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ABSTRACT

Purpose Research has shown that calculus detection and removal present a persistent challenge in dentistry.
The purpose of this scoping review was to determine the amount of literature regarding the use of
dental radiographs for calculus detection and removal following nonsurgical periodontal therapy.

Methods The following questions guided the review: 1) To what extent are radiographs incorporated into
clinical practice for calculus detection and what factors influence their use or limitations? 2) What
role do radiographs play in verifying the effectiveness of calculus removal during periodontal
therapy? 3) Should a protocol or clinical guideline for use of dental radiographs post-nonsurgical
periodontal therapy be considered? Following PRISMA guidelines, an online search of PubMed,
CINAHL, Cochrane Database of Systematic Reviews, JBI EBP Database, and Web of Science
was conducted. Inclusion criteria were studies conducted on the presence of dental calculus,
calculus detection, calculus removal and evaluation methods. Studies with a sample size of fewer
than thirty, studies on implants, animals, in vitro studies, and research that did not include calculus
detection or removal in the topic were excluded from the review.

A total of 346 articles underwent title and abstract screening by three separate reviewers for
assessment against the inclusion criteria for the review.

Results A total of 59 studies met the inclusion criteria for the scoping review. Only two of the articles explicitly
mentioned using radiographs to detect calculus. While a wide range of techniques were employed for
calculus detection and removal, no single method was universally effective, and many studies
acknowledged the persistent challenge of residual calculus post-nonsurgical periodontal treatment.

Conclusion \When combined with traditional calculus detection methods, the use of radiographs alone, or in
combination with Al techniques, may prove beneficial post-nonsurgical periodontal therapy. While
the concept of assessing subgingival calculus via radiographs is not novel, findings highlight a
significant gap in the literature validating its effectiveness. Additionally, research on Al assisted
radiographic calculus detection should be focused on in-vivo studies to reflect real scenarios and
whether these techniques improve patient outcomes.
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INTRODUCTION

Periodontal disease is a chronic inflammatory
condition linked to systemic health conditions.
Because dental calculus is a local contributor to
periodontal disease, its effective removal is essential.
Dental calculus harbors bacteria, impairs host
inflammatory responses, and correlates with deeper
periodontal pocket depth and clinical attachment
loss.! However, research has shown that calculus
detection and removal remain a persistent challenge
in dentistry.! The goal of subgingival instrumentation
on periodontally involved roots is to remove all

biofilm and mineralized deposits while keeping the
cementum intact.?® Differentiating between residual
calculus and natural tooth anatomy and effective
calculus removal continues to present a clinical
challenge.® Several studies have been conducted to
assess calculus detection including using endoscopy,
spectro-optical technology, autofluorescence, and the
dental explorer or periodontal probe.>'" Each of these
studies cite limitations of the various calculus detection
methods.®"" Additionally, there have been numerous
studies conducted to assess calculus removal utilizing
technigues such as dental lasers, hand scaling versus
ultrasonics, videoscopes and endoscopes, gingival
retraction cords, gels, and flap surgery. While each of
these studies demonstrated that subgingival scaling
and non-surgical periodontal therapy are effective,
multiple systematic reviews of calculus removal
methods show that they can leave residual subgingival
calculus.'>™ Most studies addressing the accuracy

of calculus detection and removal during nonsurgical
periodontal therapy are performed on periodontally
involved extracted teeth in vitro, while clinicians face
the challenge of effective sub-gingival calculus removal
on teeth that are present in the oral cavity.'

Dental radiographs are a useful diagnostic tool

in dentistry, but their use in detecting subgingival
calculus is not well understood.®'> Additionally, the
Federal Drug Administration (FDA) does not discuss
utilizing radiographs post nonsurgical periodontal
therapy or for detecting the presence of calculus.”® In
1994, an expert panel considered adding periodontal-
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specific radiographic guidelines; however, due to
insufficient literature relating to selection criteria for
periodontology, the panel determined that radiography
should serve as secondary to clinical examination in
the periodontal assessment process.'® Current FDA
guidelines reiterate that radiographic examination
after nonsurgical periodontal therapy should focus on
bone levels and changes rather than the detection of
calculus.’® New technologies have included the use
of Artificial Intelligence (Al) integrated within dental
software to aid in diagnostics. Calculus detection is
one of the available features of Al in dental software
that utilizes computer vision algorithms trained on
large datasets of annotated dental radiographs."”

