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Outcome studies in
Endodontology

« Chapter 1: Importance

* Chapter 2: Definitions- outcome measurements

* Chapter 3: Classical studies

* Chapter 4: CBCT

* Chapter 5: The elephant in the room

* Chapter 6: How to assess my root canal treatment ?
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The aim of today is :

* Clarify what studies in er actually measure
* Introduce essential methodological concepts and terminology
*  Provide tools for critical reading and appraisal

Which irrigation protocol? To re-treat or not to re-treat? CBCT before E.m:nl?

Which file should | use? Ultrasonic jon necessary?

Which obturation ? Use calcium hydroxide?

Which sealer? Which concentration of hypochloride?
Microscope necessary? Follow up perind *

Pulpotomy or pule~~

%%T@@k\\tgv Bieaching with which material 2
= Perforations what to do?

w o Biodentine? Broken instruments- what to do ? Full crown of com posite #

ST NG
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* Importance

e The most extensively
studied

e Surge of enthusiasm
in the early “2000s

Example : ultrasonic irrigation
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Radiographic healing after a root canal treatment performed in
single-rooted teeth with and without ultrasonic activation of
the irrigant: a randomized controlled trial

Root canal treatments with and without additional ultrasonic

activation of the irrigant contributed equally to periapical healing.

JOE 2013 : Liang et al.

Effectiveness of adjunct therapy for treatment of apical periodontitis (R3.6)

LAI, PIPS, Ultrasonic,

uatity st

ESE 2023 : S3 Guidelines

1 20‘%
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“" {

2/15/2026

JOE 2019 : Caputa et al.

..no strong clinical
recommendations could be formulated”

BDJ 2019 : Silva et al.

..there was no evidence of effective improvement on
periapical healing ...that supports the use of ultrasonic
irrigation...”

Resilon-Epiphany

* New composite root canal filling material
* Introduced in 2004 (Shipper et al. JOE)

FROGt Canal waill(Dentin)

“monoblock’™ concept
> .



Leakage studies

Resilon is better GP is better dan GP=Resilon
than GP Resilon

Shipper et al. 2004 Shemesh et al. 2006 Shemesh et al. 2007

Budrumglu & Tunga  Paque & Sirtes 2007 De Deus et al. 2007
2006

Pasqualini et al. Baumgartner et al.
2007 2007
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Importance:

* Outcome studies are the only reliable
way to check the influence of different
treatment modalities/ materials/
instruments on the aims of the

" O treatment

The temporal dimension

Cross-
Sectional
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Long-term Outcomes of Endodontic Treatment Performed with
Resilon/Epiphany
Strange et al. JOE 2019

Resilon-treated teeth were 5.3 times more likely to have a periapical index of
3 to 5 at follow-up compared with gutta-percha .

Long-term Clinical Outcome of Teeth Obturated with Resilon.
Barborka et al. JOE 2017

Teeth obturated with Resilon had 5.7 times greater chance of failure
compared with teeth obturated with GP.

N .
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* General terms

Study Type Data Collection Timing Directionality Advantages Limitations

- Limited control over
Looks backward in time (uses - Faster, cheaper data quality
Backward
existing data) - Uses existing records - May have missing
data

Retrospective

- Better control over data "
Looks forward in time from N - Time-consuming
T Forward collection e

- Reduces bias

Prospective

- Longer observation - Complexity in data
Combines past and future window integration
K f
data collection BECRTERICER e o oo or - May inherit past

time/resources biases

Ambispective
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Primary and secondary clinical outcomes

Secondary

) Efficacy of three different rotary files to remove gutta-percha and
LU Resilon from root canals. Marfisi K et al. Int Endod J. 2010

Biodentine Pulpotomies on Permanent Traumatized Teeth with

Healllng of ECSl Complicated Crown Fractures. Haikal L et al. J Endod. 2020
the

periapical
lesion G Health economic evaluation of endodontic therapies.

PR Schwendicke F, Herbst SR. Int Endod J. 2022
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Outcome was
mostly

—4determined by

radiographs.

Qualitative assessment

» Healed or not healed (“strict criteria”) —
* no measurement of the lesion, just present
or absent.
. — —\

Who used this system ?
Ng et al. 2011

Endpoint and surrogate endpoint

n Resolution of symptoms
Negative bacterial culture after instrumentationReduction in
Healing of o &4 bacterial load (PCR-based)
the

periapical
lesion

How do we measure/ determine healing?

