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Influence of magnification

Root-end filling material MTA / BC putty 

Periodontal involvement

Re-surgery history of failures / prognosis

Long term prognosis healing reversal?

Overall Outcome
Other Factors affecting Outcome:

Postoperative Instructions
1) Do not brush area of surgery on the day of surgery. Use small Q-tip 
with mouth rinse to clean carefully. Brush everywhere else.

2) Leave surgical area alone. Do not raise the lip in front of mirror and “inspect” - 
let tissues heal

3) Do not smoke for at least one week - this is your time to quit smoking !!!

4) Do not overactively rinse your mouth.

5) Soft diet for first few days.

7) Get advice from the office if any problems arise.

6) Ibuprofen, Chlorhexidine rinse, [Amoxicillin if needed].

Time Period Treatment

Night after the surgery Call the patient to check and ensure

3-7 days Clinical check and suture removal 

1 year

Clinical check and radiographic  
follow-up

2 years

4 years

Follow-up Schedule

Adjust based on individual procedure and/
or patient needs

Post-op 5 days F/U

2 years F/U1 year F/U

Pain & Symptoms

No

Yes

Lower success rates with preoperative pain, tenderness and 
presence of a sinus tract.

No difference in outcome with preoperative pain.

von Arx T et al., IEJ 2010; Kreisler et al., Quintessence Int. 2013

Peñarrocha et al. Med Oral Patol Oral Cir Bucal. 2008; Song et al., J Endod 2011;  von Arx T,et al., J Endod 2012

General Factors Bleeding disorders 
Coumadin (Marcumar)  
Epinephrine “allergy”  
Cardiac Patient 
Aspirin

Age / Gender

Barone et al., J Endod. 2010; Kreisler et al., Quintessence Int. 2013; Peñarrocha et al., J Oral Maxillofac Surg. 2007

Age / gender may not play a role. 
Only two studies with actual, but 
controversial results for age, only 

one study better in males.

Medical History

Hemostasis

No

Yes



- 

Endodontic Outcome

All Endo
Failure 16% [historical data] 

Apical Periodontitis only
Failure 26% [historical data] 

Primary Endodontic Failure

Infection

Periapical 
Inflammation

Endodontic Outcome

Generally strict criteria: Strindberg or PAI index 

?

Failed despite non-surgical retreatment

2-year f/uPre-Op

Overall: ~23% [historical data 1961-2005]
 Weighted Pooled Success Rates - Ng et al., IEJ, 2008

Retreatment Failure

Endodontic Outcome

Apical PA & Root Canals non-negotiable: 

60%!!! Four different groups PAP/Access 7%-60% failure 
Gorni & Gagliani, JOE, 2004

but…

Strict or “loose” criteria

Endodontics IS microbial control : progress 
is more efficient control of microbes. 

Hypothesis: 
Removal of intracanal infection will result 
in success whatever the detector method !

Scientific Success - No detectable disease

Problems: Difficult Anatomy, Previous 
Treatment, Infected Dentin, Biofilm

Intraradicular 
infection 90-95 %

Intraradicular 
infection

90-95 %

Inflammation

Nair 1990

Extraradicular 
infection

Foreign body  
reaction

True Cyst > 5 %

very few

Actinomycosis

Nair PNR, Periodontol 2000, 1997

Apical Periodontitis
Abscess 12%
Granuloma 73%

True Cyst 9%
Pocket Cyst 6%

2-5 %

Proprionibacterium 
proprionica

Scar Tissue very few

Sundqvist 1980, Sjögren 1988, 
1997, Wayman, Tronstad 1989

Koppang 1989, Nair 1990, 
Sjögren 1995

Nair 1990

Nair 1999 

Problem: The Etiology of the Apical Periodontitis

Frank Setzer, Philadelphia, PA

Healing Assessment?
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Radiographic criteria for the assessment 
of healing after endodontic surgery 

JORGEN RUD, J. O. ANE~REASEN A N D  J. E. M~3LLER JENSEN 

Dental Department, University Hospital and Departments of Oral Pathology 
and Oral Radiology, Royal Dental College, Copenhagen, Denmark 

ABSTRACT - -  A radiographic classification system is presented for 
healing assessment after periapical surgery. The use of the classifica- 
tion requires an observation period of at least one year. Radiographic- 
ally the following four groups are described: Group 1, Complete 
healing; Group 2, incomplete healing (scar tissue); Group 3, uncertain 
healing and Group 4, unsatisfactory healing (failures). Of 120 cases 
examined histologically, it was found that all cases in the unsatia'- 
factory healing group were severely inflamed. In the complete healing 
group inflammation was in some cases not depicted radiographically 
because of the projection. In Groups 2 and 3 inflammation was found 
in 61 and 86 %, respectively. Scar tissue was found in 91% of cases 
in Group 2. When the subjective and objective symptoms from 1,000 
cases treated with endodontic surgery were correlated with the various 
healing groups, it appeared that these symptoms were concentrated 
mainly within the group unsatis/actory healing, and only a few cases 
showed symptoms within the groups complete and incomplete healing. 
When testing the precision of the radiographic classification it was 
found that the three authors agreed on cases with complete healing in 
more than 90 % of the cases. Most discrepancy was found regarding 
the uncertain healing group, where the authors were only 70- 76 % in 
agreement. Repeated readings of consecut]]ve cases by the authors 
showed discrepancies of 5-13 %. Two dent~l'surgeons, informed about 
the classification through the description and illustrations only, had a 
precision of 76- 79 % respectively, compared to the joint decisions of 
the present authors. 

(Received)Car publication 1 September, accepted 16 September 1972) 

Criteria for assessing the condit ion after 
periapical  surgery should enable the observer 
to decide whether  heal ing has been satis- 
factory and can be expected to remain as 
such without inf lammat ion  or whether  the 
condit ion is uncertain, i.e. success or failure 

cannot yet be determined and the case 
should be followed-up for  a longer period 
of time, or finally, whether the outcome is 
a failure and necessitates re-operation or 
extraction of the tooth. 