Radiographs are primarily used for detection of caries,
bone loss, and other orofacial pathologies. While

the use of radiographs to evaluate the efficacy of
subgingival calculus removal has not been reported
in the literature, it may be used frequently in clinical
practice settings."" There is a gap in the literature

on the use of radiographs following non-surgical
periodontal therapy. The purpose of this scoping
review was to explore the literature regarding the use
of radiographs following non-surgical periodontal
therapy. The following questions guided the review:

1. To what extent are radiographs incorporated into
routine practice for detecting calculus, and what
factors influence their use or limitations?

2. What role do radiographs have in verifying
the effectiveness of calculus removal during
periodontal therapy?

3. Should a protocol or clinical guideline for use of
dental radiographs post-nonsurgical periodontal
therapy be considered?

METHODS

The JBI (formerly the Joanna Briggs Institute)
methodology for scoping reviews and the Preferred
Reporting Iltems for Systematic Reviews and Meta-
analyses extension for scoping reviews (PRISMA-ScR)
were used to guide this review.'82°
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Inclusion Criteria

The review focused on original research papers and
clinical trials published in academic journals that included
studies on the presence of dental calculus, calculus
detection, calculus removal and evaluation methods.
The exclusion criteria were sample size of fewer than
thirty, studies on implants, animals, in vitro studies,
and research that did not include calculus detection or
removal in the topic. Articles in other languages were
omitted when English translation was not available,

as well as articles that were not considered original
research, such as narrative reviews (Table I).

Table 1. Inclusion/exclusion criteria

Inclusion Criteria Exclusion Criteria

In Vitro studies (fake
calc/teeth, extracted
teeth, implants)

Original research

Methods for calculus

detection or removal Sample size less than 30

Use of radiographs for
calculus detection or
removal

Animal studies

Systematic reviews Unable to translate

Not original research
(including narrative
reviews)

The primary concepts explored were the techniques
and effectiveness of calculus detection and removal,
with an emphasis on the role radiographs may play in
identifying calculus deposits.

Studies were reviewed across diverse publications in
various dental settings to evaluate the current utilization
of radiographic imaging in calculus detection, identifying
limitations in existing methodologies and potential areas
for future research.

Sources and Search Strategy

This scoping review exclusively considered peer-
reviewed research and primarily quantitative, clinical
experimental designs. There were no limitations
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regarding the date, status, or language of publications
provided and English translation was available, nor
when or where the research studies were conducted.
The search strategy aimed to locate both published
and unpublished studies and was developed with the
input of a clinical services librarian (RL).

An initial limited search of PubMed (NCBI) and
CINAHL (EBSCO) was undertaken to identify articles
on the topic. The keywords contained in the titles
and abstracts of relevant articles, and the subject
headings used to describe the articles were used

to develop a full search strategy for PubMed (NCBI),
CINAHL (EBSCOQ), Cochrane Database of Systematic
Reviews (CDSR), JBI EBP Database (OVID), and

Web of Science (Clarivate). The search strategy,
including all identified keywords and subject headings,
was adapted for each included database and run
from inception. The searches were last run on 03
December 2024 in each database. In addition, the
reference lists of the included studies were manually
checked, and a backward and forward citation
analysis was performed and searched. All publication
types and languages were included in the search.

Evidence Selection

Following the search, 568 identified citations were
collated and uploaded into a citation software program
(EndNote™; Clarivate, Philadelphia, PA, USA) and

222 duplicates were removed.?' The final 346 articles
underwent title and abstract screening by three
separate reviewers (TW, CR, JS) for assessment against
the inclusion criteria for the review. A description of the
selection process is shown in Table Il. Any conflicts
between reviewers during any stage of the selection
process were resolved through discussion and further
reviewing of the abstracts.

