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terval: 0.71–1.14, p = 0.20) and 0.91 for root surfaces (95% 
confidence interval: 0.73–1.14, p = 0.41). These findings sug-
gest that regular rinsing with CHX does not have a substan-
tial effect on the preservation of sound tooth structure in 
older adults.  Copyright © 2007 S. Karger AG, Basel 

 Tooth loss, caries and periodontitis continue to be sig-
nificant problems among underserved populations of 
older adults. While much of the emphasis to find clinical 
and public health approaches to reducing caries experi-
ence has been focused on younger populations, there is a 
need for low-cost, effective interventions in the substan-
tial numbers of adults who retain natural teeth.

  Several strategies have been used to prevent or reduce 
caries in children, mostly with fluoridated toothpaste, 
mouth rinses or dental varnishes [Truman et al., 2002; 
Marinho et al., 2003]. The use of chlorhexidine (CHX) as 
part of the clinical armamentarium for treating at-risk 
children has received attention. For example, van Rijkom 
et al. [1996] reported a 46% inhibiting effect of CHX on 
caries incidence in young populations. However, a sys-
tematic review of 22 studies (1995–2003 publications) 
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 Abstract 
 The Trial to Enhance Elderly Teeth Health (TEETH) was de-
signed to test the impact of regular rinsing with a 0.12% 
chlorhexidine (CHX) solution on tooth loss, and the causes 
of tooth loss (caries, periodontal disease and trauma) were 
also investigated. This paper reports on the effectiveness of 
a 0.12% CHX solution for controlling caries using a tooth sur-
face (coronal and root) survival analysis. A total of 1,101 low 
income elders in Seattle (United States) and Vancouver (Can-
ada), aged 60–75 years, were recruited for a double-blind 
clinical trial and assigned to either a CHX (n = 550) or a pla-
cebo (n = 551) mouth rinse. Subjects alternated between 
daily rinsing for 1 month, followed by weekly rinsing for 5 
months. All sound coronal and root surfaces at baseline were 
followed annually for up to 5 years. At each follow-up ex-
amination, those tooth surfaces with caries, restored, or ex-
tracted were scored as ‘carious’. The hazard ratio associated 
with CHX for a sound surface to become filled, decayed, or 
extracted was 0.87 for coronal surfaces (95% confidence in-
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found inconclusive effects of CHX on caries in adults 
[Twetman, 2004]. This despite the fact that most of the 
studies reviewed had delivered CHX in concentrations 
higher than 0.12%, and mostly in varnish form rather 
than a rinse. Twetman [2004] also found no evidence that 
CHX reduced root caries rates in frail elders or among 
patients with dry mouth; nor was it beneficial for coronal 
caries. Apparently, most studies have not had the statisti-
cal power to show the effectiveness of antimicrobial 
mouth rinses in adults at high risk for caries [Caufield et 
al., 2001].

  A daily mouth rinse with 0.12% CHX solution for 12 
weeks reduced the numbers of mutans streptococci and 
lactobacilli in the saliva of elders at particular risk to car-
ies [Persson et al., 1991], but the significance of this re-
duction in bacterial counts to the prevention of caries has 
not been established. Results from an earlier clinical trial 
laid the groundwork for the present study [Kiyak, 1995; 
Hujoel et al., 1997a, 1997b; Persson et al., 1998a, 1998b]. 
Building on the assertion by Bader et al. [2001] that the 
evidence supporting CHX for caries prevention ‘is sug-
gestive but not conclusive’, the objective of this double-
blind randomized clinical trial was to assess the clinical 
effectiveness of a daily mouth rinse with 15 ml of 0.12% 
CHX gluconate, compared to a placebo for reducing the 
incidence of dental caries in a community-dwelling el-
derly population.

  Materials and Methods 

 The ‘Trial to Enhance Elders’ Tooth and Oral Health’ (TEETH) 
was approved by the Institutional Review Boards of the Univer-
sity of Washington in Seattle, Washington, and the University of 
British Columbia in Vancouver.

