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Abstract
Purpose: The purpose of this study was to evaluate the efficacy of calculus detection between a thin and curved ultrasonic 
inserts (UI)  as compared to the Old Dominion University (ODU) 11/12 explorer. 

Methods: Three clinical dental hygiene faculty members were recruited to participate as calibrated raters for the presence 
of calculus in a group of 60 patient volunteers. Inclusion criteria were: adults aged >18 in good health, and no history of a 
professional prophylaxis within the past six months. Raters used an ODU 11/12 explorer, thin and curved UIs to evaluate 
4 surfaces on Ramfjord index teeth for the presence of subgingival calculus. Data were analyzed for intra- and intrerrater 
reliability, sensitivity, and specificity. 

Results: Interrater reliability for calculus detection with an ODU 11/12 explorer and a thin UI was demonstrated with an 
Intraclass Coefficient (ICC) of .782, confidence interval (CI) 95%.  An ICC of .714, CI 95% was demonstrated with the 
ODU 11/12 explorer and curved UIs. Intra-rater reliability was shown with mean Kappa averages in the full agreement 
range (Kappa=.726, n=2,160, p<0.01) for use of the ODU 11/12 explorer versus the thin UI as well as versus curved UIs 
(Kappa=.680, n=2160, p<0.01). Sensitivity was 75%, specificity 97%, PPV 81%, and NPV 94% when the thin UI was used 
and sensitivity measured 65%, specificity 98%, PPV 81%, and NPV 95% when curved UIs were used.

Conclusion: Calculus detection was comparable when using the ODU 11/12 explorer, a thin UI and curved UIs on patients 
with limited amounts of calculus among the three clinicians. Efforts may be focused on developing tactile sensitivity for calculus 
detection in addition to calculus removal when using thin and curved ultrasonic instruments. Future studies should investigate 
calculus evaluation utilizing a variety of ultrasonic insert designs, varying amounts of calculus, and levels of clinical experience.
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Introduction
The primary goal of periodontal therapy is to remove biofilm 

and calculus deposits to promote a healthy periodontium.  
Non-surgical periodontal therapy, involving the removal of 
readily detectable calculus, helps to achieve and maintain 
the health of the adjacent periodontal tissues.1-4 Removal of 
bacteria-harboring calculus and contaminated cementum 
reduces the levels of subgingival plaque and promotes the 
healing process.1 Although the complete removal of calculus 
may not always be achievable, periodic re-evaluation of the 
periodontal tissues for signs of inflammation, aids in the 
detection of residual calculus. The Old Dominion (ODU) 
11/12 explorer is one of several standard instruments used for 
calculus detection in preventive and active periodontal therapy 

Research

and for clinical licensure examinations. Evidence supporting 
the sensivity and specificity of the ODU 11/12 explorer is 
limited,5,6 however, it serves as part of an armamentarium 
of instruments utilized subgingivally to thoroughly detect 
and remove calcified deposits. Since the visualization of 
the subgingival environment is limited without assisted 
technology, tactile sensitivity acquired through a variety of 
instruments is essential for the evaluation of the presence of 
hard deposits on the tooth structure. 

Technologies are being developed to complement the use 
of an explorer for the accurate detection of subgingival calculus 
including endoscopy, auto-fluorescence, spectro-optical 
technology, lasers, and ultrasonic-based devices.7 Endoscopy 
utilizes optical fibers and a light source to enter a periodontal 
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pocket and magnify the environment from 24-48 times onto 
a monitor allowing the clinician to work in real-time while 
instrumenting the root surface.7 While the use of a dental 
endoscope requires a lengthy learning curve, necessitates 
extra treatment time, and requires investing in expensive 
equipment, 8,9 endoscopy has been shown to enhance calculus 
detection, particularly with regards to residual deposits.10,11 

