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The association of poor oral hygiene with gingivitis
and periodontitis has long been established (Löe et

al, 1965; Axelsson and Lindhe, 1981; Haffajee et al,
1985). Improvement in oral hygiene practices has
been shown to be associated with a concomitant im-
provement of periodontal status in terms of reduction
in bleeding and gain in clinical attachment (Lovdal et

al, 1961; Rosling et al, 1976; Nyman et al, 1977; Shei-
ham et al, 1986; Hugoson et al, 1998).

Diabetes has also been shown to be a major risk fac-
tor for periodontal disease progression (Löe, 1993;
Grossi et al, 1994) manifested in the form of increased
gingival inflammation (Cohen et al, 1970; Gislen et al,
1980; Grossi et al, 1994), increased probing pocket
depth (PPD) (Bacic et al, 1988; Emrich et al, 1991; Ter-
vonen and Oliver, 1993; Bridges et al, 1996) and cal-
culus formation (Tervonen and Oliver, 1993; Tervonen
and Karjalainen, 1997).

Compliance with oral hygiene is often used as a
yardstick for determining the effectiveness of oral
health promotion programmes. The outcome has been
evaluated through various approaches, such as verbal
feedback or self-reporting of improved oral hygiene
practices, self-monitoring of oral hygiene and clinical
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Purpose: Diabetes is an established risk factor for periodontal disease. Management of periodontal disease is highly de-
pendent upon effective oral hygiene. Assessment of plaque and gingivitis has been commonly used and arbitrarily set in
clinical practice to evaluate patients’ adherence with oral hygiene recommendations. This study aims to determine an ob-
jective cut-off criterion for assessing oral hygiene compliance utilising a combination of plaque and bleeding scores. 

Materials and Methods: 161 patients with diabetes, from a prospective clinical trial, provided the clinical periodontal para-
meters at baseline to be used to determine the oral hygiene compliance criterion in relation to a composite score of pocket
depth, subgingival calculus and supragingival calculus. A sequence of different combinations of plaque and gingival bleed-
ing scores were used. Receiver operator characteristic (ROC) curve assessment, sensitivity, specificity, and predictive values
were utilised for the determination of the criterion.

Results: The combination of 25% plaque scores and 15% gingival bleeding scores obtained the highest ROC value (using a
probability cut-off of 0.5) of 0.868 with sensitivity 98.6%, specificity 75.0%, positive predictive value (PPV) 97.3% and nega-
tive predictive value (NPV) 85.7%. According to this criterion, amongst the cohort of subjects examined, 145 (90.1%) were
categorised as non-compliant, and only 16 (9.9%) were considered compliant with oral hygiene at baseline.

Conclusions: Based upon the clinical periodontal parameters of subjects from this study, a combination of 25% plaque
score and 15% bleeding score appears to be a valid target for determining compliance with oral hygiene in oral health pro-
grammes.
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observation of a reduction in plaque and gingival in-
flammation scores.

While verbal or written feedback has been partially
useful in evaluating compliance, more objective mea-
sures have been advocated in the clinical setting.
Plaque and bleeding on probing (BOP) assessment are
perhaps the most common clinical assessment crite-
ria used to evaluate an individual compliance with oral
hygiene self-care. It is generally accepted that the use
of a single parameter, such as plaque score alone, to
determine compliance with oral hygiene would not be
adequate as an individual may not necessarily be con-
sistent in achieving a good standard of plaque control
at all times. A low plaque score could still be achiev-
able if the individual cleans his teeth diligently just be-
fore the dental examination. The use of a combination
of plaque and bleeding scores are therefore preferred
as being more objective and reflective of sustained be-
havioural change (Abbas et al, 1986; Lim, 1991). Ar-
bitrary levels of acceptable scores have been set by dif-
ferent investigators, varying from a threshold value
ranging from 10–25% plaque score and 10–20%
bleeding scores (O’Leary, 1972; Isidor et al, 1984;
Lindhe et al, 1989; Kaldahl et al, 1990; de Abreu et al,
2002). The combined criterion however has not been
objectively tested in relation to predictability with pro-
gression of periodontal disease.