-Qualitative (strict)
-Simple measurements
-Scoring systems

-PAI

-CBCT-PAI

[
7 850 55997 48 69

Qualitative assessment .
(strict criteria) Advantage Disadvantage
Y

L
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Measurement of periapical
lesions

size of each lesion was calculated
by taking the average of the
lesion's largest dimension and its
extent in the direction
perpendicular to the largest
dimension.

2
JOE 1990 : Sjogren et al.

ACT RN

Simple measurements .
Advantage Disadvantage

Time consuming

Standardization
f th

of the
radiographs
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PAI Score

» PAI score (Qrstavik et al. 1986)

» “The PAI scoring system offers a visual
reference scale for assigning a health status to
the periapex. “
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Measurement of periapical lesions

File Edt Font Results File Edt Font Resutts
[area [wean — [uain_[max | < [ Tares Jwesn  wan [wax |
1 294 16234 119 169 T 28 tei0a 138 161

Scoring systems

Periapical scores for treatment outcome.
Periapical destruction:

1= definitely NOT present
2= probably NOT present
3= unsure

4= probably present

5= definitely present

Who used this system ?
Peters & Wesselink 2002

IEJ 1983 : Reit & Grondahl

o NG

* In order to evaluate periapical section
according to the PAI score, you have to
compare periapical radiographs with a set
of 5 radiographic images derived from
Brynolf’s histological-radiographic
correlation study

— o
)

r Who used this system ?

til The Toronto studies
Marending et al. 2005
And

More than 70 studies !

PhD thesis 1967 : Brynolf
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PAIl score Ad " Disad q
PAI has been used in more than 70 vantage isadvantage

outcome studies since 1987

SORSRSTRI SRR S8R-2006

incigasing. pxiert gnd severity of
apical : s -
Disease

of periapical bone
with ned

Eur J Oral Sci 2004 : @rstavik et al.

Prognostic value of the full-scale Periapical Index.

Repeated radiographic assessments of teeth using the full-
scale PAl reveal that each of the five scores had distinct
prognostic value for the course of periapical disease ...

The CBCT-PAI
score

IEJ 2014 : Kirkevang et al. s JOE 2008 : Estrella et al.
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The sizes of radiolucent periapical lesions were
measured on CBCT scans in 3 dimensions:
Ly - B B buccopalatal, mesiodistal, and diagonal .
\\ \\ \\\ \\ The CBCT-PAI was determined by the largest
) ) ) ).\ extension of the lesion. A 6-point (0-5) scoring
N B : s system was used.
"R R
3 ) )3

)

Who used this system ?
Esposito et al. 2011

| e Ntam

CBCTRAlscore Advantage Disadvantage Outcome termi n°|°gy

Success & failure

Healing & healed

Effective & ineffective

Favourable and unfavourable outcome

Survival & Functionality

ACTNEEEN o NG

Cohort

Drop outs

Recall rate- % of cohort patients that came back for recall
Recall rate < 70% decreases the accuracy of the conclusions
recall rate accuracy

Follow-up period recall rate
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General terms: » Classical studies

Temporal dimension

End points

oeRter iy . .
+ Assessing the outcome on radiographs
J outcome measurements

' Basic terms

ACT RN

The Toronto Study Project, established in
1993, is a continuous prospective
investigation of the 4- to 6-year outcome of
endodontic treatment performed by
graduate endodontics students

TERMS

* NO success or failure !!!
¢ PAl score ’

* Healed and healing e 3

Toronto studies — e i
JOE 2003.2010 [

the Toronto study—p
Abit i

the Toronto study—p
g N, Friedman . 2010
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Number of patients WuiaEr i Number of N
p patients patients Number of patients

: . | S48 %4 Vuilo Extracted
returning for recall =
g (“cohort”) (“cohort”) returning for recall

If the recall rate is LESS than 50%...?

Phase I initial treatment Phase Il initial treatment

405 teeth 442 teeth

129 126
Discontinuers Discontinuers
Relocated Died Relocated

277 teeth Recall 316 teeth Recall

rate= 35% rate= 35%
136 163

Dropouts Not Dropouts Not

Recall Declined responded Recall Declined responded

rate= 51% rate= 48%

141 teeth 153 teeth

21 31

Perio, Extracted Perio, Extracted
restorative restorative

~unknown unknown

Phase Il initial treatment 532 teeth Phase IV initial treatment 582 teeth

248 EL
Discontinuers Discontinuers
Relocated Died Relocated

284 teeth Recall 483 teeth Recall

rate= 27% rate= 26%
142 EE
Dropouts Not Dropouts Not
Recall Declined responded Recall Declined responded
rate= 50% rate= 32%