There  can be no doubt that histologic 

Int. J. oral Surg. 1972: 1:161-173 
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Correlation between histology and radiography 
in the assessment of healing after 
endodontic surgery 

J. O. ANDREASEN A N D  JORGEN RUD 

Dental Department, University Hospital (RigshospitaleO, 
Department of Oral Pathology, Roy~tl Dental College, Copenhagen, Denmark 

ABSTRACT - -  In order to correlate the radiographic and histologic 
findings after endodontic surgery, 70 cases were investigated by both 
methods. Histologically, a quantitative determination of periapical 
inflammation was made, and the presence of fibrous scar tissue was 
noted. These findings were correlated with a number of radiographic 
variables. The following radiographic picture was found to be char- 
acteristic of inflammation: a periapical rarefaction of more than twice 
the width of the normal periodontal space, the outline of the rare- 
faction being circular or semicircular with a funnel-shaped extension 
into the periodontal space. Furthermore, there may be a collar-shaped 
increase of the lamina dura lateral to the root, and normal bone 
structure outside the rarefaction. In some cases the rarefaction tended 
either to increase or to remain stationary. The presence of scar tissue 
was characterized by a rarefaction which tended to decrease, had an 
irregular outline, and extended angularly into the periodontal space. 
Furthermore, the rarefaction may be located asymmetrically around 
the root apex, with a fine meshed or coarse bone structure peripheral 
to the lamina dura and no bone structure within the rarefaction. Ra- 
diographically it is impossible to determine whether a large rarefaction 
which shows signs of scar tissue is also inflamed. A bone healing 
normally is characterized first of all by a decrease in the extent of 
rarefaction. 

(Received for publication 21 August, accepted 2 September 1972) 

T h e  outcome of endodont ic  procedures  
usual ly is assessed by  clinical and radio- 
graphic  measures.  Clinically,  a chronic  peri- 
apical in f lammat ion  is most  of ten symptom- 
less. A clinical assessment of heal ing is 
therefore  of  l imited value,  whereas  radio- 
graphy,  on the other  hand,  has been sup- 

posed to reflect  the  histologic changes in 
the periapical  region.  In  fact, such a corre-  
lation has been shown to exist fo r  teeth 
treated by conservat ive endodont ic  me thods  
(Brynolf  1967). I n  assessing hea l ing  after  
periapical  surgery, two factors m a y  com- 
plicate the interpreta t ion of  radiographs .  

H u m a n  S t u d y * * *

1972Histology Radiography&

Jens Ove  
Andreasen

Jørgen  
Rud

Int. J. oral Surg. 1972: 1:148-160 
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Modes of healing histologically 
after endodontic surgery in 70 cases 

J. O. ANDREASEN AN'D JI3RGEN RUD 

Detztal Department, University Hospital (Rigshospitalet), 
Department of Oral Pathology, Royal Dental College, Copenhagen, Denmark 

ABSTRACT - -  The histologic changes in humans after endodontic surgery 
were studied in 70 biopsies of the root apex and surrounding soft 
tissues and bone obtained from less than one year to 1.4 years after 
the surgical procedures. The following aspects were examined: degree 
of inflammation, formation of new cementum, root resorption, regen- 
eration of the periodontal ligaments, formation of fibrous scar tissue, 
ankylosis, presence of granulation tissue and epithelial proliferations, 
and regeneration of new bone. The histologic examination revealed 
thaf the results of periapical surgery could be divided into three main 
types: (1) healing with re-formation of the periodontal membrane or 
ankylosis, and no or mild periapical inflammation, (2) healing with 
fibrous tissue (scar tissue) in communication with or adjacent to the 
periodontal membrane, occasional ankylosis, and varying grades of 
inflammation, and (3) moderate or severe periapical inflammation 
without scar tissue. 

(Received for publication 21 August, accepted 2 September 1972) 

The healing events taking place after peri- 
apical surgery include repair of all perio- 
dontal components: cementum, periodontal 
ligaments and bone. 

Our present histologic knowledge of the 
capacity and mode of healing of the perio- 
dontium after endodontic surgery is rather 
limited and  is based on case reports which 
deal mainly  with unsuccessful cases (Kron- 
feld 1928, Coolidge 1930, Hill 1931, Hiiupl 
1932, Steinhardt 1933, Moen 1940, Herbert 
1941, 1943, Sommer 1946, Weaver 1947, 
Winkelmair  1948, Frankt 1948, Rowe 1967, 
Smith 1967). 

The present study has therefore used a 

larger material, including both successful as 
well as unsuccessful cases, to analyze the 
histologic variations in healing of the perio- 
dontium after endodontic  therapy. 

M A T E R I A L  AN D M E T H O D S  

The material consisted of 70 biopsies including 
the root apex and surrounding periapical tis- 
sues obtained in the follow-up period after 
surgical treatment of periapical inflammatory 
changes or cystic lesions. 

Fifteen patients were operated at the Dental 
Clinic at the University Hospital, Copenhagen, 
mad 55 cases were operated and later biopsied 
by one of the authors (J.R.) in a private prac- 
tice limited to oral surgery. 

C O M P L E T E  H E A L I N G  ( s u c c e s s )
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Fig. 17. Case demonstrating radiographica[ly and histologically complete healing. A, condition 
of maxillary central incisor before surgical endodontics. B, radiograph at follow-up one year 
later. C, low power view of surgical specimen. Complete regeneration of periapical bone. )< 10. 
D, high power view shows no inflammation adjacent to the root filling. X 30. 

Table 4. The occurrence of subjective and objective symptoms in percent of the total number of 
cases in each radiographic healing group one year post-operatively a_n.d at the latest follow-up 
( 7  1 year) in the various radiographic healing grcup~ 

Number of Radiographic healing groups 
cases with 
subjective Unsatis- 
or objective Complete Incomplete Uncertain factory 
symptoms healing healing healing healing 

One year 
post- 14 0.2% (1)  1% (2) 5% (8) 19% (3) 

Objective operatively 
symptoms 

Latest 13 0 % (0)  0% (0) 6% (4) 22% (9) follow-up 

One year 
post- 24 2 % (13) 3g (4) 3% (5) 13% (2) 

Subjective operatively 
symptoms 

Latest 
follow-up 9 0 % (0)  2% (2) 0% (0) 17% (7) 
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Fig. 18. Complete healing demonstrated radiographically of a maxillary lateral incisor; histo- 
logically a severe inflammation. A, condition five years after surgery shows complete healing. 
B, radiographic examination of surgical specimen reveals a rarefaction projected over reseeted 
root surface (arrow). C and D, histologic findings consist of an apical granuloma with epitheliat 
proliferation (arrows). X 10 and X 20. 

