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SCIENTIFIC A R T I C L E S  

Preventive Behaviors as Correlates of Periodontal 
Health Status 

W. Paul Lang, DDS, MPH; David L. Ronis, PhD; Mahassen M. Farghaly, BDS, PhD 
Abstract 

~ 

Objectives: This- investigation examined current practices of brushing, floss- 
ing, and periodic dental visits and their association with periodontal health status. 
Methods: Data were collected using face-to-face interviews and 40-minute 
in-home dental examinations with a probability sample of adults 18 years of age 
or older, having at least one tooth, and living in housing units in the Detroit tricounty 
area. Complete examinations were performed on 3 19 individuals. Results: On 
average, subjects reportedbrushing their teeth about twice a day. About one-third 
of the population reported flossing at least once a day. Loss of periodontal 
attachment was related to frequency of brushing while subjects who exhibited 
acceptable flossing ability had less plaque and calculus, shallower pocket depths, 
and less attachment loss. Subjects reporting a periodic dental visit at least once 
a year had less plaque, gingivitis, and calculus than subjects reporting less 
frequent visits. In regression analyses, brushing thoroughness, flossing ability and 
frequency, and dental visit frequency were predictors of lower plaque, gingivitis, 
and calculus scores. In turn, these scores were predictors of shallower pocket 
depths and less attachment loss. Conclusions: Brushing, flossing, and periodic 
dental visits were correlated with better periodontal health. The behaviors ap- 
peared to be indirectly related to pocket depth and attachment loss through their 
associations with plaque, gingivitis, and calculus levels. [J Public Health Dent 
1995;55( 1): 10- 171 
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Personal oral hygiene and periodic 
professional care remain the actions of 
choice to prevent periodontal diseases 
(I, 2). The American Dental Associa- 
tion (ADA) recommends that brush- 
ing and flossing be performed thor- 
oughly at least once a day, with brush- 
ing duration being optimally about 
three minutes (3). Further, the ADA 
advises that dental visits should be 
made on a regular basis. Although the 
efficacy of these preventive practices 
has been demonstrated in controlled 
clinical settings (4-81, there is some 
question about the consequences of 
these behaviors as they are performed 
by the general public in "natural" set- 
tings (1,9). The purpose of this study 
was to examine the effects of tooth- 
brushing, flossing, and periodicdental 
visits as normally performed by lay 
persons upon their periodontal health 
status. The effects of these behaviors 

remain unclear despite four decades of 
research. 

The capability of toothbrushing to 
remove plaque and control gingivitis 
is established (10). Complete mechan- 
ical tooth cleaning at intervals longer 
than 48 hours is insuffiaent to main- 
tain gingival health (11). Recent re- 
search has found daily brushing to be 
nearly ubiquitous, with over 90 per- 
cent of the population performing this 
behavior (12). Further, females are 
more likely to brush daily as are those 
individuals with more education and 
higher income (12-14). Little improve- 
ment in periodontal health appears to 
be gained by brushing more than two 
times per day (15,161. In a recent study 
of older adults (171, frequency of 
toothbrushing was not found to be as- 
sociated with attachment loss. It has 
been suggested that quality of brush- 
ing may be a more important feature 

than frequency (9,15). Sociodemo- 
graphic factors also are associated 
with oral health status. For example, 
social class and sex are more strongly 
associated with oral hygiene and gin- 
gival health than toothbrushing (18). 

The effectiveness of dental floss in 
reducing gingivitis and interproximal 
bleeding has been demonstrated 
under controlled circumstances (4,191. 
In a community-based investigation, 
lower mean attachment loss wasnoted 
in independently living older adults 
who reported flossing at least once a 
day than those flossing less (17). Floss- 
ing effectiveness is decreased with in- 
terproximal recession (161, and the po- 
tential for tissue damage has been 
noted in young children who floss 
(20). The additional benefit of flossing 
beyond toothbrushing has been ques- 
tioned (15,211, and some have sug- 
gested that not all persons need to per- 
form interdental cleaning to maintain 
periodontal health (I). Historically, 
flossing has been practiced by few in- 
dividuals; however, use has slowly in- 
creased with women and the more ed- 
ucated being more frequent flossers 
(9,221. In a recent investigation (721, 
nearly one-third of adults reported 
flossing on a daily basis. 