The DIAGNOdent™ (KaVo; Biberach, Germany) consists 
of an indium gallium arsenide (InGaAs) diode and utilizes auto-
fluorescence technology by emitting light with a wavelength of 
655nm onto the tooth structure primarily for the purpose of 
caries detection.12 Auto-fluorescence technology can also used 
for calculus detection, however few studies have evaluated the 
clinical effectiveness of this device for this purpose.12,13 The 
DetecTar™ (Dentsply Professional, York, PA) is a light-emitting 
diode utilizing spectro-optical technology delivered through 
an optical fiber attached to a cordless handpiece. Designed 
exclusively for calculus detection, not its removal, this device 
requires additional study to determine its efficacy in clinical 
situations.13 Lasers, specifically the KEY3 laser, combine the 
technology of the InGaAs diode for calculus detection and 
a Erbium-doped yttium aluminum garnet (Er:YAG) for 
calculus removal. Major limitations to the widespread use of 
this laser include its high cost and restricted use for dental 
hygienists due to state dental board regulations. Powered 
scaling or ultrasonic instrumentation is commonly used for 
the effective and efficient removal of biofilm and calculus.12,14 
However, the Perioscan (Sirona; Bensheim, Germany) is a 
piezoelectric ultrasonic instrument specifically developed for 
the dual purpose of calculus detection and removal.15 Current 
evidence is limited to in vitro studies, more in vivo studies are 
needed to determine the clinical efficacy of this technology.13 

A variety of ultrasonic instrument designs exist for the 
purpose of biofilm and calculus removal during periodontal 
therapy. The Thinsert® (Dentsply Sirona; York, PA, USA) 
ultrasonic insert (UI) has a thin tip design with a similar 
thickness to the ODU 11/12 explorer. This design allows for 
improved periodontal access and more effective subgingival 
adaptation. Right and left curved UIs are utilized during 
periodontal therapy for improved access to difficult areas such 
as furca, concavities, and depressions.16,17 The combination of 
straight and curved UIs in site-specific areas throughout the 
dentition has been demonstrated to improve the outcomes of 
non-surgical periodontal therapy.18 During periodontal therapy, 
practitioners typically alternate between using an explorer 
for calculus detection and a variety of hand and ultrasonic 
instruments for calculus removal. This alternating process is 
repeated until the clinical endpoint has been achieved.

Considering that periodontal therapy appointments are 
often completed within fixed time intervals, efficiency of the 
periodontal therapy session is critical. One approach to improve 
efficiency is to use the same instrument for several functions. 
Since the diameter of the thin UI is similar to the ODU 11/12 
explorer, it may serve the dual purpose of calculus detection 
as well as removal. Curved UIs have similarities to the ODU 
11/12 explorer and may also be effective in calculus detection. 
The purpose of this study was to examine the effectiveness of 
calculus detection between a thin UI, curved UIs as compared 
to the ODU 11/12 explorer in experienced clinicians. 

Methods
This study received approval from the Biomedical 

Institutional Review Board (2016H0273 and 2017H0275) 
of the Ohio State University (OSU). Three faculty members 
from the OSU Division of Dental Hygiene with clinical 
teaching assignments along with current  employment in a 
private practice or the non-profit setting at the OSU Dental 
Faculty Practice, volunteered to participate in the study. 
Faculty participants consisted of two full-time members (>.75 
FTE) and one part-time member (<.75 FTE) and possessed a 
range of clinical dental hygiene experience from less than five 
years, ten to fifteen years, and over twenty years. Each faculty 
participant was randomly assigned a participant number.

Patient participants were recruited from the community 
by posting no-cost advertisements on an external website, 
internal monitors within the OSU School of Dentistry, 
and the OSU Study Search website. Patient participants 
were initially screened for availability during the dates of 
data collection and based on the eligibility criteria. Eligible 
participants were adults aged 18 and over with good general 
health and no history of a professional prophylaxis within 
the past six months. Exclusion criterea were individuals with 
uncontrolled systemic disorders and a history of professional 
prophylaxis within the past 6 months. All participants were 
provided with the rationale and design of the study. Eligible 
participants were randomly assigned a participant number,  
completed and signed informed consent,  medical history, 
and Health Information Portability Accounting Act (HIPAA) 
forms prior to the start of the study.