BOP by itself was reported to have a high negative
predictive value (NPV) of 98% with a low positive pre-
dictive value (PPV) of 6%. While BOP may not be a sen-
sitive predictor of disease progression, the absence of
BOP was deemed a good indicator of periodontal sta-
bility, as demonstrated by Lang et al (1990).

Badersten et al (1990) showed that diagnostic pre-
dictability of attachment loss (AL) peaked at 30–75%
plaque and concluded it has limited value as a predic-
tor for AL. Similarly the mean percentage of BOP
peaked at 30% and therefore limits its predictive ca-
pacity. Similar findings were also reported by Claffey et
al (1990). However, Joss et al (1994) found that two-
thirds of sites with AL were associated with BOP ≥ 30%,
indicating a three-fold increase in risk as compared
with one-fifth of sites with AL when BOP was ≤ 20%.

Renvert and Persson (2004) found that the per-
centage of plaque was only significantly associated
with bone loss at the lower end range of between
10–20% bone loss, beyond which no significant asso-
ciation was shown. In the same study, the percentage
of BOP failed to demonstrate any consistent associa-
tion with alveolar bone loss at all levels. In summary,
the findings highlight the limitations of plaque score or
BOP when used alone as predictors for periodontal dis-
ease progression (Lindhe et al, 1989; Badersten et al,

1990; Kaldahl et al, 1990; MacGuire and Nunn, 1997).
To date, the evidence for an optimal level of plaque
combined with bleeding as a measure of compliance
with oral hygiene has not been objectively evaluated in
relation to other periodontal disease parameters.

To determine the optimum cut-off level of a diag-
nostic test or criteria, a classic trade-off between sen-
sitivity (Sn) and specificity (Sp) is often involved. For
such purposes, receiver operator characteristic (ROC)
plots have been found to be a useful tool in clinical de-
cision making in health sciences (Zweig and Campbell,
1993). A ROC curve involves a plot of pairs of sensitiv-
ity (true positive rate) and ‘1-specificity’ (false positive
rate) for a given cut-off value of a diagnostic test or pa-
rameter. To compare the usefulness of the tests, the
ROC curve with the larger area under the curve is con-
sidered the better or more accurate option. The ad-
vantage of ROC analysis is that positive and negative
predictive values are independent of the prevalence of
the problem (Obuchowski, 2003). In dentistry, ROC
analyses have been found to be useful in: caries diag-
nosis (Verdonschot et al, 1993; Hintze et al, 2003); en-
dodontics (Syriopoulos et al, 1999); restorative deci-
sion making (Kay and Knill-Jones, 1992; Holmes et al,
2001); oral surgery (Loesche et al, 1997; Nair et al,
2000); and periodontal risk assessment (Mombelli et
al, 2002; Persson et al, 2002; Renvert and Persson,
2004; Yamamoto et al, 2005; Persson et al, 2005). To
date there is no observed report utilising ROC analysis
in determining compliance with oral hygiene.

The purpose of this study was to determine an ob-
jective cut-off criterion for assessing oral hygiene com-
pliance based upon a combination of plaque and
bleeding scores utilising the ROC curve.

MATERIALS AND METHODS

Subjects of the study comprised 161 subjects diag-
nosed with Type I or Type II diabetes who were enrolled
in a periodontal intervention study. Prior to the study,
ethical approval was obtained from the Internat Re-
view Board. The baseline periodontal parameters for
the subjects were used to explore an optimal level of
oral hygiene for the target population. The participat-
ing subjects included both males and females aged
21–65 years from three different ethnic groups and
without other major medical complications. A full
mouth assessment of clinical parameters on mean
PPD, mean percentage plaque, mean percentage BOP,
mean percentage of supragingival and subgingival cal-
culus were recorded by two examiners at baseline. As-
sessments of plaque, BOP and calculus were based on
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absence and presence criteria. Probing depths were
measured to the nearest mm using the UNC (Universi-
ty of North Carolina) probe with 1 mm graduation
markings. These clinical data were utilised for the ROC
assessments. Subjects were randomly chosen, with-
out any prior instructions on oral hygiene.