Persons who regularly attend the 
dental office generally have better 
periodontal health status (less attach- 
ment loss) than infrequent attenders 
(17,23,24), although risk factors for 
periodontal disease are observed in 
regular attenders (25). Understanding 
the necessary frequency of preventive 
visits for health maintenance has been 
suggested as a worthy research ques- 
tion (15). Intervals of two to three 
months prevent the progression of 
periodontal disease (51, yet such fre- 
quency is clearly not practical. The ab- 
sence of saentific support for biannual 
visits has been noted (151, yet frequent 
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usage of this visitation schedule per- 
sists despite recommendations that 
schedules be tailored to individuals 
(3). At the extreme are populations 
never exposed to prevention or treat- 
ment programs that develop little 
periodontal disease (26). Thus, the op- 
timal frequency of dental visits can 
vary considerably and depend upon 
patient characteristics (15). 

Understanding about the effective- 
ness of personal and professional pre- 
ventive activities on oral health is best 
described by Gift (91, who observes 
that associations between perfor- 
mance of these measures and levels of 
oral health are ambiguous. To that 
end, our investigation focused on 
some of these ambiguities by examin- 
ing the relationship of periodontal 
health status to brushing, flossing, and 
periodic dental visits. Specifically, we 
wished to assess the relationships of 
frequency and thoroughness of brush- 
ing, frequency and ability of flossing, 
and frequency of dental visits to levels 
of plaque, gingivitis, and calculus, 
pocket depths, and loss of periodontal 
attachment. Additionally, associa- 
tions of periodontal health status with 
demographic and socioeconomic fac- 
tors were examined. 

Methods 
Subjects for this study were individ- 

uals who consented to a dental exam- 
ination as part of a multiphase re- 
search project on brushing, flossing, 
and obtaining dental checkups. Phase 
one involved hour-long, face-to-face 
interviews of a probability sample of 
adults 18 years of age or older, having 
at least one tooth,.and living in hous- 
ing units in the Detroit tricounty area. 
Sampling was accomplished using 
stratified, clustered area probability 
sampling techniques based on census 
tracts, giving each housing unit (e.g., 
single-family house, apartment, and 
mobile home) an equal probability of 
selection. One randomly selected eligi- 
ble adult was interviewed from each 
selected housing unit. Interviews were 
conducted by 32 professional inter- 
viewers who made unlimited visits to 
the selected housing units at various 
times to maximize completion of the 
interviews. An advance mailing was 
performed to alert subjects to the im- 
pending interview. If telephone num- 
bers were known, subjects were called 
to arrange visits. Additional letters 
urging participation were sent to pro- 

spective respondents based on the ap- 
parent reason for not participating or 
subgroup membership (old, young, 
busy). The response rate for phase one 
was 72 percent; 662 interviews were 
completed. The reasonable response 
rate and comparisons with 1990 cen- 
sus data (12) suggest respondents 
were generally representative of the 
defined population. 

Demographic variables of age, sex, 
and race were collected along with 
two socioeconomic variables: income 
and education level. Brushing, floss- 
ing, and dental checkup frequencies 
were determined by asking subjects 
how often they performed these activ- 
ities. At the time of the interview, sub- 
jects were invited to participate in a 
second phase that consisted of a 40- 
minute, in-home dental examination, 
observation of their personal oral hy- 
giene activities, and a brief interview. 
Subjects were paid $15 if they com- 
pleted the examination. 

Informed consent was obtained 
from all participants who agreed to be 
examined, and a brief medical history 
was taken at the beginning of the ex- 
amination. Subjects were asked about 
any current treatment by a physician, 
reasons for treatment, use of prescrip- 
tion and nonprescription medications, 
and tobacco habits. A variety of health 
conditions prevented the acquisition 
of complete examinations on all sub- 
jects. Dental examinations were per- 
formed using available seating and 
head lamps. Plaque, gingivitis, calcu- 
lus, pocket depths, and loss of peri- 
odontal attachment (LPA) were mea- 
sured on the six teeth specified by 
Ramfjord (27); four sites (mesial-buc- 
cal, midbuccal, distal-buccal, and lin- 
gual) were probed on each tooth. 
Plaque and gingivitis were assessed 
using the plaque and gingival indices 
(28,291. Calculus was measured ac- 
cording to scoring criteria and meth- 
odsof Ramfjord (30). Pocketdepthand 
LPA were measured using a Hu- 
Friedy #11 probe. Pocket depth was 
measured in millimeters from the free 
gingival margin to the base of a pocket. 
The distance from the free gingival 
margin to the cementoenamel junction 
(CEJ) also was measured. The differ- 
ence between pocket depth and the 
latter measurement was considered 
loss of periodontal attachment. The ex- 
tent and severity index (31) was calcu- 
lated for the sample using the percent 
of sites with 2 millimeters or more of 

attachment loss. Five examiners were 
trained and calibrated in the several 
indices using written and visual cri- 
teria. Interexaminer percent agree- 
ment on attachment loss (within f l  
mm) ranged from 87 percent to 94 per- 
cent; kappas ranged from 0.37 to 0.62. 
Intraexaminer percent agreement 
ranged from 94 percent to 97 percent; 
kappas were 0.66 to 0.84. Kappas were 
within ranges observed in a recent US 
national survey (32). 