An ODU 11/12 explorer, thin and curved UIs, 
disconnected from the ultrasonic unit, were used for this 
study. Presence or absence of readily detectable calculus was 
recorded on a standardized, color-coded calculus detection 
chart; each faculty participant used the same colored forms 
each assessment. Ramfjord index teeth (teeth numbers 3, 9, 
12, 19, 25, and 28) and on four possible surfaces per tooth 
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(mesial, buccal, distal, and lingual)19 were used to evaluate for 
the presence of calculus.

Faculty participants/raters underwent calibration training 
using three typodonts with differing surfaces of simulated 
calculus (Practicon Inc; Greenville, NC, USA) one week 
prior to the start of the study. The participants first used 
the ODU11/12 explorer to detect for calculus; evaluations 
were recorded on the standardized calculus detection chart. 
After a minimum of three days, participants detected for 
calculus using the thin UI and recorded their evaluations on 
the standardized calculus detection chart. All participants 
were found to be in the full agreement range for intra- and 
interrater reliability.

Data collection occurred over seven separate sessions 
held after normal clinic hours in the OSU Student Dental 
Clinics. The first three sessions compared calculus detection 
between the explorer and thin UI. During the final four 
sessions, calculus detection was compared using the explorer 
and curved UIs. Study session and participant flow is shown 
in Figure 1.

During each session, participants evaluated each patient 
for calculus using a random order and a randomly chosen 
instrument until all patient participants were evaluated for 
calculus. Each calculus detection chart was color coded per 
faculty rater. After each chart was completed, each chart was 
submitted into an individual patient folder to secure each 

faculty rater’s evaluations from the other raters. In subsequent 
sessions the faculty rater evaluated each patient for calculus 
using a random order with the remaining instrument. The 
availability of six to eleven patients per session minimized the 
faculty rater’s memory retention of the patients between the 
first and second rounds and also minimized fatigue, which 
could have altered the tactile sensitivity if all the instruments 
were used in a single session.

Data analysis
All statistical analysis was conducted using SPSS Version 

25 (IBM, Chicago, IL, USA). The first aim of the study was 
to measure inter-rater reliability or the absolute agreement 
among more than two raters evaluating the same group of 
subjects. Two-way random-effects intraclass coefficient (ICC) 
values were determined using the faculty raters’ evaluations 
using the ODU 11/12 explorer versus thin UI and the ODU 
11/12 explorer versus curved UIs. Intraclass coefficient values 
less than 0.29 indicate poor reliability, between 0.30 and 0.49 
suggests fair reliability, between 0.50 and 0.69 reveal moderate 
reliability, and values greater than 0.70 are indicative of strong 
reliability.20,21 The second aim was to measure intra-rater 
reliability by determining Cohen’s Kappa coefficient values 
using each faculty participant’s calculus detection evaluations 
when using the ODU 11/12 explorer versus the thin UI and 
the ODU 11/12 explorer versus the curved UIs. Kappa values 
range from zero (no agreement) to one (perfect agreement) 
with values in the range of 0.41 to 0.60 indicating moderate 
agreement, 0.61 to 0.80 considered in full agreement, and 
values greater than 0.81 indicating perfect agreement.22-24 
The third aim was to determine whether the UI is a valid 
instrument for calculus detection. Sensitivity, specificity, 
positive predictive value (PPV), and negative predictive values 
(NPV) were calculated when using the thin UI and curved UIs 
versus the ODU 11/12 explorer to measure validity. A cross 
tabulation of all calculus evaluations was generated between 
the ODU 11/12 explorer (considered for the purposes of this 
study as the gold standard) versus the thin UI (test outcome) 
and the ODU 11/12 explorer (gold standard) versus the 
curved UIs (test outcome).25 Sensitivity refers to detecting 
calculus when actually present, specificity refers to detecting 
the absence of calculus when actually absent, PPV refers to 
the calculus actually being present, and NPV refers to calculus 
actually being absent.25 

