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Abstract

AIM. To assess the impact of computer-assisted navigation techniques on the precision of endodontic access
cavity preparation.

MATERIALS AND METHODS. A systematic review was conducted following the PRISMA 2020 guidelines.
Articles were searched for online using electronic databases, including Scopus, PubMed, Cochrane, and
Web of Sciences. The success rate of root canal location using computer-aided navigation techniques in root
canal access cavity preparation, along with the time required for cavity preparation and the extent of tooth
substance removal were assessed in this review. After eliminating duplicate articles and applying inclusion
criteria, 10 studies were chosen for analysis.

RESULTS. Accuracy in location of root canal is significantly higher in the static and dynamic navigation
group compared to the conventional group. Also, computer-aided static and dynamic navigation techniques
removed significantly less tooth substance compared to conventional groups. Moreover, static navigation
technique took significantly less time for access cavity preparation than conventional while there was no
significant difference in the time taken for access cavity preparation between dynamic navigation technique
and conventional technique.

CONCLUSION. The root canal access cavities prepared using static and dynamic computer-aided navigation
techniques are highly precise in detecting the root canal system, require less tooth substance removal, and
take less time to complete.
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Pe3iome

LLE/b. OueHnTb BAUSIHME KOMMbBIOTEPHbIX HABUIALMOHHBIX TEXHONOMNIA Ha TOYHOCTb NOArOTOBKM MOJIOCTH
[0CTyna B KOPHEBOW KaHai.

MATEPUAJIbI U METO/ZbI. Bbin npoBeaeH cuctematndyeckmini 0630p B COOTBETCTBUM C PYKOBOASLLMMU
npuHumnamm PRISMA 2020. Mownck cTatel 6bi1 NPOBEAEH B 3NIEKTPOHHbLIX 6a3ax AaHHbIX, BKIOYas Scopus,
PubMed, Cochrane n Web of Sciences. B gaHHOM 0630pe oueHNBaNINCb YCMNELHOCTb HaX0XAEHUSI KOPHEe-
BOrO KaHajna C MCNOoNb30BaHMEM KOMMbIOTEPHOW HaBurauuv npy NoAroToBKE NOMAOCTM AOCTyNa B KaHan,
a TakXxe Bpems, Heobxoanumoe Ans NoOAroToBKM NOA0OCTU, M 00bEM yaansemoro 3yOHoro BewecTtsa. locne
yCTpaHeHus Ayo6nnpyowmxcs cTaTtein u NPUMEHEHNss KPUTEPMEB BKJIIOYEHNS Ans aHann3a 6bino 0TobpaHo
10 nccnepoBaHuin.

PE3YJIbTATbI. TO4HOCTb HAXOXAEHUSA KOPHEBOrO KaHaNa 3HaYMTENIbHO Bbille B FPyrnne CO CTaTUYeCKom 1 an-
HaMN4YEeCKOW HaBUraumem no CPaBHEHUIO C TPAANLMOHHON METOOMKON. TakXkXe KOMMbIOTEPHbIE CTaTUYECKME
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1 AMHaMUYeckne HaBUraLMoHHbIE TEXHONOMMUM yaansamn 3Ha4nTelbHO MeHbLLIEE KONTMYECTBO 3yOHOro Belle-
CTBa N0 CPaBHEHUIO C TPAAVLMOHHBIMN MeTogaMun. bonee Toro, ctatnyeckas HaBUrauMoHHas TEXHUKA 3aHs -
na 3Ha4YNTENIbHO MEHbLLE BPEMEHM 14 MOArOTOBKM NOSIOCTM 40CTYMNa, YeM TpaauLMoHHAsa MeToamka, toroa
KaK 3Ha4YNTENbHOWM Pa3HMLbl BO BPEMEHU MEXAY OMHAMUYECKON HaBUraunem n TpagmumoHHON MEeToOMNKOM
He 6bl10.

BbIBO/. MNonoctn foctyna B KOPHEBOM KaHa, NOArOTOBAEHHbIE C UCMOJIb30BAHNEM CTATUYECKOM N AMHA-
MWYECKOWN KOMMbIOTEPHOW HaBUraumm, 06naaatT BbICOKON TOYHOCTbIO B OOHaPYXXEHUN CUCTEMbI KOPHEBLIX
KaHasnoB, TPebyOT MeHbLLIEro yaaneHmns 3ybHOro BeLecTBa 1 3aHUMalOT MEHbLLIE BPEMEHU Ha BbINONIHEHME.

