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ABSTRACT

Objectives: Conventional probes (CPs) have been considered acceptable as diagnostic tools to measure probing pocket depth (PPD)
and clinical attachment level (CAL) but are affected by multiple variables. Electronic probes (EPs) provide controlled force, digital
readout and data storage in computers. The objectives were to compare the reproducibility in the measurement of PPD and
CAL by CP and the newly introduced CEJ handpiece of EP and intra-examiner and inter-examiner errors done in two phases.
Methods and Material: Selected 720 periodontal sites in 15t molar of 30 persons with chronic periodontitis <4 mm and >4 mm
pockets were analysed by two trained investigators in two phases at 2 hours difference by CP and CEJ handpiece of EP. Standard
deviation, mean difference, correlation coefficient, Pvalue and student ‘t’ test were done to analyse data. Results: The intra- examiner
and inter-examiner analyses revealed that Pearson’s correlation coefficient was above 0.080 and 0.722 in the <4 mm and >4 mm
pockets, respectively. Mean difference was not statistically significant in both groups except in the intra- examiner findings in the
2" phase. Interprobe analysis depicted a standard error of mean of <0.03 in <4 mm pockets, whereas it varied from 0.047-0.056
in >4 mm pockets. Conclusion: In conclusion, EP is advantageous for research purposes by providing automatic recording and
long-term maintenance of data storage without the need of an assistant and patient education and motivation, whereas CP appears
to be more useful in routine periodontal examination.
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Introduction tissue products, respectively. A genetic test to diagnose chronic
periodontitis is also in research.!! The American Academy of

Periodontal diseases have long been diagnosed based on various Periodontology 2003P reported that the evaluation of gingival

factors such as bleeding on probing, probing depth, clinical crevicular fluid, subgingival microflora and genetic susceptibility

attachment level, presence or absence of other factors such as
pain, ulceration, mobility, amount of plaque and calculus. To
arrive at a diagnosis, microorganisms from the subgingival area
and gingival crevicular fluid (GCF) are being evaluated to examine
the microorganisms and inflammatory mediators and host
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tests are the advanced diagnostic aids and are not used routinely
in clinics currently because these tests require the multidisciplinary
approach and ate difficult to perform. Above all, the diagnostic
utility of some of them has not been confirmed to date. Therefore,
clinical assessment by primarily probing the depth and clinical
attachment level is still the main diagnostic tool for assessing
petiodontal diagnosis and treatment planning. This diagnostic tool
helps in the early detection of the disease that will lead to early
treatment and hence the prevention of irreversible destruction.
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Pocket probing depth (PPD) measurement is essential because
pockets act as reservoirs for many microorganisms and further
lead to the periodontal destruction that is simple, easy to record
and gives a good assessment of the distribution of periodontal
diseases. Moreovet, periodontal probing helps in formulating
the treatment plan for periodontal diseases. Clinical attachment
level (CAL) gives a better overall assessment of periodontal
health as compared to probing depth measurements and helps
in determining the severity of the periodontal diseases as well as
formulating the treatment plan and predicting the prognosis of
the teeth. It is measured from the cemento-enamel junction (CEJ)
or any fixed point to the base of the periodontal pocket but
the CAL is more difficult to measure accurately because errors
in recording CAL are unavoidable due to the difficulties in the
exploration of CEJ.P® At present, petiodontal probes are the
main diagnostic tools to measure PPD and CAL. Although
probing depth measurements made by a conventional probe
is reproducible and has been considered acceptable, but it is
affected by multiple variables such as the probing force, probing
technique, diameter of the tip of the probe, precision of probe
calibration, angle of insertion of the probe, inflammatory
condition of the soft tissues, lack of a stable reference point and
errors in manual recordings and root anatomy.’

Electronic probing provides the controlled force during probing,
digital readout and storage of data in the computer.”? Earlier
reports have demonstrated that measurements taken with EPs
are less variable as compated to CP. The double pass method is

helpful in minimizing the errors recorded by EPs.'2

Recently,
a modification of the handpiece of EP has been introduced,
i.e., CEJ probe handpiece which has an extended sleeve to detect
the CEJ and hence is very helpful in recording CAL." 'The width
of the sleeve is long enough to detect the CEJ and short enough to
not intetfere with probing depth measurements." Therefore, the
objective of the present study was to compate the reproducibility
of the measurement of PPD and CAL by CP and the newly
introduced CE]J probe handpiece of EP as well as the intra- and
inter-examiner measurement errors done in two phases.