Selected home care behaviors-in- 
cluding the length of brushing time, 
the thoroughness of brushing, and 
flossing ability-were observed by ex- 
aminers. Brushing time was measured 
in seconds using stopwatches. Brush- 
ing thoroughness was measured using 
a modification of brushing measures 
of Nikias (33). Brushing thoroughness 
was measured as appropriate tooth- 
brush placement in six maxillary and 
six mandibular segments of the mouth 
during toothbrushing. Each arch was 
divided into three faaal and three lin- 
gual segments. Each section was 
scored for acceptable brush placement 
(score=l) or unacceptable placement 
(score=O). The percent of sites with ac- 
ceptable brush placement was used as 
a summary score (range=0-100). 
Flossing ability was measured using a 
modification of the flossing dexterity 
index (20). Subjects were asked to 
demonstrate their flossing ability in an 
anterior and a posterior segmentof the 
mouth. The two sites were assessed 
using five criteria: holds floss/floss 
holder firmly, eases floss through con- 
tact points, pushes floss subgingivally, 
wraps floss around line angles, and 
moves floss vertically against tooth. 
The criteria were scored as acceptable 
(score=l) or unacceptable (score=O). A 
summary score (range=0-100) was 
constructed by dividing a patient's 
sum of acceptable scores by the total 
number of criteria (2 sites x 5 cri- 
teria=lO) and multiplying by 100. 

Data Analysis. Measures of accept- 
able brushing and flossing behaviors 
were developed from responses to 
several questions from the initial inter- 
view. To be considered as having ac- 
ceptable brushing behavior, a subject 
had to report (I) brushing at least once 
daily during the past year, (2) brush- 
ing all his or her teeth, and (3) usually 
brushing parts of the teeth that do not 
show when smiling. A subject who did 
not report performing all three aspects 
of brushing was considered to have 
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unacceptable brushing behavior 
(coded 1 for analyses); reporting per- 
formanceof all aspects was considered 
acceptable (coded 2). For acceptable 
flossing behavior, a subject had to (1) 
floss at least once daily during the past 
year, and (2) usually floss all of his or 
her teeth. A subject who did not report 
performing these two aspects of floss- 
ing was considered to have unaccept- 
able flossing behavior (coded 1); re- 
porting performance of these aspects 
was considered acceptable (coded 2). 

Checkups were defined for subjects 
as " ... visits to a dental office or clinic 
made not because of any dental prob- 
lem." Subjects were then asked 
whether they had ever had a checkup, 
and how often they had gone to a den- 
tist or dental clinic for a checkup dur- 
ing the past five years. Responses were 
dichotomized as subjects who had 
checkups less than once a year or never 
(coded 1) or had checkupsat least once 
a year (coded 2). 

Selected behaviors assessed in 
phase two were dichotomized for 
analysis. Median splits were used to 
dichotomize the number of times a 
subject reported brushing in four days 
(frequent, infrequent), observed 
brushing time (long, short), and times 
reported flossing in four days (fre- 
quent, infrequent). As most subjects 
could demonstrate reasonable brush 
placement, brushing thoroughness 
was dichotomized rather stringently. 
Observed thoroughness was consid- 
ered acceptable if brush placement 
was proper in all 12 mouth segments. 
Observed flossing ability was consid- 
ered acceptable if the subject's sum- 
mary score was greater than or equal 
to the median score of 80 (range=& 
100). Bivariate relationships of the di- 
chotomized preventive behaviors to 
the five periodontal health status mea- 
sures were assessed using the t-test. 
For all analyses, significance level was 
set at Pc.05. 

Forward stepwise linear regression 
was used to identify relationships be- 
tween the independent variables-de- 
mographi? measures, socioeconomic 
measures, preventive behaviors-and 
each of the five dependent periodontal 
measures. Analyses were performed 
in two stages. Demographic, socioeco- 
nomic, and behavioral variables were 
entered into models for plaque, gingi- 
vitis, and calculus scores as predictors. 
Then, models for pocket depth and 
attachment loss were constructed that 

included and excluded plaque, gingi- 
vitis, and calculus scores. Inclusion 
and exclusion models were performed 
because the effects of the preventive 
behaviors appeared to be masked by 
the inclusion of these scores. 

