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Background: An experimental periodontal sensor probe
(SP) equipped with an optical fiber for recording function was
developed. The aim was to test the intraexaminer reproducibil-
ity of probing using the SP and to assess the consistency with
the manual probe (MP).

Methods: The SP was assembled with an external sheath
covering the probe tip of an MP. The sheath was slid backward
by the free gingival margin while probing and the sliding dis-
tance was detected by the sensor. The probing was conducted
with the walking stroke at six sites for four first molar teeth in
six maintenance patients with the SP and the MP at a 1-hour in-
terval. The deepest reading in the vicinity of each site was
recorded. The measurements were rerecorded 1 week later.

Results: The mean depth was 3.03 and 3.08 mm recorded
by the MP and SP, respectively. Although no significant differ-
ence was found between the probes (P >0.05) in all measure-
ment sites, the mean depth at the lingual site of the upper left
first molar was noticeably lower with the SP. For sites ‡7 mm,
significantly lower depth was recorded by the SP (P <0.05).
Zero discrepancy in duplicate measurements was found in
76% of all sites with MP and 92% with SP.

Conclusions: The reproducibility of the SP was comparable
to that of the MP. The results indicate that for sites of mainte-
nance patients with probing depth <7 mm there was excellent
agreement obtained by a single examiner using the SP com-
pared to the MP. J Periodontol 2012;83:222-227.
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P
eriodontal probes are used to de-
termine the presence and severity
of periodontal disease and to assess

the effect of periodontal treatment.1,2 The
probes are used not only to measure
probing depth (PD), but also to determine
attachment level, presence of plaque
and calculus, presence of inflammation,
bleeding on probing (BOP) and sup-
puration, and anatomic features, such
as irregularities of the root.3 Pressure-
sensitive automated periodontal probes
have been developed to reduce the
factor of variability of probing force.4,5

Improved reproducibility of the PD
recorded by automated probes with
controlled probing force has been re-
ported,6-8 whereas others found no im-
provement of the reproducibility.9-11 The
advantages of the automated probes also
include an electronic readout function
and the capacity for electronic data col-
lection, by which PD at each probing site
is recorded and stored by the software
installed in the probing device or in a
personal computer. The electronic record-
ing of the measurements offers tremen-
dous advantages for clinicians who work
alone, because it automatically collects
data without writing transcription and it
prevents transcription errors in clinical
records and research data.

Despite extensive research on the de-
velopment of automated probes, they are
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not primarily used for periodontal examination. The
conventional manual periodontal probe is still the
major instrument used for diagnosis and evaluation
of treatment. The diameter and shape of the probe
tip are important factors that affect measurement of
PD. One of the reasons for dentists to continue using
conventional manual probes (MPs) may be that ex-
amination of the periodontal sulcus is a sensitive pro-
cedure that can be affected by the shape of the
periodontal probe tip. In this context, an alternative
concept was to modify the conventional probe by at-
taching a sensor to record the PD. This sensor probe
(SP) could register the PD at each measurement site
without writing transcription. At the same time, it
could serve as a conventional diagnostic tool to as-
sess the various anatomic features within the peri-
odontal sulcus by the same probe tip configuration
as the conventional probes.

Optical fibers can be used as sensors to measure
strain and other quantities by modifying a fiber so that
the quantity to be measured modulates the intensity,
phase, polarization, wavelength, or transit time of light
in the fiber.12 Sensors that vary the intensity of light
are the simplest, because only a simple source and
detector are required. A particularly useful feature
of intrinsic fiberoptic sensors is that they can, if re-
quired, provide distributed sensing over very large dis-
tances. The fibers are particularly useful when applied
as remote sensing material for periodontal probes
that aim to acquire information in the mouth because
of its small size, and the fact that no electrical power is
needed. They can be safely used for recording mea-
surements within human tissues without heat and
electrical shock.13

This studyaims todevelopaperiodontalprobingsys-
tem constructed by equipping the conventional probe
with an optical fiber sensor to record the PD, and to
assess the reproducibility of the measurements. The
intraexaminer reproducibility of PD measurements us-
ing an SP was compared to a conventional MP on peri-
odontal maintenance patients.