From the percentages in Table 4 it is seen 
that both objective and subjective symptoms 
were concentrated in the unsatisfactory 
healing group. Of the 19 cases with sub- 
jective symptoms in the groups complete 
and incomplete healing, 11 had tenderness 
of the tooth or the apical region. Eight cases 
had periodic vague or undefinable symp- 
toms. 

One case with objective symptoms was 
registered as complete healing. This patient 
presented a fistula 6 mm from the gingival 
margin of a mandibular left canine one 
year after surgery, and the radiographic 
examination revealed that the periapieal 
rarefaction had completely disappeared. A 
re-operation showed that the fistula was 
caused by a lateral canal on the vestibular 
side of the root. 

Two cases with incomplete healing showed 
a fistula one year after the operation. A re- 
examination of one of these patients eight 
years after the operation showed radio- 
graphically complete healing and no clinical 
symptoms. The other patient was re-exam- 
ined again two years after the operation. 
The rarefaction had decreased, and a perio- 
dontal space had been partly :re-formed. No 
clinical symptoms were present at that time. 

Precision of the radiographic classification 
its the assessment of healing after endodontic 
surgery 
The evaluation of the radiographs in this 
study was first carried out separately by 
each of the three authors. The final result 
was agreed upon by a joint decision, usually 
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Fig. 20. Case demonstrating radiographically a complete healing and histologically the presence 
of fibrous scar tissue. A, condition immediately after surgery of maxillary left central incisor. B, 
eight years after the operation complete radiographic healing. C, low power view of surgical 
specimen. Partial regeneration of periapical bone. Scar tissue occupies part of the periodontal area. 
N 10. D, high power view shows no inflammation in relation to the root :filling. X 70. 

divisions, and  is based on both radiographic 
and clinical signs. To compare results eval- 
uated from Link's classification with the 
present one, Table 6 may be used. 

W h e n  the present radiographic classifica- 
tion was first developed, it included 12 dif- 
ferent modes of healing after endodontic 
surgery. When the radiographic and histo- 
logic findings were correlated it became 
apparent that only the present four groups 
could be upheld. Even these groups were 
not in complete agreement with the histo- 
logic findings, but  represented different 
degrees of both inf lammation and fibrous 
scar tissue. 

The group which showed agreement with 
histologie findings was unsatisfactory heal- 
ing, where all cases were severely inflamed. 

In the complete healing group, 5 of 21 cases 
showed signs of periapical inflammation 
when examined histologically. The inflam- 
mation in these cases could not be depicted 
in the radiographs because of the projection. 
In spite of this shortcoming of the radio- 
graphic examination, cases belonging to the 
complete healing group, as well as to the 
unsatisfactory healing group, were found to 
have remained in their respective groups 
when re-examined later (Rud, Andreasen & 
Jensen 1972a). 

Contrary to this, cases in the groups in- 
complete healing and uncertain healing 
undergo alterations (Rud, Andreasen & Jen- 
sen 1972a). Evaluation of cases in these 
groups must therefore be dependent on a 
time element. The majority of cases with 
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Scar tissueInflammation

8 y r s  F / U6 y r s  F / U

Complete 
healing

1 y r s  F / U

Histology
Rud, Int. J. Oral Surg 1972

O Reformation of a periodontal space 

O Lamina dura can be followed around apex  

O Width of PDL space in the apical region may 
he widened up to twice the normal width 
around non-involved parts of the root.  

O A tiny defect in the lamina dura (maximum 1 
mm2) adjacent to the root filling is tolerated

Radiography

I N C O M P L E T E  H E A L I N G  ( s u c c e s s )  - S C A R  T I S S U E
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Fig. 21. Case demonstrating radiographically an incomplete healing and histologically the pre- 
sence of scar tissue. A, condition four years after surgery. B, radiograph of surgical specimen. C, 
low power view reveals fibrous scar tissue in relation to the periodontal membrane. X 10. D, 
fibrous scar tissue adjacent to root filling. X 30. 

uncertain healing will, during the first years 
after the operation, develop into complete 
healing. However, if cases remain as uncer- 
tain healing four years or longer after the 
operation, the histologic findings seemed to 
indicate that they should be regarded as 
failures from a therapeutic point of view. 

The radiographic criteria described for 
the group incomplete healing were able to 
diagnose the presence of scar tissue with 
90 % certainty. The presence of scar tissue 
is of no clinical importance, as long as it 
is not inflamed. In the present study 61% 
of the cases with incomplete healing showed 
moderate or severe inflammation histologic- 
ally. Compared to the group uncertain heal- 
ing, inflammation was less frequent and less 
severe. In a previous study it was not possible 

to find any radiographic variable which 
could differentiate significantly between in- 
flamed and non-inflamed cases with scar 
tissue (Andreasen & Rud 1972). However, 
the radiographic variable - a funnel-shaped 
extension of the periodontal space into the 
rarefaction - seemed to indicate the presence 
of inflammation. This problem ought to be 
investigated further in a larger material. 

While four years after the operation was 
considered the limit for cases with uncertain 
healing with regard to a possible alteration 
into complete healing, such a time limit 
does not exist when scar tissue is present 
(Rud, Andreasen & Jensen 1972a, b). The 
prolonged healing period for some cases 
of scar tissue may result in the observation 
that apparently no bone regeneration has 
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Histology

Radiography

Rud, Int. J. Oral Surg 1972

O A rarefaction that -
compared to a previous 
radiograph- can be seen 
decreased in size or remained 
stationary.  

O Bone structure may or 
may not be recognized in the 
rarefaction.  

O The periphery is irregular.