  Study Design and Participation 
 Subjects were enrolled into this placebo-controlled clinical 

trial if they were aged between 60 and 75 years, had a minimum 
of 4 natural teeth, no preventive dental care in the preceding 2 or 
more years and a self-efficacy score  1 65% at baseline [Wiedenfeld 
and Kiyak, 1991; Kiyak, 1992]. Subjects were randomly assigned 
to the CHX or placebo rinse groups, even if they were living with, 
or the sibling of, another research participant.   The SAS (SAS In-
stitute Inc., Cary, N.C., USA) ‘ranuni’ function generated the ran-
dom allocation sequence, stratified by site, and assigned ID num-
bers to subjects at each site using an Internet-based data-entry 
program.

  Contact information was updated annually for each subject, 
including names of family and friends who would know how to 
contact them. During the early subject recruitment phase in the 
first year of the trial, a Data and Safety Monitoring Board (DSMB) 
was established.   The DSMB approved the original protocol and 
changes to the protocol during the first two years, and they re-

viewed annual reports on attrition, adverse events and progress 
on data collection. Both participants and clinicians who evalu-
ated treatment outcomes were blinded as to group assignment.

   Sample Size Calculation 
  Based on the findings of our previous 3-year clinical trial, we 

projected 10% attrition and 10% noncompliance rates per year, a 
tooth loss rate of 24.4 teeth per 1,000 tooth years, and an over-
dispersion parameter of 5.2. The trial was designed to have 80% 
power to detect a 35% reduction in tooth mortality, using a 2-
sided test with alpha = 0.05 [Friedman et al., 1998]; this resulted 
in a sample size estimate of 490 subjects per group. On the recom-
mendation of the DSMB, the event rate and efficacy of treatment 
were recalculated and the sample size increased to 550 per 
group.

   Participant Contact Procedure and Follow-Up 
  During a 2.5-hour baseline visit, the protocol was read in each 

subject’s native language to obtain consent. At each yearly visit a 
30-min interview on health behaviors and psychological well-be-
ing was completed. All subjects had their teeth cleaned by a dental 
hygienist, both subgingivally and supragingivally at baseline, but 
only supragingivally in subsequent visits. No specific instructions 
in oral hygiene were provided. Health histories and medication 
information were recorded at each visit and subjects brought or 
mailed information about their current medications in order to 
validate medication use. Dentists conducted exams immediately 
following the cleaning, using criteria and procedures from the 
NIDR Adult Dental Health Survey [NIDR, 1991].

  Following the completion of annual clinical visits and inter-
views, subjects were given a report in their native language of any 
oral condition requiring treatment. Subjects received a financial 
token each year, increasing from USD 5 at baseline to USD 30 for 
those who completed the 5-year follow-up appointment. Parking 
and public transportation fees were reimbursed.

   Standardization of Examiners 
  All three dental examiners were trained in the use of these 

clinical measures by an examiner from the NIDR and NCHS 
Adult Oral Health epidemiological studies (‘national examiner’). 
The examiners were calibrated on measuring tooth loss, root and 
coronal caries, pocket depth and recession initially with the na-
tional examiner, and in each subsequent year with the primary 
dentist at the University of Washington site, who served as the 
‘gold standard’. Calibration involved examiners performing tooth 
surface level assessments, any discrepancies in surface calls with 
the national examiner were re-examined, discussed, and consen-
sus reached among the examiners. A random selection of ten sub-
jects were re-examined after one week to determine each exam-
iner’s repeatability of the tooth surface scores for coronal and root 
caries. Surfaces were scored as sound, decayed, filled, recurrent 
decay, arrested decay, and extracted.

   Clinical/Research Intervention 
  Our previous clinical trial showed that elders on a weekly 

CHX rinsing regimen demonstrated a modest decline in mutans 
streptocci and lactobacilli counts [Kiyak et al., 1995]. A pilot study 
testing the antibacterial effects of a daily CHX rinsing regimen 
over 1 month resulted in declines of microorganisms to impercep-
tible levels, but there was a gradual increase after 1 month. There-
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fore we administered a combination of daily rinsing for 1 month, 
followed by weekly rinsing for 5 months in the TEETH. This se-
quence was repeated every 6 months for 5 years.