Three categories were created and color coded:
Exclude (red), Possibly include (yellow), and Include
(green). Notes were taken in each category as to
why sources were placed within their respective
category. One hundred fourteen potentially relevant
records were identified, and full text was sought for
retrieval; three articles were not available in full text.
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Table II. PRISMA-ScR description of the selection process

Identification

Databases searched: PubMed, CINAHL, Cochrane Database of
Systematic Reviews, JBI EBP Database, Web of Science

Records identified (n=568)
Duplicate records removed prior to screening (n= 222)

Screening

Records excluded based on title and abstract (n=232)
Reports not screened (n=3)

Reports excluded (n=288)
¢ |nvitro - extracted teeth, fake calculus/teeth, implants (n=88)
e Small sample size (n=46)
e Animal studies (n=46)

Non research (n=20)

Unable to translate (n=4)

Noft related to the topic (n=121)

No full text (n=3)

Included

Studies included in review (n=59)
e Calculus detection (n=9)
e Calculus removal (n=50)

Independent reviewers thoroughly evaluated the full text of selected
citations against the inclusion criteria, with any disagreements resolved
as previously described. Reasons for the exclusion of sources of
evidence at full-text assessment that did not meet the inclusion criteria
were recorded and reported (Table l). A total of 59 articles were included
in this scoping review, including 8 clinical trials.

For studies published in languages other than English, CoPilot (Microsoft,
Bellevue, WA, USA) was used to determine whether the study met the
inclusion criteria. One article that discussed clinical evaluation of manual
and ultrasonic scaling using image analysis was translated and included.

Data Extraction

Verification of the study quality was not conducted as the purpose of

this scoping review was to understand the research regarding dental
radiographs for calculus detection and removal. Data extraction from the
articles was performed on a spreadsheet. Fields for data extraction were
based on relevance to calculus detection and removal using different tech-
niques. Three investigators were involved in the data extraction process
(TW, CR, JS). A data extraction table was used for content analysis.
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RESULTS
Calculus Detection

Nine of the studies discussed
calculus detection and emphasized
four techniques including light-
based technologies, periodontal
probing, radiographic imaging, and
the use of advanced technology
such as endoscopy. Four studies
used light-based technology as a
method for calculus detection,®"®
while one study discussed the use
of the periodontal probe for calculus
detection.’® Only two studies utilized
radiographs for calculus detection,*®
while two other studies discussed
advanced technology, such as the
endoscope, for calculus detection.®'

Upon reviewing all selected sources,
all but one author acknowledged,
within the results and discussion
sections, that detecting calculus
remains a difficult and often
unreliable process, even in the
context of their own studies.®™"

Calculus Removal

Fifty of the studies included in

this review addressed techniques
for calculus removal. Reported
methods included the use of burs,
endoscopes, flap surgery, gels,
gingival retraction cord, hand
instruments, lasers, and ultrasonic
devices. One study discussed
bacteria in relation to calculus, but it
was not presented as a method of
removal.??> There were two articles
that discussed the use of burs for
calculus removal.?>?* Nine studies
discussed utilizing an endoscope,
videoscope, or air polisher for
calculus removal.?5-3 Three studies
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focused specifically on flap surgery.34-%6 There were
eleven articles on gels such as Edmogain (Biora AB,
Malmo, SE)*#" and one that discussed the use of a
gingival retraction cord in deposit removal.*® There

were six articles on hand instrumentation*®-** and an
additional six on lasers.>*° There was one study on oral
health education and motivational interviewing prior to
deposit removal procedures® while one study discussed
the utilization of loupes.® Ten studies examined the

use of ultrasonic devices for calculus removal.%"" A
comprehensive overview of the included studies by title,
type and topic (n=58) is shown in Table III.

DISCUSSION

Across the reviewed studies, a consistent theme
emerged. While a wide range of techniques from
hand instruments and ultrasonics to lasers, gels, and
endoscopes were employed for calculus removal, no
single method was universally effective, and many
studies acknowledged the persistence of residual
calculus post-treatment. This highlights the ongoing
challenge in achieving complete debridement and the
need for enhanced detection and verification tools in
clinical practice.

Radiographs are a routine diagnostic tool in clinical
practice, however, their role in detecting or confirming
the presence of calculus is rarely studied. Across the
nine calculus detection studies, authors consistently
noted that calculus detection is difficult and unreliable,
even with advanced tools such as optical probes,
optical coherence tomography (OCT), ultrasonic
devices, and endoscopy. Radiographic detection was
reported in only two studies, reinforcing the limited
evidence for this approach.*® In contrast, the calculus
removal studies (n=50) evaluated a wide range of
technigques such as hand instrumentation, ultrasonic
scalers, periodontal endoscopy, lasers, gels, and
adjunctive agents, yet residual calculus remained
common finding. These findings also highlight a
significant research gap concerning the application of
radiographs for calculus identification, underscoring
the need for further investigation to establish diagnostic
protocols and best practices in dental hygiene and
periodontal care.
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Results from this scoping review are foundational
because they illustrate that while clinicians rely heavily
on radiographs in practice, there is little evidence