Scar tissue

Severe 
inflammation

H E A L I N G  AFTER E N D O D O N T I C  S U R G E R Y  
211 

H E A L I N G  AFTER E N D O D O N T I C  S U R G E R Y  211 

Cyst 
formation

U N C E R T A I N  H E A L I N G  ( f a i l u r e )

Histology

Rud, Int. J. Oral Surg 1972

H E A L I N G  AFTER E N D O D O N T I C  S U R G E R Y  211 

H E A L I N G  AFTER E N D O D O N T I C  S U R G E R Y  211 

Radiography

P o s t - O p 3 y r  F / U

O Some degree of bone regeneration, with 
the original rarefaction decreased in size.  

O Size of the rarefaction should be more 
than twice the width of the PDL.

U N S A T I S F A C T O R Y  H E A L I N G  ( f a i l u r e )
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Fig. 25. Case demonstrating radiographically unsatisfactory healing. A, condition immediately 
after surgery. B, five years later the periapical rarefaction appears stationary. C, low power view 
of surgical specimen. ;< 5. D, l-tigher magnification of C shows the apex surrounded by a peri- 
apical inflammation. X 30. 

discrepancies obtained (5 to 13 %) by re- 
peated readings of the authors of 100 con- 
secutive cases therefore depend on the distri- 
bution of the various healing groups in the 
series. 

Compared to the discrepancies found in 
repeated readings of 100 cases by the au- 
thors, those of two observers, who knew the 
classification only through the present de- 
scription and illustrations, were considerably 
higher (21 to 24 %). In  a follow-up study of 
775 teeth treated by conservative endodontic 
therapy, Strindberg (1956) found a discrep- 
ancy in only five cases in a repeated radio- 
graphic evaluation. There can be no doubt 
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P o s t - O p 5 y r s  F / U Severe 
inflammation

Histology

Radiography Rud, Int. J. Oral Surg 1972

O Radiographic signs as for uncertain healing, but 
the rarefaction is either enlarged or unchanged in 
comparison with a previous radiograph.
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Traditional Surgery: No magnification or below x4 (mostly naked 

eye) , root-end preparation performed by burs, amalgam

Success: 59.0% [95%CI (0.55,0.6308), n=925, 12 studies]

Systematic Review and Meta-Analysis — Setzer et al., JOE, 2010

Traditional Root-End Surgery (TRS)Endodontic Outcome



Traditional Root-End Surgery (TRS)

Outdated ???

Questionnaire to all practicing Dutch oral surgeons 
(n = 195) which materials were used for retrograde fillings. 
Response rate 77%. IRM was the retrograde filling material 

most widely used by the Dutch O&MF surgeons (47.6%), 
Amalgam, with 35%, was second.

Bronckhorst et al., OB 2008

2008

- 

Microscopic Surgery: High power illumination and magnification  

(x10 and above), ultrasonic preparation and MTA, Super EBA or IRM

Endodontic Microsurgery (EMS)

Success: 93.5% [95%CI (0.8889,0.9816), n=699, 9 studies]

Systematic Review and Meta-Analysis — Setzer et al., JOE, 2010

Endodontic Outcome

Rud, IEJ 2001

Retroplast: concave preparation with bur, lens shaped bonded filling

Mandates no 
contamination

Fairly large 
amount of 
bone destroyed

Toxicity of 
monomer

resin 
based
Concave 

preparation

EDTA- GLUMA- RETROPLAST microscope

Success - 
92%

Jensen, COI 2002

Success - 
73%

4 year follow-up

Problem with 
long-term 
follow-up:

Dissociation of 
filling material 
due to technical 
sensitivity

Resin-Based Techniques (RES)Endodontic Outcome

~82%

- 

Success: 86.5% [95%CI (0.8520,0.9080), n=610, 7 studies]

Systematic Review and Meta-Analysis — Setzer et al., JOE, 2012
significantly different from EMS for molars and premolars!

Non-Microscopic Contemporary Root End Surgery: No high power magnification 

(x4-x10 [loupes]), ultrasonic preparation and MTA, Super EBA or IRM

Endodontic Outcome Non-Microscopic Contemporary 
Surgery (CRS)

Author, Journal, Year Study Design Statistical 
Analysis Outcome Subgroup Number and time range 

of included studies

Kang et al.,COIR 2015

Systematic 
Review & Meta-

Analysis

weighted pooled 
success rates

95.0% 
90.4% 

82.5%*

<2 years follow-up 
2-4 years follow-up 
>4years follow-up

11 studies (1999-2013)

Tsesis et al. J Endod. 2013 89.0% (4-10x [loupes], US, IRM-sEBA-MTA) 
(10-25x, US, IRM-sEBA-MTA)

18 studies (1999-2011)

Setzer et al., J Endod. 
2010, 2012

TRS 59.0% 
CRS 86.5% 
EMS 93.5%

(0x, bur, amalgam) 
(4-10x [loupes], US, IRM-sEBA-MTA) 

(10-25x, US, IRM-sEBA-MTA)  

12 studies (1979-1995) 
7 studies (2000-2007) 

9 studies (1999-2008)

Tsesis et al. J Endod. 
2009 91.6% (4-10x [loupes], US, IRM-sEBA-MTA) 

(10-25x, US, IRM-sEBA-MTA) 11 studies (1999-2008)

Torabinejad M et al. J 
Endod. 2009 * 
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77.8% 
71.8%

2–4 years follow-up 
4-6 years follow-up

16 studies (1970-2008) 
7 studies (1972-2004)

EMS ≥90% [Endodontic Lesions]

All Techniques OverviewOutcome Meta-Analyses

Mineral Trioxide Aggregate (MTA) is an ideal 
root-end filling material providing a physical and 

biological double seal at the resected root surface.
Kim & Kratchman, J Endod. 2006; Peñarrocha et al., J Oral Maxillofac Surg. 2007; von Arx et al., J Endod. 2010; 

Barone et al., J Endod. 2010; Song et al., J Endod. 2011; Lieblich, Dent Clin North Am. 2012; von Arx et al., J 
Endod. 2012; Pop I, Br Dent J. 2013; Siqueira et al., Br Dent J. 2014; Chong & Rhodes, Br Dent J. 2014

Mineral Trioxide Aggregate (MTA) is superior 
as a root-end filling material to glass ionomer, IRM, 

super EBA, or composite.