Kniouesble cnoBa: KOMMNbIOTEPHAA HABUraums, AMHaMnyeckasa Hasuraums, HanpasseHHOEe OTKPbITUE A0CTY-
na, cratndeckad HaBurauma

UHdopmauuna o ctaTbe: noctynuna — 10.08.2024; ncnpasneHa — 15.08.2024; npuHata — 25.08.2024
KoHdnuKT nHtepecos: ABTOPbI CO0OLLAIOT 06 OTCYTCTBUMN KOHPANKTA UHTEPECOB.
BnaropgapHocTu: duHaHCUpPOBaHWE U NHAMBMAYaNbHbIE 61arogapHOCTY ANs AEKNapUPOBaHUS OTCYTCTBYIOT.

Ana uutuposanua: Kewapanun MN.P.,, Arrapsan C.A., Natenb H.K., Matens Ox.A., Matun O.A., Mogmn C.X.
BnnsiHne TexHonorui KOMMbIOTEPHOW HaBMrauumM Ha TOYHOCTb OOCTyna B NOAOCTb 3y6a npw 9HAOAOH-
TUYECKOM JIEYEHUU: CUCTEMATMYECKNn 0630p U MeTa-aHanu3. SHAoAoHTus Today. 2024;22(3):244-253.

(Ha anrn. 93.) https://doi.org/10.36377/ET-0041

INTRODUCTION

The goals of root canal therapy (RCT) include achie-
ving precise access opening, as well as proper biome-
chanical shaping, cleaning and three-dimensional(3D)
filling of the entire root canal system (RCS) in order to
ensure a hermetic seal [1]. Failing to meet these ob-
jectives can result in poor treatment outcomes. Of all
these steps, preparing root canal access cavities is the
crucial first step in successful endodontic treatment.
However, itis also one of the most challenging aspects,
often considered the foundation upon which all other
endodontic procedures depend. Traditionally, this is
done freehand based on the operator’s clinical expe-
rience and understanding of the tooth morphology, as
dictated by the extent of the lesion and the tooth struc-
ture already lost [2]. Anatomical features of the pulp
chamber as described by the principles of Krasner and
Rankow, are used to locate the canal orifices, often
aided by dental loupes or dental operating microscope
to reduce iatrogenic errors [3].

Negotiating canals and creating a glide path after
this step is easier and less cumbersome, however, in
certain conditions, the entry into the canal orifice and
its subsequent pre-flaring to achieve a glide path, due
to a condition like obliteration of the pulpal chamber
or of the canal itself, can extend treatment times and
could also lay the groundwork for iatrogenic errors.
Technical failures, such as missing canals, weakened
tooth structure, tooth perforations or transportation of
canal can lead to a compromised outcome, a reduction
in the time to failure and may necessitate tooth extrac-
tion sooner rather than later. In cases where the tooth is
a strategic one or the systemic condition of the patient
precludes extraction, the extraction of teeth could be
disastrous for the patient, and it demands that heroic
efforts be made to locate the obliterated canals and
treat them [3; 4].

Cone beam computed tomography (CBCT) is use-
ful in such complex cases where conventional 2D radio-
graphs fail to provide the necessary information to gain
access into the calcified chamber and canal. CBCT on
the other hand is able to provide a clear 3D representa-
tion of the tooth and is a more reliable method for under-
standing the root canal system and negotiating canals.
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When comparing treatment done with traditional radio-
graphs vs. that done with CBCT, the latter was found to
have greater accuracy and lesser iatrogenic errors. The
availability of 3D data enables the operator to better un-
derstand the morphology and assists in creating a men-
tal 3D map of the root canal system [5].

Recently, the concept of guided endodontics has
been introduced, where 3D data can be integrated
with the surface information of teeth, obtained by
using an intraoral scanner to design and 3D print
a guide for access cavity preparation. Preliminary
studies have demonstrated a high accuracy with
this method, comparing the actual drilled path to the
planned treatment without being affected by the vari-
able of the operator’s skill. Furthermore, using a guide
for the procedure reduces chair time. This innovative
approach could assist clinicians during treatments,
minimize unnecessary removal of tooth structure,
avoid complications, and consequently enhance the
prognosis of the treatment [1].

Guided endodontics can be classified into static
and dynamic types. The static approach involves crea-
ting 3D printed templates using CBCT images, sur-
face scans, and virtual imaging software. The dynamic
navigation system (DNS) employs a computer-assisted
guided technology originally developed for precise im-
plant placement. This system provides real-time feed-
back to the clinician about the drill path being prepared
during treatment. It employs multiple cameras and
motion tracking devices connected to both the dental
handpiece and the patient, constantly comparing the
actual drill path with the planned one using specific
software on the CBCT images of teeth [6]. Numerous
clinical applications of computer-assisted navigation
in endodontics are emerging, highlighting the need for
a systematic review and quality assessment of the lite-
rature to better understand this new treatment concept.

This systematic review aims to assess the impact of
computer-assisted navigation techniques on the preci-
sion of endodontic access cavity preparation. It tests
the null hypothesis (HO) that there is no significant dif-
ference in the effectiveness of different computer-as-
sisted navigation techniques regarding the precision of
endodontic access cavities.