Material and Methods

In the present study, 30 persons were recruited from the
outpatient department after signing the consent. The study period
was from April 2015 to May 2016. The inclusion criteria were:
1) persons suffering from chronic periodontitis having >4 mm
periodontal pocket, 23 mm attachment loss in at least 30% sites
and bleeding on probing, 2) 35-60 years age, 3) systemically
healthy, 4) presence of all 1% molars and 5) no periodontal therapy
in the last 6 months. The exclusion criteria were: 1) pregnant and
lactating women, 2) mobile 1* molar or 1* molar with crown
placement, 3) aggressive periodontitis, 4) acute oral diseases, and
5) antimicrobial therapy for 1 month prior to the study. The study
protocol was approved by the Institutional Ethical Committee.
The study protocol was approved from ethical committee. The
date of approval is 20.03.2015.
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A total of 720 periodontal sites in 30 persons were probed
with two periodontal probes, i.e., conventional probe (CP)
and electronic probe (EP) at two different phases which were
scheduled 2 hours apart on the same day. The sites were randomly
probed with CP and then with EP. Six sites, i.e., mesiobuccal,
midbuccal, distobuccal, distolingual/distopalatal, mid lingual/
palatal and mesiolingual /palatal in only 1% molar were examined
by two trained investigators in each phase. To minimize the errors
in recording, the double pass method was used and calculus was
removed from the supra and subgingival sites with the help of
an ultrasonic scaler and hand instruments so that there was no
resistance while probing. The periodontal probes were positioned
parallel to the long axis of the tooth and were always in contact
with the tooth. Both PPD and CAL were recorded at each site
that was divided into two groups: 1) sites with =4 mm pocket
depth and 2) sites with >4 mm pocket depth. It was made sure
thatif a site in any phase cither by CP or EP was recorded to have
probing depth 4 mm was taken under group 1. CEJ was used as
the fixed reference point for detection of CAL. Two periodontal
probes that were used in the study were a CP (UNC-15, Hufriedy,
USA) and the CEJ handpiece of an automated EP (Florida Probe,
USA). The measurements were rounded to the nearest millimetre.

Measurements of PPD and CAL by CP

The probe was inserted into the periodontal pocket and PPD
was measured from the gingival margin to the base of the pocket.
CAL was measured from the CEJ to the base of the pocket.
These measurements were entered by an assistant. CP provides
no standardising probing force and has markings at every
millimetre upto 15 mm with colour codes at 5, 10 and 15 mm.
The diameter of the probe tip is 0.50 mm.

Measurements of PPD and CAL by automated EP

Automated EP provides controlled force of 15 gm by coil springs
inside the probe handpiece and consists of a CEJ probing hand
piece, optical encoder, footswitch and computer and digital read
out. The diameter of the probe tip is 0.4 mm. This probe has a
0.125 mm prominent edge at the end of the sleeve that facilitates
a “catch” of the CEJ. The width of this edge is small enough not
to interfere with probing depth measurements, thus providing
concurrent measurements of CAL and PPD. PPD recordings
were accomplished by extending the probe tip through the sleeve
of CEJ handpiece into the periodontal pocket and pressing down
until the sleeve rests at the level of marginal gingiva. To calculate
the CAL, gingival recession was added to the PPD or gingival
hyperplasia was subtracted from the PPD that was recorded when
the probe tip was passed through the modified sleeve of the CEJ
handpiece and the sleeve was rested at the level of CEJ. The
system may provide diagrammatic printouts of measurements
for individual persons.

Statistical analysis

PPD and CAL measurements were statistically analysed.
Standard deviation, mean difference, correlation coefficient, and
student ‘t’ test were performed to compare the intra-examiner,
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inter-examiner and inter-probe data. The level of significance
for the analysis was set at P < 0.05.

Results

In the present study, a total of 720 sites were recorded on six
sites of all permanent first molars. The proportion of sites with
probing depth upto 4 mm were 69.02% (497) and 30.97% (223)
of sites had probing depths of more than 4 mm. PPD and CAL
were recorded at each site by two examiners at two different
phases, 2 hrs apart from using both EP and CP.