MTA equal to IRM

Song et al., J Endod. 2011; Pop I, Br Dent J. 2013; Chong & Rhodes, Br Dent J. 2014

Song et al., J Endod. 2011

von Arx et al., J Endod. 2010; von Arx et al., J Endod. 2012

MTA superior to Retroplast, SuperEBA

Root-End Filling Material Yes



MTA
Tricalcium silicate 

Dicalcium silicate 
Tricalcium aluminate 

Tetracalcium aluminoferrite 
Bismuth oxide

Root-End Filling - MTA versus RRM (Root Repair Material; Bioceramic Putty)

proven root-end filling 
material >20 clinical 
studies

MTA perforation in-vivo (animal)
Penn 2005, Baek et al., JOE 2005

MTA
MTA

MTA
Tricalcium silicate 

Dicalcium silicate 
Tricalcium aluminate 

Tetracalcium aluminoferrite 
Bismuth oxide

Shinbori et al., JOE 2015 

RRM
Calcium silicate 

Calciumphosphate monobasic 
Calcium Hydroxide 
Zirconium Oxide 
Tantalum Oxide

Root-End Filling - MTA versus RRM (Root Repair Material; Bioceramic Putty)

proven root-end filling 
material >20 clinical 
studies

113 cases, Endodontic 
Microsurgery with RRM; 
92% Healing Rate 
Shinbori et al., JOE 2015 

Prospective randomized controlled study evaluating the 
clinical and radiographic outcome of endodontic microsurgery 
when using Root Repair Material (BP-RRM) or mineral 
trioxide aggregate (MTA) as the retrograde filling material.  

12 months follow-up including clinical and radiographic 
examination.  

Results suggested that BP-RRM is comparable with MTA in 
clinical outcome when used as root-end filling materials 
in endodontic microsurgery.

Category of healing MTA (n=87) RRM (n=71) Total (n=158) 
n % n % n % 

Complete healing 62 71.3 53 74.6 115 72.8

Incomplete healing 19 21.8 14 19.7 33 20.9

Unsatisfactory healing 6 6.9 4 5.6 10 6.3

∑ Success 87 93.1 71 94.4 158 93.7

Complete Healing

Incomplete Healing
Zhou et al. JOE 2015 

24 x

MTARoot-End Filling

Root-End Filling - RRM

Mid 8-16x

PreOp PostOp

Frank Setzer, Philadelphia, PA

in-vivo (animal) 

D

Bone

RRM

PDL

C

CBCT Micro-CT HistologyMTA versus RRM   
Healing after root-end surgery in-vivo (animal)

Ian Chen, Master’s Thesis, Penn 2014, Chen et al., JOE 2015

RRMRoot-End Filling



6 months F/U

M=MTA     C=Bioceramic [RRM]

C C C CM M M

6 months F/U

Root-end surgeries

C C C CM M M

Apical lesion induction

Post-surgery

C C C CM M M M M C CM C M

Post-surgery

Radiographic Healing

RRMRoot-End Filling

Ian Chen, Master’s Thesis, Penn 2014, Chen et al., JOE 2015

in-vivo (animal) 

Reformation of PDL space; 
complete healing of bone.

Mental foramen

osteotomies

MicroCT reconstruction

RRMRoot-End Filling

Ian Chen, Master’s Thesis, Penn 2014, Chen et al., JOE 2015

in-vivo (animal) 

0% 25% 50% 75% 100%

12.5%

7.4%

12.5%

92.6%

75%

Complete
Incomplete
Uncertain

¬

Complete Incomplete Uncertain

Radiographic Healing (Rud’s & Molven’s criteria)

MTA

RRM

July 2011-May 2014; 243 
randomized patients

101 patients; 44.5%; ø15 mo

143 roots

125 patients lost at F/U; 17 
due to extraction (other)

68 MTA 75 RRM

Chafic Safi, Master’s Thesis, Penn 2015

RRMRoot-End Filling
PENN 3D Criteria - CBCT 

Randomized clinical trial: in-vivo (human) 

PENN 3D Criteria (surgical)
Complete Healing

Success
Limited Healing 
Complete healing can be observed 
in IMMEDIATE VICINITY of the 
resected root surface.

Unsatisfactory Healing Failure

July 2011-May 2014; 243 
randomized patients

101 patients; 44.5%; ø15 mo

143 roots

125 patients lost at F/U; 17 
due to extraction (other)

68 MTA 75 RRM

Chafic Safi, Master’s Thesis, Penn 2015

RRMRoot-End Filling
PENN 3D Criteria - CBCT 

Randomized clinical trial: in-vivo (human) 

No statistically significant differences between 
2D vs 3D overall, nor between RRM vs MTA.0

10

20
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Overall PA vs CT RRM vs MTA (PA) RRM vs MTA (CBCT)

95.6
92.0 89.7

84.0

% Roots

93.7
86.7

PA CBCT RRM MTA

RRM
MTA

2D vs 3D RRM vs MTA [2D] RRM vs MTA [3D]

CBCT Use On vs Off Site
Internal or external resorptions

Preoperatively for surgical retreatments or intentional replantation

Missing canals 

Preoperatively for non-surgical retreatments

Differential diagnosis

Identifying periradicular lesions

Calcified cases

Immature teeth

Assess healing

0 20 40 60 80 100

on-site off-site* P<0.001

*

*

*

*

*

*

*

*

*
[% Image taken 

“frequently” or “always”]

- Usage of CBCT among AAE members in US.  

- 1083 respondents (35.2%)

- 80.30% access to CBCT  

50.69% (n=443) on-site 49.31% (n=431) off-site 

- Limited FOV was used by 55.26% participants, 
22.37% larger FOVs, 22.37% not sure!

Penn 
Endo

preop

Lesion Size
Largest lesions have worst prognosis. Best prognosis: size of 
periapical lesion < 5 mm.

Peñarrocha et al., J Oral Maxillofac Surg. 2007; García B et al., J Oral Maxillofac Surg. 2008; von Arx T et al., J Endod. 2010; Barone et al., J 
Endod. 2010; von Arx et al., J Endod. 2012; Pop et al., Br Dent J. 2013

MAY take longer time 
to heal !



