 or later

40 32 (80%)

Graduated from dental 
hygiene program: 
1994 to 2004

46 33 (72%)

Graduated from dental 
hygiene program: 
1983 to 1993

35 19 (54%)

Graduated from dental 
hygiene program: 
1972 to 1982

49 28 (57%)

Table II: Familiarity with CAMBRA Based 
on Demographic Characteristics

*Percentage of the “CAMBRA-familiar” respondents, 
based on the total number of respondents for the specific 
demographic characteristic.
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Dental hygienists’ attitudes regarding CAMBRA Strongly 
Agree Agree Disagree Strongly 

Disagree
Don’t 
Know

Assessment of caries risk for a patient can predict 
whether or not that patient develops caries in the 
future (n=171)

34% 55% 6% 0% 5%

CAMBRA improves caries prevention in clinical dental 
practice (n=171) 30% 40% 3% 0% 27%

The dental hygienist would be an ideal candidate for 
implementation of CAMBRA (n=171) 40% 43% 5% <1% 12%

There is not enough time during a dental hygiene ap-
pointment to include CAMBRA (n=161) 7% 22% 34% 11% 26%

Most patients would not accept the costs of prescrip-
tion dentifrices or other out-of-pocket expenses 
(n=166)

4% 21% 55% 13% 8%

My employer is not familiar with CAMBRA (n=165) 8% 15% 32% 16% 29%
My employer is interested in CAMBRA but does not 
know how to implement it (n=164) 1% 9% 34% 14% 42%

My employer is not convinced that following CAMBRA 
protocol is effective at reducing risk of caries (n=166) 2% 7% 27% 14% 48%

My employer believes that CAMBRA will reduce profit-
ability of restorative work (n=165) 3% 4% 34% 20% 39%

Table III: Respondents’ Attitudes Rregarding CAMBRA

Percentages may not equal 100 due to rounding of numbers.

employer’s knowledge and attitudes (i.e., more re-
spondents knew their employer’s knowledge and 
attitudes).

Respondents’ Comments on Successes
and Barriers

In this study, 39% of the total respondents an-
swered the open-ended question: “Please explain 
or include additional information about any barri-
ers or successes you have encountered practicing 
or implementing CAMBRA.” Twenty respondents 
reported success with CAMBRA. Following are rep-
resentative examples of their responses:

• “…patients have really embraced our caries-
prevention program and do not seem deterred 
by the out-of-pocket expense for products.” 

• “Education and communication with my pa-
tients has been a key component of CAMBRA 
success.”

• “I had great success implementing CAMBRA 
into my practice. It was well received by all my 
patients.”

The respondents’ expressions of challenges to 
CAMBRA implementation have been organized ac-
cording to 5 themes. The numbers of respondents 
with responses related to that theme and repre-
sentative responses are listed below:

1. Lack of internal support (n=19): “Getting the 
whole team on board has been a barrier…I’m 
trying to change that.” “Mainly there is… a 
team-work barrier.”

2. Lack of communication with employer/dentist 
(n=11): “Never worked (34 years) in an of-
fice that mentioned CAMBRA.” “We have not 
discussed CAMBRA in our office, I really don’t 
know if the dentist is familiar with it or if he 
feels it is not effective.”

3. Lack of patient acceptance or compliance and 
confusion with products (n=10): “We have pur-
chased products and weren’t very successful 
with compliance from our patients.” “Barriers 
are patient compliance and follow-through.”

4. Time (n=8): “Time is our biggest challenge.” 
“Having the time during the already busy hy-
giene schedule.”

5. Cost (n=8): “The cost was a big deterrent.” 
“The biggest issue for our patients are cost and 
compliance.” “The only barrier that I encoun-
tered was the price…It was not affordable for 
every patient to use and see the benefit.”

Discussion
This study surveyed dental hygienists to de-

termine their knowledge, attitudes and practices 
regarding the implementation of caries risk as-
sessment, particularly CAMBRA, in private dental 
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Strongly 
Agree Agree Disagree Strongly 

Disagree
Don’t 
Know

Our office follows CAMBRA protocol (n=168) 12% 30% 36% 6% 16%
Our office assesses caries risk, but in a form other than 
that of CAMBRA (n=165) 10% 57% 21% 5% 7%

Table IV: Caries Risk Assessment Practices In Private Dental Offices of Respondent

practices. The results indicated that only two-thirds 
of the respondents were familiar with the term 
CAMBRA, although most agreed with its underly-
ing principles of caries risk assessment. CAMBRA 
protocol had been implemented in only 40% of the 
respondents’ dental offices. Most respondents did 
not agree that time and cost of products were bar-
riers to implementation, and many were not aware 
of their employers’ knowledge or attitudes about 
CAMBRA and its implementation.

