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OUTCOME STUDIES IN
ENDODONTOLOGY

Which irrigation protocol? To re-treat or not to re-treat? CBCT before every treatment?
Which file should | use? Ultrasonic irrigation necessary? One or two sessions?

Which obturation ? Use calcium hydroxide?

* Importance
Which sealer? Which concentration of hypochloride?

Microscope necessary? Follow up period ?

Pulpotomy or pulpectomy?

Bleaching with which material ?
Perforations- what to do?

MTA or Biodentine? Broken instruments- what to do ? Full crown of composite ?
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* The most extensively
studied

¢ Surge of enthusiasm
in the early 2000s

Example : ultrasonic irrigation

ACT

JOE 2019 : Caputa et al.

“...no strong clinical
recommendations could be formulated”

“ ...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)

& Root-canal wall (Dentin)
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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.

s

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

LA, PIPS, Ultrasonic, Sonic...



“monoblock’™ concept
) e 3 r

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.
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« General terms
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Leakage studies ,T

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

navter Ope

Pasqualini et al. Baumgartner et al.
2007 2007

oo N

Importance:

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

The temporal dimension

Cross-
Sectional
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End point and surrogate end point

Study Type Data Collection Timing Directionality Advantages Limitations

The temporal dimension

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

" Esthetics Biodentine Pulpotomies on Permanent Traumatized Teeth with
i Complicated Crown Fractures. Haikal L et al. ) Endod. 2020
periapical

lesion (@SS Health economic evaluation of endodontic therapies.
LIERaTE Schwendicke F, Herbst SR. Int Endod J. 2022

Outcome assessment of non-surgical root canal treatment by
patients: what factors can influence their evaluation?
Atmeh A et al. Br Dent J. 2020

ST NI

How do we measure/ determine healing?

« copoms

-

Outcome was = == |

I T o .
a2 oraes 43 108 -Qualitative (strict)
mOStIy -Simple measurements

determined by :gzloring systems

radiographs. “CBCT-PAI

area Mean _bin Max

7 859 55997 48 69

a O Qualitati 13
Qualitative assessment A Advantage Disadvantage

» Healed or not healed (“strict criteria”) — — -,

* no measurement of the lesion, just present
or absent.

. — —\

Who used this system ?
Ng et al. 2011




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

—_ldimension.
A+B
Size = mmmmmmemeen

2

Ffean. |

Simple measurements

Advantage Disadvantage

= B2

| Standardization
of the
. radiographs

EERSEEN . - |

PAI Score

* PAl score (Drstavik 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

1 Resuits
File Edit Font Results File Edf Fonl Resulis
[Area|Mean [win [Max | - [ Tnea [Mean Wi [Max |
12394 146234 113 169 1 2005 184042 153 181

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

"

 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
)

i1 Who used this system ?
fil The Toronto studies
Marending et al. 2005
And
More than 70 studies !

PhD thesis 1967 : Brynolf
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PAIl score B
PAI has been used in more than 70
outcome studies since 1987

“SeRsRS A RAR S¥RA-2006 ‘
Incigastag

apical n
P Disease

Normal periapical Demineralization
structures. P al bone of periapical bone
with well-defined
radiolucent area

Prognostic value of the full-scale Periapical Index.

Repeated radiographic assessments of teeth using the full-
scale PAI 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. JOE 2008 : Estrella et al.
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idd
B 8 5 5 The sizes of radiolucent periapical lesions were
4' 4 ﬂ /' measured on CBCT scans in 3 dimensions:
| S Em. buccopalatal, mesiodistal, and diagonal .
L " O The CBCT-PAIl was determined by the largest
‘.\\ x ,\ ‘,\ extension of the lesion. A 6-point (0-5) scoring
= teion 2 system was used.

‘ - Who used this system ?
Esposito et al. 2011
JOE 2008 : Estrella et al. L
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Healing & healed

Success & failure

Effective & ineffective
Favourable and unfavourable outcome

Survival & Functionality

ACT

Cohort

Drop outs p

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




General terms:
Temporal dimension
¥ End points
ater Ty i .
+ Assessing the outcome on radiographs
5Outcome measurements
 Basic terms

ST N

TERMS

* NO success or failure !!!
* PAl score
* Healed and healing

G\a‘,ter THRfE

» Classical studies
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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

Toronto studies —
JOE 2003-2010

tis: the Toronto Study. Phase 1 initial treatment.
the Toronto Study. Phase I nitia treatm:
the Toronto study. Phases | and Il: Orthog
004
dontics- The Toronto Study. Phases | and Il: apical
the Toronto Study. Phase Il inital treatment
tics: the Toronto study-
BR, Marg

tics: the Toronto study-

the Toronto study-
ns.2010

Friedman s, Abitbol

aneh M, Abitbol

ment



Number of
patients
(“cohort”)

