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Abstract The aim of this study was to assess agreement
and association of gingival bleeding after repeated prob-
ing at different time intervals in subjects with gingivitis.
Twenty adults participated. Periodontal probing (P=1.27
MPa) was conducted at six sites of every tooth present.
Probing was repeated in different quadrants immediately
after the first probing (TO0), after 1 h (T1),4 h (T4), and 24 h
(T24). A total of 3,459 sites were probed twice. The mean
proportion of sites bleeding on probing (BOP) was 0.23
(standard deviation 0.08, range 0.10—0.41). Probing itself
had a significant effect on the results of repeated prob-
ing. For TO through T24, respective mean differences of
proportions were 0.04, 0.04, 0.01, and —0.03. Ninety-five
percent repeatability coefficients of proportions were 0.17—
0.18. Estimates of overall kappa were 0.390, 0.234, 0.233,
and 0.046 for TO through T4, respectively. Adjusted two-
level binary response models revealed odds ratios (95%
confidence interval) for BOP at TO through T4 of 6.52
(4.34, 9.80), 3.23 (2.19, 4.76), 3.80 (2.63, 5.50), and 2.68
(1.85, 3.89). It was concluded that a certain degree of
agreement of site-specific bleeding scores in subjects with
plaque-induced gingivitis could be observed only if prob-
ing was repeated at once. Adjusted associations between
repeat BOP were weak in general, but strongest imme-
diately after first probing. There appears to be a signifi-
cant effect of probing itself, which may last for more
than 1 h, whereas 24-h results are obtained under differ-
ent conditions.
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Introduction

Since the early 1960s, bleeding of gingival tissue after
some sort of mechanical manipulation is a widely used
clinical parameter to characterize its inflamed condition
[19]. Increased bleeding tendency of gingiva relates to an
inflammatory infiltrate in the tissue [3, 4, 11, 21], pointing
to a certain degree of validity of the observation. In several
attempts, reliability of bleeding on probing (BOP) and re-
lated indices had been determined in replication studies,
after varying or ill-defined time intervals, often employing
questionable statistical methods, and frequently with rather
poor results [7, 9, 23, 25, 26].

There is limited and contradictory information regard-
ing the effect of time on gingival bleeding after repeat
probing [1, 12, 25]. In preparation of a clinical trial in
young adults with plaque-induced gingivitis, we conduct-
ed a study to analyze results of repeat gingival probing
after different time intervals. First, we did a thorough
analysis of agreement of the proportion of sites with
BOP. Furthermore, site-specific agreement of BOP scores
was assessed, and finally, multilevel modeling for an-
alyzing the association between gingival bleeding after
varying time intervals between probing was employed
whereas simultaneously considering various covariates at
subject and site levels.

Material and methods
Volunteers

Twenty subjects (six men) participated. Volunteers were
between 21 and 39 years old (median age 32 years) and
systemically healthy. Inclusion criteria were mild or mod-
erate plaque-induced gingivitis and a minimum of 25
teeth. Three subjects were mild smokers (7.5 to 12 pack-
years). The following exclusion criteria applied: (1) any
indication for antibiotic prophylaxis, (2) pregnancy or lac-
tation, (3) any long-term medication with a possible effect
on the gingiva, (4) any non-plaque-induced gingival dis-



ease, (5) destructive periodontal disease with a possible
exception of localized attachment loss, (6) extensive tooth
restoration or tooth replacement, and (7) large amounts
of dental calculus. After briefing on the study’s aim and
procedures, volunteers gave written informed consent for
participation.

Periodontal examinations

Systematic periodontal probing to the bottom of the
“sulcus” was conducted at six sites of every tooth pres-
ent with a pressure-controlled probe (ClickProbe 1395,
KerrHawe, Bioggio, Switzerland). The probe has a tip
diameter of 0.5 mm, and probing force is, according to
the manufacturer, 0.25 N when the probe bends with a
palpable click. Thus, pressure was about 1.27 MPa. No
time limit for assessing presence or absence of BOP
was preset because bleeding may be delayed in certain
individuals [20]. Probing was repeated in different quad-
rants immediately (following thorough mouth rinsing with
tap water) after the first probing (TO0), after 1 h (T1), 4 h
(T4), and 24 h (T24). Four sampling schemes were ran-
domly assigned to volunteers. For a given quadrant probed
immediately after the first probing, the contralateral quad-
rant in the opposite jaw was probed after 1 h. Probing was
repeated after 4 h in the quadrant of the same side in the
opposite jaw, and in the remaining quadrant, after 24 h.
One examiner was employed who had no access to pre-
vious recordings.