In the regression analyses, sex was 
coded as male=l, female=2; race was 
coded as white=l, nonwhite=2; in- 
come was coded as  <$20,000=1, 
r$20,000=2. Smoking was coded as 
subject smokes=l, or subject does not 
smoke=2. Reported brushing, floss- 
ing, and checkup frequencies were 
coded as previously described. All 
other measures were entered as con- 
tinuous variables. Models were identi- 
fied by performing a series of regres- 
sion analyses with different combina- 
tions of the independent variables. 
Coefficient estimates in these models 
were ultimately refined by entering 
only significant predictor variables 
from the exploratory series into final 
regressions, thus maximizing the 
number of cases available for analysis 
and hence the precision of the esti- 
mates. 

Results 
The response rate for the examina- 

tion phase of the study was 60 percent 
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(n=397). Because of certain health con- 
ditions that were encountered, only 
319 subjects completed all portions of 
the examination, while the remainder 
( ~ 7 8 )  completed the noninvasive 
portions. Analyses of nonresponse 
bias were performed to determine if 
there were differences between sub- 
jects who consented to be examined 
(n=397) and those who did not (n=265) 
and between subjects who received a 
complete examination (n=319) and 
those who did not (n=265+78). Table 1 
displays the latter comparison. Num- 
bers of subjects in the tables will vary 
due to missing data. No statistically 
significant differences were observed 
between the groups agreeing and 
those refusing to be examined. A sta- 
tistically significant difference inmean 
years of education was observed be- 
tween subjects who received a com- 
plete examination and those who did 
not. The difference observed in the 
percent of subjects who had checkups 
less than once a year was large, but not 
statistically significant. Only data for 
subjects who completed all portions of 
the examination are presented. These 
subjects must be considered some- 
what select based on differences in ed- 
ucation. 

TABLE 1 
Characteristics of Sample by Examination Status 

Subjects Not Examined Subjects Examined 

Characteristic Value (n) Value (n) 

Demographic 
Mean age 44.2 (341) 43.7 (318) 
Percent female 62.1 (343) 55.5 (319) 
Percent nonwhite 18.2 (341) 17.4 (317) 

Percent income distribution (343) (319) 
420,000 22.4 (77) 17.6 (56) 
$20,000434,999 23.0 (79) 21.3 (68) 
$35,000-$50,999 22.7 (78) 24.8 (79) 
2$51,000 22.2 (76) 31.0 (99) 
No response/unknown 9.6 (33) 5.3 (17) 

Socioeconomic 

Mean grade of education 13.0 (341) 13.4 (318)' 
completed 

Preventive behavior 
% reporting acceptable brushing 85.7 (343) 84.0 (318) 
% reporting acceptable flossing 20.7 (343) 21.6 (319) 
% reporting dental visit at least 69.7 (343) 76.4 (318) 
1 /year 

~ 

'ANOVA, P=.M7; characteristics other than education did not differ between subjects who were 
and were not examined. 
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TABLE 2 
Characteristics of Sample 

Characteristic n Value (SD) Range 

Demographic 
Mean age 
Percent female 
Percent nonwhite 

Socioeconomic 
Percent income distribution 

<$20,000 
$20,000-$34,999 
$35,000-$50,999 
S 1 , O M )  
No response/unknown 

Mean grade of education completed 
Percent with dental insurance 

Mean number of times reported in 4 days 
Percent reporting at least 1 /day 
Percent reporting acceptable brushing 
Mean observed thoroughness 
Mean observed time (seconds) 

Mean number of times reported in 4 days 
Percent reporting at least 1 /day 
Percent reporting acceptable flossing 
Mean observed ability 

Percent reporting at least 1 /year 

Mean plaque score 
Mean gingivitis score 
Mean calculus score 
Mean pocket depth 
Mean LPA 
Extent of disease 
Severity of disease (beyond 2 mm) 
Mean number of missing teeth 

Brushing 

Flossing 

Periodic dental visits 

Health s t a t u s  

318 
319 
317 

319 
56 
68 
79 
99 
17 

318 
317 

318 
319 
318 
318 
318 

246 
319 
319 
246 

318 

319 
318 
319 
319 
319 
319 
268 
317 

43.7 (15.9) 
555 
17.4 

17.6 
21.3 
24.8 
31.0 

5.3 
13.4 (2.4) 

70.3 

7.2 (3.3) 
95.9 
84.0 

90.4 (17.2) 
49.7 (31.6) 