Number of patients
returning for recall

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

Calculation of recall rate by Friedman
Phase | —initial treatment

INCEPTION COHORT: 405 teeth in 350 patients

DISCONTINUED: deceased or relocated and could not be reached :
128 teeth. They are EXCLUDED from the cohort. We remain with
405-128= 277

DROPOUTS: Declined or did not respond : 136 teeth, of the 277
RESPONDING : 277-136= 141

RECALL RATE: 51% of the 277

STUDY SAMPLE= RESPONDING — EXTRACTED

Phase Il initial treatment
442 teeth

126
Discontinuers
Relocated

316 teeth
rate= 28%
163
Dropouts Not
Recall Declined responded
rate= 48%
153 teeth

il

Perio, Extracted 122 teeth
FEu—

S unknown

Number of
patients
(“cohort”)

Number of patients
returning for recall

Phase | initial treatment 405 teeth

129
Discontinuers
Died

277 teeth

136
Dropouts
Recall Declined
rate=51%
141 teeth

) 21
Perio, Extracted
restorative

Tunknown

Phase lll initial treatment 532 teeth

248
Discontinuers
Died

284 teeth

142
Dropouts
Recall Declined
rate= 50%
142 teeth

) 10
Perio, Extracted
restorative

unkrown
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Re
SIO"?ted

uirop-outs Extracted

Relocated

Recall
rate= 29%
Not

responded

120 teeth
FEw n _

Relocated

Recall
rate= 25%
Not

responded

132 teeth
FEw n _
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Phase IV initial treatment

582 teeth

99
Discontinuers

Results- Toronto studies

Relocated

483 teeth Recall

rate= 24%
EEN

Dropouts

Recall Declined

rate= 32%

152 teeth

15
Perio, Extracted 137 teeth

, unknown &7H = B

Outcome phases 1-4
Healed precentage

with preop PA

initial

retreatment

i ACT

o A prospective study of the factors affecting outcomes of
Ng studies- IEJ nonsurgical root canal treatment: part 1: periapical health.

. “Outcome of primary...part 1 * Ng, Mann, Rahbarab, Lewsey & Gulabivala 2007 The goal was to identify the prognostic factors for root canal (re)
treatment.
Observational design : factors cannot be controlled but only
accounted for.
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

ACTNGEEN

10
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Classification Outcome measurements

* Preoperative: 1. intact PDL 2. Widened PDL, 3. Lesion * Ng does not agree with Friedman and contantly uses the term

* Diameter of the lesion measured with a ruler “success rate”.
¢ Diameter of widened PDL 0.5 mm * Primary: Clinical and radiographic : absence or healing of lesion
for each root

* Secondary: survival

Succeess:

e 1. : no pain, sympthoms and complete healing
. 2. : healing lesion.

ACT S

initial treatment
924 teeth
144
Never
reviewed

i Pﬂl scm% = A 780 teeth Recall
Q\ ’b Extracted

rate=76%

745 teeth

Only teeth
that were

lable for 2 702 teeth :
IEJ 2011 : Ng et al. 3:2": "'e'"o"l"e FE -

Results Ng . % Ng-STRICT Ng-LOOSE TORONTO

Initial

Retreat

: Strict Loose mc T

11
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Classical studies:
6 post / inter operative reduced 1 factor,

s EDTA, had

ot + Toronto studies (Friedman S. et al.)
influence on
lesion

Patency retreatment.

: = Ng studies
10 factors

had effect —— . * Both could serve as a reference
on blothd the lesion - a standard for endodontic outcome
initial an

references.
retreatment cxavier Thege

* However, they have their limitations

root irrigating with a T New technical innovations will
perforation combination of CHX+ hypo "
challenge these studies
interappointment s
complications,

bad quality coronal
L N

Qrevter Foy Outcome studies with CBCT

International Endodontic Journal [l

EDITORIAL

R Y o s v \International Endodontic Journal W

REVIEW

Limitati of
reviews i
treatment

MK Wu, H. Shemesh & P. R, Wesselink

First outcome studies using CBCT

m Lian,

9, Li, Wase
Endog 29:4195;almk,wu i N
m W3 L, Sheme, [
Wy,

©S8eling 3
P; Investig 215" i Ora The detection of periapical path a
;‘“E“Wllsun e detection of periapical pathoses using digi
Fosch, g CaWood, =y

periapical radiography and cone beam computed
Endod'y 5075 ccknt s d teeth -

part 2: a 1 year post-treatment follow-up

\\.AV Femange,
B Zapats, Ay

Lwlg Jiay
, Jian
L“‘j' I'Ian_ a%';%'& Chen,
rsluis, Wy, | q
Endod ) 20434 Siis 4

]\'I\\,‘\ Davis
avis, p,
I Andiapp;f"rvﬁf!sch\
Mannocq Mich
2015 SNt Endoy
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ﬁ‘ea/ing & Important findings:

- Complete healing of a periapical
lesion on CBCT is either slow or rare
- Looking at the “healed” and
“healing” together (“ loose criteria”)
results in success percentages which
are not different than other studies
without CBCT

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

ACT .