MATERIALS AND METHODS

SP
An experimental SP was constructed based on a con-
ventional MP§ with Williams markings, which was
equipped with an optical fiber sensori (Figs. 1A and
1B). The probe part had a tapered prong with a diam-
eter of0.5 mm at the tip.The originalprobe tip was cov-
ered with an external sheath (ES), which was designed
to slide along the long axis of the probe tip as the cyl-
inder edge was slid backward by the free gingival mar-
gin when the probe was inserted into the periodontal
sulcus. The ES was placed with a coil spring pushing
the cylinder back to the probe tip position with slight
pressure (�15 g based on a preliminary load test),

and covered by a 1-mm diameter stainless steel cylin-
der laser-welded to the probe shank. The pressure of
the cylinder was sufficiently small to permit assess-
ment of anatomic features of the root by this probe
the same as is done with a conventional MP. The total
length of the tine increased from 20 mm of the original
probe to 28 mm with the stainless steel cylinder. The
resulting gap distance between the probe tip and the
sheath edge was detected, and transferred by means
of a 0.15-mm stainless steel wire to the optical reflector
(OR) held by a stainless steel housing (3-mm diame-
ter) welded to the probe handle. The movement of
the OR was then transmitted to the optical fiber sensor
that was held in the same stainless steel housing. The
sensor signals were transformed into electric voltage,
and fed into a personal computer outside the mouth
through a soft cord. The PD was registered 10 times
per second, and displayed in the computer monitor
in front of the clinician (TA) in real time. Measurement
of the depth at a probing site was completed when an
operator confirmed the right placement of the probe
was confirmed and touched the foot pedal connecting
the computer. Data were stored in software or outputas
text file for export.

Calibrations
The sensor component was initially calibrated on
a three-dimensional stage. The OR was manually dis-
placed with every 1-mm increment through a range of
1 to 12 mm, while the output electric voltage was re-
corded. The measurement was repeated 10 times for
each displacement. The linear regression analysis indi-
cated that the displacement and the output voltage
correlated well (r2 = 0.999). The approximated relation
was used in the software to convert the electric data
into the length. The accuracy of the SP was then tested
by means of artificial steps made of thin acrylic plates
(5-mm thickness). Five acrylic plates were piled tocre-
ate steps of lengths 2, 4, 6, and 8 mm that were mea-
suredusing a digital caliper. Measurement by the probe
was repeated 10 times. The PDs were rounded to the
nearest millimeter. The mean and the standard error
for each length was 2.02 – 0.010, 3.98 – 0.015, 6.05 –
0.011, and 7.97 – 0.010 mm, respectively.

Patients
From May 2010 to August 2010, six individuals (3
males and 3 females, aged 43 to 73 years; mean
age: 56.7 years) undergoing periodontal maintenance
therapy at the Faculty Practice of the Department of
Periodontics, Tokyo Medical and Dental University
Dental Hospital, Tokyo, Japan, were recruited for this
study. They were initially diagnosed with moderate-to-
advanced periodontitis, and had generalized radio-
graphic evidence of bone loss of 30% to 60%. All
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patients had received initial periodontal therapy con-
sisting of oral hygiene instructions, supragingival and
subgingival debridement, and periodontal surgery.
The inclusion criteria for the patients was the presence
of a periodontal pocket of ‡5 mm at ‡1 site for the first
molar teeth, and the presence of all four second premo-
lar teeth, first molar teeth, and second molar teeth.14

The patients had no complaints of pain or acute symp-
toms. Those who required antibiotic coverage or seda-
tion for examination were excluded. All experimental
procedures were approved by the institutional research
ethics committee (Tokyo Medical and Dental Univer-
sity, Yushima, Bunkyo-ku, Tokyo), and written in-
formed consent was obtained from each patient
before participation in the study.

Probing Depth Measurements
The measurements on the first day (day 0) were made
by means of the manual and the SPs at a 1-hour inter-
val. The probes were assigned to a random order ac-

cording to coin toss before test for each patient.
Before measurement, the examiner (TA), a periodon-
tist accredited by the Japanese Society of Periodon-
tology with 9 years of clinical experience, was given
an opportunity to use the SP for practice on a patient
who was not enrolled in this study, and was asked to
insert the probe parallel to the root surface (Fig. 1C).
The first molar teeth of the upper right, upper left,
lower left, and lower right quadrants were examined
in that order. PD measurements were recorded for
six sites on each tooth: the disto-buccal (DB), mid-
buccal (B), mesio-buccal (MB), disto-lingual (DL),
lingual (L) and mesio-lingual (ML). They were re-
corded in that order, 24 sites per patient (total, 144
sites). PD measurements were made with the walking
stroke and one deepest reading in the vicinity of each
site was recorded.15 With the MP, the PDs were
rounded to the nearest millimeter. The gingival in-
flammation was assessed through the presence or
absence of BOP for each measurement. Duplicate
measurement was performed 1 week later (day 7).
The order for the probes was changed, whereas the
same order was used for the teeth and sites.