The minimum cut-off points for a sequence of differ-
ent combinations of plaque and bleeding scores (BOP)
were used in the analysis: 30% plaque in combination
with 25% BOP (30-25); 30% plaque and 20% BOP (30-
20); 30% plaque and 15% BOP (30-15); 25% plaque
and 25% BOP (25-25); 25% plaque and 20% BOP (25-
20); 25% plaque and 15% BOP (25-15); 20% plaque
and 25% BOP (20-25); 20% plaque and 20% BOP (20-
20); 20% plaque and 15% BOP (20-15) and finally 15%
plaque in combination with 15% BOP (15-15).

These various combinations of plaque and bleeding
scores were assessed against a composite model that
combined the mean PPD, mean percentage of
supragingival calculus and mean percentage of sub-
gingival calculus.

ROC curve assessments and binary logistic regres-
sion were carried out using SPSS 11.5 software.

RESULTS

In the analysis of ROC, the area under the curve was
estimated as well as the Sn, Sp, PPV and NPV.

A composite model, which included mean PPD and
mean percentage of supragingival and subgingival cal-
culus, provided good diagnostic properties. The justi-
fication for using these parameters is that these vari-
ables are plaque retention factors and may also be re-
flective of periodontal disease severity. It must be 
noted that oral hygiene compliance is considered a
surrogate endpoint for change in behaviour in relation
to gingival host response.

Using the range of combined plaque and BOP scores
(30-25, 30-20, 30-15, 25-25, 25-20, 25-15, 20-25, 20-
20, 20-15), the highest ROC curve estimate was ob-
tained for 25-15 (25% plaque and 15% BOP), with a val-
ue of 0.868 (95% CI 0.740–0.996) and the next high-
est ROC score was found for 20-15 (0.843, 95% CI
0.689–0.996). The respective Sn, Sp, PPV and NPV val-
ues for the 25-15 level were 98.6, 75.0, 97.3 and 85.7,
compared with Sn 99.3, Sp 69.2, PPV 97.3, and NPV
90.0 for 20-15.

The ROC curves for selected combination of scores
are displayed in Fig 1. Table 1 shows the different
range of plaque and BOP levels used as criterion cut-
off levels with ROC assessments. Table 2 shows the re-
spective Sn, Sp, PPV, and NPV values.

Based upon the cut-off criterion at 25% plaque and
15% BOP (25-15), 145 subjects were categorised as
non-compliant (90.1%, 95% CI 85.5–94.7%), and only
16 (9.9%, 95% CI 5.3–14.5%) were considered com-
pliant with oral hygiene at baseline. Subgroup analysis
by Pearson’s Chi Square test did not reveal any signifi-
cant differences among the ethnic groups (Table 3) or
the various age categories (Table 4). Similarly, no dif-
ferences were found between males and females, or
those with good and unacceptable glycaemic control.

In summary, the cut-off level 25-15 showed the high-
est ROC estimate with a correspondingly high Sn, Sp,
PPV and NPV. The cut-off level 20-15 which showed the
second highest ROC estimate also demonstrated good
diagnostic and predictive values.
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Fig 1 ROC curve analysis of oral hygiene compliance. Diago-
nal segments are produced by ties.

Cut-off Az (area under 95% Confidence 
the curve) interval

30-25 0.714 0.590–0.839

30-20 0.738 0.611–0.865

30-15 0.743 0.610–0.875

25-25 0.758 0.625–0.892

25-20* 0.830 0.695–0.964

25-15*** 0.868 0.740–0.996

20-25 0.723 0.575–0.871

20-20 0.797 0.641–0.952

20-15** 0.843 0.689–0.996

15-15 0.717 0.523–0.912

***highest, **second highest, *third highest cut-off levels (combination of
% plaque-%BOP)

Table 1  ROC: area under the curve assessment from
different oral hygiene cut-off levels (p < 0.5)
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DISCUSSION

