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Reproducibility of Probing Depth

Measurements Using a Constant-Force
Electronic Probe: Analysis of Inter- and
Intraexaminer Variability
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Background: Probing depth (PD) is a commonly used method
to determine periodontal disease severity in both treating and
evaluating disease progression. Agreement among examiners
collecting data in scientific investigations is necessary to estab-
lish reliable criteria for determining levels of periodontal attach-
ment loss. The objective of our study was to evaluate inter- and
intraexaminer variability of PD measurements among study
examiners using a constant force periodontal probe, and to com-
pare the variability of tooth-mean and quadrant-mean.

Methods: Three examiners, who had been previously trained
and calibrated, performed measurements on 20 volunteers. Intra-
and interexaminer variability of sites was determined by means
of standard error of measurement (SE). Data analysis included
determination of error for both quadrant mean and tooth mean.

Results: PD measurements for the quadrant-mean were used
to calculate the intraexaminer variability, resulting in a mean
(SD) value for an SE of 0.40 mm (+ 0.02). Interexaminer vari-
ability for quadrant mean was 0.16 mm (+ 0.02). For tooth-mean
SE, the intraexaminer variability values were equal to 0.38 mm
(£0.07), and interexaminer variability equal to 0.24 mm (+ 0.05).

Conclusions: All three examiners participating in our study
were able to obtain reliable measurements for PD, using the con-
stant force electronic probe. Reproducibility did not vary appre-
ciably when using the whole quadrant mean compared to the
tooth mean. These trained examiners were able to provide repro-
ducible measures under 0.5 mm. J Periodontol 2003;74:1736-
1740.
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quently used to determine periodon-

tal disease severity, and to evaluate
both treatment and disease progression
in scientific investigations. Models of peri-
odontal disease progression have been
developed based on PD data in different
research design protocols. !

Reliability estimates of PD have been
shown to vary between individuals, be-
tween tooth types and across a series of
examinations.? Therefore, in order to
obtain site-specific diagnostic threshold
values, it has been conventional to use
a single estimate obtained by pooling
recordings across sites or across teeth.?
In 1983, Haffajee et al. proposed the tol-
erance method to determine periodontal
disease measurement reproducibility and
to assess disease progression.3 In this
method, the difference between replicate
attachment level measurements was
used to calculate a standard deviation
for all the measurements made in one
individual.3 For reproducibility purposes,
that research group considered 3 stan-
dard deviations from the mean as the
threshold for attachment loss in an indi-
vidual site.3 This method has been used
throughout the years to determine repro-
ducibility of measurements of periodon-
tal disease.

Research methodology requires inter-
and intraexaminer agreement in order to
determine periodontal attachment loss in
individuals beyond the error of the

Probing depth (PD) is a method fre-
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method.# Reproducibility of attachment level record-
ings is usually reported as the overall (pooled) stan-
dard deviation of the difference between duplicate
recordings, or as the percentage of differences that
agrees within a specified millimeter range.!

Previous studies comparing the reproducibility of PD
data used two units of comparison, the overall mean
of the mouth (patient as the unit) or the tooth as the
unit.1245 Criticisms of both methods have been made.
Gunsolley et al. investigated the influence of within-
subject (mouth mean) and within-tooth variability of
attachment level.> Both units were included in the
model at the same time to examine the subject corre-
lation when building the model.> However, the use of
the subject as the unit may hide site-specific associa-
tions. Their results showed significant variance using
both the tooth and the subject as the unit. Therefore,
they concluded that both units should be evaluated
when studying the reproducibility of PD or clinical
attachment level measurements.?

Determinations of factors which influence the mea-
surements of probing depth remain unclear, may vary
by study, and are not yet well understood.® Time
between examinations, different examiners, and
sequence of probing may be potential source(s) of
error. In addition, patient characteristics such as sever-
ity of periodontal disease may influence error.®

The main objective of our study was to evaluate the
inter- and intraexaminer variability of PD using a con-
stant-force electronic probe and to compare the vari-
ability of tooth mean and quadrant mean, as the unit
of measure.