  The active rinse consisted of a 0.12% CHX rinse (Periogard � , 
purchased from Colgate-Palmolive, New York, N.Y., USA). The 
Investigational Drug Services of the University of Washington 
developed the formula for the placebo rinse, with quinidine, al-
cohol and a color additive similar to the color of the CHX rinse; 
this formula was used at both research sites. The pharmacists 
placed both the CHX and placebo in identical brown bottles la-
beled with a date of expiration and lot numbers.

  After each subject was enrolled and examined, they were giv-
en their first 6-month supply of the active or placebo rinses. Every 
6 months a package containing two bottles of rinse (labeled #1 for 
daily rinsing and #2 for weekly rinsing), accompanied by a dose-
specific cap, was mailed to each subject. The bottle labels instruct-
ed participants how to swish the rinse for 30 s without swallowing 
it. Bottle #1 instructed subjects to rinse once a day for 1 month, 
beginning on the date specified on that bottle until the starting 
date marked on bottle #2. They were then to dispose of the first 
bottle and switch to the second, which was used weekly for 5 
months. More specifically, subjects were instructed to maintain 
the same ‘rinsing day’ each week for 5 months.

  In order to assure adherence, each subject was telephoned by 
project ‘callers’ within one week after the rinses were mailed. 
Callers were blind to group assignment and could speak to par-
ticipants in their native language. They checked on whether the 
mailed packages had arrived, and reminded subjects to use the 
rinses as instructed, and answered subjects’ queries and con-
cerns. Callers contacted participants on a monthly schedule to 
reinforce the rinse schedule and to record whether the subject 
complained about the rinsing regimen or taste. A compliance log 
was thus generated for each subject. Every 6 months, callers asked 
if any teeth had been lost, and if so, the name of the dentist who 
performed the extraction was obtained. This information was 
verified at the next annual visit and the extracting dentist was 
contacted to determine the date and reason for extracting the 
tooth.

   Statistical Methods 
  The primary outcome of the present analysis was the probabil-

ity of transition from sound to non-sound (i.e. ‘event’) in each 
treatment group. An event was defined as a transition from a 
sound surface to a surface that became extracted, filled or de-
cayed. Two secondary analyses were performed: an analysis where 
surfaces that were extracted without an intervening state of de-
cayed or filled were censored, and an analysis where surfaces that 
were extracted or filled without ever being called decayed at any 
time were censored. The time at risk for all three event definitions 
was calculated. The primary test statistics for evaluating treat-
ment effects was based on the proportional hazards model [Rob-
ins et al., 1995; Schafer, 1997]. Using a time-to-event analysis in-
creases the efficiency and sensitivity of the statistical analysis over 
analysis of variance methods [DeRouen et al., 1995; Beck et al., 
1997; Spencer, 1997; Hannigan et al., 2001, 2004; Mancl et al., 
2004]. The SAS ‘phreg’ and ‘genmod’ procedures were used to es-
timate hazard ratios and rates of transition from sound to non-
sound surfaces.

  Results 

 Kappa statistics for inter-examiner reliability for 
sound and decayed surfaces ranged between 0.91 and 
0.99 ( table 1 ).

   Descriptive Results 
  A total of 1,101 subjects were enrolled, 701 in Seattle 

and 400 in Vancouver. Subjects were on average 67.5 years 
old (95% CI: 67.1–67.7). Most ethnic and cultural minor-
ities in the Seattle sample were Chinese, with a more 
equal mix of Chinese and Punjabi participants in Van-
couver. No differences emerged between the CHX and 
placebo group on any demographic or clinical parame-
ters at baseline; that is, the groups were comparable with 
respect to age, gender, ethnic distribution, number of 
teeth and percent of sound, filled or decayed surfaces.