Results
A total of 60 eligible participants were recruited from 

the community to participate in this study comparing the 
effectiveness of calculus detection between the ODU 11/12 

Recruitment of 30 participants 
from the community

Recruitment of 30 participants 
from the community

Analysis using the data collected
from the 30 participants

Analysis using the data collected
from the 30 participants

Session #1:
Calculus detection 
using explorer and 

thin UI on 
11 participants

Session #4:
Calculus detection 
using explorer and 

curved UI on 
9 participants

Session #7:
Calculus detection 
using explorer and 

curved UI on 
8 participants

Session #6:
Calculus detection 
using explorer and 

curved UI on 
6 participants

Session #5:
Calculus detection 
using explorer and 

curved UI on 
7 participants

Session #2:
Calculus detection 
using explorer and 

thin UI on 
8 participants

Session #3:
Calculus detection 
using explorer and 

thin UI on 
11 participants

Figure 1. Study Sessions and Participant Flow
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explorer versus thin and curved UIs as measured by three clinical faculty raters. Interrater 
reliability of calculus detection among the three faculty raters when using both the ODU 
11/12 explorer and thin UI was shown to be an intraclass coefficient (ICC) of .782 with 
a  confidence interval (CI) of .749 to .810 (F(1439, 2878)=4.852, p<0.05). When faculty 
raters used the ODU 11/12 explorer alone for calculus detection, the average ICC was 
.768 with a CI of .725 to .803 (F(719, 1438)=4.577, p<0.05). Using the thin UI alone, 
raters had a ICC of .790 with a CI of .750 to .820 (F(719, 1438)=5.011, p<0.05). In the 
sessions using the curved UIs, faculty raters using the ODU 11/12 explorer and curved UIs 
demonstrated an ICC of .714 with a CI of .684 to .741 (F(1439, 2878)=3.579, p<0.05) 
and the ICC while using the ODU 11/12 explorer alone was .737 with a CI of .701 to 
.769 (F(719, 1438)=3.858, p<0.05). Using only curved UI, the faculty rater ICC was .691 
with a CI of .644 to .732 (F(719, 1438)=3.357, p<0.05). Interrater reliability results are 
shown in Table I.

The second aim of the study was to determine the intrarater reliability of calculus detec-
tion when using the ODU 11/12 explorer versus a thin UI and versus curved UIs. The average 
Kappa value for all three raters was .726 when using the ODU 11/12 explorer versus the thin 
UI while the average Kappa value for the raters when using the ODU 11/12 explorer versus 
curved UIs was .680. Interrater reliability Kappa values are shown in Table II.

Sensitivity, specificity, positive predictive value (PPV), and negative predictive value 
(NPV) when using the ODU 11/12 explorer versus a thin UI and versus curved UIs were 
measured in regards to the third study aim; validation of thin and curved UIs as instruments 

for calculus detection. A total of 
2,160 surfaces were evaluated for 
calculus using the explorer and the 
thin UI. Of those surfaces, 75% 
(n=322) were true positives, 96% 
(n=1,655) were true negatives, 4% 
(n=75) were false positives, and 
25% (n=108) were false negatives. 
Sensitivity was 75%, specificity 
was 96%, PPV was 81% and 
NPV was 94% when comparing 
calculus detection using the thin 
UI (test outcome) to the ODU 
11/12 explorer (gold standard). 
In evaluating curved UIs to the 
ODU 11/12 explorer, a total of 
2,160 surfaces were evaluated for 
the prescence of calculus. Sixty-
five percent of those surfaces 
(n=141) were true positives, 98% 
(n=1,332) were true negatives, 3% 
(n=34) were false positives, and 
35% (n=77) were false negatives. 
Sensitivity was 65%, specificity 
was 98%, PPV was 81% and 
NPV was 95% when comparing 
calculus detection using the 
curved UIs to the ODU 11/12 
explorer (Table III). 