To determine the oral hygiene compliance of individu-
als, acceptable levels of plaque and bleeding scores
have historically been arbitrarily set. It is obvious that
the use of plaque score alone does not necessarily re-
flect the consistency in self performed oral hygiene.
Furthermore, in a plaque re-growth study, it has been
demonstrated that plaque could be detected as early
as 3 hours after cleaning, even more so in the pres-
ence of a sucrose-supplemented diet (Lim et al, 1986).
Although the use of BOP may not necessarily be a good
predictor of AL, it is a good indicator of periodontal sta-
bility (Badersten et al, 1990; Lang et al, 1990). A com-

bination of plaque and bleeding scores appears a
more appropriate measure of oral hygiene compliance.
In view of the fact that not all patients are equally sus-
ceptible to periodontal disease despite the presence
of plaque, some authors have advocated the use of
BOP to plaque ratio (van der Velden et al, 1985; Abbas
et al, 1986; Sastrowijoto et al, 1990). By combining
the two variables – the host response (as measured by
BOP) in relation to plaque levels (plaque score) – it
could serve as a means to identify the level of sus-
ceptibility to gingival inflammation. However, this has
not been shown to be a good indicator or predictor for
periodontal disease progression due to the inherent
limitations in calculating the ratio. For example, if a

Htoon et al
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Cut-off Sn Sp PPV NPV

30-25 94.7 48.1 90.7 65.0
30-20 95.6 52.0 91.5 68.4
30-15 96.4 52.2 92.3 70.6
25-25 97.1 54.5 93.1 75.0
25-20* 99.3 66.7 95.9 92.3
25-15*** 98.6 75.0 97.3 85.7
20-25 97.2 69.2 93.2 69.2
20-20 99.3 90.0 96.0 60.0

20-15** 99.3 69.2 97.3 90.0

15-15 98.0 62.5 96.1 45.5

***highest, **second highest, *third highest cut-off levels (combination of %plaque-%BOP)

Table 2  Sensitivity (Sn), specificity (Sp), positive predictive value (PPV), and neg-
ative predictive value (NPV) from different oral hygiene compliance cut-off levels

Table 3  Comparison of oral hygiene compliance (25-15) at baseline by ethnicity

Oral hygiene compliance (25-15) Pearson’s Chi Square test
Acceptable (%) Unacceptable (%) Total Asymptotic significance

Chinese 12(10.1) 107(89.9) 119 0.970
Malay 2(11.8) 15(88.2) 17
Indian 2(8.3) 22(91.7) 24
Others 0 1(100) 1

Table 4  Comparison of oral hygiene compliance (25-15) at baseline by age groups

Oral hygiene compliance (25-15) Pearson’s Chi Square Test
Age (years) Acceptable (%) Unacceptable (%) Total Asymptotic significance

21–40 4 (8.0) 46 (92.0) 50 0.648
41–55 7 (9.8) 68 (90.2) 75
56–65 5 (13.9) 31 (86.1) 36
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bleeding/plaque ratio of 0.5 is used to depict low sus-
ceptibility, it merely reflects that the bleeding score is
half that of the plaque score. An individual with a 50%
BOP and 100% plaque would give the same ratio as an
individual with 10% BOP and 20% plaque, while in re-
ality the interpretation of the risk is obviously higher in
the former case. Galgut (1988) noted that the rela-
tionship between BOP and plaque could be improved
before being used as a predictor for the likelihood of
good gingival health.

The ROC curve has been commonly used to evalu-
ate the reliability of diagnostic tests. ROC values of 0.8
and above are considered good estimates, as demon-
strated in the present study. Besides a high ROC esti-
mate, the respective Sn, Sp, PPV and NPV should also
be high. The current study is one of the first attempts
to explore the utility of ROC in defining an appropriate
optimal level of plaque and bleeding scores as a mea-
sure of compliance with oral hygiene. The use of a gold
standard is a prerequisite in assessing the ROC curve;
however, in the absence of such a gold standard, the
use of common periodontal parameters such as prob-
ing depths and calculus appear to be appropriate de-
terminants of periodontal disease. The present ROC
area estimates were highest at 25-15 (plaque 25%,
BOP 15%), followed closely by 20-15 (plaque 20%, BOP
15%), with a correspondingly high PPV and NPV. Ad-
hering to the lower level cut-off at 20-15, 15-15 also
yielded excellent predictive values; these could also be
accepted as an alternative to 25-15. However, 25-15
should be considered the minimum acceptable thresh-
old level compatible with health; it is perhaps less strin-
gent than the other categories and would be more ap-
plicable and achievable in clinical settings.