  Over the 5-year course of the TEETH, 273 elders (24.8%) 
did not complete all 5 follow-up visits; 57 (5.2%) died, and 
15 (1.4%) became edentate. This was lower than the 10% 
attrition rate per year that had been projected at baseline. 
Comparisons revealed attrition rates of 33% in the CHX 
group and 29% in the placebo group (p  !  0.05). No adverse 
events, including anaphylactic reactions, rashes or gastro-
intestinal disturbances, were reported by subjects.

   Baseline Oral Health Status 
  At baseline, an average of 75.2 coronal surfaces (95% 

CI: 72.6–77.9) were sound in the CHX group at baseline, 
74.0 (95% CI: 71.4–76.5) in the placebo group. The cor-
responding figures for root surfaces were 26.8 (95% CI: 
25.5–28.1) and 26.9 (95% CI: 25.7–28.2), respectively. 
Fewer coronal surfaces were decayed or filled: 32.8 (95% 
CI: 31.0–34.6) in the CHX group and 34.6 (95% CI: 32.8–
36.4) surfaces in the placebo group. Even fewer root sur-
faces were decayed or filled at baseline: 4.4 (95% CI: 4.0–
4.8) and 4.8 (95% CI: 4.3–5.2), respectively.

   Survival Analysis 
  A total of 74,630 coronal surfaces (68%) and 26,533 

root surfaces (30%) were caries-free at the start of the 
study. Only 5% of the coronal and 13% of the root sur-

Table 1. Kappa statistics for caries inter-examiner reliability

Kappa Year 1 Year 2 Year 3 Year 4

Sound surfaces 0.91 0.95 0.99 0.99
Decayed surfaces 0.99 0.98 0.98 0.99
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faces became carious, were restored or were lost over the 
course of this 5-year study. The survival analysis showed 
that 91% of the coronal surfaces remained sound in the 
CHX group and 89% in the placebo group ( fig. 1 ). The 

percentage of sound root surfaces was 86% for the CHX 
and 85% for the placebo group ( fig. 2 ). When the extract-
ed teeth were eliminated from the analysis, the 5-year 
survival was 95% CHX and 94% placebo for coronal 
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   Fig. 1.   Coronal surface survival (% sound 
from baseline). 
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   Fig. 2.   Root surface survival (% sound 
from baseline). 

80
0 6 12 18 24 30

Time since baseline (months)

Placebo CHX

36 42 48 54 60

90

100

To
ot

h
 s

ur
vi

va
l r

at
e 

(%
)

   Fig. 3.   Coronal surface survival (% sound 
from baseline) excluding extractions. 
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( fig. 3 ) and 95% CHX and 94% placebo for root ( fig. 4 ) 
surfaces.

  The annual coronal surface transition rate was 1.98 
transitions per 100 surfaces (95% CI: 1.72–2.29) for the 
CHX group and 2.24 for the control group (95% CI: 1.86–
2.54) for the placebo group ( table 2 ). The annual root sur-
face transition rate was 3.01 (95% CI: 2.72–3.61) for the 
CHX group and 3.28 (95% CI: 2.78–3.86) for the placebo 
group ( table 3 ). The hazard ratio for a transition from 
sound to restored, decayed or extracted associated with 
the CHX group was 0.88 for coronal surfaces (95% CI: 
0.71–1.08, p = 0.21) and 0.92 for root surfaces (95% CI: 
0.74–1.14, p = 0.42) ( table 4 ).

   Subgroup Analyses 
  When the extracted surfaces were censored, the an-

nual transition for coronal surface was 0.96 for the CHX 
group and 1.16 for the placebo group ( table 5 ). The an-
nual transition rate for root surfaces was 1.08 for the CHX 
group and 1.18 for the placebo group ( table 6 ). The hazard 
ratio for a transition from sound surface to a filling or 
decay associated with CHX was 0.85 for coronal surfaces 
(95% CI: 0.70–1.03, p = 0.11) and 0.96 for root surfaces 
(95% CI: 0.78–1.18, p = 0.68) ( table 4 ). When the extract-
ed and filled teeth were censored, the hazard ratio for a 
transition from sound to decayed associated with CHX 
was 0.92 for coronal surfaces (95% CI: 0.69–1.23, p = 0.59) 
and 0.97 for root surfaces (95% CI: 0.70–1.33, p = 0.83) 
( table 4 ).
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   Fig. 4.   Root surface survival (% sound 
from baseline) excluding extractions. 