Intra-examiner analysis at sites with PD <4 mm [Table 1] revealed
that the mean difference of PPD in both phases measured from
CP and EP by the first examiner was 0.020 mm (P = 0.292) and
0.012 mm (P = 0.355), respectively. The mean difference of
PPD in both phases measured from CP and EP by the second
examiner was 0.030 mm (P = 0.147) and 0.010 mm (P = 0.669).
Mean difference of CAL in both phases measured from CP and
EP by the first examiner was 0.022 mm (P = 0.222) and 0.014 mm
(P = 0.378) and that by the second examiner was 0.024 mm
(P = 0.288) and 0.024 mm (P = 0.253). Pearson’s correlation
coefficient ranged from 0.854 to 0.960. Intra-examiner analysis
in sites with PPD >4 mm [Table 1] showed that Pearson’s
correlation coefficient ranged from 0.791 to 0.956. The mean
difference was ranged from 0.013 to 0.117. The P value ranged
from 0.025 to 0.603. The Pvalue of 0.025 (mean difference 0.117)
was significant in PPD measured between the two phases by the
first examiner using CP, whereas all other P values revealed no
significant difference.

Inter-examiner analysis using either CP or EP in sites with
PPD =4 mm [Table 2] revealed that the mean difference of PPD
and CAL ranges from 0.018 mm to 0.028 mm in both phases.

The correlation coefficient was ranged from 0.857 to 0.983. The
mean difference in PPD and CAL by the two examiners was
statistically insignificant as the P value ranged from 0.606 to 0.900.
The inter-examiner comparisons using either CP or EP in sites
with PD >4 mm [Table 2] demonstrated that the mean difference
of PPD measured by CP was 0.018 mm (P = 0.873) and 0.058
mm (P = 0.601), and mean difference of PPD measured by
EP was 0.009 mm (P = 0.927) and 0.067 mm (P = 0.498) in
the first and second phase, respectively. Pearson’s correlation
coefficient for CP and EP was 0.896 & 0.863 and 0.937 & 0.930
in the first and second phase, respectively. Mean difference of
CAL measured by CP or EP ranged from 0.009 to 0.067 mm.
The correlation coefficient was ranged from 0.930 to 0.958. The
difference in PPD and CAL by the two examiners was statistically
insignificant as the P value ranged from 0.601 to 0.969.

Inter-probe data analysis is presented in Table 3. Sites with
probing depth <4 mm revealed that the mean difference for PPD
and CAL measured by both examiners in two phases ranged from
0.004 to 0.024, which is not statistically significant as the P value
ranged from 0.092 to 1.037. The standard error of mean ranged
from 0.006 to 0.025. The inter-probe data analysis in sites with
probing depth >4 mm revealed that the standard error of mean
varied from 0.047 to 0.056 and P value ranged from 0.00 to 1.692.
The P value 0.00 reveals a significant difference in inter-probe
readings by the first examiner in the second phase.

Discussion

Periodontal diseases are widely distributed globally and act
as an independent risk factor for many systemic diseases or
exacerbate the existing conditions like diabetes mellitus, preterm
low birth weight babies, cardiovascular diseases, respiratory
diseases, metabolic syndrome, obesity, Alzheimer’s disease and

Table 1: Table showing the intra-examiner analysis

Probe Examiner No. of sites Phase 1 Phase 2 Mean difference Correlation P t
(mm*SD) (mm*SD) 15t -2nd coefficient
PPD <4 mm

PPD CP Examiner 1 497 2.661+0.893 2.6410.880 0.020+0.425 0.885 0.292 1.054
Examiner 2 497 2.64£0.868 2.61£0.842 0.03010.460 0.854 0.147 1.452

EP Examiner 1 497 2.66+0.891 2.651+0.882 0.012+0.291 0.946 0.355 0.926

Examiner 2 497 2.63+0.875 2.64%0.853 0.010+0.314 0.934 0.669 0.428

CAL CP Examiner 1 497 2.64+1.290 2.621+1.280 0.0221+0.404 0.951 0.222 1.223
Examiner 2 497 2.63+1.270 2.601+1.240 0.024+0.507 0.920 0.288 1.061