As the present model is based upon an estimation
of the baseline characteristics in the cohort of patients
with diabetes under consideration, the findings may
not necessarily be applicable to other patient groups.
To test objectively for an optimal cut-off level for dif-
ferent categories of periodontal patients, separate
ROC analysis may be required. Since patients with di-
abetes have been shown to have more severe peri-
odontal breakdown and a higher susceptibility to gin-
gival inflammation (Soskolne and Klinger, 2001; Salvi
et al, 2005), it is possible that a less stringent criteri-
on may be required for patients with low risk to peri-
odontal disease. Conversely, an even more stringent
cut-off level may be needed for patients in the very-
high-risk category. The present oral hygiene compli-
ance criterion has shown that the present study cohort
is relatively homogenous based on age categories and
ethnic groups; therefore it provides sound baseline da-
ta to compare the effects of intervention in a longitu-

dinal study. Even with the limitations, this study con-
firms that some of the commonly recommended tar-
gets of plaque control with oral hygiene programmes
appear applicable and justified in the current context.

CONCLUSIONS

Within the confines of this study, a combination of
25% plaque score and 15% BOP (25-15) obtained the
highest ROC value with high Sn, high PPV and moder-
ate Sp and NPV. This threshold level could be consid-
ered a valid goal for patients in plaque control pro-
grammes. As a cut-off level, individuals presenting with
a combination of ≥ 25% plaque score and ≥ 15% BOP
would be considered non-compliant and would need
further reinforcement in oral hygiene. Therefore the
cut-off value could also be used to compare patient’s
response to periodontal intervention programmes and
to monitor patients’ compliance with oral hygiene dur-
ing maintenance care.

ACKNOWLEDGEMENT

This study was supported by FRC Grant 222-000-017-112.

REFERENCES

1. Abbas F, Van der Velden U, Hart AAM, Moorer WR, Vroom Th M,
Scholte G. Bleeding/plaque ratio and the development of gin-
gival inflammation. J Clin Periodontol 1986;13:774-782.

2. Axelsson P, Lindhe J. The significance of maintenance care in
the treatment of periodontal disease. J Clin Periodontol
1981;8:281-294.

3. Bacic M, Plancak D, Granic M. CPITN assessment of periodon-
tal disease in diabetic patients. J Periodontol 1988;59:816-
822.

4. Badersten A, Nilvòus R, Egelberg J. Scores of plaque, bleeding,
suppuration and probing depth to predict probing attachment
loss. J Clin Periodontol 1990;17:102-107.

5. Bridges RB, Anderson JW, Saxe SR, Gregory K, Bridges SR. Pe-
riodontal status of diabetic and non-diabetic men: effects of
smoking, glycemic control, and socioeconomic factors. J Peri-
odontol 1996;67:1185-1192.

6. Claffey N, Nylund K, Kiger R, Garrett S, Egelberg J. Diagnostic
predictability of scores of plaque, bleeding, suppuration and
probing depth for probing attachment loss. 3 1/2 years of ob-
servation following initial periodontal therapy. J Clin Periodon-
tol 1990;17:108-114.

7. Cohen DW, Friedman LA, Shapiro J, Kyle GC, Franklin S. Dia-
betes mellitus and periodontal disease: two year longitudinal
observations. Part I. J Periodontol 1970;41:709-712.

8. de Abreu MH, Paixao HH, Resende VL, Pordeus IA. Mechanical
and chemical home plaque control: a study of Brazilian children
and adolescents with disabilities. Spec Care Dentist
2002;22:59-64.

Vol 5, No 2, 2007 87

Htoon et al



C
opyrig

h
t

b
y

N

o
tfor

Q
u

i
n

te
ssence

N
ot

for
Publication

9. Emrich LJ, Shlossman M, Genco RJ. Periodontal disease in non-
insulin dependent diabetes mellitus. J Periodontol 1991; 62:
123-131.