2.4 (2.5) 
32.9 
21.6 

70.6 (29.4) 

76.4 

0.57 (.43) 
0.68 (4) 
0.29 (.46) 
2.36 (.61) 
1.31 (1.49) 

30.3 
1.97 (1.18) 
3.80 (5.63) 

19-90 

2-1 7 

0-25 

33.3-100 
10-241 

0-1 6 

0-100 

03 
0-3 

0-2.58 
1.13-5.63 

0-9.5 

1.00-8.67 
0-24 

Table 2 displays the demographic 
and socioeconomic characteristics, 
preventive behaviors, and periodontal 
health status of the study sample. On 
average, subjects reported brushing 
their teeth about twice a day. Nearly 
all subjects reported brushing at least 
once a day. The mean brushing time 
was less than a minute. Over 80 per- 
cent of subjects reported acceptable 
brushing behavior. Nearly all subjects 
(90%) satisfied the criteria for ob- 
served brushing thoroughness. About 
one-third of the sample reported floss- 
ing at least once a day, but only 22 
percent satisfied the criteria for accept- 

able flossing behavior. Of those who 
said they flossed (n=246), the mean 
number of times these subjects flossed 
in four days was 2.4, and their mean 
flossing ability score was 70.6. Three- 
quarters of the population reported 
making periodic dental visits at least 
once a year. Mean pocket depth was 
2.4 millimeters while the mean loss of 
attachment was 1.3 millimeters. About 
30 percent of all sites exhibited attach- 
ment loss of 2 millimeters or more. On 
average, subjects were missing 3.8 
teeth. 

Table 3 displays the preventive be- 
haviors in relation to the measures of 

periodontal health status. Frequent 
brushers had significantly less gingi- 
vitis and attachment loss than infre- 
quent brushers. There were no statisti- 
cally significant differences in the peri- 
odontal health measures between 
those reporting acceptable and unac- 
ceptable brushing behavior. Subjects 
with long brushing times had signifi- 
cantly less plaque than those with 
short brushing times. Individuals who 
exhibited thorough brushing had sig- 
nificantly less plaque, gingivitis, and 
calculus. 

Subjects who reported flossing their 
teeth frequently had significantly less 
plaque, gingivitis, and calculus, and 
shallower pocket depths. Subjects 
who reported flossing at least once a 
day had less plaque, gingivitis, and 
calculus. Subjects who exhibited ac- 
ceptable flossing ability had signifi- 
cantly less plaque and calculus, shal- 
lower pocket depths, and less attach- 
ment loss. Subjects reporting a dental 
visit at least once a year had less 
plaque, gingivitis, and calculus and 
shallower pockets and less attachment 
loss. There were no significant differ- 
ences in periodontal health status be- 
tween those with and those without 
dental insurance. 

Table 4 shows the regression mod- 
els for plaque, gingivitis, and calculus. 
For plaque, there were two demo- 
graphic predictors: age and race. Re- 
gression coefficients for these vari- 
ables were positive, indicating more 
plaque with increasing age and with 
nonwhite race. Education was theonly 
socioeconomic predictor associated 
with plaque and its coefficient was 
negative. Thus, more plaque was asso- 
ciated with a lower education level. 
Smoking demonstrated a positive as- 
sociation with plaque score. Of the 
preventive behaviors, flossing ability, 
times flossed in four days, and brush- 
ing thoroughness all had negative co- 
efficients, indicating that as these be- 
haviors increased, plaque scores de- 
creased. 

For gingivitis, nonwhite race and 
age were significant independent vari- 
ables with positive coefficients. In- 
come was a significant socioeconomic 
variable and had a negative coeffi- 
cient. Times flossed in four days was 
the only preventive behavior that 
emerged as an independent predictor 
of gingivitis. Its negative coefficient 
indicated an inverse relation with this 
measure. Age, nonwhite race, and in- 
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TABLE 3 
Mean Values for Measures of Periodontal Health Status in Relation to Preventive Behaviors 

(Standard deviations in varentheses) 

Characteristic Plaque Gingivitis Calculus Pocket Depth LPA 

Brushing 
Times brushed in 4 days 

Frequent (n=178) 
Infrequent (n=139) 

Acceptable (n=266) 
Unacceptable (n=51) 

Brushing time (seconds) 
Long (n=157) 
Short (n=160) 

Thorough (n=219) 

Reported brushing behavior 

Observed thoroughness 

Not thorough (n=98) 

Times flossed in 4 days 
Frequent (n=130) 
Infrequent (n=115) 