Data Analyses
The measurement sites were classified into three
levels: 1) shallow (<4 mm); 2) moderate (‡4 and <7
mm); and 3) deep sites (‡7 mm). The frequency dis-
tribution of differences between the probes and be-
tween the duplicate measurements was calculated.
Mann-Whitney U test was used to test the significant
difference in PD by the effects of the probes and dupli-
cate measurements.¶ The intraexaminer reliability
was also tested by k analysis for duplicate measure-
ment of each probing method. P values of <0.05 were
accepted as statistically significant.

RESULTS

The difference in the mean overall PD between the
sensor and MPs was not significant for any of the
measurement sites (P <0.05) (Fig. 2). The mean PD
at 144 sites was 3.03 mm with the MP and 3.08 mm
with the SP. The frequency distribution of differences
in the measurements between two probing methods
indicated a good consistency with a difference within
–1 mm shown in 98% of all sites on day 0 and in 95% of
all sites on day 7 (Fig. 3). In 105 and 93 sites, no dif-
ference was observed between the probes on days
0 and 7, respectively.

The mean PD of the subdivided shallow, moderate,
and deep groups are shown in Figure 4. For the deep
sites, the SP recorded a significantly lower mean value
of 6.6 mm compared to the MP value of 7.4 mm (P
<0.05). Table 1 shows the proportional distribution of
the three groups for all individual sites that were

Figure 1.
The structure of the SP. A) Schematic illustration of the SP made based
on the conventional probe assembled with an optical fiber sensor. PT =
probe tip; ES = external sheath; SC = stainless steel cylinder; PS = probe
shank; SW = stainless steel wire; OR = optical reflector; SH = stainless
housing; PH = probe handle; OFS = optical fiber sensor. B) The ES
completely covers the PT before probing (black arrow). Because the
cylinder edge is slid backward by the gingival margin on probing (red
arrow), the length of the PT that appears corresponds to the PD (yellow
arrow). C) The SP during test measurement. The probe tip is inserted
in the periodontal pocket at the mesio-buccal site of the mandibular right
first molar tooth.

¶ SPSS v.11.5, IBM, Chicago, IL.
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measured by the two probing methods. The buccal and
lingual sites offered larger percentages of the shallow
pockets compared with the approximal sites. The pro-
portion of combined moderate and deep pockets was
least at the buccal site with 4.2% by both probes,
whereas it was highest at the mesio-buccal site with
41.7% by the sensor and 33.3% by the MP. Both prob-

ing methods indicated that the level of BOP at the
proximal sites was substantially higher than the buccal
and lingual sites. Significant differences in the BOP
were not found between the probing methods.

Figure 5 shows the frequency distribution of the dif-
ferences between the duplicate measurements. The
differences between the duplicate measurements
over all sites with the MP ranged between -1 and
1 mm. Zero discrepancy or no measurement error
was found in 76% of the cases with the MP, whereas
the SP showed zero discrepancy in 92% of the sites.
The reproducibility indicated by the average k value
of all subjects between the duplicate measurements
was 0.88 for the SP and 0.65 for the MP.

The largest discrepancy of the mean depth between
the probes was found at the lingual site of the upper
left molar tooth. At this site, the mean depth with
the SP was 0.83 mm greater than that with the MP
on day 0, and it was 0.67 mm greater on day 7. In con-
trast, at the buccal site, the depths by the different
probes matched in three of four teeth on day 0, and
two of four teeth on day 7, in all six subjects.

DISCUSSION

The results indicate that the meanPDrecorded foreach
probing site of the molar teeth by the SP was in agree-
ment with that by the conventional MP. However, in
periodontal pockets with PD ‡7 mm, significantly less
PD was recorded by the SP than by the MP. It can be
speculated that the applied pressure from the sheath
edge displaced the gingival margin that lies loose
around the neck of the tooth with a deep periodontal
pocket, resulting in reduction of probing measures.
Potential influence of the pressure made by the internal

Figure 2.
The mean – SD of the PDs for all measurement sites (All) and the six
individual sites: the disto-buccal (DB), mid-buccal (B), mesio-buccal (MB),
disto-lingual (DL), lingual (L), and mesio-lingual (ML). Six subjects, four
molar teeth, and two duplicate measurements were included in the data.
The difference in the mean overall PD between the sensor and MPs was
not significant for each and all of the measurement sites (P <0.05).

Figure 3.
Frequency distribution of differences between measurements by the
manual and SPs at days 0 and 7. The mean – SD was calculated by
subtracting the MP result from the SP result for each measurement site
of the six subjects and four molar teeth.