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

T e

13
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CBCT:
+ Reliability in looking at periapical
lesions in endodontically treated

7)) teeth

Y1) When assessing the outcome with
CBCT loose criteria should be used

* Outcome of selective retreatments

Qanter Fogp

oo N

REVIEW ARTICLE

CBCT-Assessed Outcomes ~ [® e C“QQter FIVE * The elephant in the room

and Prognostic Factors of
Primary Endodontic Treatment
and Retreatment: A Systematic
Review and Meta-Analysis

es liegt was\

Patel et al. Editorial- 1EJ 2020
Outcome of endodonic treatment- the elephant in the room

14



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 ...”

IEJ 2020 : Patel et al.

S

The influence of apical periodontitis on circulatory inflammatory
mediators in peripheral blood: A prospective case-control study.

Conclusions: The immunologic profile of chronic AP in one tooth and its healing
profile reveals a systemic low-grade inflammation through compensatory
immunosuppression. A larger lesion or multiple lesions could disrupt the
balance that the system is trying to maintain, resulting in loss of homeostasis.

omory,
W11:15 Prof, . ©
“ E. Cotyj

Viiean. = |

Disease-centered
outcome:
Headling of the
periapical lesion

Patient-centered
outcome:
Quality of Life
Costs/ pain
Functionality

1/28/2026

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.

JOE 2019 : Georgiou et al.

Individually designed treatments

ACT

The elephant in the room:

* How important is an
asymptomatic periapical
lesion and should we treat it ?

Qster Flig

15
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* Monitoring the outcome

Quality guidelines for endodontic
treatment: consensus report of
the European Society of
Endodontology (2006)

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

No

UNCERTAIN further
review

Quality guidelines:(ESE)- 2006

4years
No

Not-effective (did not
change or grew)
further

Only molar teeth with pre-op PA preferably with CBCT

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

No UNCERTAIN —

Review again

IEJ 2018 : AlNuaimietal " weesion |

eRter g
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1. A radiograph one year after the treatment
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

oo N

1year

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

s Review for it
another year

4years

ctive (did not
ge or grew)

Monitoring the outcome:
A a
Different protocols, no consensus

¢ Ranges from not monitoring to
1,2,4 years
)

16
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er §
Qyavter gy A core outcome set (COS) is

an agreed standardized set of
outcomes that should be
measured and reported, as a
minimum, in all clinical trials
in specific areas of health or
health care.

The scoping reviews of 2022

"4—..

JOE 2022 : Azarpazhooh et al. IEJ 2022 : Kirkevang et al.

Part 3: A proposed framework for standardized data Recent (2022) scoping reviews urge
collection and reporting of endodontic outcome studies the scientific community to take
steps and form a unified method to
report outcomes in the future

QyRoter SEgy

JOE 2022 : Azarpazhooh et al.

99 100

Artificial Intelligence in
health
ealth care Artificial Intelligence in
health care

- Detection of periapical lesions (CBCT?)

- Detection of root fractures (CBCT?)

- Length determination (CBCT)

- Morphology of the root cand root canal system(CBCT)

- Predictions (re-treatments, vital pulp treatments) Virtual

101 102

17
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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
Ao

radiographs: A retrospective study

_

Artificial Intelligence in Endodontics: Current Applications and Future Directions.

JOE 2021 : Aminoshariae et al. A CT_ Plos One 2024: Dennis et al.
103 104

Association between patient-, tooth- and treatment-level T ) .

) ) rtificial Intelligence in
factors and root canal treatment failure: A retrospective : . health care
longitudinal and machine learning study.

Virtual

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

O e

105 106

Take

Outcome studies are the essence of clinical studies in @

Artificial Intelligence in endodontology because they can give answers to most clinic.
health care :

questions )
Healing of the periapical lesion on radiograph is mostly used to
assess the outcome &
Patient centered outcomes are also being Used (ana snouid ve used mare otten
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)
Al will be able to predict the outcome in the near future

Virtual

First experiences with patient-centered training in virtual reality.

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

107 108
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Enjoy the rest of the
meeting

Hagay Shemesh
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