MATERIALS AND METHODS

Three examiners (one dentist and two dental hygien-
ists) measured probing depth of 20 healthy volunteers
recruited from the staff and faculty of the Department
of Social and Preventive Medicine at the University at
Buffalo. The study protocol was reviewed and approved
by the Health Sciences Institutional Review Board of
the University at Buffalo. All participants provided
signed consent.

All three examiners were trained and calibrated by
an examiner considered to have the strongest exper-
tise in the protocol, which was similar to the one used
by Grossi et al.®

The PD measurements were made using a constant-
force electronic probe, connected to a computer for
instantaneous data capture and storage. Probing force
was preset at 20 g. When the probe was in place, a
foot switch was depressed and the computer auto-
matically captured the measurement to the nearest
0.1 mm.°

Measurements were taken from one quadrant per sub-
ject, which was predetermined at the screening exami-
nation. The choice of quadrant was based on the number
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of teeth present, to decrease the standard deviation from
the mean.® For better standardization quadrant 1 was the
first choice, followed by 2, 3, or 4 respectively. Six sites
around each tooth were measured (mesial-buccal, mid-
buccal, distal-buccal, mesial-lingual, mid-lingual, and
distal-lingual).® Third molars were not included in the
assessment because of their large variation in anatomy
and position in the oral cavity. Care was taken to assure
that measurements were made with the probe tip par-
allel to the tooth axis at the mid-buccal, mid-lingual and
as close as possible to the mid-interproximal area from
the buccal and lingual aspects, and the same angula-
tions were carried on through all the sites.?

Subject screening was performed by one of the
dentist examiners, using a conventional manual peri-
odontal probe. Sites from one arch (upper or lower)
were measured including molars and incisors. A par-
ticipant was included if the mean PD at screening visit
was <3.0 mm.

Volunteers had to meet the following criteria, which
were established for a large epidemiologic study
planned by our institution. Inclusion criteria: 1) 35 to
79 years old; 2) either gender; any ethnic background;
3) >6 natural teeth; and 4) PD mean value <3 mm.
Exclusion criteria: 1) currently receiving periodontal
therapy or receiving treatment in the last 6 months;
2) PD >3 mm; 3) currently taking antibiotics; or 4)
requiring prophylactic antibiotic therapy prior to den-
tal examination, since participants would be probed
six times in 14 days (twice by each examiner).

The quadrant chosen should present with six teeth.
Where there were less than six teeth in the selected
quadrant, the next quadrant was chosen. If no quad-
rant contained six teeth, the quadrant with the most
teeth was measured to ensure that the highest num-
ber of possible sites was examined. Each examiner
measured up to 42 sites per patient at the first visit
(sequence 1) and then a different examiner repeated
the measurement (sequence 2) in the same quadrant
at the same appointment. At the second appointment,
approximately 7 days later, the measurements were
repeated by one of the examiners from visit one and
the third examiner, who had not previously examined
this subject. On the third visit, approximately 14 days
after baseline, the examiners who had collected data
only once completed the sequence of measurements.
Therefore, all 20 subjects had PD data recorded twice
in different visits by each of three examiners.

Statistical Analysis

Intra- and interexaminer variability of sites was deter-
mined by calculating means of standard error of mea-
surement (SE), which was calculated as the square root
of the site-specific variance, calculated by dividing
the sum of the difference between two measurements,
squared, divided by the number of pairs.®8 The same
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formula was applied for the analyses at both tooth and
quadrant level assessment:

Standard error of measurement (SE) = V(ZD2/2N)
where D = difference between 2 mean values
for each tooth per subject, across examiners

and N = number of subjects

For intraexaminer variability calculations, we used
values measured by the same examiner on two dif-
ferent occasions. Interexaminer variability was deter-
mined by the difference of values obtained by two
examiners at the same visit; i.e., measurements
recorded at the same appointment 5 to 10 minutes
apart, by different examiners.

Data analysis was performed two ways: at quad-
rant-mean and tooth-mean measures, to allow us to
determine if there is any influence of the type of tooth
and/or its location on the variability among examin-
ers, compared to the overall quadrant measurements.