Endodontics
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MATERIALS AND METHODS

1. Study design

This systematic review was conducted following the
PRISMA guidelines. It is registered with the number
CRD42024579912 in PROSPERO. The review adhered
to the PRISMA 2020 Checklist and was carried out in
line with current recommendations for endodontic sys-
tematic reviews and meta-analyses.

PICO Question: What is the impact of computer-aid-
ed navigation techniques on the precision of root canal
location, the time required, and the amount of tooth
substance removed during endodontic access cavity
preparation?

— *Population*; Teeth undergoing endodontic ac-
cess cavity preparation with the assistance of compu-
ter-aided navigation techniques.

— *Intervention*: Use of computer-aided navigation
techniques for performing endodontic access cavities.

— *Comparison*: Endodontic access cavities per-
formed using either static navigation (SN) or dynamic
navigation (DN) systems.

— *Outcome*: The precision of canal location, the
time taken to complete the procedure, and the extent
of tooth substance removed during endodontic access
cavity preparation.

An electronic search was carried out using the
following databases: PubMed, Scopus, Cochrane,
and Web of Sciences. The search assessed all the
literature published internationally till December
2028. Thirteen medical subject heading (MeSH) terms
were included in the search: “endodontic access
cavity”; “conservative access cavity”; “guided ac-
cess cavity”; “navigation access cavity”; “ninja access
cavity”; “minimally invasive access cavity”; “static
navigation”; “dynamic navigation”; “cone beam navi-
gation”; “guided access opening”; “computer-aided
navigation”.

(a) Eligibility criteria

Inclusion criteria:

1) articles published in the English language or those
having a summary in English;

2) case series;

3) randomized controlled trials;

4) randomized experimental trials.

[Studies in which endodontic access cavities were
performed using computer-aided techniques (either
static or dynamic navigation techniques) were included.]

Exclusion criteria:

1) clinical case report < 3 cases;

2) systematic reviews;

3) in vivo studies;

4) abstracts;

5) letters to editors.

(b) Data collection and data items

Two authors conducted an initial comprehensive
screening to identify articles meeting the eligibility cri-
teria. Full-text articles were retrieved for further evalu-
ation if they met the inclusion criteria. Articles with in-
sufficient data were excluded. Discrepancies were re-
solved through discussion until agreement was reached
between the two primary authors.

(c) Data extraction

A Microsoft Excel spreadsheet (Microsoft Corpora-
tion, Redmond, Washington) was specifically designed
to document inclusion and exclusion criteria, along with
detailed reasons for data extraction processing. Two
authors comprehensively selected the studies, and
any discrepancies were resolved through discussion to
reach a consensus.

2. Flow diagram

10 articles were selected after the selection process
for final qualitative and quantitative analysis which has
been described in the following flow diagram (Fig. 1).

Records identified from:

Identification Databases (n = 4634)

Registers (n=0)

A 4

Records removed before screening:
® Duplicate records removed (n =2356)
® Records marked as ineligible (n=135)
® Records removed for other reasons (n =0)

A

Records screened

A 4

(n=2143)

Records excluded
(n=846)

y

Reports sought for retrieval

v

Reports not retrieved

Screening (n = 1297) (n — 236)
A
Reports assessed for eligibility | Reports excluded:
(n=1061) | ® Articles published in language other than English

e Clinical case report with <3 cases
® Systematic reviews

3 ® Abstracts, letters to editors and short communication etc.

Studies included in review
Included

(n=10)

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Flow diagram

Puc. 1. narpamma notoka cornacHo lNMpuHuunam npeanoyTuTenbHOM OTYETHOCTHU
Ans cuctemaTmyeckmx o063opoB 1 meTa-aHanmaos (PRISMA)

JndodoHmusa
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Tom 22, N 3/ 2024



RESULTS

1. Methodological quality assessment
of included studies

Methodological quality assessment of the selected
studies was done using Jadad scale and Delphi scale
as given below.

(a) Jadad Scale

The Jadad was used to assess the methodological
quality of the selected in clinical studies to evaluate risk
of bias. This scale comprises five items that assess ran-
domization, researcher and patient blinding, and a de-
scription of losses during follow-up, resulting in a final

0630psbl / Reviews ‘ 247

score of 0-5, with scores less than 3 being deemed low
quality (Table 1).

(b) Delphi Scale

The Delphi technique, developed by the RAND Cor-
poration, is an iterative, multistage consensus process
where individual opinions are combined into a group
consensus. In Delphi studies, several rounds of sur-
veys (typically two or three) are conducted, allowing
for anonymous feedback and adjustments to ratings
with the goal of reaching a consensus. This method is
widely used for developing clinical practice guidelines
and quality indicators, as well as in creating reporting
guidelines and criteria for the appropriateness of inter-
ventions or core outcome sets (COS) (Table 2).