EP Examiner 1 497 2.63+1.270 2.6211.211 0.014+0.356 0.960 0.378 0.882

Examiner 2 497 2.62+1.24 2.60+1.180 0.024+0.470 0.926 0.253 1.145

PPD >4 mm

PPD CP Examiner 1 223 5.43+1.22 5.55%1.16 0.117+0.774 0.791 0.025 2.250
Examiner 2 223 542+1.13 5.49%1.19 0.076+0.703 0.819 0.107 1.619

EP Examiner 1 223 5.35%1.04 5.341+1.061 0.013+0.383 0.933 0.603 0.521

Examiner 2 223 5.36%1.03 5.41£1.03 0.045+0.339 0.946 0.320 1.014

CAL CP Examiner 1 223 4.52+1.77 4.48+1.69 0.049+0.705 0.918 0.297 1.044
Examiner 2 223 4.53+1.78 4.49+1.71 0.040+0.639 0.934 0.347 0.943

EP Examiner 1 223 4.441+1.65 4.47£1.660 0.027+0.519 0.951 0.440 0.774

Examiner 2 223 4.45+1.64 4.48+1.64 0.031+0.488 0.956 0.337 0.961

PPD=probing pocket depth. CAL=clinical attachment level. CP=conventional probe. EP=clectronic probe. SD=standard deviation. P=significant at=0.05
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Table 2: Table showing the inter-examiner analysis

Probe Phases No. of Examiner 1 Examiner 2 Mean Correlation P t
sites (mm*SD) (mm*SD) difference 1%-2" coefficient
PPD <4 mm
PPD CP phase 1 497 2.66+0.893 2.641+0.868 0.018+0.056 0.919 0.746 0.324
Phase 2 497 2.6410.880 2.61+0.842 0.028+0.055 0.857 0.606 0.516
EP Phase 1 497 2.6610.891 2.63+0.875 0.026+0.056 0.961 0.641 0.467
Phase 2 497 2.65+0.882 2.6410.853 0.008%+0.055 0.966 0.884 0.146
CAL CP Phase 1 497 2.64+1.29 2.63+1.27 0.016+0.882 0.979 0.844 0.197
Phase 2 497 2.62+1.28 2.60%+1.24 0.018+0.080 0.970 0.821 0.226
EP Phase 1 497 2.63+1.27 2.62+1.24 0.010£0.080 0.983 0.900 0.126
Phase 2 497 2.62+1.21 2.60+1.18 0.020£0.076 0.965 0.791 0.265
PPD >4 mm
PPD CP phase 1 223 5.43+1.22 542+1.13 0.018%0.11 0.896 0.873 0.160
Phase 2 223 5.55%1.16 5.49t1.19 0.058+0.111 0.863 0.601 0.523
EP Phase 1 223 5.35+1.04 5.361+1.03 0.009£0.098 0.937 0.927 0.091
Phase 2 223 5.34%1.04 5.41%+1.03 0.067£0.099 0.930 0.498 0.679
CAL CP Phase 1 223 4.52+1.77 4.53+1.78 0.009£0.169 0.990 0.958 0.053
Phase 2 223 4.48+1.69 4.49+1.71 0.018%+0.161 0.969 0.911 0.111
EP Phase 1 223 4.491+1.65 4.45+1.64 0.009£0.156 0.992 0.954 0.057
Phase 2 223 4.471+1.66 4.48+1.64 0.015%0.156 0.988 0.931 0.086

PPD=probing pocket depth. CAL=clinical attachment level. CP=conventional probe. EP=electronic probe. SD=standard deviation. P<0.05

Table 3: Table showing the inter-probe analysis within the examiner

Examiners Phases No. of sites CP (mm*SD) EP (mm*SD) Mean difference Standard P t
1st-20d error of mean
PPD =4 mm
PPD Examiner 1 Phase 1 497 2.66£0.893 2.6610.891 0.004£0.504 0.023 0.859  0.178
Phase 2 497 2.64£0.880 2.65+0.882 0.004£0.412 0.018 0.828  0.218
Examiner 2 Phase 1 497 2.64£0.868 2.63+0.875 0.01240.516 0.023 0.602  0.522
Phase 2 497 2.61£0.842 2.641+0.853 0.024%0.519 0.023 0.300  1.037
CAL Examiner 1 Phase 1 497 2.64+1.29 2.63%£1.270 0.01220.500 0.022 0.591  0.538
Phase 2 497 2.62+1.28 2.62+1.211 0.004£0.550 0.025 0.870  0.163
Examiner 2 phase 1 497 2.63+1.27 2.62+1.24 0.006%0.537 0.024 0.802  0.251
Phase 2 497 2.60+1.24 2.60+1.18 0.006%0.646 0.006 0.835  0.208
PPD >4 mm