RESULTS

Table 1 shows the values for intraexaminer variability
of the probing data at the quadrant (subject) level.
Quadrant mean values ranged from 2.09 to 2.24 mm
and 2.10 to 2.21 mm at first and second visit, respec-
tively, for all three examiners. Standard error of mea-
surement for quadrant mean for examiner A was 0.38
mm; 0.39 mm for examiner B and 0.42 mm for exam-
iner C (mean for all three examiners: 0.40 mm + 0.02).
These results indicate that all three examiners had a
similar error when assessed at the quadrant level. In
addition, the absolute threshold of error was less than
0.5 mm for all examiners.

Interexaminer variability at the quadrant level between
examiners A and B was 0.14 mm; between examiners
A and C, 0.18 mm; and for examiners B and C, 0.16 mm
(mean SE: 0.16 mm + 0.02) (Table 2).

Table 3 presents the data for intraexaminer variabil-
ity at the tooth level. All three examiners had a similar
SE, which was consistent across different teeth. The
overall range of values was from 0.24 to 0.52 mm,
depending on the tooth and the examiner.

When analyzing data for interexaminer reliability at

Table I.

Intraexaminer Reliability of Constant-Force
Electronic Probe

Mean (SD)  Mean (SD)  Overall Mean SE
Examiner Visit | Visit 2 (SD) (mm)
A 224 (048)  2.10 (0.31) 2.17 (0.30) 0.38
B 228 (048)  2.16 (0.31) 222 (0.30) 0.39
C 209 (041) 221 (045) 2.15 (0.31) 042
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Table 2.

Interexaminer Reliability of Constant-Force
Electronic Probe

Mean (SD) Mean (SD) Mean (SD)  Mean SE
Examiners A B C (SD) (mm)
AandB 208 (0.26) 2.18 (0.34) 2.13(029) 0.14
Aand C 222 (0.38) 221 (045) 221 (040) 0.8
Band C 22 (029) 203 (029) 2.11 (028) 0.16
Table 3.

Intraexaminer Reliability of Constant-Force
Electronic Probe

Mean Mean Overall Mean SE
Tooth Visit | Visit 2 (SD) (mm)
Examiner A
2 molar* 2.28 (047) 222 (043) 225 (0.38) 0.34
| molar* 2.32 (0.66) 222 (043)  2.16 (0.68) 0.44
2 premolart 232 (059) 2.07 (041) 220 (0.42) 0.44
| premolar®* 231 (0.58) 2.12 (041) 222 (0.38) 047
Caninef 2.17 (043) 208 (037)  2.13(0.28) 0.40
Lateral® 2.18 (049) 200 (0.33)  2.09 (0.30) 042
Centralf 2.16 (049) 204 (040)  2.10 (0.30) 0.46
Examiner B
2 molar* 2.32 (042) 245 (045)  2.39 (0.40) 0.25
| molar* 242 (0.51) 238(053) 240 (044) 0.40
2 premolart 235 (048) 2.32 (049) 234 (041) 0.35
| premolar®* 221 (044) 222 (041) 222 (0.30) 041
Caninef 2.10(0.39) 196 (037) 203 (0.28) 0.36
Lateral® 2.13(030) 1.96(0.28)  2.05 (0.24) 026
Centralf 2.00 (0.32) 1.87(0.28) 1.94 (0.25) 024
Examiner C
2 molar* 229 (040) 249 (0.54) 239 (040) 0.38
| molar* 2.34 (049) 255(0.67) 244 (052) 0.40
2 premolart 211 (037) 226 (0.58)  2.18 (0.41) 0.52
| premolar* 2.10 (0.31) 227 (0.50)  2.18 (0.35) 0.35
Caninef 1.84 (0.35) 207 (0.37) 1.96 (0.27) 0.38
Lateral® [.75 (0.25) 1.95 (0.44) 1.85 (0.27) 0.35
Centralf .81 (0.33) 1.95(0.38) 1.88 (0.26) 0.34
*N1=19.
N2 = 20.

the tooth level (Table 4), we observed that the error
was larger compared to the quadrant level (Table 2).
At the tooth level, the overall range of values for inter-
examiner variability overlaps the range of values pre-
sented for intraexaminer variability. The lowest variation
was observed between examiners A and C for the sec-
ond premolars (0.15 mm). The highest SE was for
measurements of the first molar between examiners A
and B (0.35 mm).
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Table 4.