Postoperative Heilung nach mikrochirurgischer 

Wurzelspitzenresektion:  

Dreidimensionale Volumenanalyse mittels 

Digitaler Volumentomographie im Vergleich zum 

konventionellen Röntgen 

Dr. Tom Schloss 

Nürnberg 2014  
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PENN 3D Criteria (surgical) (modified)
(1) Complete Healing ABCDE

Success
(2) Limited Healing ABCD

Complete healing can be observed 
in IMMEDIATE VICINITY of the 
resected root surface.

(3) Uncertain Healing AB
Failure

(4) Unsatisfactory Healing

2D versus 3D 
area (PA) vs volumetric analysis 

differences in outcome

Schloss Sonntag Kohli Setzer, JOE 2017

Introducing a precise method of volumetric analysis for the assessment of healing after endodontic 
microsurgery. Allowed for comparative evaluation of periapical radiography with three-dimensional 

CBCT imaging for the exact appraisal and clarification of healing patterns.

RRM MTA

ITK-Snap Schloss Sonntag Kohli Setzer, JOE 2017

?

Schloss Sonntag Kohli Setzer, JOE 2017

Appraisal and clarification of traditional 2D healing categories “incomplete” or “uncertain” - significant for endodontic outcome assessment 
and the treatment planning of failed endodontic cases.

“incomplete healing” [2D]

0mm3 m 0mm3 d

“limited healing” [3D]

Tom Schloss, Nuremberg, Germany

Reversal of Endodontic Surgery [EMS & RES] ??

83.8% - 1 year

75.9% - 5 year

191 cases - healed - 
followed for 5 years

87.6% recall rate

MTA + SuperEBA
Retroplast 

2007

2012

MTA - 86%

MTA - 85%

2012
2014

7. Halse A, Molven O, Grung B. Follow-up after periapical surgery: the value of 
the one-year control. Endod Dent Traumatol 1991;7:246–50. 

8. Jesslen P, Zetterqvist L, Heimdahl A. Long-term results of amalgam versus 
glass ionomer cement as apical sealant after apicectomy. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod 1995;79:101–3. 

9. Kvist T, Reit C. Results of endodontic retreatment: a randomized clinical 
study comparing surgical and nonsurgical procedures. J Endod 1999;25:814–7. 

10. Rubinstein RA, Kim S. Long-term follow-up of cases considered healed one 
year after apical microsurgery. J Endod 2002;28:378–83. 

11. Wesson CM, Gale TM. Molar apicectomy with amalgam root-end filling: 
results of a prospective study in two district general hospitals. Br Dent J 
2003;195:707–14.  

12. Yazdi PM, Schou S, Jensen SS, Stoltze K, Kenrad B, Sewerin I. Dentine-
bonded resin composite (Retroplast) for root-end filling: a prospective clinical 
and radiographic study with a mean follow-up period of 8 years. Int Endod J 
2007;40:493–503. 

von Arx T,et al., J Endod. 2014

von Arx T,et al., J Endod. 2012

7. Halse A, Molven O, Grung B. Follow-up after periapical surgery: the value of the one-year control. Endod Dent Traumatol 1991;7:246–50. 

8. Jesslen P, Zetterqvist L, Heimdahl A. Long-term results of amalgam versus glass ionomer cement as apical sealant after apicectomy. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1995;79:101–3. 

9. Kvist T, Reit C. Results of endodontic retreatment: a randomized clinical study comparing surgical and nonsurgical procedures. J Endod 1999;25:814–7. 

11. Wesson CM, Gale TM. Molar apicectomy with amalgam root-end filling: results of a prospective study in two district general hospitals. Br Dent J 2003;195:707–14.  

12. Yazdi PM, Schou S, Jensen SS, Stoltze K, Kenrad B, Sewerin I. Dentine-bonded resin composite (Retroplast) for root-end filling: a prospective clinical and radiographic study with a mean follow-up 
period of 8 years. Int Endod J 2007;40:493–503. 

Material No or GP root-end filling Amalgam Retroplast

Studies

Kvist & Reit,         
J Endod 1999

60% (4yr)
Jesslen et al., 

OOOOE 1995 
49% (5yr)

Yazdi et al.,      
Int Endod J 2007

78% (>5yr)

Wesson & Gale, 
Br Dent J 2003 57% (5yr)

Jensen et al., Clin 
Oral Investig 2002 73% (4yr)

von Arx  et al.     
J Endod. 2012

84.7% (1yr) - 
75.3% (5yr)

Significant reversal 
with old or alternative 

techniques !!

Kruse et al.,        
J Endod 2016

55% (6yr)

5/7 cases that were classified as healed at 1-year follow-up had failed at >4 year 
follow-up due to prosthodontics reasons

Success Rate f/u Rate
1 year 91.3% 105/115
>4 year 87.8% 101/115

p=0.344

statistically not significant

follow-up of 4-8 years

Total 14/115 cases failed

3 cases with “uncertain healing” had healed at >4 year follow-up

Reversal with microsurgical techniques ??



Long-term Outcome of the Cases Classified as Successes
Based on Short-term Follow-up in Endodontic Microsurgery
Minju Song, DDS, MSD, Woncho Chung, DDS, MSD, Seung-Jong Lee, DDS, MSD, PhD,
and Euiseong Kim, DDS, MSD, PhD

Abstract
Introduction: In a previous study, we evaluated the
outcomes of endodontic microsurgery by comparing
the healing success of cases involving a lesion of
endodontic origin with cases involving a lesion of
combined endodontic-periodontal origin. Of the 188
teeth over the 5-year period, 172 (91.5%) were consid-
ered to be successes. The purpose of this study was to
evaluate the outcomes, up to 10 years, of the cases
that were classified as successes in the previous study.
Methods: The 172 cases that were considered to
have successful outcomes in the previous study were
included. Patients were followed up every 6 months
for 2 years and every year up to 10 years. On every
follow-up visit, clinical and radiographic evaluations
were performed according to the same criteria as in
the original study by the same 2 examiners. Results:
A follow-up rate of 60.5% (104/172 cases) was ob-
tained. Of the 104 followed-up cases, 97 cases were
included in the successful group, 91 with complete heal-
ing and 6 with incomplete healing. The overall main-
tained success rate was 93.3%. The failure group,
which meant a reversal to disease, included 7 cases
with unsatisfactory healing. Conclusions: In this study,
93.3% of endodontic microsurgery cases that were
considered healed in a prior 5-year study remained
healed after more than 6 years. (J Endod
2012;38:1192–1196)

Key Words
Clinical outcome, endodontic microsurgery, long-term
follow up, success rate

Surgical endodontics is often a last resort when nonsurgical retreatment is impractical
or unlikely to improve on a previous result (1). In particular, only surgical interven-

tion might resolve cases involving a persistent lesion that is related to a periapical cyst or
complex canal anatomy (2, 3). In recent years, modern techniques that include the use
of magnification tools, microinstruments, ultrasonic instruments, and more
biocompatible filling materials have been introduced (2, 4). These technical
advances have increased the success rate compared with traditional root-end surgery;
this success rate has varied considerably from 74% to 92% (5–8).