to support their use for verifying calculus removal.
Clinicians rely on tactile assessment and visual cues,
which can be subjective because they are dependent
on individual experience and skill, therefore are prone
to inconsistency. This review identifies the value of
exploring radiographic and the possibility of utilizing
Artificial Intelligence (Al) assisted methods as adjuncts
to improve accuracy of calculus detection and removal.
One example of this emerging technology is a pre-
trained Al-based computer-aided detection software
that marks suspected calculus on radiographs (Figure
1).)” This software recognizes radiopaque deposits

on the tooth surface and is designed to detect subtle
changes on low-contrast images that may conceal early
subgingival calculus which is often difficult for the human
eye to discern.'” Because human interpretation can be
subjective and prone to variability for subtle changes
such as dental calculus when considering factors such
as image quality, receptor type, and complex dental
anatomy, Al may help standardize interpretations.
However, current Al tools should be considered
adjunctive, as they can produce false positives and
require further validation in clinical settings. Clinicians
should critically evaluate the effectiveness of current
detection and removal techniques and consider
integrating multiple modalities to improve outcomes.

Figure 1. Image of Artificial Intelligence
software detecting calculus and other dental
findings on a radiograph."”
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Advancing detection and verification methods holds
potential to reduce disease recurrence and enhance

long-term periodontal stability underscoring the clinical

significance of this scoping review.
Future Directions

Future research should focus on in-vivo studies that
evaluate radiographic and Al-assisted detection, the
use of standardized imaging protocols, and the extent
to which these approaches improve patient outcomes.

Collaboration between dental professionals, radiologists,

and Al developers will be essential to create reliable
tools that support clinical decision-making.

Current FDA and American Dental Association
guidelines do not include calculus detection as a
valid indication for radiographic imaging. However,
the current clinical use of radiographic imaging post-
nonsurgical periodontal therapy coupled with the
option of Al enhancement of calculus may warrant a
re-evaluation of the guidance.

Gaps in the literature indicate more research on
post-nonsurgical periodontal therapy imaging should
be performed to establish diagnostic protocols and
best practices in dental hygiene and periodontal
care. Research should also consider whether these
techniques improve patient outcomes and reduce
re-treatment rates. There are also opportunities for
interprofessional collaboration between Al developers,
radiologists, and dental professionals. These
collaborations could improve dental software for
radiographic interpretation and diagnosis.

Limitations

While this scoping review adhered to established
methodology, it was the first of its kind conducted by
three of the reviewers, which may have contributed
to the possibility that some relevant details may have
been inadvertently overlooked. The findings of this
review are based on articles that met the inclusion
criteria. Certain exclusion criteria may have impacted
the generalizability of the findings.

The Journal of Dental Hygiene

CONCLUSION

When combined with traditional methods, using
radiographs for post-nonsurgical periodontal therapy
calculus detection alone or in combination with Al
techniques may prove beneficial. While the idea of
assessing subgingival calculus via radiographs is

not novel, findings from this scoping review highlight
a significant gap in the literature regarding their
validity and effectiveness. Research on Al assisted
radiographic calculus detection should be focused on
in-vivo studies to reflect real scenarios and whether
these techniques improve patient outcomes.

IMPLICATIONS FOR DENTAL
HYGIENE PRACTICE

e Extensive research indicates that accurate
calculus detection remains a persistent challenge,
regardless of the methodology employed.

e \ery few clinical research studies evaluate post-
operative radiographs as part of the evaluation
process of non-surgical periodontal treatment
outcomes, revealing a significant gap in
standardized clinical treatment protocols.

e \While post-operative radiographs may offer
clinical benefits in assessing therapeutic
outcomes of non-surgical periodontal therapy,
further research is required to establish
definitive protocols.

DISCLOSURES

The authors have no conflicts of interest to disclose.

o
Tasha A Wendel, MPH, MS, RDH

Department of Dental Hygiene

University of South Dakota

Vermillion, SD, USA

Rachael Lebo, MLS, AHIP
Wegner Health Sciences Library
University of South Dakota
Sioux Falls, SD, USA

43 Vol. 100 e No. 3 » June 2026



This article is open access and may not be copied, distributed or modified without written permission from the American Dental Hygienists' Association.