Interexaminer Reliability of Constant-Force
Electronic Probe

Overall Mean SE

Tooth Mean Mean (SD) (mm)
Ex. A and B* Examiner A Examiner B
2 molar® 221 (040) 244 (047) 2.32 (045) 0.22
| molart 2.18 (0.37) 240 (0.55) 2.29 (047) 0.35
2 premolarjr 2.14 (0.38) 2.33 (0.52) 2.35 (0.46) 0.27
| premolarJr 2,08 (0.29) 227 (045) 2.17 (0.39) 0.26
Caninet 2.02 (0.33) 202 (041) 2.02 (0.37) 0.25
Lateral® .97 (0.31) 1.98 (0.30) [.98 (0.30) 0.27
Central* 1.99 (0.34) 1.88 (0.29) 1.94 (0.32) 0.27
Ex.A and Ct Examiner A Examiner C
2 molar® 2.29 (0.50) 2.50 (0.56) 240 (0.53) 0.25
| molarf 2.36 (0.69) 2.54 (0.69) 245 (0.69) 022
2 premolari 2.25 (0.63) 2.27 (0.58) 2.26 (0.60) 0.15
I premolarJr 2.35(0.63) 229 (0.50) 2.32 (0.56) 021
Caninet 224 (046) 207 (0.35) 2.16 (0.40) 0.26
Lateral* 221 (048) 195 (043) 2.08 (0.47) 0.27
Central* 221 (051) 1.95(0.34) 2.08 (0.45) 0.27
Ex.Band Cf Examiner B Examiner C
2 molart 2.34 (040) 2.29 (0.38) 231 (0.39) 0.18
| molarf 240 (0.50)  2.35 (047) 2.37 (0.48) 0.20
2 premolarjr 2.34 (044) 2.10 (0.37) 2.22 (042) 0.20
I premolarJr 2.16 (0.39) 209 (0.31) 2.13 (0.35) 0.16
Caninet 2,04 (0.36) 1.84 (0.37) 1.94 (0.38) 0.25
Lateral* 2.12 (0.29) 1.75(0.27) [.93 (0.34) 0.27
Centralt 200 (0.31) 1.81 (0.37) [.90 (0.35) 0.27
* Comparison of measurements from two examiners on the same visit.
+ N1 = 19.
# N2 = 20.
DISCUSSION

Probing depth, i.e., measuring the distance from the
gingival margin to the bottom of a pocket, is recog-
nized as one of the most important tools used to deter-
mine periodontal disease status. Probing accuracy and
precision are affected by factors such as probe design,
probing force, position, pocket depth, and tissue
inflammation.® Several types of probes are available,
with the most common probe used in clinical practice
a manual version.!9 The manual probe, however, relies
on the clinician’s judgment to indicate PD and usually
the values are rounded up to the mm.!! Electronic
probes have been recently developed, and are widely
used in clinical research due to their potential to reduce
error because measurements are computerized using
a constant probing force.!0

The determination of variability and reproducibility of
manual and electronic probe measurements have been
widely reported. Osborn et al.!0 reported that the range
of error, measured by standard deviation (SD) of the
difference, was similar for the probes tested. They indi-

cated that intraexaminer variability ranged from 0.46 to
0.58 mm for the electronic probe, while the manual
probe was slightly higher (0.58 to 0.66 mm). In the case
of interexaminer variability, the electronic probe mea-
surements showed an SD ranging from 0.50 to 0.85 mm
and the manual probe a range from 0.63 to 0.74 mm.

Quirynen et al.!? performed a similar study to
address the advantages of the electronic probe over the
manual probe. The results indicated that when using
a manual probe, examiners tend to report deeper
recordings, probably due to the lack of standardization
regarding the force applied during probing. This study
indicated SD was equal to 0.60 mm for the manual
probe and 0.76 mm for the electronic probe.!?