CAMBRA protocol was not widely known among 
the respondents, as approximately one-third of 
them reported no familiarity with the term CAM-
BRA. However, most of the respondents, who were 
ADHA members, were familiar with CAMBRA. The 
authors speculate that these ADHA members may 
be more likely to perceive dental hygiene in terms 
of the professional model, which was described by 
Darby and Walsh.23 Relevant examples of this mod-
el are that dental hygiene actions are knowledge 
based, and the dental hygienist implements self-
generated preventive care regimens. Accordingly, 
these dental hygienists would be interested in fur-
thering their knowledge of evidence-based preven-
tive care, such as CAMBRA. Furthermore, as ADHA 
members, they may have greater opportunities to 
attend ADHA component and national meetings, to 
read the Journal of Dental Hygiene and Access, and 
to receive information about continuing education 
courses. Most of the respondents who had gradu-
ated in recent years were also familiar with CAM-
BRA. They probably would have been introduced to 
CAMBRA or some other form of caries risk assess-
ment in their dental hygiene educational programs. 

CAMBRA is one of several recognized caries 
risk assessments. Other caries risk assessment 
systems include the Caries Risk Assessment Tool 
(CAT), proposed by the American Academy of Pe-
diatric Dentistry (AAPD)24 and designed for infants, 
children and adolescents; the American Dental As-
sociation (ADA) caries risk assessment forms;25 
and the CariogramTM, which uses computer soft-
ware to display a graphical representation of an 
individual’s caries risk.26

In this study, more than half of the respondents 
reported that their office is assessing caries risk in 
a form other than that of CAMBRA. It is unknown 

whether they are using one of the previously de-
scribed protocols or informal judgment, based on 
clinical expertise and experience. One might also 
speculate that they may be using an abbreviated 
form of CAMBRA, or some, but not all, of CAMBRA 
protocol. According to the findings of the U.S. Den-
tal Practice-Based Research Network, 69% of the 
surveyed dentists assess caries risk for individual 
patients in some way, but of those 69%, only 17% 
use a special form.19 Another U.S. survey found 
that 72% of the responding dentists performed 
some type of caries-risk assessment, but only 27% 
documented the outcome and only 51% provided 
a management plan based on the patient’s risk 
status.20 These studies illustrate how dental prac-
tices are using elements, but not all aspects, of 
the CAMBRA protocol. Reports of CAMBRA demon-
stration projects have stated that CAMBRA proto-
col had to be modified to meet the specific needs 
of the practices.21 These modifications to CAMBRA 
have been aimed at reducing cost to patients, en-
hancing patient compliance and improving efficien-
cy of procedures.13,20

Respondents may have had varied interpreta-
tions of the phrase, following CAMBRA protocol. 
Reports in the literature have described a variety 
of instructional guidelines for implementing CAM-
BRA procedures in clinical dental practice.5-12,16 The 
original practice of CAMBRA requires the oral health 
practitioner to follow a prescribed form, which al-
lows the practitioner to categorize a patient’s caries 
risk status based on disease indicators, risk factors 
and protective factors.8,9 These formalized assess-
ment tools assure that caries risk assessment is 
not subjective and dependent on possibly limited 
knowledge and skill level of the practitioner.22 Pre-
scribed guidelines have been used by predoctoral 
students, as they were being taught the protocols 
of the CAMBRA-based risk assessment in order to 
standardize patients’ caries risk in an educational 
setting.16,20,27,28

Practical barriers to CAMBRA implementation, 
which have been suggested in the literature, in-
clude time to complete the multiple steps of CAM-
BRA protocol, and cost to the patient of caries-
prevention products.17,21,22 Agreement was mixed 
among respondents in this study regarding wheth-
er CAMBRA poses a time barrier in dental prac-
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tice. The percentage of respondents, familiar with 
CAMBRA, who agreed there was a time barrier, was 
more than the percentage of the total respondents. 
However, it was surprising that approximately half 
of those familiar seemed to disagree. Perhaps, for 
these respondents, some tasks, such as adminis-
tering the questionnaire or testing salivary bacte-
rial challenge, were performed by other staff mem-
bers. More likely, the respondents may have been 
using an abbreviated form of CAMBRA protocol.

More than half of the respondents felt that cost 
to the patient was not a barrier to CAMBRA imple-
mentation. Comments of several respondents sup-
ported these data. On the other hand, almost one-
third did agree that the expense of the products 
would affect implementation. The details of the 
dental practices, where respondents are employed, 
are unknown; this latter group of respondents may 
be serving patients of lower economic status. In 
general, lower socio-economic individuals have the 
highest caries risk and incidence, and would ben-
efit greatly from CAMBRA. However, they would 
most likely experience a financial burden with this 
protocol. A limitation of this study is the failure to 
include in the survey questions regarding the eco-
nomic status of the respondents’ patient popula-
tion, such as the percentage of Medicaid-covered 
patients. These data may have offered interesting 
insight into the feasibility of CAMBRA implementa-
tion.