Data analysis

A statistical program was used for calculations and graph-
ical display (SYSTAT 8.0 for WINDOWS, SYSTAT,
Evanston, IL, USA). Mean and standard deviations (SD)
of subjects’ BOP proportions at different time intervals
were calculated and repeated measures ANOVA applied to
test the hypothesis of no time-dependent change of dif-
ferences between first and second probing. We performed a
thorough analysis of agreement/repeatability for BOP pro-
portions [2] including analysis of data pairs, calculation of
repeatability coefficient, and graphical display of differ-
ences against means of two measurements. It was expected
that mean differences were zero and 95% of differences
less than 1.96 SD, the repeatability coefficient. Differences
were also regressed on means of BOP proportions, as
were residuals from the models.

Site-specific analyses, stratified at the subject level, fol-
lowed [8]. First, fourfold tables were constructed for each
volunteer and time interval, and Cohen’s kappa calculated.
We estimated overall kappa coefficients by considering
individual weights defined as reciprocals of the squared
standard errors (SEs) of individual kappa estimates. We
also tested homogeneity of individual kappa values. Homo-
geneity of marginal proportions (pointing to no direct
effect of the probing procedure on bleeding results) was
tested in the same way. Reciprocals of squared SE of
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differences of proportions of discrepant bleeding results
were used as weights and respective overall estimates
constructed.

For assessing multilevel associations between bleeding
scores, multilevel modeling [10] was applied using special
software (MLwiN 2.0, Centre for Multilevel Modelling,
Institute of Education, University of London, London,
UK). We built two-level (site, subject) binary response
models with bleeding after second probing (BOP2) as de-
pendent variable. Given a sample of gingival units from
individuals, we can write the model for the probability of
BOP2 as

Yij ~ Bin(mj, 1)

using a standard logit link function assuming binomial
error distribution for the (0,1) response y;. The level 2
(subject) random variation is described by the term u;
within the linear predictor. Although initially, no separate
estimate for the level 1 (site) variance is assumed, extra-
binomial variation was also fitted. First, two-level binary
response models were built with bleeding after first probing
(BOP1) as independent variable. Next, stepwise adjust-
ment for tooth type and site, and thereafter, age, gender,
smoking status, percent sites with instant BOP, and sam-
pling scheme, allowed for a detailed analysis of changes of
the observed association between BOP scores.

Results

Nine sites (0.26%) in five patients were excluded from the
analysis because of recent tooth extraction adjacent to the
sites or attachment loss (>2 mm) in combination with
increased probing depth (=5 mm). A total of 3,459 sites
were probed twice.
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Fig. 1 Box plots showing proportions of sites with BOP at first
(left) and second (right) probing with different time intervals (0, 1, 4,
and 24 h)
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Table 1 Analysis of repeatability of the proportion of sites bleeding
on probing (BOP) when probing was repeated immediately after the
first probing (TO0), after 1 h (T1), 4 h (T4), and 24 h (T24)

Mean difference+SD*

Repeatability coefficient

TO 0.044+0.091 0.178
T1 0.035+0.094 0.184
T4 0.012+0.089 0.174
T24 —0.031+0.085 0.167

*p=0.04 (repeated measures ANOVA)

Proportion of sites BOP

At first probing, 22.8% (SD 8.1) sites bled, on average.
Box plots in Fig. 1 display the distribution of the propor-
tion of sites BOP before and after probing at different time
intervals. Mean differences of proportions of sites with
BOP tended to be higher when probing was either repeated
immediately or after 1 h and lower after 24 h (p=0.04).
Ninety-five percent repeatability coefficients were be-
tween 0.167 and 0.184 (Table 1). No systematic trend of
change in differences with higher BOP percentage could
be ascertained at any time interval.