Table 1. Methodological quality assessment using the Jadad scale
Ta6nuua 1. OueHka MeTo40/I0rM4eckoro kKa4ecTea ¢ MCMnonb3oBaHueM LKanb! Axanan,

Author (Year) rl;:;nt::r:itzu:g" DoI:th:?leti::Z d? Wzrnedv:::)‘s:::’tv: ' Arii?::;e APbF:il’:;:;te Score
: : described? ofrandomization?| method?
Buchgreiz etal. (2019) 0 0 0 0 0 0
Emanuele Ambu et al. (2023) NA NA NA NA NA NA
Moreira Maia et al. (2019) NA NA NA NA NA NA
Van der Meer et al. (2016) NA NA NA NA NA NA
Wojciech Dabrowski et al. (2022) NA NA NA NA NA NA
Xioxia Yang et al. (2024) NA NA NA NA NA NA
Table 2. Methodological quality assessment as per Delphi scale
Tabnuua 2. OueHka MeTo40N0rMYEeCcKoro kayecTsa cornacHo wkase Jenbou
Author (Year)
[Sshe Buchgreiz| Emanuele Moreira Van der Wojciech Xioxia
etal. Ambu et al. | Maia et al. | Meer etal.| Dabrowski |Yangetal.
(2019) (2023) (2019) (2016) |etal. (2022) | (2024)
1) Treatment allocation
a) Was a method of randomization performed? No NA NA NA NA NA
b) Was the treatment allocation concealed? No NA NA NA NA NA
2) Were the eligibility criteria specified? Yes NA NA NA NA NA
3) Was the outcome assessor blinded? No NA NA NA NA NA
4) Was the care provider blinded? No NA NA NA NA NA
5) Was the patient blinded? No NA NA NA NA NA
e ooy [ortioou| | wa | | w |
;)wzi;jsrg?e analysis include an intention-to treat Don't know NA NA NA NA NA

Table 3. Qualitative analysis of articles forming part of the systematic review for accuracy to locate root canals
Ta6nuua 3. KayecTBeHHbIN aHann3 ctaTe, aBNSIOLLNXCSA 4aCTbio cUcTeEMaTUYECKoro 063opa no TOYHOCTHU

HaxoXaeHna KOpHEBbIX KaHaJ10B

Control group Experimental group
Author (Year)
Event Total Event Total
Sameer Jain et al. (2020) 18 20 19 20
Connertetal. (2021) 35 36 35 36
Aishwarya Vasudevan et al. (2023) 20 21 21 21
Gianluca Gambarini et al. (2020) 10 10 10 10
Omid Dianat et al. (2020) 30 30 30 30
Marco Antonio et al. (2020) 18 20 20 20
Jana Kostunov et al. (2020) 30 30 28 30
Mili Rohra et al. (2023) 11 11 11 11
Dan Wang et al. (2021) 11 11 10 10

Volume 22, no. 3/ 2024
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2. Qualitative analysis

10 articles were included out of which 9 were ex-
perimental trials [7-14] and 1 was an ex-vivo study [15].
Some of the studies compared conventional access
with static navigation [7; 10; 12-16] while others com-
pared conventional access with dynamic naviga-
tion [8; 9; 11; 12]. Most studies showed sample size
greater than 10, even though they ranged as high as
72 in Connert et al. study [9] (Table 3-5).

3. Quantitative analysis

1. Success rate of computer-aided static naviga-
tion compared to conventional technique: All the stu-
dies included in the meta-analysis reported the
success rate of computer-aided static navigation
to be 85.47% (95% confidence interval = 0.09-0.66%)
with high heterogeneity (Z test = 2.80, p = 0.005,
and / = 53%) suggesting that the accuracy in loca-
tion of root canal is significantly higher in the static

Table 4. Qualitative analysis of articles forming part of the systematic review for tooth substance removal during

access cavity preparation

Ta6nuua 4. KayeCcTBeHHbIN aHaNN3 cTaTen, aBnsioLLNXCHA YaCTbio cUCTEMaTUYeCcKoro o63opa rno yaaneHuio
3yOHOro BelecTBa Npu NoAroToBKe NoJIOCTU AOCTYyna