Discussion
The purpose of this study was 

to evaluate the efficacy of calculus 
detection between thin and curved 
UIs, and the ODU 11/12 explorer. 
Intra- and interrater reliability 
was measured for the purposes of 
comparing calculus detection with 
UIs and an ODU 11/12 explorer. 
Sensitivity, specificity, positive 
predictive value (PPV), and 
negative predictive value (NPV) of 
calculus detection were measured 
for the three types of instruments. 
Based on a generic x2-test and 
0.05 level of significance, a sample 
subject size of 30 was determined 
to have an effect size of 1.0 
with greater than 90% power. 

Table I. Interrater Reliability of the Raters

Intraclass 
Coefficient*

Lower 
Bound** 

Upper 
Bound** F-test df1 df2 p-value

ODU 11/12 
Explorer & 
Thin UI

0.782 0.749 0.810 4.852 1439 2878 <0.05

ODU 11/12 
Explorer 0.768 0.725 0.803 4.577 719 1438 <0.05

Thin UI 0.790 0.750 0.820 5.011 719 1438 <0.05

ODU 11/12 
Explorer & 
Curved UI

0.714 0.684 0.741 3.579 1439 2878 <0.05

ODU 11/12 
Explorer 0.737 0.701 0.769 3.858 719 1438 <0.05

Curved UIs 0.691 0.644 0.732 3.357 719 1438 <0.05

*Intraclass coefficient:  <0.5 poor reliability, 0.50-0.75 moderate  
reliability, 0.75-0.90 good reliability, >0.90 excellent reliability

**Confidence Interval: 95%
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However, since limited amounts of calculus were present and 
detected with the participants, results of the present study can 
only be generalized to patient populations with similar, limited 
amounts of calculus. 

Study participants using the thin UI demonstrated 
a sensitivity of 75%, specificity of 96%, PPV of 81% and 

NPV of 94% however when participants used curved UIs 
the sensitivity measured 65%, specificity 98%, PPV 81% 
and NPV 95% when considering the ODU 11/12 explorer 
as the gold standard for calculus detection. Both thin and 
curved UIs seemed more effective at detecting the absence of 
calculus versus the presence of calculus. Limited evidence over 
the past 10-30 years has revealed varying levels of sensitivity, 
specificity, and predictive values in the detection of calculus. 
Pippen and Feil, using manikins with artificial calculus, found 
a sensitivity 49%, specificity 88%, PPV 12%, and a NPV 
51%.5 In an in vivo study with human participants, Sherman 
et al. revealed a low false positive (FP=11.8%) and high false 
negatives (FN=77.4%).6 However in the Sherman et al. study, 

the clinical evaluation of calculus after scaling 
and root planing was compared to the subsequent 
microscopic evaluation of the extracted teeth. 
With novel technology, Meissner et al. utilized a 
smart ultrasonic device for calculus detection and 
determined a sensitivity of 91%, specificity 82%, 
PPV 59%, and NPV 97%.15

Using the predetermined eligibility and 
inclusion criteria, recruiting participants with 
readily detectable calculus presented a challenge. 
However, previous studies revealed that between-
rater agreement was greater when calculus 
was defined as readily detectable versus root 
roughness.6,26 Out of the 4,320 total surfaces 
evaluated in the present study, 648 surfaces (20%) 
were determined to have calculus using the ODU 
11/12 explorer exclusively and 463 surfaces (15%) 
were determined to have calculus when using both 
the 11/12 explorer and either the thin UI or the 
curved UI (true positive).

Although the three faculty raters had varying 
levels of clinical experience, this did not seem to 
affect calculus detection. Both within-rater and 
between-rater agreement levels were in the full 
agreement range. Specifically, the levels of within-
rater agreement when using both the ODU 
11/12 explorer and thin UI was Kappa =.726 and 
the levels of within-rater agreement when using 
both the ODU 11/12 explorer and curved UI 

was Kappa=.680. Previous research has shown that clinicians 
have a low ability to reproduce their evaluations with respect 
to calculus detection.5,6 Using manikins with simulated 
calculus, Pippin and Feil revealed low within-rater agreement 
(Kappa= .330).5 In a study using human subjects, Sherman et 
al. found similar low within-rater agreement levels regarding 
the prescence of calculus both prior to (Kappa=.220 - .370) 