Site-specific agreement

Overall kappa estimates for bleeding results at different
time intervals varied considerably (Table 2). A certain level
of agreement could only be established when probing was
repeated immediately after the first probing (overall kappa
0.390, SE 0.036). After 24 h, hardly any agreement could
be ascertained. Moreover, although individual kappa
values were rather homogeneous for repeat probing at
TO and T1, results after 4 and 24 h differed significantly
among subjects. Weighted overall differences of propor-
tions with discrepant bleeding results after first and sec-
ond probing indicate a deleterious effect for immediate
repetition of probing and repetition after 1 h (0.042 and
0.032), whereas the opposite was noticed after 24 h
(=0.036).

Site-specific association

We employed multilevel modeling to adjust time interval-
related associations of repeated BOP for subject and tooth-
related covariates. Three sets of models are presented in
Table 3. Crude odds ratios for BOP were 7.43 at TO, 3.67
at T1, 4.56 at T4, and 3.42 at T24. When the models were
adjusted for tooth type and site, odds ratios were de-
creased by about 10-15% (model 2). Model 3 was ad-
justed for age, gender, smoking status, proportion of sites
with BOP at the outset, and sampling scheme. Associa-
tion of BOP scores at different time intervals remained
largely unaffected. Subject variation, as expressed by u;,
was between 0.022 and 0.218 in unadjusted models and
largely reduced in adjusted models (between 0 and 0.081).

Discussion

Seven criteria have been listed for good performance of a
gingival or periodontal examination [24]: it should be sim-
ple, accurate, reproducible, objective, quantitative, quickly
done, and amenable to statistical analysis. For the sake of
simplicity, gingival inflammation was confined here to
one factor, namely, bleeding after probing to the bottom
of the sulcus. Because probing is done in most gingivitis
experiments by one examiner, we tested intraexaminer re-
peatability only. The chosen population presented with
mild or moderate plaque-induced gingivitis, similar to the
intended main study population. Whether gingiva bleeds
after probing does not only depend on the presence or
absence of an inflammatory infiltrate in the tissue but is
also largely affected by probing pressure [15]. Probing
with a constant force has led to greater reproducibility of
gingival bleeding [25], making standardization of probing
force mandatory.

The present study design allowed detailed analysis of
the time factor on bleeding tendency after repeat prob-
ing. When probing was repeated up to 1 h after the first
examination, higher mean proportions (about +0.04) of
bleeding sites were discerned. The difference became
small after 4 h (+0.01) whereas lower mean bleeding

Table 2 Agreement of BOP as expressed by overall kappa and overall weighted differences of marginal proportions p,—p;® with respective
95% confidence intervals (CI) when probing was repeated immediately after the first probing (TO0), after 1 h (T1), 4 h (T4), and 24 h (T24)

Overall kappa Homogeneity Marginal proportions Homogeneity

2 95% CI xX* (19 p Overall weighted p>—p, 95% CI X9 p
TO 0.390 0.319, 0.461 12.032 n.s. 0.041 0.012, 0.070 27.131 n.s.
Tl 0.234 0.164, 0.304 18.623 n.s. 0.032 0.000, 0.064 27.964 n.s.
T4 0.233 0.172, 0.294 57.072 <0.001 0.019 —-0.012, 0.051 24.750 n.s.
T24 0.046 0.004, 0.088 63.335 <0.001 -0.036 -0.067, —0.005 19.254 n.s.

Homogeneity tests for equal individual kappas and differences of proportions
If results of probing at n sites in a certain subject are tabulated in a fourfold table as frequencies of pairs with agreement (a, d) and

disagreement (b, c), then p=(a+c)/n, py=(a+b)/n, and p,—p=(b—c)/n
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Table 3 Odds ratios and 95% CI derived from three sets of two-level binary response models describing the influence of different time
intervals (T1-T24) on association between first and second BOP at second probing

Model 1° Model 2° Model 3°

Odds ratio 95% CI Odds ratio 95% CI Odds ratio 95% CI
TO 7.43 5.18, 10.68 6.66 4.52,9.82 6.52 4.34, 9.80
Tl 3.67 2.56, 5.26 3.23 2.22,4.72 3.23 2.19, 4.76
T4 4.56 3.23,6.42 4.04 2.82,5.77 3.80 2.63, 5.50
T24 342 2.41, 4.87 2.82 1.96, 4.07 2.68 1.85, 3.89
*Unadjusted