Figure 4.
The mean – SD of the PDs in the shallow, moderate, and deep
measurement sites for the sensor and MPs. Six subjects, four molar teeth,
six measurement sites, and two duplicate measurements were included
in the data. *Statistically significant difference between the two probes
(P <0.05).
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coil spring to push the cylinder back to the probe tip
position should not be underestimated. The probing
site distribution of the moderate and deep PDs in pa-
tients of this study was comparable to that reported
by previous studies on automated probes.8,16 The
BOP (%) was higher than those shown in a similar
study.14 However, the study patients did not have ac-
tive untreated periodontal disease and the sites eval-
uated were not acutely inflamed because they had
been treated previously and were being maintained.
It was therefore indicated that the study population
consisting of periodontal maintenance patients used

in this study was appropriate to test the reproduc-
ibility of the sensor system in patients with moderate
to advanced periodontitis. Because the deep sites
amounted to only 4.8% and 2.1% of all the probing sites
of this study based on the manual and sensor measure-
ments, respectively (Table 1), further studies are re-
quired to assess the influence of the sheath pressure
on the measurements and the potential need for im-
provement of this device, and the reproducibility of
the measurement in acutely inflamed sites.

Although the difference in the mean PD between
the sensor and the MPs was not significant for each
of the 24 measurement sites, the mean depth at the
lingual of the upper left molar was noticeably greater
by the SP than that by the MP. The result was not ex-
pected because the measurement inconsistency was
more likely to occur in the proximal sites than in the
buccal and lingual sites because of potential variation
in probe angulation and placement, and resistance
from lateral forces exerted by the pocket wall.7,10,11,17

The relatively lower matching rate between the sensor
and MPs at the lingual site might be attributed to the
total length of the tine of the SP, including the ES in
which it runs, which might make it difficult to get ad-
equate access to posterior probing, especially in the
maxillary dentition.8

The results of the duplicate measurements indi-
cate good reproducibility of both probing methods.
Matched results were found in 18 sites for the SP,
which was considerably more than the four sites for
the MP (Fig. 5). The better performance of the SP
may partially be caused by the higher resolution of
0.1 mm. The measured depth was rounded to
the nearest millimeter, without potential visual errors
that could be associated with the MP. In agreement
with well-controlled studies of attachment level

Figure 5.
Frequency distribution of differences between measurements at days
0 and 7 for the two probing methods. The mean – SD was calculated by
subtracting the day 7 result from the day 0 result for each measurement
site of the six subjects and four molar teeth.

Table 1.

Percentage Distribution of Shallow, Moderate, and Deep Sites in all Sites and BOP
by SP and MP

Probing Methods and

Three Levels of PD

Measurement Sites

MeanDB B MB DL L ML

MP
Shallow (<4 mm) 83.4 95.8 66.7 75 95.8 70.8 81.3
Moderate (‡4 and <7 mm) 8.3 4.2 25 16.7 4.2 25 13.9
Deep (‡7 mm) 8.3 0 8.3 8.3 0 4.2 4.8
BOP (%) 50 20.8 45.8 41.6 16.7 41.6 37.5

SP
Shallow (<4 mm) 83.4 95.8 58.3 70.8 79.2 62.5 75
Moderate (‡4 and <7 mm) 12.5 4.2 37.5 25 20.8 37.5 22.9
Deep (‡7 mm) 4.2 0 4.2 4.2 0 0 2.1
BOP (%) 45.8 16.7 41.6 41.6 20.8 41.6 34.8

DB = disto-buccal; B = mid-buccal; MB = mesio-buccal; DL = disto-lingual; L = lingual; ML = mesio-lingual.
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measurements,7,8,17-19 the result of this study with a
single examiner indicated duplication of the measure-
ments within 1 mm on average. The high correlation
between duplicate examinations shown for each of the
sensor and MPs is consistent with previous reports of
cumulated variance of 8.5% for pocket and attach-
ment level measurement with a conventional probe.20

While probing in periodontal maintenance patients,
clinicians may encounter remaining calculus, plaque,
and overcontouring of restorations. Unlike most of the
automated probes with different probe tip shape and
dimension, the SP with the conventional probe tip
may pose advantages because the shape of the probe
tip can affect the sensitivity of the examination inside
the periodontal sulcus. The experimental SP of this
study could serve as an automated data collector
without the writing transcription, while it is potentially
used as a diagnostic tool to assess various anatomic
features inside the periodontal sulcus.

CONCLUSIONS

A modified conventional periodontal probe equipped
with an optical fiber sensor to record the PD was devel-
oped and the PD reproducibility of the system evalu-
ated. The results indicate that for sites of periodontal
maintenance patients with PD <7 mm there was excel-
lent agreement obtained by a single examiner using
an SP compared to a conventional probe. The exper-
imental SP incorporating the conventional probe tip
may be useful as a routine diagnostic tool for peri-
odontal disease, while serving as an automated data
collector.
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