Endodontic microsurgery represents an evolutionary advance in periradicular
surgery, applying not only modern ultrasonic preparation and filling materials but
also incorporating microsurgical instruments, high-power magnification, and illumina-
tion (2). In addition, Setzer et al (9, 10) specified endodontic microsurgery as root-end
surgery using ultrasonic root-end preparation, biocompatible root-end filling materials
(intermediate restorative material [IRM; Caulk Dentsply, Milford, DE], Super ethoxy-
benzoic acid [Super EBA; Harry J. Bosworth, Skokie, IL], mineral trioxide aggregate
[MTA]), and high-power illumination and magnification (10! and higher). Among
the many studies on the clinical outcomes of surgical endodontics, there are only
few reports related to endodontic microsurgery. In addition, most endodontic micro-
surgery studies have investigated short-term postoperative successes. Therefore, long-
term follow up studies are needed to produce valuable scientific evidence.

In a previous study (11), we evaluated the outcomes of endodontic microsurgery
by comparing the healing successes of cases involving a lesion of endodontic origin
compared with cases involving a lesion of combined endodontic-periodontal origin.
Of the 188 teeth followed up for up to 5 years, 172 teeth (91.5%) were considered
to be successes. However, 65%of the included cases were observed for only 1 to 2 years.
Friedman (12) noted that such a short term follow-up period is not sufficient for confir-
mation of the treatment outcomes. Long-term predictability of treated teeth is important
for deciding between root retention versus extraction and other alternative treatments.
Therefore, the purpose of this study was to evaluate the outcomes over a period of
6 to 10 years of the cases that were classified as successes in the previous study.

Materials and Methods
Data were collected from patients in the Department of Conservative Dentistry,

Dental College, Yonsei University, Seoul, Korea, between 2001 and June 2005. A total
number of 263 teeth from 227 patients requiring periradicular surgery were included
in the previous study (11). Teeth withmobility class II or greater, horizontal and vertical
fracture, and perforation were excluded from the study.

In this study, 172 cases that were observed to have successful outcomes in the
previous study were included; 141 cases involved a lesion of endodontic origin, and
31 cases involved a lesion of combined endodontic-periodontal origin. The distribution
of the included cases is shown in Table 1.

All clinical procedures were performed by a single operator (E.K.). With the
exception of incisions, flap elevation, and suturing, all surgical procedures were per-
formed using an operating microscope (OPMI Pico; Carl Zeiss, G€ottingen, Germany).
Briefly, the flap was reflected after deep anesthesia, and an osteotomy was performed.
After removing the soft-tissue debris, an additional 2 to 3 mm of the root tip with a 0" to
10" bevel angle was sectioned with a no.170 tapered fissure bur under copious sterile
distilled water irrigation. The resected root surfaces were then stained with methylene
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have successful outcomes in the previous study were
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for 2 years and every year up to 10 years. On every
follow-up visit, clinical and radiographic evaluations
were performed according to the same criteria as in
the original study by the same 2 examiners. Results:
A follow-up rate of 60.5% (104/172 cases) was ob-
tained. Of the 104 followed-up cases, 97 cases were
included in the successful group, 91 with complete heal-
ing and 6 with incomplete healing. The overall main-
tained success rate was 93.3%. The failure group,
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Surgical endodontics is often a last resort when nonsurgical retreatment is impractical
or unlikely to improve on a previous result (1). In particular, only surgical interven-

tion might resolve cases involving a persistent lesion that is related to a periapical cyst or
complex canal anatomy (2, 3). In recent years, modern techniques that include the use
of magnification tools, microinstruments, ultrasonic instruments, and more
biocompatible filling materials have been introduced (2, 4). These technical
advances have increased the success rate compared with traditional root-end surgery;
this success rate has varied considerably from 74% to 92% (5–8).

Endodontic microsurgery represents an evolutionary advance in periradicular
surgery, applying not only modern ultrasonic preparation and filling materials but
also incorporating microsurgical instruments, high-power magnification, and illumina-
tion (2). In addition, Setzer et al (9, 10) specified endodontic microsurgery as root-end
surgery using ultrasonic root-end preparation, biocompatible root-end filling materials
(intermediate restorative material [IRM; Caulk Dentsply, Milford, DE], Super ethoxy-
benzoic acid [Super EBA; Harry J. Bosworth, Skokie, IL], mineral trioxide aggregate
[MTA]), and high-power illumination and magnification (10! and higher). Among
the many studies on the clinical outcomes of surgical endodontics, there are only
few reports related to endodontic microsurgery. In addition, most endodontic micro-
surgery studies have investigated short-term postoperative successes. Therefore, long-
term follow up studies are needed to produce valuable scientific evidence.

In a previous study (11), we evaluated the outcomes of endodontic microsurgery
by comparing the healing successes of cases involving a lesion of endodontic origin
compared with cases involving a lesion of combined endodontic-periodontal origin.
Of the 188 teeth followed up for up to 5 years, 172 teeth (91.5%) were considered
to be successes. However, 65%of the included cases were observed for only 1 to 2 years.
Friedman (12) noted that such a short term follow-up period is not sufficient for confir-
mation of the treatment outcomes. Long-term predictability of treated teeth is important
for deciding between root retention versus extraction and other alternative treatments.
Therefore, the purpose of this study was to evaluate the outcomes over a period of
6 to 10 years of the cases that were classified as successes in the previous study.