Carissa Regnerus, MA, RDH, FADHA
Department of Dental Hygiene
University of South Dakota

Vermillion, SD, USA

Jessica Sona, MOL, RDH
Department of Dental Hygiene
University of South Dakota
Vermillion, SD, USA

Corresponding author:
Tasha A Wendel, MPH, MS, RDH;
tasha.a.wendel@usd.edu

REFERENCES

1. Chang JJ, Chen C, Chang J, et al. A narrative review of
imaging tools for imaging subgingival calculus. Front Oral
Maxillofac Med. 2023 Mar;5:4.

2. Philstrom BL, Ammons WF. Treatment of gingivitis and
periodontitis. J Periodont. 1997 Dec;68;1246-1253.

3. Meissner G, Oehme B, Strackelian J, Kocher T. Clinical
subgingival calculus detections with a smart ultrasonic
device: a pilot study. J Clin Periodont. 2008 Jan;35;126-132.

4. LinTJ, Lin YT, Lin YJ, et al. Auxiliary diagnosis of dental
calculus based on deep learning and image enhancement by
bitewing radiographs. Bioengineering. 2024 Jul 2;11(7);675.

5. Archana V. Calculus detection technologies: Where do we
stand now? J Med Life. 2014 Jan;7;18-23.

6. Hyer JC, Deas DE, Archontia Palaiologou A, et al. Accuracy
of dental calculus detection using digital radiography and
image manipulation. J Periodontol. 2021 Apr;92;419-27.

7. Fernandes LO, Mota CCB, Oliveira HO, et al. Optical
coherence tomography follow-up of patients from periodontal
disease. J Biophotonics. 2019 Feb;12(2):e201800209

8. Anarthe R, Mani A, Saklecha SR, et al. Optical diagnostics
in periodontology: A review. J Dent Res Rev. 2024
Oct;10;4;206-12.

9. Kasaj A, Moschos |, Rohig B, Willershausen. The effective-

ness of a novel optical probe in subgingival calculus
detection. Int J Dent Hyg. 2008 May;143-47.

10. Clerehugh V, Abdeia R, Hull PS. The effect of subgingival
calculus on the validity of clinical probing measurements.
J Dent. 1996 Mar;24;5;329-33.

11. Sherman PR, Hutchens Jr LH, Jewson LG, et al. The
effectiveness of subgingivial scaling and root planing: Clinical
detection of residual calculus. J Periodontol. 1990 Jan; 61; 3-8.

The Journal of Dental Hygiene

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

44

Zhang X, Hu Z, Zhu X, et al. Treating periodontitis-a
systematic review and meta-analysis comparing ultrasonic
and manual subgingival scaling at different probing pocket
depths. BMC Oral Health. 2020 Jan;20;176.

Kuang Y, Hu B, Chen J, et al. Effects of periodontal
endoscopy on the treatment of periodontitis: A systematic
review and meta-analysis. J Am Dent Assoc. 2017
Oct;148(10):750-59.

Adriaens PA, Adriaens LM. Effects of nonsurgical periodontal
therapy on hard and soft tissues. Periodontol. 2004
Aug;36;121-45.

Tugnait A, Clerehugh V, Hirschmann PN. The usefulness of
radiographs in diagnosis and management of periodontal
diseases: A review. J Dent. 2000 Apr;28;219-26.

FDA. The selection of patients for dental radiographic
examinations. 2019 [Internet]. Silver Spring (MD): Federal
Drug Administration; 2024 [cited 2025 Nov 15]. Available
from: https://www.fda.gov/radiation-emitting-products/
medical-x-ray-imaging/selection-patients-dental-
radiographic-examinations

loraheem WI, Jain S, Ayoub MN, et al. Assessment of

the diagnostic accuracy of artificial intelligence software

in identifying common periodontal and restorative dental
conditions (marginal bone loss, periapical lesion, crown,
restoration, dental caries) in intraoral periapical radiographs.
Diagnostics (Basel). 2025 Jun;14(11);1432.

Aromataris E, Lockwood C, Porritt K, et al. JBI Manual for
Evidence Synthesis. JBI 2024. 480 p.