PPD Examiner 1 Phase 1 223 5.43+1.22 5.35+1.04 0.081£0.796 0.053 0.131  1.515
Phase 2 223 5.55+1.16 5.34%1.061 0.211£0.763 0.051 0.00 4127
Examiner 2 Phase 1 223 5.42+1.13 5.36+1.03 0.054£0.702 0.047 0.253  1.145
Phase 2 223 5.49+1.19 5.41+1.03 0.085%0.842 0.056 0132 1.511
CAL Examiner 1 Phase 1 223 4.52+1.77 4.44%1.651 0.081£0.712 0.048 0.092  1.693
Phase 2 223 4.48+1.69 4.47+1.660 0.004£0.780 0.052 0.932  0.086
Examiner 2 phase 1 223 4.53%£1.78 4.45+1.64 0.081£0.706 0.047 0.089  1.708
Phase 2 223 4.49£1.71 4.48+1.04 0.009%0.741 0.05 0.857  0.181

PPD=Probing pocket depth. CAL=clinical attachment level. CP=conventional probe. EP=electronic probe. SD=standard deviation. P<0.05

rheumatoid arthritis.l"”>'"! Microorganisms ot their products from
the oral cavity may reach into the systemic circulation and exert
their effects directly or indirectly by releasing the inflammatory
mediators on the pathogenesis of these systemic diseases. Herpes
virus from the oral cavity may also access the systemic circulation
and is associated with systemic diseases.'" The influence of
oral health on the overall systemic health of the human being
is considered under periodontal medicine which is an emerging

branch of petiodontology."”

All professional healthcare providers including medicine and
dentistry together must understand the relationship of the oral

Journal of Family Medicine and Primary Care

695

cavity with the other organ systems and can protect the systemic
health of an individual by reducing the oral infection. Adverse
pregnancy outcomes are the major health problems associated
with maternal periodontal infection that not only affect the
mother and the newborn child but also the family as a whole
and community.? Thus, the examination of the oral cavity
and treatment of periodontal diseases should be included as an
integral part to the clinical practice of primary care physicians
who provide the comprehensive health care to an individual of
family and community for prevention of disease and promotion
of health.
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Examination and diagnosis of the periodontal diseases are
mandatory to assess the condition of periodontal health and
determine the severity of the periodontal diseases which
ultimately affect the systemic health. Periodontal probes are
the primary diagnostic tools for this purpose. This study was
conducted as an attempt to compare CP that has been used since
decades and CEJ handpiece of EP which has been introduced
recently because identification of best available probe in terms
of accuracy and reproducibility is of utmost importance for
the diagnosis and primary care of periodontal diseases. In the
present study, 720 sites with probing depths =4 mm (497) and
>4 mm (223) were analyzed separately and the double pass
method was used to avoid the measurement errors in untreated
subjects due to the presence of subgingival calculus that was
suggested while probing in a previous study by Osborn e al,
1990.® The first molar was included in the present study to
exclude the variations that arise due to changes in tooth type
and shape. The intra-examiner, inter-examiner and inter-probe
analyses of sites with probing depths <4 mm revealed that
there was no significant difference between the PPD and CAL
measurement. The correlation coefficient between all variables
was above 0.812 and P value was >0.05.