®Adjusted for tooth type and site

°Adjusted for tooth type, site, age, gender, smoking, proportion of sites instantly bleeding after probing, and sampling scheme

proportion (—0.03) was observed after 24 h, probably due
to the Hawthorne effect [6]. Any analysis of repeatabil-
ity assumes zero mean difference between measurements.
Systematic error (bias) indicates that values are not true
replicates [2]. It may be concluded, therefore, that re-
peatability of BOP proportion is best to be assessed after
4 h. Repeatability coefficients, indicating the range in
which 95% of differences between measurements can be
expected, were about 0.17. Whether coefficients of that
magnitude are sufficiently small for correct interpretation
of data acquired in a gingivitis trial may be a matter of
debate.

By summarizing observations at the patient level, “re-
liability” may be spuriously increased and can be high [22],
even if the index is unreliable at all at the site level. Re-
liability of site-specific observations is to be assessed at the
unit of examination. The 2x2 intraclass kappa directly es-
timates reliability as defined in the classical sense and is
the ideal reliability coefficient for a binary measure [14].
Kappa coefficients are sensitive to the form of marginal
distributions, which makes comparison of kappa values
from different tables questionable. It is well-known that
high reliability of any measure in a homogeneous popu-
lation is difficult to achieve. But that is not a flaw in kappa.
It merely reflects difficulties in making clear distinctions
between units of observations in a population in which
those distinctions are very rare or fine. In such popula-
tions, noise quickly overwhelms the signals [14]. There-
fore, kappa does not describe reliability of a diagnostic as
such but rather in a specific situation. It is a common mis-
conception, e.g., in periodontal research, that inclusion of
too many nondiseased sites might give a false picture of
reproducibility because kappa may be low [26]. Instead,
the sample population of a replication study should be
similar in its parameter in question to that of the main
study.

When numerous observations are made in a given in-
dividual, SEs of any measure of association will be spu-
riously minimized if sites in subjects are (erroneously)
regarded independent. Here, we considered individual
values of kappa to calculate a weighted estimate of com-
mon kappa. The highest overall kappa (0.390) was de-
termined when probing was repeated immediately after
first probing. Very low, if any, chance-corrected agreement
was noted after 24 h (0.046). Tests for equality of individ-

ual kappa values revealed significant heterogeneity when
probing was repeated after 4 and 24 h. Individual fourfold
tables were also used for estimating weighted overall dif-
ferences of marginal proportions [8] to analyze, at the site
level, discordance of bleeding results. Somewhat smaller
in magnitude as figures in Table 1, they provide a weight-
ed site-specific average of differences, and again, point to
a relevant traumatizing effect of the examination proce-
dure itself, which may be traced at least 1 h after probing
without significant heterogeneity. Comparison of present
results with findings in other studies is difficult. Chosen
time intervals between repeat probing vary from a few
minutes [25] to even 2 days [23] and are frequently ill-
defined. Our observations may corroborate the findings
of investigators who reported increased bleeding frequen-
cies for up to 2 h after initial probing in subjects with
gingivitis [1, 26], but may be in contrast to others who
examined nonsurgically treated periodontitis patients with
increased probing depths, and did not observe an increased
percentage of bleeding sites when probing was repeated
after 15 [25] or 100 min [12]. However, investigators em-
ployed different probes, probing forces, probing tech-
niques, and frequently used inappropriate statistics. In
general, reported kappa coefficients for bleeding after
repeat probing (inter- and/or intraexaminer reliability) were
slightly higher in several studies [5, 23, 26]. But most
important, kappa coefficients that have been obtained in
different populations and/or situations cannot simply be
compared. Moreover, as a diagnostic measure, BOP has
definitively different meaning/interpretation in individuals
with gingivitis, or patients with either untreated or treated
periodontitis. All the more, its diagnostic accuracy should
be assessed before any main study is conducted.