Floss at least l/day 
Yes (n=104) 
NO (n=214) 

Acceptable (n=68) 
Unacceptable (n=WO) 

Acceptable (n=100) 
Unacceptable (n=146) 

Dental visits and insurance 

Flossing 

Reported flossing behavior 

Observed ability 

Visit at least l/year 
Yes (n=243) 
No (n=74) 

Yes (n=222) 
No (n=94) 

Dental insurance 

0.54 (38) 
0.60 (.48) 

0.55 (.42) 
0.64 (.49) 

0.50 (.a)' 
0.62 (.43) 

0.48 (.38)$ 
0.74 (.48) 

0.43 (.30)$ 
0.63 (.50) 

0.47 (.34)t 
0.61 (.46) 

0.45 (.37)* 
0.59 (4) 

0.41 (.30)$ 
0.60 (4) 

0.51 (.38)t 
0.74 (.52) 

0.57 (.a) 
0.55 (40) 

0.61 (41)t 
0.77 (.51) 

0.66 (.46) 
0.80 (.49) 

0.69 (.a) 
0.67 (.44) 

0.62 (.45)$ 
0.83 t.46) 

0.57 (.42)t 
0.76 (47) 

0.60 (.42)* 
0.72 (.48) 

0.60 (.GI 
0.71 (.47) 

0.60 (3) 
0.69 (.a) 

0.63 (.43)$ 
0.88 (.a) 

0.70 t.46) 
0.65 (.47) 

0.25 
0.34 (.49) 

0.27 (.44) 
0.38 (.53) 

0.26 ( 4 5 )  
0.32 (.47) 

0.22 (.42)$ 
0.45 (.51) 

0.16 (.27)* 
0.29 (.48) 

0.14 (.32)$ 
0.36 (50) 

0.18 (.38)* 
0.32 (43) 

0.13 (.26)t 
0.29 (.a) 

0.20 (.34)$ 
0.59 (65) 

0.29 (.47) 
0.29 (.44) 

2.33 (.61) 
2.39 (.62) 

2.33 (.62) 
2.49 (33) 

2.30 (.62) 
2.40 (.a) 

2.33 (.a) 
2.40 

2.25 (.47)* 
2.43 (.62) 

2.35 (.59) 
2.36 (.63) 

2.36 (.67) 
2.35 (.a) 
2.21 (.48)t 
2.41 (.59) 

2.30 (.59)t 
2.52 (.&) 

2.36 (.a) 
2.33 (.58) 

1.13 (1.2)* 
1.48 (1.7) 

1.29 (1.5) 
1.32 (1.4) 

1.21 (1 5 )  
1.36 (1.4) 

1.32 (1 5) 
1.19 (1.4) 

1.08 (1.1) 
1.31 (1.6) 

1.26 (1.3) 
1.31 (1.5) 

1.32 (1.5) 
1.28 (1.4) 

0.96 (1 .O)* 
1.33 (1.5) 

1.18 (1.3)* 
1.64 (1.8) 

1.31 (1.5) 
1.23 (1.3) 

'T-tat, <.05. 
tc.01. 
tc.001. 

come were independent predictors of 
calculus. Observed flossing ability, 
flossing at least once a day, and self-re- 
ported dental checkups were preven- 
tive behaviors associated with calcu- 
lus; all had negative coefficients. 

Table 5 shows regression models for 
pocket depth and loss of attachment 
that exclude and include the plaque, 
gingivitis, and calculus measures. 
With plaque, gingrvitis, and calculus 
scores excluded from the analyses, 
smoking, nonwhite race, and age were 
all positive predictors of increased 
pocket depth. Observed flossing abil- 
ity and times flossed in four days also 

were retained as independent vari- 
ables; both had negative coefficients. 
For attachment loss, age, smoking, sex, 
and education were the only predic- 
tors in the exclusion model. 

When plaque, gingivitis, and calcu- 
lus measures were included, plaque 
and gingivitis scores entered the 
model initially and were positively as- 
sociated with pocket depth. Smoking 
was positively associated with pocket 
depth,and nonwhite race was theonly 
demographic predictor of pocket 
depth. None of the preventive behav- 
iors entered the model. With attach- 
ment loss, age and smoking demon- 

strated positive associations. Plaque, 
gingivitis, and calculus scores also 
were predictors of attachment loss and 
had positive coefficients. Theonly pre- 
ventive behavior retained in the model 
was brushing thoroughness, and it 
was positively associated with attach- 
ment loss. 