Table II. Intrarater reliability of the raters

Rater
Kappa Value*  

Thin UI/  
ODU 11/12 explorer

Kappa Value* 
Curved UI/  

ODU 11/12 explorer

All raters 0.726 0.680

Rater 1 0.776 0.766

Rater 2 0.715 0.622

Rater 3 0.641 0.615

*Kappa= 0.00 - 0.20 slight agreement; 0.21 - 0.40 fair agreement; 0.41- 0.60 
moderate agreement; 0.61- 0.80 full agreement, > 0.81 perfect agreement

Table III.  Comparison of calculus detection between  
ODU 11/12 explorer, thin and curved UIs

Instrument

ODU 11/12 Explorer 
(gold standard)

PPV/NPV(+) 
calculus 
present

(–) 
calculus 
absent

(+) 
calculus 
present

Thin UI
75% 

n=322 
(true positive)

4% 
n=75 

(false positive)

81% 
PPV 

TP/(TP+FP) 
n=397

Curved UI
65% 

n=141 
(true positive)

3% 
n=34 

(false positive)

81% 
PPV 

TP/(TP+FP) 
n=175

(–) 
calculus 
absent

Thin UI
25% 

n=108 
(false negative)

96% 
n=1655 

(true negative)

94% 
NPV 

TN/(FN+TN) 
n=1763

Curved UI
35% 
n=77 

(false negative)

98% 
n=1332 

(true negative)

95% 
NPV 

TN/(FN+TN) 
n=1409

Sensitivity/
Specificity

Thin UI
75% 

Sensitivity 
n=430

96% 
Specificity 
n=1730

Curved UI
65% 

Sensitivity 
n=430

98% 
Specificity 
n=1366
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and after scaling (Kappa= .040 -.270).6 In the current study, 
the levels of between-rater agreement were in the strong range 
within a narrow confidence interval with the ODU 11/12 
explorer, the thin UI, curved UIs, all when used alone, as well 
as overall when using all instruments. This contrasts other 
studies which have demonstrated low levels of agreement 
between raters with regards to calculus detection.5,6 However, 
Santiago et al. showed higher between-rater agreement 
evaluating for readily detectable calculus, defined as a “jump 
or bump” of the explorer (Kappa= .631) versus the tactile 
perception of root roughness (Kappa= .271).26 

Anecdotally, after completing the first stage of the study 
utilizing the thin UI the raters commented on feeling limited 
by the straight design of the insert and challenges existed with 
adapting the thin UI along line angles. While the curved UIs 
allowed for improved adaptation of the instrument along 
the line angles, the tip width affected the perceived tactile 
sensations. Development of a novel UI design combining the 
shape of a curved UI with the diameter of the thin UI may 
lead to improvements during the process of calculus detection 
and removal.

Limitations of this study included the number of patient 
participants with readily detectable calculus deposits, 
potential rater recall of the calculus deposits on the patient 
participants’ teeth, and rater fatigue which may have affected 
tactile sensitivity. Future studies should investigate calculus 
evaluation utilizing other UI designs, measure the efficacy 
of UI calculus detection with varying amounts of calculus, 
and determine whether clinical experience, (dental hygiene 
students versus experienced clinicans), affects calculus 
detection using UIs. 

Conclusion
Calculus detection was comparable when using the ODU 

11/12 explorer, thin and curved UIs on patients with limited 
amounts of calculus. Efforts may be focused on developing 
tactile sensitivity when using both thin and curved UIs in 
the assessment, treatment, and maintenance of patients with 
sub-gingival calculus for increased efficiency in dental hygiene 
care. The development of a novel ultrasonic insert combining 
the shape of a curved UI with the diameter of thin UI may 
facilitate adaptation during the process calculus detection and 
subsequent removal. Future studies should investigate calculus 
evaluation utilizing novel ultrasonic insert designs, varying 
amounts of calculus, and varying levels of clinical experience.
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