142 teeth 152 teeth

10 15

perio i 132 teeth perio, xracted
o . = | e
F au B BN

, unknown , unknown




“Response bias analysis”

* Explores whether the results could be skewed by
the loss of follow-up.
Patients lost to follow-up are checked for different
characteristics (gender, pre-op diagnosis, tooth
type...)
If the populations lost to follow up and attending
are significantly different in parameters which
were identified as an outcome predictor, than the

results could be skewed.
. -

Results- Toronto studies
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Drop-outs

Came for the recall

- e

gﬂ *iﬁ gﬁx nl

Population diversity : age, sex, smokers
Tooth characteristics : Type, diagnosis

N .

Outcome phases 1-4
Healed precentage

with preop PA

initial

retreatment

A N

Ng studies- IEJ

1. “Outcome of primary.-pa ahbarab, Lewsey & Gulabivala 2007
2. “Outcome of v/ barab, Lewsey & Gulabivala 2007
& Gulabivala 2008
Ng, Mann & Gulabivala 2010
rospective stud rt 1”- Ng, Mann & Gulabivala 2011 (] L/cce
prospective study...part 2 - Ng, Mann & Gulabivala 2011 ;¢

10
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A prospective study of the factors affecting outcomes of

nonsurgical root canal treatment: part 1: periapical health. C|aSSIfIC3tI0n

The goal was to identify the prognostic factors for root canal (re) * Preoperative: 1. intact PDL 2. Widened PDL, 3. Lesion
treatment. ’

Observational design : factors cannot be controlled but only * Diameter of the lesion measured with a ruler

accounted for. * Diameter of widened PDL 0.5 mm
All patients undergoing RCT of retreatment from 1st October 1997
until June 2005. By residents in Eastman. (Toronto : 1993-2001)

Excluded from the study: perio or if the apex was not discernible on
the x-ray

Excluded from the analysis: follow-up less than 2 years, extracted,
not enough data

ACT S

initial treatment

Outcome measurements 924 teeth
144
Never
Ng does not agree with Friedman and contantly uses the term reviewed
“success rate”.

Primary: Clinical and radiographic : absence or healing of lesion 780 teeth B
for each root Extracted

Secondary: survival
Succeess: 745 teeth
LN : no pain, sympthoms and complete healing
. 2. : healing lesion. Pl

that were

2201 Moot 1T AN CEH L] e .

F N

Ng-STRICT Ng-LOOSE TORONTO

Strict

Loose

Initial
Toronto pooled

Retreat

IEJ 2011 : Ng et al. Strict

11



Factors

Gpost 1 factor,
EDTA, had

only

e .
success :

influence on

Patency retreatment.

10 factors

had effect diameter of T .
on both the lesion .
initial and il
retreatment longer Tength
root irrigating with a
perfor: combination of CHX+ hypo
interappointment
complications,
bad quality coronal
restoration
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First outcome studies using CBCT
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Classical studies:
* Toronto studies (Friedman S. et al.)
* Ng studies

Both could serve as a reference
standard for endodontic outcome
references.

However, they have their limitations

New technical innovations could
challenge these studies
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Outcome studies with CBCT

International Endodontic Journal [l

EDITORIAL

« [International Endodontic Journal

REVIEW
—

reviews
treatment

periapical radiography and cone beam cor
in endodonticall d testh -
part 2: a 1 year post-treatment follow-up

12
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/‘r‘ea/ing o Important findings:

- Complete healing of a periapical
lesion on CBCT is either slow or rare
- Looking at the “healed” and

Recall % “healing” together (“ loose criteria”)
results in success percentages which
—_ are not different than other studies
jlesiedCEch without CBCT

Diminished lesion
CBCT %

Healed X-ray %

IEJ 2015 : Davies et al. IEJ 2011 : Wu, Wesselink & Shemesh Ac T_

CBCT reveals lower success rates under strict criteria
compared to loose criteria (36% vs 88%). While CBCT
offers greater diagnostic accuracy, its routine use for
outcome evaluation may not be necessary, as it yields
results similar to periapical radiograph under loose criteria.