Discussion 
The limitations of this research in- 

clude the lower response rate for par- 
ticipation in the examination phase of 
the study, the somewhat select nature 
of examination subjects based on their 
years of education, and the use of 
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TABLE 4 
Linear Regression Models for Plaque, Gingivitis, and Calculus 

Standardized R2 at 
Measures Coefficient Each Step P 

Plaque 
Intercept 
Observed flossing ability 
Education 

Race 
Times flossed in 4 days 
Observed brushing thoroughness 
Smoking 

Gingivitis 
Intercept 
Income 
Time flossed in 4 days 
Race 

Calculus 
Intercept 
Observed flossing ability 
Income 
Dental visits at least l/year 

Race 
Floss at least l/day 
Smoking 

Age 

Age 

Age 

0.8590 
-0.1606 
-0.1438 

0.2951 
0.2049 

-0.1848 
-0.1620 
-0.1240 

0.7525 
-0.1692 
-0.2318 

0.1510 
0.1349 

0.9581 
-0.2262 
-0.1734 
-0.1938 

0.2536 
0.1883 

-0.1422 
-0.1282 

0.1090 
0.1641 
0.1990 
0.2432 
0.2874 
0.3124 
0.3269 

0.0499 
0.0960 
0.1127 
0.1302 

0.1474 
0.2321 
0.2703 
0.3065 
0.3314 
0.3502 
0.3661 

<.01 
<.05 
<.001 
<.001 
<.Ol 
<.01 
<.05 

C.01 
<.001 
<.05 
<.05 

<.001 
<.01 
<.001 
<.001 
<.001 
c.05 
<.05 

many variables acquired by self-re- 
port. Further, because the study was 
cross-sectional rather than longitudi- 
nal, causality cannot be inferred by the 
observed relationships. 

The frequencies of brushing, floss- 
ing,and periodicdental visits found in 
this investigation support the trends 
of increased performance observed 
over the last few decades (22,3435). 
Although daily brushing was found to 
be nearly ubiquitous, about 16 percent 
of individuals reported not fulfilling 
all the criteria for acceptable brushing 
behavior. When brushing was ob- 
served, most subjects demonstrated 
appropriate toothbrush placement. 
The mean observed brushing time of 
this sample was much shorter than the 
current recommendation of threemin- 
Utes (3) or the two to three minutes 
reported by Nikias (33). Although ob- 
servations occurred in natural set- 
tings, the likelihood that an examineis 
presence affected performance must 
be acknowledged. One could surmise 
that subjects would demonstrate more 

favorable behaviors when knowingly 
observed, and this fact may account 
for the high thoroughness scores. On 
the other hand, why would brushing 
times be so short? It could be that the 
average person actually brushes for 
less than a minute. Alternatively, it 
was noted that some persons hurried 
their brushing because of embarrass- 
ment at being observed or because 
they felt the activity was supposed to 
be a demonstration of their compe- 
tence, not their actual behavior. It must 
be questioned whether unobtrusive 
observation is possible. 

The importance of quality of brush- 
ing over frequency of brushing (9,151 
was supported by the bivariate analy- 
ses. Those who demonstrated more 
thorough brushing had lower levels of 
plaque, gingivitis, and calculus, while 
those with longer brushing times had 
less plaque. However, less gingivitis 
and attachment loss also were ob- 
served in subjects reporting frequent 
brushing. Likely, there are many ways 
to perform adequate plaque removal 

with a toothbrush. Frequent brush- 
ings, one thorough long brushing, or 
some combination of these actions 
could accomplish the task. Further 
analyses of various combinations are 
warranted. 

As for flossing, about one-third of 
subjects reported performing this be- 
havior on a daily basis although only 
one-fifth reported meeting all criteria 
for acceptable performance. Similarly, 
about one-third of the sample demon- 
strated acceptable flossing ability. Ac- 
ceptable and frequent flossing were 
associated with improved periodontal 
health status. Less plaque, gingivitis, 
and calculus were observed in subjects 
who flossed frequently or demon- 
strated acceptable ability. Still, few 
subjects flossed regularly. The disad- 
vantages of flossing have been enu- 
merated, and education and use of al- 
ternative interdental cleaners have 
been suggested as means to encourage 
interproximal cleaning (36). 

Many differences in periodontal 
health status were observed between 
those visiting the dental office at least 
once a year and those who visited less 
frequently. These findings are consis- 
tent with others who report less at- 
tachment loss in regular attenders 
(1723,2427). However, one should be 
cautious about ascribing too much ef- 
fect to regular attendance as individu- 
als who frequently attend also are lia- 
ble to be performing appropriate per- 
sonal oral hygiene behaviors (9). 
While those with dental insurance are 
more likely to visit the dentist (38) and 
ostensibly receive more preventive 
services, no relation between having 
dental insurance and improved peri- 
odontal health status was found in this 
investigation. 