Peters MDJ, Godfrey C, Mclnerney P, et al. Scoping Reviews:
2020 Version. In JBI Manual for Evidence Synthesis. JBI;
2024. p. 417-62.

Tricco AC, Lillie E, Zarin W, et al. PRISMA extension for
scoping reviews. (PRISMA-ScR): Checklist and explanation.
Ann Int Med. 2018 Sept;169:467-73.

The EndNote Team. EndNote 20 ed. Philadelphia, PA:
Clarivate; 2013.

Nieminen A, Siren E, Wolf J, Asikainen S. Prognostic criteria for
the efficiency of non-surgical periodontal therapy in advanced
periodontitis. J Clin Periodontol. 1995 Feb;22;153-61.

Turktekin F, Buduneli N, Lappin DF, et al. Diamond burs
versus curettes in root planing; A randomized clinical trial.
Aust Dent J. 2018 Feb;63;242-252.

Parashis AO, Anagnou-Varelzides A, Demetriou N. Calculus
removal from multirooted teeth with and without surgical
access. J Clin Periodontol. 1993;20;294-98.

Vol. 100 e No. 3 » June 2026



This article is open access and may not be copied, distributed or modified without written permission from the American Dental Hygienists' Association.

25.

26.

27.

28.

20.

30.

31

32.

33.

34.

35.

36.

Dunegan KA, Deas DE, Powell CA, et al. Subgingival scaling
and root planing during minimally invasive periodontal
surgery: A randomized controlled split-mouth trial. J
Periodont. 2024 Jan;95;9-16.

Geisinger ML, Mealey BL, Schoolfield J, Mellonig JT.

The effectiveness of subgingival scaling and rootplaning:
An evaluation of therapy with and without the use of the
periodontal endoscope. J Periodontol. 2007 Jan;78;22-28.

Wright HN, Mayer ET, Lallier ET, Maney P. Utilization of a
periodontal endoscope in nonsurgical periodontal therapy:
A randomized, split-mouth clinical trial. J Periodontol. 2023
Aug;94;933-43.

Harrel SK, Abraham CM, Rivera-Hidalgo F, et al. Videoscope-
assisted minimally invasive periodontal surgery (V-MIS). J
Clinc Periodontol. 2014 Aug;41;900-907.

Yunchun K, Hu B, Chen J, et al. Effects of periodontal
endoscopy on the treatment of periodontitis: A systematic
review and meta-analysis. J Am Dent Assoc. 2017
Oct;148(10):750-59.

Blue CM, Lenton P, Lunos S, et al. A pilot study comparing
the outcome of scaling/root planing with and without
Perioscope technology. J Dent Hyg. 2013 Jun;86;152-57.

Checchi L, Montevecchi M, Checchi V, Zapulla F. The
relationship between bleeding on probing and subgingival
deposits: an endoscopical evaluation. Open Dent J. 2009
Aug;3;154-60.

Cosgarea R, Jepsen S, Fimmers R, et al. Clinical
outcomes following periodontal surgery and root surface
decontamination by erythritol-based air polishing: a
randomized, controlled, clinical pilot study. Clin Oral Invest.
2021 Feb;25;627-35.

Michaud RM, Schoolfield J, Mellonig JT, Mealey BL. The
efficacy of subgingival calculus removal with endoscopy-
aided scaling and root planing: A study on multirooted teeth.
J Periodontol. 2007 Dec;78;2238-45.

Buchanan SA, Robertson PB. Calculus removal by scaling/
root planing with and without surgical access. J Periodontol.
1987 Mar;58;159-63.

Texas A&M University. The use of a non-incised minimally
invasive flap procedure in conjunction with Edmogain

MI compared to traditional SRCP. Clinical trial ID
NCT059664699 [Internet]. Bethesda (MD): National Library of
Medicine Clinical Trials; 2024 [cited 2025 Nov 15].. Available
from: https://clinicaltrials.gov/study/NCT05964699

Caffesse RG, Sweeney PL, Smith BA. Scaling and root
planing with and without periodontal surgery. J Clin
Periodontol.1986 Mar;13;205-210.

The Journal of Dental Hygiene

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

45

Zafar F, Romano F, Citterio F, et al. Chemical cleansing as
an adjunct to subgingival instrumentation with ultrasonic
and hand devices in deep periodontal pockets: A
randomized controlled study. J Periodontal Implant Sci. 2021
Aug;1;51;,276-28.