A slightly different approach was presented by Perry
et al. when, besides determining values for intra- and
interexaminer variability consistent with the literature,
they compared the probes in regard to time, comfort,
and cost. They reported a similar variability in mea-
surements for all probes, but noted the higher cost of
electronic probes, as well as the increased time of exam-
ination compared to manual probes.!!

There is general agreement among investigators
that electronic probes are associated with improved
reproducibility of measures; this may be due to the
lack of standardization of probing forces used during
manual probing, manual recording of data, or level of
calibration of examiners.!3

The goal of the present study was to determine inter-
and intraexaminer variability of PD using a constant force
electronic probe and to compare the variability of tooth
mean to the variability of quadrant mean within and
between examiners. Our results are consistent with other
findings of electronic probing reliability results.? Our
examiners were able to show consistency of agreement,
in terms of mean and standard deviation. There was an
agreement between examiners when the measurements
were taken at the same visit, and within examiners, using
measurements taken by the same examiner in two dif-
ferent visits, 7 or 14 days apart. Regardless of compar-
ison, error was always under 0.5 mm.

Our study went further than previously reported
work,%915 in that we calculated these values of reliability
at both the quadrant and the tooth level. We observed
similar ranges of values regardless of which measure
was assessed. When the entire quadrant was used to
calculate the intraexaminer variability, we obtained a
mean SE value of 0.40 mm + 0.02 (range: 0.38 to 0.42)
(Table 1); at the same level (quadrant), interexaminer
variability showed an SE mean value of 0.16 mm % 0.02
(range: 0.14 to 0.18) (Table 2).

When we calculated the standard error of mea-
surement at the tooth level, we observed a change in
values, depending on the type of tooth and its loca-
tion (Tables 3 and 4). We observed that anterior teeth
presented a smaller degree of variation compared to
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posterior, especially molars, likely due to easier access
to the anterior teeth.

The differences between the values of inter- and
intraexaminer variability may be due to the difference
in days between the two measurements used to cal-
culate the intravariability. Measurements for intra- and
interexaminer variability at the same visit were not per-
formed due to the discomfort caused by multiple prob-
ing actions with an electronic probe. We decided to
measure the variability between two examiners at the
same visit, and the intravariability with data from
different visits, 7 to 14 days apart. We were aware that
this time difference could affect the results, because
some change in the pocket depth may occur due to
probing and to the Hawthorne effect.!® However, when
we stratified the calculations by tooth type this differ-
ence between intra- and interexaminer variability
seemed to be diminished (Tables 3 and 4).

Replicate measurements recorded by the same
examiner at the same visit are needed to clarify the role
of time between two visits on determining technical
error.” Magnusson et al. performed such a study and
their results showed higher differences for interexam-
iner variability than our results, with error reaching val-
ues as high as 1.02 mm.? Grossi et al. performed a
similar reliability study and proposed a similar method
of examiner variation;® their results showed inter-
examiner variability ranging from 0.4 to 0.6 mm. Our
results are similar to those presented by other stud-
jes 614,15

Our examiners received previous training and ap-
peared to maintain the calibration protocols for prob-
ing measurement.® Standardization of technique in this
clinical research setting resulted in low measurement
error, similar to prior studies.® 1412 This level of repro-
ducibility in other settings, such as private practice,
may not be as high if strict assessment protocols are
not followed. In addition, subjects in this study had lim-
ited periodontal disease (<3.00 mm); therefore, these
results may not apply to patients with more severe peri-
odontal disease. In addition, private practice settings
may limit assessment to manual probe techniques.

Our study suggests limited differences in the mea-
surement of tooth and quadrant using the electronic
probe. Replication of this study using manual probes
needs to be undertaken before we determine if these
results are consistent regardless of probe used.

Reliable measurements are necessary in periodontal
research to determine new parameters of disease and
their association to putative risk factors. Ongoing stud-
ies of probing measurements should strive to attain mea-
sures with limited error. Our study suggests that both
inter- and intraexaminer variability measures of probing
depth assessed by an electronic constant-force probe
can be consistently reduced to levels under 0.5 mm, in
a careful monitored setting. In addition, this study
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demonstrates that reproducibility using electronic probe
measures does not vary substantially whether data are
evaluated at quadrant or tooth level.
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