Table 2. Annual caries attack rates per coronal surface

Agent/surface Caries
lesions

Total follow-up 
years

Coronal caries
attack rate (CI)

Chlorhexidine
Buccal 796 31,962.23 2.49 (2.17–2.87)
Distal 609 31,099.19 1.96 (1.68–2.28)
Lingual 697 34,928.26 1.99 (1.72–2.31)
Mesial 593 32,532.59 1.82 (1.56–2.13)
Occlusal 496 29,843.19 1.66 (1.39–1.98)
All 3,191 160,365.47 1.99 (1.73–2.29)

Placebo
Buccal 852 31,450.33 2.71 (2.27–3.05)
Distal 679 30,626.90 2.22 (1.82–2.55)
Lingual 754 34,431.38 2.19 (1.80–2.49)
Mesial 652 32,111.09 2.03 (1.67–2.35)
Occlusal 593 28,722.48 2.06 (1.65–2.38)
All 3,530 157,342.17 2.24 (1.86–2.54)

Table 3. Annual caries attack rates per root surface

Agent/surface Caries 
lesions

Total follow-up 
years

Root caries attack
rate (CI)

Chlorhexidine
Buccal 616 19,075.16 3.23 (2.89–3.86)
Distal 334 9,236.45 3.62 (3.26–4.49)
Lingual 431 18,266.88 2.36 (2.05–2.87)
Mesial 275 8,422.49 3.26 (2.87–4.20)
All 1,656 55,000.99 3.01 (2.72–3.61)

Placebo
Buccal 646 18,927.11 3.41 (2.90–3.94)
Distal 359 8,957.87 4.01 (3.41–4.99)
Lingual 460 18,315.72 2.51 (2.05–3.01)
Mesial 323 8,228.53 3.92 (3.21–4.88)
All 1,788 54,429.23 3.28 (2.79–3.86)
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  Discussion 

 The present study failed to identify an effect of regular 
CHX rinsing on the preservation of sound tooth struc-
ture on either the roots or the crowns of teeth in low-in-
come older adults with irregular access to professional 
dental care and a history of poor home care. In addition, 
when surfaces that were lost or filled during the study 
were excluded from the analyses, and only those teeth on 
which an examiner-diagnosed decayed status was ob-
served were considered, there was no beneficial effect of 
CHX on the preservation of sound tooth structure. This 
lack of a beneficial effect may reflect the lack of power to 
detect small beneficial effects or the true lack of an effect 
of CHX on preserving sound tooth structure.

  In this elderly population, loss of sound coronal or 
root tooth structure may be the result of internal or ex-
ternal caries processes, restorative procedures aimed at 
increased retention of the restorative material, or extrac-
tions for a variety of reasons including caries. A positive 
caries diagnosis by a study clinician was only possible for 
roughly 10% of the sound coronal surfaces that became 
missing, filled or decayed. Similarly, a positive diagnosis 
of caries was possible for roughly only 30% of root sur-
faces that become missing, filled or decayed during the 
study. Disentangling these different reasons for losing 

sound tooth structure can be difficult to establish since 
it was often difficult to determine why a tooth was ex-
tracted, whether a tooth that was extracted during the 
study had caries at the time of extraction, and whether a 

Decayed, filled or
lost1

Decayed or filled2 Decayed3

HR (95% CI)
Crown 0.88 (0.71–1.08)

p = 0.21
0.85 (0.70–1.03)
p = 0.11

0.92 (0.69–1.23)
p = 0.59

Root 0.92 (0.74–1.14)
p = 0.42

0.96 (0.78–1.18)
p = 0.68

0.97 (070–1.33)
p = 0.83

CHX, at risk, n
Crown 3,218/41,382 1,668/41,383 325/41,383
Root 1,656/14,740 653/14,740 314/14,740

Placebo, at risk, n
Crown 3,555/40,750 1,957/40,750 352/40,750
Root 1,788/14,832 714/14,832 336/14,832

1 An event was the first transition from a sound surface to a state of decay, filling, or 
missing.

2 An event was the first transition from a sound surface to a state of decay or filling. 
If a surface transitioned from sound to missing without an intervening state of decay or 
filling, it was censored.