The products are expensive, relative to the tra-
ditional oral care products. Fluoride dentifrices that 
contain 1.1% fluoride cost 3 to 4 times greater 
than over-the-counter dentifrices. Xylitol-contain-
ing lozenges or gums, when used at the recom-
mended dose of 6 grams per day,29 would cost ap-
proximately 1 to 3 dollars per day. Chlorhexidine 
rinse, prescribed for daily use 1 week per month,29 
is sold in pharmacies for 3-times the cost of tradi-
tional mouth rinses. The authors speculate another 
reason why the preventive products may impede 
CAMBRA implementation might be patients’ con-
fusion by the number of products and associated 
instructions. 

The majority of respondents did not consider 
their employers to be substantial barriers due to 
the employers’ lack of knowledge of CAMBRA and 
acceptance of its effectiveness, or due to the finan-
cial impact on the practice. However, a surprising 
percentage of respondents did not know their em-
ployer’s knowledge and attitudes about CAMBRA. 
This suggests a lack of communication about pre-
ventive treatment philosophies between the den-
tal hygienists and the dentist(s) with whom they 
work. Respondents who were familiar with CAM-

BRA appeared to know more about their employ-
ers’ knowledge and attitudes than those unfamil-
iar. This finding may reflect better communication 
in general between this group of respondents and 
their employers. 

 In spite of the respondents’ limited knowledge 
of employer’s opinions, the majority of them dis-
agreed that their employers believed that follow-
ing CAMBRA protocol would reduce the profitability 
of restorative work. This finding seems to indicate 
that these respondents have confidence in their 
employers’ rationale regarding the patients’ needs 
for restorative care. Reduction in profitability of re-
storative work might not necessarily be considered 
a negative aspect. Preventive procedures and min-
imally invasive restorative techniques could gen-
erate profit in private dental practice, as well as 
develop a large base of patients, who are satisfied 
with their preventive care.13,15,16 Recent develop-
ments in insurance codes for CAMBRA-associated 
procedures may provide the practitioner with rea-
sonable financial impetus for this increased focus 
on preventive care.30

The most frequent barriers reported in open-
ended questions were the lack of communication 
with and support from their employers and other 
staff members. Many of these respondents indicat-
ed that they were challenged with lack of support 
and collaboration when attempting to adopt more 
proactive preventive protocols. This perceived lack 
of support may be another reason why implemen-
tation of CAMBRA into private dental practices is 
limited. In order to implement such a protocol into 
an already busy and established routine, complete 
understanding and strong support of CAMBRA and 
the prevention-oriented treatment model by all 
team members are essential.16

While these results provide useful information 
about dental hygienists’ knowledge, attitudes and 
practices regarding CAMBRA, there are limitations 
to this study. A low (18%) response rate was ob-
tained, and inherent with a low response rate is the 
lack of knowledge of the non-respondents. In this 
study the non-respondents may have been those 
dental hygienists who were not familiar with CAM-
BRA or other caries risk assessments. They may 
have chosen not to participate because of their 
lack of knowledge or interest. Thus, the number 
of dental hygienists familiar with CAMBRA in this 
study may have been greater than in the general 
population of dental hygienists, thereby creating a 
response bias.

Another limitation to the results may be the un-
foreseen ambiguity of terminology. The interpre-
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Conclusion
Results of this study indicate that CAMBRA was 

not widely known among respondents. To pro-
vide optimal oral preventive care, dental hygien-
ists need to have comprehensive knowledge about 
evidence-based risk assessment protocols, such as 
CAMBRA. They could obtain this information by at-
tending continuing education courses or meetings 
of the dental hygiene association or by reading 
journal articles on the topic. Many dental hygiene 
educational programs are incorporating CAMBRA 
theory and protocols into their curriculum so future 
dental hygiene graduates hopefully will be better 
informed.

tation of the phrase and familiarity with CAMBRA 
may have varied among the respondents, from 
recognition of the phrase to knowing all aspects of 
CAMBRA procedures. Also, the phrase and extent 
of CAMBRA implementation may have had differ-
ing meanings to respondents, from simply recom-
mending patients to use preventive products, to 
performing all details of CAMBRA protocol. While 
these data create a challenge for the investigators 
to interpret, comments to the open-ended ques-
tion often clarified the respondents’ interpretation 
of these terms.

The reasons why more dental offices have not 
implemented CAMBRA into their practices are still 
unclear. Most respondents did not agree that time, 
cost of products, and their employers’ knowledge 
and attitudes about CAMBRA and its implementa-
tion were barriers. Without significant barriers, im-
plementing CAMBRA would be feasible but a leader 
would be needed to develop and establish protocols 
and procedures. Dental hygienists need to assume 
this leadership role. As indicated by the majority of 
our respondents, the dental hygienist would be the 
ideal candidate to implement CAMBRA protocols 
and procedures in private dental practices.
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