Measurement Computer-aided
Author (Year) Study Type Sample(n) procadurs Navigationtechnique Tooth-substance loss
Connertetal. (2019) In vitro 48 Clinical and Control 49.9 mm?®
Radiographical SN 9.8 mm3
Marco Antonio et al. Ex vivo 20 Clinical and Control Incisors: 31.667 mm?®
(2020) Radiographical Molars: 62.526 mm?
SN Incisors: 26.523 mm?®
Molars: 45.677 mm?®
Sameer Jain et al. In vitro 40 Clinical and Control 40.7 mm?
(2020) Radiographical DNS 27 2 mm?
Connertetal. (2021) In vitro 72 Clinical and Control 29.7 mm?®
Radiographical DN 10.5 mm3
Aishwarya Vasudevan In vitro 42 Clinical and Control 66.87 mm?
etal. (2023) Radiographical SN 19.39 mm?®
Jana Kostunov et al. In vitro 60 Clinical and Control Incisor: 16.1 mm?
(2020) Radiographical Premolar: 44.2 mm?®
Molar: 99.3 mm?®
SN Incisor: 5.3 mm?®
Premolar: 14.4 mm?
Molar: 25.2 mm?®
Omid Dianat et al. In vitro 60 Clinical and Control CEJ: 1.55mm
(2020) Radiographical End drilling point: 1.47 mm
DN CEJ: 1.06 mm
End drilling point: 1.18 mm
Mili Rohra et al. (2023) In vitro 22 Clinical and Control 27.64 mm?
Radiographical SN 11.73 mm?
Dan Wang et al. (2021) In vitro 30 Clinical and TEC 81.78 mm?®
Radiographical SN 42.39 mm3

Table 5. Qualitative analysis of articles forming part of the systematic review for time taken to prepare access cavity

Ta6nuua 5. KauecTBeHHbIN aHaNN3 cTaTen, aBNSIOLLMXCS YaCcTbio CUCTEMATUYECKOrO 0630pa Mo BPEMEHMU,
3aTpayYeHHOMY Ha NoAroTOBKY NONOCTM AoCcTyna

Measurement Computer-aided .
Author (Year) Study Type Sample(n) R Navigation technique Time taken
Connertetal. (2019) In vitro 48 Clinical and Control 21.8 min
Radiographic SN 11.3 min
Sameer Jain et al. (2020) In vitro 40 Clinical and Control 4248 s
Radiographical DN 136.1s
Connertetal. (2021) Invitro 72 Clinical and Control 193 s
radiographical DN 1955
Aishwarya Vasudevan et al. In vitro 42 Clinical and Control 28.14 min
(2023) Radiographical SN 16.79 min
Gianluca Gambarini et al. In vitro 20 Clinical and Control 12.2s
(2020) Radiographical DN 115s
Omid Dianat et al. (2020) In vitro 60 Clinical and Control 405s
Radiographical DN 207 g
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navigation group compared to the conventional computer-aided static navigation and conventional
group, with an overall Odd’s ratio of 0.24 (p = 0.005) groups to be -50.28 [95% Confidence Interval (Cl):
(Fig. 2). -52.43, —-48.14] with high variability of heterogeneity.

2. Success rate of computer-aided dynamic naviga- (Z test = 45.98, p = <0.00001, and /2 = 99%) which in-
tion compared to conventional technique: Four studies  dicates that static navigation methods significantly re-
included reported the success rate of 96.5% (95% con-  duce tooth substance removal compared to traditional
fidence interval = 0.09-0.66%) with high heterogeneity  techniques, with the results being statistically signifi-
(Z test = 2.80, p = 0.005, and | = 53%) which suggests cant and likely robust despite some variability among
that the accuracy in location of root canal is significantly  studies (Fig. 4).

higher in the dynamic navigation group compared to the 4. Amount of tooth-substance removal in compu-
conventional group, with an overall Odd’s ratio of 0.24  ter-aided static navigation compared to conventional
(p =0.005) (Fig. 3). technique: Three studies included in the meta-analy-

3. Amount of tooth-substance removal in compu- sis showed the overall mean difference between the
ter-aided static navigation compared to conventional computer-aided dynamic navigation and conven-
technique: All the studies included in the meta-ana- tional groups to be -0.71 [95% Confidence Interval
lysis showed the overall mean difference between the (Cl): —0.92, —0.51] with high variability of heterogenity.

Control Experimental Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Aishwarya Vasudevan et al. 2023 20 21 21 21 85% 0.32[0.01, 8.26]
Connertetal. 2019 10 24 22 24 746%  0.06[0.01,0.34] —l—
Dan Wang et al. 2021 11 11 10 10 Not estimable
Jana Kostunov et al. 2020 30 30 28 30 2.7% 5.35[0.25,116.31]
Marco Antonio et al. 2020 18 20 20 20 14.2% 0.18[0.01,4.01]
Mili Rohra et al. 2023 11 11 11 11 Not estimable
Total (95% Cl) 117 116 100.0% 0.2410.09, 0.66] .
Total events 100 112 .