10. Galgut PN. The bleeding/plaque ratio in the treatment of peri-
odontal disease. J Clin Periodontol 1988;15:606-611.

11. Gislen G, Nilsson KO, Mattson L. Gingival inflammation in dia-
betic children related to the degree of metabolic control. Acta
Odontol Scand 1980;38:241-246.

12. Grossi SG, Zambon JJ, Ho AW, Koch G, Dunford RG, Machtei EE
et al. Assessment of risk for periodontal disease. I. Risk indi-
cators for attachment loss. J Periodontol 1994;65:260-267.

13. Haffajee AD, Socransky SS, Goodson JM, Lindhe J. Intraclass
correlations of periodontal measurements. J Clin Periodontol
1985;12:216-224.

14. Hintze H, Frydenberg M, Wenzel A. Influence of number of sur-
faces and observers on statistical power in a multi-observer
ROC radiographic caries detection study. Caries Res
2003;37:200-205.

15. Holmes JP, Gulabivala K, van der Stelt PF. Detection of simu-
lated internal tooth resorption using conventional radiography
and subtraction imaging. Dentomaxillofac Radiol
2001;30:249-254.

16. Hugoson A, Norderyd O, Slotte C, Thorstensson H. Oral hygiene
and gingivitis in a Swedish adult population 1973, 1983 and
1993. J Clin Periodontol 1998;25:807-812. 

17. Isidor F, Attström R, Karring T. The effect of root planing as com-
pared to that of surgical treatment. J Clin Periodontol
1984;11:669-681.

18. Joss A, Adler R, Lang NP. Bleeding on probing: a parameter for
monitoring periodontal conditions in clinical practice. J Clin Pe-
riodontol 1994;21:402-408.

19. Kaldahl WB, Kalkwarf KL, Patil KD, Molvar MP. Relationship of
gingival bleeding, gingival suppuration, and supragingival
plaque to attachment loss. J Periodontol 1990;61:347-351.

20. Kay EJ, Knill-Jones R. Variation in restorative treatment deci-
sions: application of Receiver Operating Characteristic curve
(ROC) analysis. Community Dent Oral Epidemiol 1992;20:113-
117.

21. Lang NP, Adler R, Joss A, Nyman S. Absence of bleeding on
probing. An indicator of periodontal stability. J Clin Periodontol
1990;17:714-721.

22. Lim LP, Tay FBK, Waite IM, Cornick DER. A comparison of clini-
cal detection of early plaque growth during different dietary
regimes. J Clin Periodontol 1986;7:658-665.

23. Lim LP. Longitudinal evaluation of scaling and oral hygiene ed-
ucation for an industrial population in Hong Kong. PhD Thesis.
University of Hong Kong, 1991.

24. Lindhe J, Okamoto T, Yoneyama A, Hafajee A, Socransky SS.
Longitudinal changes in periodontal disease in untreated sub-
jects. J Clin Periodontol 1989;16:662-670.

25. Löe H, Theilade E, Jensen SB. Experimental Gingivitis in Man. J
Periodontol Res 1965;36:177-187.

26. Löe H. Periodontal disease: the sixth complication of diabetes
mellitus. Diabetes Care 1993;16:1329-1334.

27 Löesche WJ, Taylor G, Giordano J, Hutchinson R, Rau CF, Chen
YM, Schork MA. A logistic regression model for the decision to
perform access surgery. J Clin Periodontol 1997;24:171-179.

28. Lovdal A, Arno A, Schei O, Waerhaug J. Combined effect of sub-
gingival scaling and controlled oral hygiene on the incidence of
gingivitis. Acta Odontol Scand 1961;19:537-555.

29. McGuire MK, Nunn ME. Prognosis versus actual outcome. II.
The effectiveness of clinical parameters in developing an ac-
curate prognosis. J Periodontol 1997;67:658-665.