In sites with PPD >4 mm, the inter-examiner comparisons
revealed that the correlation coefficient was above 0.863, i.e the
variables had a positive correlation and the P value was above
0.601. Upon comparing PPD and CAL recorded by the same
examiner in the two phases, the correlation coefficient was
found to be above 0.795 which shows that the variables have a
positive correlation and the P value was >0.05 except in PPD
measured by the first examiner through CP. In that condition,
the mean difference was 0.117 mm and P value was 0.025 which
reveals the significant difference in the variables. The inter-probe
comparisons revealed that in sites with probing depths <4 mm,
the standard error of mean ranged from 0.006 to 0.025 and in
sites with probing depths >4 mm, the standard error of mean
varied from 0.047 to 0.056 and P value ranged from 0.00 to 1.692.
The Pvalue 0.00 reveals a significant difference in the inter-probe
PPD measurements made by the first examiner in the second
phase. The inter-probe analysis shows that the measurements
taken by CP were on the higher side as compared to EP in
sites with >4 mm pocket depth which is in agreement with few
reported studies.l"*'* However, it contradicts with the findings
of another study.™ Kour e a/. (2016) found that PD measured
by CP was significantly more as compared to EP in healthy as
well as diseased sites.?! The reason behind this observation could
be that CP overestimated the pocket depth recorded due to the
nonstandardisation of force in more inflammatory conditions
and the tip of the conventional probe tips usually penetrates
the junctional epithelium and enters into the connective tissue
attachment.” The depth of the periodontal pocket is directly

related to the probing force.?*

1 Errors in manual recording and
reading of markings of the CP may also influence the above
finding.»** Howevert, other studies!'™ demonstrated that the
EP consistently undermeasured the probing depth and was

less valid than CP but clinically acceptable. The explanations
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of this observation are that EP records less pocket depth due
to less exploration of the bottom of the pocket and needs an
alternative probe or explorer to detect calculus or evaluate root
surface smoothness due to the lack of tactile senses.’”) Osborn
et al., 19921 suggested that the sleeve of the EP also interfered
in the adaptation of the EP to the tooth surface.

In the present study, CEJ was used as a fixed reference point
to measure the CAL as this method is simple, easy and involves
no special equipment and the CEJ probe handpiece of EP has
been designed especially to detect the CE]J which has a 0.125-mm
prominent edge at the end of the sleeve that facilitates a “catch”
of the CEJ. A stent was not used in the study because it has been
reported that a stent does not influence the overall reproducibility
of probing depths.P! Although, Badersten ¢# a/.,*? have reported
in 1984 that, in comparison to using the CEJ as a reference, the
use of occlusal stents results in improved reproducibility of CAL
measurements. The results of the present study revealed that the
correlation coefficient value was >0.850 and P value was >0.08
between the CAL measurements recorded with CP and EP. It
means that no significant difference was found that was not
consistent with the findings of Otinger ez a/.,P” and Deepa and
Prakash.” Howevet, the comparison of studies is not quite
feasible due to the different study designs including the prevailing
conditions. Time, comfort, tooth type, tooth surfaces (i.e. facial,
mesial, distal and palatal/lingual) and writing errors also influence
the measurements taken by either probe that was not evaluated
in the present study.

Quirynen e# alPY reported that CP was slightly mote reproducible
and EP had the advantage of automatic registration that would
overcome errors due to visual reading, manual transfer of data
and bias during recording. Studies by Osbotn e @/, have
shown that EP offers certain advantages in minimising errors
in recording measurements for some clinical examiner whereas
for others it does not necessarily result in less measurement
error than the use of CP. CP had advantages in it was handy
to use, economical and the probe can be walked in a pocket to
find out the site with the deepest pocket whereas EP cannot
walk circumferentially and is costly. EP requires longer clinical
time and more practice to record data in the correct location in
the chart.”! It was also observed that probing was less painful
in EP as compared to CP due to the standardization of force.
In EP, the data were well maintained in computer which can be
useful for long-term comparisons as well as patient education
and motivation.” All probe types have some merits and demerits
and they must be used based on the requirements for the clinical
examination.

Conclusion

Within the limitation of the study, the present comparative
study between the CP and CEJ probe of EP does not show a
significant difference between the measurements except at some
places in CP and the observations correlate well with each other.
The results indicate that CP and EP both are reproducible and
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accurate. It has been concluded that conventional probes are
easy to use, simple and requitre no special equipment. Therefore,
it is suggested to be used in routine periodontal examination
whereas electronic probe is more likely to be useful for research
purpose where long-term maintenance of data is a must for
follow up evaluations. Further studies are required to evaluate
the effect of time, comfort, tooth type, tooth surfaces (i.e. facial,
mesial, distal, and palatal/lingual) and writing errors on the
measurements taken by either probe. In the end, we would like
to conclude that a dentist also should be a part of the team of
primary care providers to improve the overall health of the family
and community as well.
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