Heterogeneity: Chi? = 6.37, df = 3 (p = 0.09); I> = 53%

Test for overall effect: 7= 2.80 (p = 0.05) 0.002 0.1 ! 10 500

Favours [Control] Favours [Experimental]
Fig. 2. Forest plot of root canal location success rate between computer-aided static navigation compared

to conventional technique

Puc. 2. JlecHoli rpaduik (Forest plot) cpaBHUTENBHOrO ycnexa HaxoXxAeHns KOPHEeBOro KaHana

MeX a4y KOMMNbIOTEPHOW CTAaTUYECKOW HaBMUraunem v TpaanumMoHHON TEXHMKON

Control Experimental 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Gianluca Gambarini et al. 2020 18 20 20 20 14.2% 0.18[0.01, 4.01]
Connert et al. 2021 20 21 21 21 8.5% 0.32[0.01, 8.26]
Omid Dianat et al. 2020 30 30 28 30 2.7% 5.35[0.25, 116.31]
Omid Dianat etal. 2 2020 10 24 22 24 74.6% 0.06[0.01, 0.34] —B—
Total (95% Cl) 95 95 100.0% 0.2410.09, 0.66] <2
Total events 78 91
Heterogeneity: Chi?=6.37, df =3 (p =0.09); I>=53% I } t |
Test for overall effect: 7= 2.80 (p = 0.05) 0.002 0.1 1 10 500

Favours [Control] Favours [Experimental]
Fig. 3. Forest plot of root canal location success rate between computer-aided dynamic navigation compared
to conventional technique

Puc. 3. JlecHoi rpaduk (Forest plot) cpaBHUTENBHOIO ycrexa HaxoXAeHUst KOPHEBOIro kaHana
MeXAy KOMMbIOTEPHOM ANHAMNYECKON HAaBUraumen u TpaanuoHHOM TEXHNKOMN

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Aishwarya Vasudevan etal. 2023 19.39 2.76 21 66.87 1254 21 152% -47.48[-52.97,-41.99] -
Connertetal. 2019 9.80 164 24 4990 897 24 345% -40.10[-43.75,-36.45] *
Dan Wang et al. 2021 4239 8178 15 8.17 1477 15 0.3% 34.22 [-7.84,76.28] 1
Jana Kostunov et al. 2020 2520 480 10 9930 310 10 36.6% -74.10[-77.64,-70.56] - L
Marco Antonio et al. 2020 45677 714 5 62526 11.18 5 34% -16.85[-28.48,-5.22] .
Mili Rohra et al. 2023 1173 185 11 2764 11534 11 10.0% -15.91[-22.70,-9.12]
Total (95% Cl) 86 86 100.0%  -50.28[-52.43, -48.14] ? ' ' '
Heterogeneity: Chi? = 350.38, df =5 (p < 0.00001); I> = 99% -50 -2 0 25 50
Test for overall effect: Z=45.98 (p < 0.00001) Favours [Experimental] Favours [Control]

Fig. 4. Forest plot of amount of tooth-substance removal in computer-aided static navigation compared
to conventional technique

Puc. 4. JlecHoii rpaduk (Forest plot) o6bema yaaneHmns 3y6HOro BELLLECTBA NPU KOMMbIOTEPHOM
CTaTM4YeCKOM HaBuraumm rno CPaBHEHUIO C TPAAVLMOHHON TEXHUKOWN
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(Z test = 6.79, p = <0.00001, and / = 99%) which indi-
cates that dynamic navigation methods significantly re-
duce tooth substance removal compared to traditional
techniques, with the results being statistically signifi-
cant and likely robust despite some variability among
studies (Fig. 5).

5. Total time taken in access cavity preparation in
Computer-aided static navigation compared to conven-
tional technique: The meta-analysis employs a continu-
ous random-effects model, focusing on the mean diffe-
rence in time taken between computer-aided static nav-
igation and conventional groups. The mean difference
was -631.69 [95% Confidence Interval (Cl): —668.34
to -595.04] with no heterogenity (Z test = 33.78,
p =<0.00001, and /2 = 0%) which demonstrates a sig-
nificant mean difference between the static navigation
and conventional groups with no significant heteroge-
neity, indicating consistent findings across the included
studies (Fig. 6).

6. Total time taken in access cavity preparation in
Computer-aided dynamic navigation compared to con-
ventional technique: The meta-analysis investigates the
time taken for procedures using dynamic navigation
techniques in experimental and conventional groups

between computer-aided dynamic navigation and con-
ventional groups across four studies. The mean diffe-
rence was —1.80 [95% Confidence Interval (Cl): —4.27 to
0.67] with high variability of heterogenity (Z test = 1.43,
p = 0.15, and /2 = 99%) which shows that there is no
statistically significant difference in the time taken for
dynamic navigation between the experimental and con-
ventional groups (Fig. 7).