30. Mombelli A, Casagni F, Madianos PN. Can presence or ab-
sence of periodontal pathogens distinguish between subjects
with chronic and aggressive periodontitis? A systematic re-
view. J Clin Periodontol 2002;29:10-21.

31. Nair MK, Webber RL, Johnson MP. Comparative evaluation of
Tuned Aperture Computed Tomography for the detection of
mandibular fractures. Dentomaxillofac Radiol 2000;29:297-
301.

32. Nyman S, Lindhe J, Rosling B. Periodontal surgery in plaque-in-
fected dentitions. J Clin Periodontol 1977;4:240-249.

33. Obuchowski NA. Receiver operating characteristic curves and
their use in radiology. Radiology 2003;229:3-8.

34. O’Leary TJ. The plaque control record. J Periodontol
1972;43:625-629.

35. Persson RE, Hollender LG, Powell LV, MacEntee MI, Wyatt CC,
Kiyak HA, Persson GR. Assessment of periodontal conditions
and systemic disease in older subjects. I. Focus on osteoporo-
sis. J Clin Periodontol 2002;29:796-802.

36. Persson GR, Pettersson T, Ohlsson O, Renvert S. High-sensitiv-
ity serum C-reactive protein levels in subjects with or without
myocardial infarction or periodontitis. J Clin Periodontol 2005;
32:219-224.

37. Renvert S, Persson GR. Patient-based assessments of clinical
periodontal conditions in relation to alveolar bone loss. J Clin
Periodontol 2004;31:208-213.

38. Rosling B, Nyman S, Lindhe J, Jern B. The healing potential of
the periodontal tissues following different techniques of peri-
odontal surgery in plaque-free dentitions. A 2-year clinical
study. J Clin Periodontol 1976;3:233-250.

39. Salvi GE, Kandylaki M, Troendle A, Persson GR, Lang NP. Ex-
perimental gingivitis in type 1 diabetics: a controlled clinical
and microbiological study. J Clin Periodontol 2005;32:310-316.

40. Sastrowijoto SH, Abbas F, Abraham-Inpijn L, van der Velden U.
Relationship between bleeding/plaque ratio, family history of
diabetes mellitus and impaired glucose tolerance. J Clin Peri-
odontol 1990;17:55-60.

41. Sheiham A, Smales FC, Cushing AM, Cowell CR. Changes in pe-
riodontal health in a cohort of British workers over a 14-year pe-
riod. Br Dent J 1986;160:125-127.

42. Soskolne WA, Klinger A. The relationship between periodontal
diseases and diabetes: an overview. Ann Periodontol 2001;
6:91-98.

43. Syriopoulos K, Sanderink GC, Velders XL, van Ginkel FC, van der
Stelt PF. The effects of developer age on diagnostic accuracy:
a study using assessment of endodontic file length. Den-
tomaxillofac Radiol 1999;28:311-315.

44. Tervonen T, Oliver RC. Long term control for diabetes mellitus
and periodontitis. J Clin Periodontol 1993;20:431-435.

45. Tervonen T, Karjalainen K. Periodontal disease related to dia-
betic status. A pilot study of the response to periodontal thera-
py in type 1 diabetes. J Clin Periodontol 1997;24:505-510.

46. van der Velden, U, Winkel EG, Abbas F. Bleeding/plaque ratio.
A possible prognostic indicator for periodontal breakdown. J
Clin Periodontol 1985;12:861-866.

47. Verdonschot EH, Wenzel A, Bronkhorst EM. Assessment of di-
agnostic accuracy in caries detection: an analysis of two meth-
ods. Community Dent Oral Epidemiol 1993;21:203-208.

48. Yamamoto Y, Nishida N, Tanaka M, Hayashi N, Matsuse R,
Nakayama K, Morimoto K, Shizukuishi S. Association between
passive and active smoking evaluated by salivary cotinine and
periodontitis. J Clin Periodontol 2005;32:1041-1046.

49. Zweig MH, Campbell G. Receiver-operating characteristic (ROC)
plots: a fundamental evaluation tool in clinical medicine. Clin
Chem 1993;39:561-577.

Htoon et al

88 Oral Health & Preventive Dentistry