» Selective retreatment

REVIEW ARTICLE
CBCT-Assessed Outcomes \é e i e
and Prognostic Factors of

Primary Endodontic Treatment

and Retreatment: A Systematic

Review and Meta-Analysis

JOE 2025 : Brochado Martins et al

Outcome of Selective Root Canal Retreatment -
a retrospective study

JOAO FILIPE BROCHADO MARTINS

J. Brochado Martins, P. Diogo, O. Guerreiro Viegas, R. Cristescu, H. Shemesh

N

13



(X\a‘)te rF I VF

* The elephant in the room

2/15/2026

CBCT:

- Reliability in looking at periapical
L lesions in endodontically treated
<)) teeth

¥/: When assessing the outcome with
ot fag CBCT loose criteria should be used

» ...Or a very long follow up period

N .

The “elephant” is:

* “the question whether asymptomatic apical periodontitis is an
important disease, and whether persistent radiolucencies
identified on CBCT images are associated with significant risks
of local flare-up or systemic consequences, and if so, whether
particular patient groups are at risk. These uncertainties
become increasingly relevant as populations age ...”

iy

IEJ 2020 : Patel et al.

14
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Apical Periodontitis Is Associated with Elevated Concentrations of = £
Inflammatory Mediators in Peripheral Blood: A Systematic Review
and Meta-analysis.

Conclusions: The existing literature indicates that AP adds on to systemic inflammation
by elevating C-reactive protein, interleukin 6, asymmetric dimethylarginine, and C3
levels.

Individually designed treatments

e

Patient-centered
outcome:
Quality of Life
Costs/ pain

Functionality o + How importapt is an
=7} asymptomatic periapical

¥/ lesion and should we treat it ?

The elephant in the room:

navter Flig

3gter SI

1. A radiograph one year after the treatment

» Monitoring th tcom
Rl L L2 LU LTS 2. A radiograph 6 months after the treatment

3. I don’t monitor the outcome

4. A CBCT one year after treatment
5. | follow it up after one and 4 years
6. | just call the patient on the phone

ACTRNGEEN
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Quality guidelines for endodontic
treatment: consensus report of

Quality guidelines:(ESE)- 2006 the European Society of
Endodontology (2006)

1year 1year
Not-effective (did not Not-effective (did not
change or grew) change or grew)

No No No UNCERTAIN

further UNCERTAIN further further
review review e

No
further
Review for review
another year

4years 4years

Not-effective (did not Not-effective (did not
change or grew) change or grew)
No
further

review

Monitoring the outcome:

Only molar teeth with pre-op PA preferably with CBCT .
. - ot i No Different protocols, no consensus
change or grew) further ’ E )
Ranges from not monitoring to

No UNCERTAIN —

1,2,4 years
)

er
Review again Qwavter Siy

Detection of periapical lesions (CBCT?)
Detection of root fractures (CBCT?)
Virtual Length determination (CBCT)
Morphology of the root cand root canal system(CBC .
Predictions (re-treatments, vital pulp treatments) Virtual

Physical
(robotics) Physical
(robotics)

16
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Artificial intelligence (Al) has the potential to replicate human intelligence to
make predictions and complex decision making in the health care systems
Development and evaluation of a deep learning segmentation model for
= assessing non-surgical endodontic treatment outcomes on periapical
A radiographs: A retrospective study

mMm

Atrtificial Intelligence in Endodontics: Current Applications and Future Directions.

JOE 2021 : Aminoshariae et al. A c T _ Plos One 2024: Dennis et al.

Association between patient-, tooth- and treatment-level factors
and root canal treatment failure: A retrospective longitudinal and
machine learning study.

Virtual

Predicting failure was only limitedly possible, also with more complex Machine Learning.

Physical
(robotics)

N . |
99 100

Take
Outcome studies are the essence of clinical studies in @
endodontology because they can give answers to most clinic.
questions .
Healing of the periapical lesion on radiograph is mostly used to | "

assess the outcome
Patient centered outcomes are also being used (n shouia be usea mor
Virtual CBCT as a new tool to assess outcome (limited!)
The importance of persistent asymptomatic periapical lesions is still

unknown
Hopefully more uniform outcome studies will be conducted (COS)

Physical Al will be able to predict the outcome in the near future
First experiences with patient-centered training in virtual reality. (robotics)

J Dent Educ 2020: Serrano, Wesselink, Vervoorn A C T _

101 102
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The aim of today is :

« Clarify what outcome studies in endodontology actually measure
* Introduce essential methodological concepts and terminology
* Provide tools for critical reading and appraisal

103

104

B UNiversiry of AMSTERDAY

Oratie Prof. dr. Hagay Shemesh
13 May 2026 16:30

atthe Aula of the University of Amstedam, Singel 11
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