Overall, the regression analyses 
highlight the combined effects of de- 
mographic factors, socioeconomic fac- 
tors, and preventive behaviors. Find- 
ings fiom our study corroborate pre- 
viously observed associations: older 
persons consistently demonstrate 
poorer periodontal health than youn- 
ger persons (2325,321, women have 
better periodontal health (25,321, and 
nonwhites have poorer periodontal 
health (24,25,37). Smokers also are 
likely to have poorer periodontal 
health (23,37). Further, those with 
more education or higher incomes 
have better periodontal health 
(23,24,37). The relationships found 
among demographic and socioeco- 
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TABLE 5 
Linear Regression Models for Pocket Depth and Loss of Attachment 

~~~ ~ ~~ 

Standardized 
Measures Coefficient 

Pocket depth 
Plaque, gingivitis, and calculus predictors excluded 

Intercept 2.4524 

Race 0.2864 
Age 0.2370 
Times flossed in 4 days -0.1523 

Smoking -0.3548 

Observed flossing ability 4.1290 
All predictors included 

Intercept 1.9702 
Plaque score 0.3434 
Gingivitis score 0.2349 
Smoking -0.1949 
Race 0.1647 

Loss of attachment 
Plaque, gingivitis, and calculus predictors excluded 

Intercept 2.4397 

Smoking -0.2909 
Sex -0.1432 
Education -0.1133 

Age 0.4862 

All predictors included 
intercept -1.4411 
calculus score 0.3016 
Age 0.3656 
Gingivitis score 0.1911 
Smoking -0.2202 
Observed brushing thoroughness 0.1880 
Plaque score 0.1551 

- 

R~ at 
Each Step 

0.1348 
0.2083 
0.2700 
0.29% 
0.3147 

0.3151 
0.3661 
0.3986 
0.4234 

0.2140 
0.3147 
0.3340 
0 3462 

0.29% 
0.4210 
0.4761 
0.5216 
0.5456 
0.5568 

P 

C.001 
<.001 
c.001 
<.01 
<.05 

<.001 
<.001 
<.001 
<.001 

C.001 
<.001 
C.01 
<.05 

<.001 
<.001 
<.001 
<.001 
<.001 
<.Ol 

nomic factors and oral hygiene perfor- 
mance also are similar to those re- 
ported by others (9,141. 

Of the preventive behaviors re- 
tained in the models for plaque, calcu- 
lus, and gingwitis, certain flossing be- 
haviors-frequency and ability- 
were often associated with better 
status. The two behaviors also were 
inversely associated with increased 
pocket depth. These findings suggest 
that flossing contributes to better peri- 
odontal health. Alternatively, flossing 
ability may be an indicator of an 
individual’s propensity to carry out 
favorable levels of all preventive be- 
haviors. The notion of an individual 
with consistent patterns of preventive 
behaviors also is supported by assoa- 
ations between good oral hygiene and 
diminished periodontal disease ob- 

served by others (39). 
In the inclusion models, plaque and 

gingivitis measures entered the model 
for pocket depth while plaque, gingi- 
vitis, and calculus entered the model 
for attachment loss. The flossing be- 
haviorsdid notenter these modelstbut 
may be operating indirectly through 
the plaque, gingivitis, and calculus 
measures to affect pocket depth and 
attachment loss. The positive associa- 
tion of brushing thoroughness and at- 
tachment loss suggests the potential 
for damage to the periodontium by 
excessive brushing, a possibility pro- 
posed elsewhere (4042). 

The associations observed between 
brushing, flossing,and periodic dental 
visits and periodontal health status 
were generally positive. While r e m  
lar, thorough toothbrushing hasessen- 

tially been adopted by most individu- 
als, recommendations about thor- 
oughness may need to be moderated 
to prevent harm to tissues by some 
persons. Flossing ability and f r e  
quency were linked to better peri- 
odontal health, and thus should be en- 
couraged. That few subjects flossed 
regularly challenges us to develop 
unique interventions to increase this 
behavior. Periodic dental visits had 
positive associations with periodontal 
health, and most subjects were regular 
attenders. Reinforcement of this be- 
havior should suffice for most; access 
issues may need resolution for others. 
Provider development of preventive 
regimens also should consider the de- 
mographic and socioeconomic factors 
found to be associated with periodon- 
tal health status in this investigation. 
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