3 An event was the transition from sound to decay at any time. If a surface was scored 
as filled or missing without ever being diagnosed as decayed, it was censored.

Table 5. Annual caries attack rates per coronal surface (excluding 
extractions)

Agent/surface Caries
lesions

Total follow-up 
years

Coronal caries
attack rate (CI)

Chlorhexidine
Buccal 448 31,962.23 1.40 (1.18–1.67)
Distal 293 31,099.19 0.94 (0.79–1.11)
Lingual 312 34,928.26 0.89 (0.76–1.05)
Mesial 271 32,532.59 0.83 (0.70–0.99)
Occlusal 225 29,843.19 0.75 (0.62–0.92)
All 1,549 160,365.47 0.97 (0.84–1.11)

Placebo
Buccal 484 31,450.33 1.54 (1.32–1.81)
Distal 358 30,626.90 1.17 (0.99–1.39)
Lingual 371 34,431.38 1.08 (0.91–1.28)
Mesial 329 32,111.09 1.02 (0.86–1.22)
Occlusal 294 28,722.48 1.02 (0.83–1.26)
All 1,836 157,342.17 1.17 (1.01–1.35)

Table 4. Hazard ratios (HR) for 
preserving sound tooth structure 
associated with CHX
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caries process that started on one tooth surface extended 
to involve another tooth surface, or what decisions pro-
cesses were involved when a dentists replaced a restora-
tion, and, whether recurrent decay was observed and 
treated when fillings were removed.

  Such problems are largely absent when evaluating car-
ies attack rates in children where most of the decay pres-
ent is primary decay, and where extractions for reasons 
other than decay are unusual. In an elderly population, 
such as the one examined in this clinical trial, it is more 
difficult to measure the decay progression, especially 
when the treating dentists are in the community and no 
information on their observations during restorative 
treatment is available. This challenge was addressed by 
evaluating the results of three analyses that provide dif-
ferent measures of the caries process. First, the primary 
analysis was to consider  any  transition from a sound to a 
non-sound surface as a measure of caries. This approach 
may be most appropriate when considering treatment ef-
ficacy since a primary goal for a patient is largely to main-
tain sound tooth structure. A secondary analysis was to 
censor any surfaces lost or extracted during the study 
from the analyses. This approach may offer some greater 
certainty that only true caries events are counted, but is 
biased if teeth were lost because of an undiagnosed caries 
process or if CHX affected tooth loss through mecha-
nisms other than clinical caries. Finally, a purist approach 
is to consider an analysis limited to only those surfaces 
where a transition from sound to carious was diagnosed 
by the study clinicians, and to censor any surfaces that 
were filled or lost during the follow-up. This last analysis 
is biased if caries was the cause for a surface to be restored 

or extracted, or if treatment is causally related to the loss 
of sound surfaces. The primary approach selected is most 
appropriate since no assumptions are made regarding the 
causal relationships that occur between the treatments 
and the loss of sound tooth surfaces. The development of 
more appropriate clinical caries measures in the elderly 
may be worthwhile. In particular, the use of teeth, as op-
posed to surface, may offer advantages for a heavily re-
stored elderly population.