DISCUSSION

Traditional root canal therapy relied on tactile sen-
sation for many years, leading to varying degrees of
endodontic complications. Since then, the advent of
advanced tools such as DG-16 probes, ultrasonic tips,
and enhanced visualization techniques utilizing loupes
and microscopes has significantly improved the ac-
curacy of locating root canals, particularly in cases of
pulp canal obliteration. The introduction of CBCT has
enabled 3D visualization of teeth, enhancing diagnos-
tic capabilities [17].

Nasseh and Al-Rawi highlighted the benefits of
CBCT in endodontics, which include comprehensive
evaluation of endodontic and non-endodontic condi-
tions [18]. Cone beam computed tomography (CBCT)

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Connertetal. 2019 10.50 195 36 29.70 585 36 1.0% -19.20[-21.21,-17.19] -
Omid Dianat et al. 2020 1.06 0.18 30 155 055 30 987% -0.49[-0.70, -0.28]
Sameer Jainetal. 2020 27.20 510 20 407 878 20 0.2% -13.50[-17.95,-9.05] -
Total (95% Cl) 86 86 100.0% -0.71[-0.92, -0.51] |

Heterogeneity: Chi? = 359.74, df = 2 (p < 0.00001); I = 99%
Test for overall effect: Z=6.79 (p < 0.00001)

20 -10 0 10 20
Favours [Experimental] Favours [Control]

Fig. 5. Forest plot of amount of tooth-substance removal in computer-aided dynamic navigation compared

to conventional technique

Puc. 5. JlecHoi rpaduk (Forest plot) o6bema yaaneHns 3yGHOro BeLecTsa npu KOMMbOTEPHOIA
ONHAMMYECKOM HaBMraumm no CPaBHEHUIO C TPAANLNOHHOWN TEXHUKOMN

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Aishwarya Vasudevan etal. 2023 1,039 804 21 16884 279 21 8.7% -649.40[-773.58, -525.22] —
Connertetal. 2019 678 407 24 1,308 868 24 91.3% -630.00[-668.35,-591.65] [ |
Total (95% Cl) 45 45 100.0% -631.69[-668.34, -595.04] ¢ ) ) )
Heterogeneity: Chi2 = 0.09, df = 1 (p < 0.77); 1= 0% 1000 -500 0 500 1000

Test for overall effect: Z=33.78 (p < 0.00001)

Favours [Experimental] Favours [Control]

Fig. 6. Forest plot of total time taken in access cavity preparation in Computer-aided static navigation compared

to conventional technique

Puc. 6. JlecHow rpacduk (Forest plot) o6uiero BpemMenu,

3aTpa4YeHHOro Ha NOAroToBKY NMOJIOCTU AOCTYNa

NPy KOMMbIOTEPHOM CTaTU4ECKON HaBMIraLmMm No CPaBHEHWUIO C TPAANLMOHHON TEXHNKOM

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Connertetal. 2019 195 983 36 193 91 36 0.3% 2.00 [-40.50, 44.50]
Gianluca Gambarinietal. 2020 115 24 10 122 32 10 99.2% -0.70[-3.18, 1.78]
Omid Dianat et al. 2020 227 97 30 405 246 30 0.1% -178.00[-272.62,-83.38]
Sameer Jain et al. 2020 136.1 56 20 42438 78 20 0.3% -288.70[-330.78,-246.62] —
Total (95% Cl) 96 96 100.0% -1.80[-4.27,0.67]

Heterogeneity: Chi? = 192.66, df = 3 (p < 0.00001); I>=98%
Test for overall effect: 7= 1.43 (p < 0.15)

-200 -100 0 100 200
Favours [Experimental] Favours [Control]

Fig. 7. Forest plot of total time taken in access cavity preparation in Computer-aided dynamic navigation

compared to conventional technique

Puc. 7. JlecHoli rpaduk (Forest plot) obuiero Bpemenm,

3aTpayveHHoro Ha NOAroTOBKY NOMOCTU A0CTYyNa

Npuv KOMMbIOTEPHOM ANHAMNYECKOWN HaBUraL My No CPaBHEHUIO C TPAAULVMOHHOW TEXHUKOMN
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is particularly useful in complex cases where traditional
radiographs fail to offer adequate information about the
tooth morphology and its surrounding structures [19].
This 3D data can be integrated with surface details ob-
tained from an intraoral scanner, enabling the design
and 3D printing of a treatment guide [20].