Harding CD, Cobb CM, Schulz PH, et al. Effectiveness of a
prescale gel on subgingival calculus. J Clin Periodontol. 1996
Mar;23;147-52.

Sayed-Suleyman A, Yukna RA, Vastardis S, et al. Effect of
locally delivered doxycycline hyclate on human fibroblast
attachment to subgingival calculus. J Periodontol. 2005
Feb;76;221-28.

Gamal AY, Mailhot JM. The effects of EDTA gel conditioning
exposure time on periodontitis-affected human root surfaces:
Surface topography and PDL cell adhesion. J Int Acad
Periodontol. 2003 Jan;5;11-22.

Grisi DC, Salvador SL, Marcantonio RA. Efficacy of Carisolv as
an adjunctive therapy to scaling and root planing on subgingival
calculus removal. Braz Dent J. 2006 Dec;17;213-18.

Thomas K, Vandana KL, Reddy VR. A clinical and SEM
evaluation of the efficiency of sofscale gel and hand scaling
and hand scaling alone. Indian J Dent Res. 2002 Jul-
Dec;12;173-82.

Anderson L, Hattervig RL, Samson KK, et al. Effect of locally
applied simvastatin on clinical attachment level and alveolar
bone in periodontal maintenance patients: A randomized
clinical trial. J Periodontol. 2022 Nov;93(11):1682-90.

Sayardoust S. Effectiveness of adjunctive therapy of
Edmogain FL in non-surgical periodontal treatment.
Clinical Trial NCT06070181 [Internet]. Ostergotland
(SE): Ostergotland County Council; 2024 [cited 2025
Nov 15]. Available from: https://clinicaltrials.gov/study/
NCT060701817?term=NCT06070181&rank=1

Morrison SL, Cobb CM, Kazakos GM, Killoy WJ. Root
surface characteristics associated with subgingival
placement of monolithic tetracycline-impregnated fibers. J
Periodontol. 1992 Feb;63;137-43.

Jabro MH, Barkmeier WW, Latta MA. A clinical evaluation
of the effects of a periodontal scaling gel. J Clin Dent. 1992
Jan;3;43-46.

WHO. Comparative evaluation of the efficacy of Curucumin
gel and metformin gel as an adjunct to non-surgical
periodontal therapy-a 3-arm parallel randomized control
trial-NIL. CTRI/2024/08/073108 [Internet]. Geneva (CH):
International Clinical Trials Registry Platform; 2024

[cited]. Available from: https://trialsearch.who.int/Trial2.
aspx?TriallD=CTRI/2024/08/073108

Vol. 100 e No. 3 » June 2026



This article is open access and may not be copied, distributed or modified without written permission from the American Dental Hygienists' Association.

48.

49.

50.

51.

52.

53.

54.

56.

56.

57.

58.

59.

Shen EC, Maddalozza D, Robinson PJ, Geivelis M. Root
planing following short-term pocket distention. J Periodontol.
1996 Sept;68;632-35.

Anderson GB, Palmer JA, Bye FL, et al. Effectiveness of
subgingival scaling and root planing: single versus multiple
episodes of instrumentation. J Periodontol. 1996 May;67;367-73.

Nagy RJ, Otomo-Corgel J, Stambaugh R. The effectiveness
of scaling and root planing with curets designed for deep
pockets. J Periodontol. 1992 Jul;63;954-59.

Rabbani GM, Ash MM, Caffesse RG. The effectiveness of
subgingival scaling and root planing in calculus removal. J
Periodontol. 1981 Mar;52;119-23.

Riaz S, Ahmed S, Shabbir S, et al. Analysing root roughness
and smear layer relationship by comparing contemporary
dental curettes with conventional dental curettes: a randomised
controlled trial. BMC Oral Health. 2022 Jun 17;22(1):237. D’Silva
IV, Nayak RP, Cherian KM, Mulky MJ. An evaluation of the root
topography following periodontal instrumentation-a scanning
electron microscopic study. J Periodontol. 1979 May;50;283-90.