  The reported caries attack rate for older adults is sim-
ilar, although non-uniformity in the definition of caries 
and the length of the studies pose problems for compari-
sons. The annual coronal caries increment rate was 1.6 
surfaces (Caucasian participants) and 0.8 surfaces (Afri-
can-American participants) per 100 at-risk surfaces for 
subjects followed over 3 years in the Piedmont 65+ Den-
tal Study; caries was defined as decayed and filled sur-
faces, decayed root fragments and crowned surfaces 
[Drake et al., 1997]. In another study, the mean annual 
root caries surface incidence for rural Iowans over the age 
of 65 years was 1.4 for 70- to 74-year-olds, 1.9 for 75- to 
79-year-olds, and 2.2 for those older than 80 years; the 
annual coronal caries surface incidence was 0.8 surfaces 
for all ages [Hand et al., 1988]. Another 74 elderly Iowans 
followed for 9–11 years had annualized coronal and root 
surface increments of 2.13 and 0.80 [Hamasha et al., 
2005]. Looking at the larger picture through a meta-ana-
lytic approach, increments were more conservative but 
still detectable: nine studies reported root caries inci-
dence in older adults (over the age of 45 years), which 
determined an annual increment of 0.47 surfaces (95% 
CI: 0.34–0.61) [Griffin et al., 2004]. A similar approach 

Agent/surface Caries
lesions

Total follow-up
years

Root caries attack rate (CI)

Chlorhexidine
Buccal 299 19,075.16 1.56748 (1.35436–1.94752)
Distal 134 9,236.45 1.45077 (1.20066–1.96491)
Lingual 90 18,266.88 0.49269 (0.37696–0.68201)
Mesial 76 8,422.49 0.90235 (0.70072–1.31410)
All 599 55,000.99 1.08907 (0.95729–1.34420)

Placebo
Buccal 284 18,927.11 1.50049 (1.28305–1.85133)
Distal 149 8,957.87 1.66334 (1.45600–2.14227)
Lingual 115 18,315.72 0.62788 (0.51217–0.81204)
Mesial 96 8,228.53 1.16667 (0.94911–1.58517)
All 644 54,429.23 1.18319 (1.05425–1.42607)

Table 6. Annual caries attack rates per 
root surface (excluding extractions)
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based upon four North American studies to determine 
the annual caries attack rate yielded 1.43 surfaces per 100 
(95% CI: 1.0–1.9) or one new carious surface per person 
per year for adults over the age of 60 years living indepen-
dently [Griffin et al., 2005].

  The present results failed to identify a significant ef-
fect of the CHX rinse on incident caries experience. Such 
negative results add to the body of knowledge on effective 
preventive tools available to the dental practitioner. The 
results specifically addressed the preventive impact of a 
well-known preventive adjunct that had not been tested 
under stringent conditions in community-dwelling adults 
in North America. While we believe that the trends re-
ported in the present manuscript are an accurate descrip-
tion of the preventive potential on caries of the CHX rinse 
under these utilization conditions, some methodological 
limitations apply to the findings. Among some of these 
limitations, it is possible that our placebo mouth rinse 
had a treatment effect since it contains quinidine. Ban-
ting et al. [2000] found no difference between the active 
10% CHX varnish and a sham varnish that contained 
quinine hydrochloride for annual caries incidence. The 
active varnish was significantly different for total and 
root caries increment but not for coronal caries.

  Studies testing the efficacy and effectiveness of mouth 
rinses in reducing caries incidence have been reported for 
older adults. Wyatt and MacEntee [2004] found that a 
0.2% sodium fluoride rinse was significantly more effec-
tive in reducing the incidence of caries over two years 
than a 0.12% CHX rinse for elderly long-term care hospi-
tal residents. The coronal caries increment over two years 
was 0.3 (SD 2.3) for the CHX group, 0.4 (SD 2.5) for the 
fluoride group, and 0.8 (SD 2.4) for the placebo group. 
The root caries increment over two years was 2.7 (SD 5.3) 

for the CHX group, 0.3 (SD 3.1) for the fluoride group, 
and 2.2 (SD 3.8) for the placebo group. A study on the ef-
fectiveness of 10% CHX varnish for adults (n = 236) with 
previous caries experience and xerostomia showed a 25% 
reduction in caries increment; 41% reduction in root car-
ies, and 14% for coronal caries [Banting et al., 2000]. A 
mean caries attack rate of 0.23 surfaces per 100 surfaces 
at risk was determined for all subjects.

  The present results are important because the older 
adults in this study represent the broader population of 
community-dwelling adults who lack dental insurance or 
are irregular dental attendees in North America. Further 
research testing other preventive regimes to address car-
ies risk in older adults is clearly needed.
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