The accuracy of computer-assisted navigation
techniques for dental implant placement has been
evaluated by numerous authors, revealing a range of
deviations. The horizontal deviation at the dental im-
plant platform has been found to range from 0.00 mm
to 6.15 mm, while the vertical deviation at the dental
implant apex varies from 0.00 mm to 6.99 mm. Addi-
tionally, the average angular deviation relative to the
longitudinal axis of the dental implants is approximate-
ly 3.81°. These findings highlight the variability in ac-
curacy across different studies and methods [21; 22].
Gambarini et al. reported that the use of a dynamic
navigation system yielded a mean horizontal devia-
tion of 0.34 mm and a mean angular deviation of 4.8°.
The deviations at the dental implant platform and
apex were lower, with values of 0.71+0.40 mm and
1.00£0.49 mm, respectively, and an average angular
deviation of 2.26°+1.62° relative to the longitudinal
axis of the dental implants [23-25]. These findings indi-
cate that dynamic navigation techniques can enhance
the accuracy of dental implant placement compared to
the freehand method, reducing clinical complications.
The increased precision of these systems supports
their potential use in performing ultraconservative root
canal access openings and reinforces their credibility
for clinical applications [26; 27].

Root canal access preparation in calcified teeth
presents significant clinical challenges. Errors in this
critical step can have severe consequences, espe-
cially in teeth with minimal dentin, such as mandibu-
lar incisors. Unsuccessful attempts to locate calci-
fied canals can lead to gouging, perforation, and
substantial dentin loss. Despite the advancements
in treatment efficacy for teeth with pulp canal oblit-
eration (PCO) through the use of dental operating
microscopes (DOM) and cone-beam computed to-
mography (CBCT), the process remains difficult, time-
consuming, and prone to technical errors [12]. Accor-
ding to Sameer Jain et al., access cavities prepared
using dynamic navigation resulted in significantly less
mean tooth substance loss compared to the conven-
tional freehand root canal access opening (27.2 mm?3
vs. 40.7 mm?3) [8]. Similarly, Connert et al. observed
that the mean substance loss using the convention-
al freehand root canal access opening method was
49.9 mm? (95% ClI, 42.2-57.6 mm3), while the static-
guided approach resulted in a loss of just 9.8 mm?3
(95% ClI, 6.8-12.9 mm?) [7].

Locating canals in calcified teeth requires more time
than preparing conventional access cavities, regard-
less of the operator’s experience. Connert et al. repor-
ted that the average time for access cavity preparation
was 30 seconds, with the total time - including surface
scanning, virtual planning, and access cavity prepara-
tion —amounting to 613 seconds [9].

In terms of treatment duration, Connert et al.
found that conventional techniques took an average
of 21.8 minutes, whereas guided endodontics took
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11.3 minutes [7]. Likewise, Sato et al. reported that
guided access preparation required 25.03 minutes,
compared to 16.98 minutes for conventional access
preparation. Therefore, guided access is not only faster
but also a more reliable option for endodontic treat-
ment. Although designing and preparing an endodon-
tic guide requires considerable time and expertise in
CBCT, software handling, and 3D printing, the overall
benefits in complex cases justify its use.

Using computer-assisted navigation techniques for
locating root canals has generally shown a high suc-
cess rate (96.2%) compared to conventional methods
(83.9%). Notably, computer-assisted static navigation
techniques had a slightly higher success rate in root
canal location (96.5%) compared to dynamic tech-
niques (95.7%). These studies all conclude that com-
puter-aided navigation techniques offer a more pre-
dictable and reliable approach for endodontic access
cavities [20].

To be clear, endodontic treatment remains chal-
lenging despite advancements in technology. Small
root canals and complex anatomy pose significant
difficulties. Thus, it is essential to underscore the im-
portance of employing appropriate techniques for
a successful outcome. Limited access and visibility
in endodontics, particularly in cases involving molars,
often contribute to higher failure rates. Consequently,
adopting advanced imaging and navigation techniques
is vital to achieve precise and effective results. While
traditional methods like radiography are useful, they
have limitations that can impact the accuracy of the
procedure [28]. The integration of computed tomogra-
phy (CT) and dynamic navigation systems has shown
promise in enhancing the precision of endodontic
treatments. Utilizing these advanced technologies can
help overcome the inherent challenges and improve
patient outcomes, ensuring a higher success rate for
endodontic procedures [29].

The findings of this study disproved the null hypo-
thesis, which stated that there is no significant diffe-
rence in the accuracy of endodontic access cavities
when using various computer-aided navigation tech-
niques.

This study presents a limitation that all the included
articles were limited to those published in English, po-
tentially excluding studies in other languages. Despite
this, computer-aided navigation is an emerging tech-
nique that is continually developing. As more scientific
literature emerges in the future, this method is likely
to become a safer and more accurate alternative to
traditional access techniques in cases involving cal-
cification.

CONCLUSION

This study leads to the conclusion that:

1. Computer-aided static navigation has proved to
be highly accurate in location of root canal orifices with
accuracy of 96.2%.

2. Computer-aided navigation techniques removes
less tooth substance compared to conventional tech-
niques.

3. Computer-aided navigation techniques take less
time in preparation of endodontic access cavity than
conventional techniques.
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