WHO. Comparative clinical evaluation of the effect

of local application of calculus solution in softening

and effortless removal of calculus as compared to
conventional hand scaling in patients with calculus build
up. Clinical Trial CTRI/2018/01/011231 [Internet]. Geneva
(CH): International Clinical Trials Registry Platform; 2024
[cited]. Available from: https://trialsearch.who.int/Trial2.
aspx?TriallD=CTRI/2018/01/011231

Eberhard J, Ehlers H, Falk W, et al. Efficacy of subgingival
calculus removal with Er:YAG laser compared to mechanical
debridement: An in-situ study. J Clin Periodontol. 2003
Jun;30;511-18.

Schwarz F, Putz N, Georg T, Reich E. Effect of an Er:-YAG laser
on periodontally involved root surfaces: an in vivo and in vitro
SEM comparison. Lasers Surg Med. 2001 Nov;29;328-35.

Eberhard J, Ehlers H, Falk W, et al. Manual debridement
more effective that Er:-YAG laser irradiation. Dental Abstracts.
2004 Mar-Apr;49;101-102.

Crespi R, Barone A, Covani U. Effect of Er:YAG laser on
diseased root surfaces: an in vivo study. J Periodontol. 2005
Aug;76;1386-1390.

Zingale J, Hapenau L, Chambers D, Lundergan W.
Effectiveness of root planing with diode laser curettage for
the treatment of periodontitis. J Calif Dent Assoc. 2012
Oct;40;786-93.

Mujawar FS, Zope SA, Suragimath G, et al. Salivary
macrophage inflammatory protein-1a levels in periodontitis
subjects receiving non-surgical periodontal therapy with and
without photo-biomodulation: A prospective interventional
controlled trial. Cureus. 2024 Sep 9;16(9):e68980.

The Journal of Dental Hygiene

60.

61.

64.

65.

66.

67.

68.

69.

70.

46

Vouros . Flapless application of enamel matrix derivative

in class Il mandibular furcation defects. Clinical Trial
NCT05541614 [Internet]. Bethesda (MD): National Library

of Medicine Clinical Trials; 2024 [cited 2025 Nov 15].
Available from: https://clinicaltrials.gov/study/NCT055416147?
term=NCT05541614&rank=1

Dadwal A, Kaur R, Jindal V, et al. Comparative evaluation of
manual scaling and root planing with or without magnification
loupes using scanning electron microscope: A pilot study. J
Indian Soc Periodontol. 2018 Jul-Aug;22;317-21.

. Geng SF, Xu L, Ying P, Cao CF. Clinical evaluation of manual

and ultrasonic subgingival scaling using image analysis.
Shangha Kou Qiang Yi Xue. 1992 Jan;1;73-76.

. Wasti J, Ravishankar PL, Wasti A, et al. Root surface

changes following manual and ultrasonic instrumentation-a
scanning electron microscopic study. Eur Rev Med
Pharmacol Sci. 2003 Dec;27;5415-20.

Yukna RA, Scott JB, Aichelmann-Reidy ME, et al. Clinical
evaluation of the speed and effectiveness of subgingival
calculus removal on single-rooted teeth with diamond-coated
ultrasonic tips. J Periodontol. 1997 May;68;436-42.

Breininger DR, O’Leary TJ, Blumenshine RV. Comparative
effectiveness of ultrasonic and hand scaling for the removal
of subgingival plaque and calculus. J Periodontol. 1987
Jan;58;9-18.

Johnson GK, Reinhardt RA, Tussing GJ, Krejci RF. Fiber optic
augmented sonic scaling versus conventional sonic scaling. J
Periodontol. 1989 Mar;60;131-36.

Kawashima H, Sato S, Kishida M, Ito K. A comparison of root
surface instrumentation using two piezoelectric ultrasonic
scalers and a hand scaler in vivo. J Periodontal Res. 2007
Feb;42;90-95.

Mittal A, Nichani AS, Venugopal R, Rajani V. The effect of
various ultrasonic and hand instruments on the root surfaces
of human single rooted teeth; a planimetric and profilometric
study. J Indian Soc Periodontol. 2014 Nov-Dec;18;710-17.

Vasiri F, Rashidi Maybodi F, Arab Farashahi M. Evaluation of
root surface roughness produced by hand instruments and
ultrasonic scalers: an in vivo study. J Adv Periodontol Implant
Dent. 2022 Dec;14;84-88.

Hunter RK, O’Leary TJ, Kafrawy AH. The effectiveness of
hand versus ultrasonic instrumentation in open flap root
planing. J Periodontol. 1984 Dec;55;697-703.

Vol. 100 e No. 3 » June 2026