The present results further substantiate the claim that
reliability of an invasive diagnostic measure cannot be de-
termined. Instead, measures of association between find-
ings after first and second probing, such as the odds ratio,
may be more appropriate. Interpretation of the odds ratio
as measure of association has recently been criticized [13].
When marginal proportions P or Q in a fourfold table are
equal and 0.5, cut points for kappa (defining different
levels of agreement) of 0.2, 0.4, 0.6, or 0.8 correspond to
odds ratios 0f 2.3, 5.4, 16, and 81, respectively. Odds ratios
are, however, much higher (4.5, 13.3, 42.7, and 223) if
marginals are equal, but 0.1 or 0.9 (similar to those in the
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present study), suggesting much stronger associations. An
unassailable argument for using the odds ratio is the like-
lihood ratio test statistic for the null hypothesis of equality
between two binomial distributions, in particular, in mul-
tiple logistic regression. In its strict sense, assumptions of
regression models are not appropriate in the study of re-
liability [2, 13, 16, 27], where both variables are treated as
random and neither is regarded independent or dependent.
However, as already outlined, in replication of invasive
probing, the second response indeed depends on the first.

As compared to any other time interval, the crude odds
ratio for bleeding was twice as high when probing was
immediately repeated. Adjustment for tooth type and site
attenuated the association between BOP scores. In all
models, the association was significantly lower at buccal
sites, and in the model considering immediate repeat prob-
ing, association between probing results was stronger at
first and second molars (not shown). The relationship be-
tween different BOP results at different tooth types, and
sites may largely be influenced by various thickness of soft
tissues [17]. Adjusting for other factors such as gender, age,
smoking status, proportion of sites with BOP, and sampling
scheme slightly affected overall associations between BOP
at different time intervals. The present results have to be
considered in view of a recent longitudinal study in which
standardized probing was repeated in smokers and non-
smokers with gingivitis [18]. Examinations were per-
formed every 8 weeks for 6 months in a steady-state plaque
environment. Associations between BOP scores were rath-
er low in smokers. However, in nonsmokers, the common
odds ratio for BOP at baseline and at 8-week reexamina-
tion was 6.01 (95% confidence interval 4.33-8.36), com-
parable to that in the present study when probing was
immediately repeated after the first probing.

Recently, a more complicated procedure for provoking
gingival bleeding has been advocated for clinical studies on
gingivitis [26]. The protocol of the bleeding on marginal
probing index includes insertion into the gingival crevice
of a 0.5-mm-diameter probe to a depth of approximately 2
mm, which is then run at an angle of approximately 60° to
the long axis of the tooth. Bleeding is assessed within 30 s
after probing. How are these technical details controlled?
According to the authors, bleeding upon probing to the
bottom of the sulcus is a poor indicator of early gingivitis.
Instead, they recommend that gingivitis should be assessed
by probing the marginal gingiva. In that study, however,
measurement agreement of any procedure (irrespective
within and between examiners) could hardly be rated as
“fair” on a site basis [26].

It is self-evident that a particular diagnostic should be
interpreted with caution if observations cannot be repli-
cated. This may have serious consequences for the con-
duction of clinical studies in which site-specific gingival
bleeding is the main outcome variable (or an integral part of
a more “precise” index). As regards to the present results in
subjects with gingivitis, the following might be concluded.
The probing procedure itself has a small detrimental effect
as indicated by an increase in the proportion of bleeding

sites after second probing. It was consistent among indi-
viduals and might last for more than 1 h. If repeatability of
full-mouth bleeding scores is to be assessed 4 h after the
first probing when this effect seems to be small, the 95%
repeatability coefficient may be as large as 0.17. After 24 h,
a small trial effect may be discernible. A certain degree of
agreement of site-specific bleeding scores can only be
observed when probing is repeated at once, whereas after
24 h, a different situation may be present. The study con-
firms that reliability of gingival bleeding after probing in
subjects with mild or moderate plaque-induced gingivitis
can hardly be determined in a replication study. Adjusted
associations between repeat BOP were weak in general,
but strongest immediately after first probing. However, an
odds ratio of 6.5 (with marginal proportions of about 0.8)
hardly corresponds to a desired degree of repeatability of a
diagnostic measure.
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