Materials and Methods
Data were collected from patients in the Department of Conservative Dentistry,

Dental College, Yonsei University, Seoul, Korea, between 2001 and June 2005. A total
number of 263 teeth from 227 patients requiring periradicular surgery were included
in the previous study (11). Teeth withmobility class II or greater, horizontal and vertical
fracture, and perforation were excluded from the study.

In this study, 172 cases that were observed to have successful outcomes in the
previous study were included; 141 cases involved a lesion of endodontic origin, and
31 cases involved a lesion of combined endodontic-periodontal origin. The distribution
of the included cases is shown in Table 1.

All clinical procedures were performed by a single operator (E.K.). With the
exception of incisions, flap elevation, and suturing, all surgical procedures were per-
formed using an operating microscope (OPMI Pico; Carl Zeiss, G€ottingen, Germany).
Briefly, the flap was reflected after deep anesthesia, and an osteotomy was performed.
After removing the soft-tissue debris, an additional 2 to 3 mm of the root tip with a 0" to
10" bevel angle was sectioned with a no.170 tapered fissure bur under copious sterile
distilled water irrigation. The resected root surfaces were then stained with methylene

From the Microscope Center, Department of Conservative
Dentistry and Oral Science Research Center, College of
Dentistry, Yonsei University, Seoul, South Korea.

Supported by Basic Science Research Program through the
National Research Foundation of Korea funded by the Ministry
of Education, Science and Technology (grant no. 2010-
0021281).

Address requests for reprints to Dr Euiseong Kim, Micro-
scope Center, Department of Conservative Dentistry and Oral
Science Research Center, College of Dentistry, Yonsei Univer-
sity, 50 Yonsei-Ro, Seodaemun-Gu, Seoul, 120-752, South Ko-
rea. E-mail address: andyendo@yuhs.ac
0099-2399/$ - see front matter

Copyright ª 2012 American Association of Endodontists.
http://dx.doi.org/10.1016/j.joen.2012.06.014

Clinical Research

1192 Song et al. JOE — Volume 38, Number 9, September 2012

91.5% - success over period of 2-5 years 172 cases - healed

104 cases f/u

7 cases failed

93.3%/ 91.5% success at 6-10 years f/u

A second surgery was carried out after finding of failure

Figure 2. Failure cases (c), (d), and (e). (A) A radiograph 5 years after the initial surgery showing sinus tract formation on teeth #23, 24, and 25. (B–D) During
the resurgery, the leakage of Super EBA root-end filling (arrow) because of air bubbles was noticed, which were a manipulation error. (E) A postoperative radio-
graph after resurgery using MTA cement. (F) A radiograph showing incomplete healing 2 years after the resurgery.

Figure 1. Failure case (b). (A) A postoperative radiograph of #12. (B) A radiograph after 26 months showing incomplete healing. (C) A radiograph after 5 years
showing sinus tract formation. (D) During the resurgery, a lateral canal (arrow) was noticed. (E) The lateral canal was prepared and filled with Super EBA cement.
(F) A radiograph after 2 years of resurgery showing complete healing.
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case with lateral canal, resurgery and healing

with time (22). Friedman (12) reiterated that a reversal to disease
occurs in 5% to 25% of the apparently healed cases within 4 years after
treatment (15, 17, 23, 24). Thus, the long-term outcomes are expected
to be less favorable than those presented in the short-term studies.

Following surgical cases for as long as possible is important for the
accurate assessment of complete and sustained healing. However, this
requires patient cooperation, which is difficult to maintain. A large
number of treated patients were not available for contact during the
follow-up process. Even when patients were successfully contacted, if
they had become symptom free after treatment, there was a reduced
incentive for them to return for the follow-up. Loss to follow-up is
intrinsic to most long-term clinical studies, and this loss diminished
the scientific validity of some findings (25).

Recent studies have reported that incorporating microsurgical
principles in periradicular surgery has improved the success rates to
approximately 90% (16, 19–21, 26). However, considering the
follow-up period of 1 year, the prognosis of the endodontic microsur-
gery may have been overestimated. Therefore, strict criteria in the
follow-up period based on the outcome of endodontic microsurgery
are needed, and the evaluation of the long-term outcomes of the cases
that were classified as success in the short-term follow-up is important.
Rubinstein and Kim (25) followed up the cases that were classified as
healed at the 1-year follow-up for an additional 5 to 7 years and re-
ported a high maintained success rate of 91.5% based on the long-
term follow-up. This is consistent with the findings of the present study,
which showed a high maintained success rate of 93.3% for more than 6
years. Only 7 cases were considered to be failures.

In the present study, regression occurred in approximately 6.7%
of teeth classified as successes at the short-term follow-up. However,
this regression would partially be offset by fewer teeth that were consid-
ered successes at long-term follow-up but not at the short-term follow-
up. On the one hand, Von Arx et al (27) reported that 11.3% of teeth
(16/141) assessed as healed at 1 year regressed to unhealed at 5 years.
On the other hand, 17.2% of teeth (5/29) assessed as unhealed at 1 year
progressed to healed at 5 years, which resulted in 7.8% reduction of
success rate. In the same vein, considering the progressed teeth at
the long-term follow-up, long-term outcomes more than 6 years are
not less favorable than short-term outcomes in the present study.

For the cases in the failure group, the causes of failure were
analyzed during resurgery (Table 4). Among the 5 cases that involved
resurgery, case (a) showed a crack that was undetected at the time of
the previous surgery or was newly formed after first surgery. In case
(b), surgical access to the apex showed a lateral canal that was
untreated on the distal root surface, which should have been managed
during the previous surgery (Fig. 1). In cases (c), (d), and (e), leakage
was observed around the root-end filling, which was performed with
Super EBA filling material (Fig. 2). Super EBA is sensitive to moisture
and the technique used for the filling. In particular, an inadequate
powder-to-liquid ratio or the development of air bubbles can cause
shrinkage, which could result in long-term leakage. Excluding the
cases with cracks and unknown reasons for failure, 4 cases with lateral
canals and leakage around the filling material were believed to be the
result of technical errors rather than surgery itself. Therefore, carefully
following the principles of microsurgical procedure (2) could reduce
these failure cases.

In this study, long-term outcome according to the lesion type
could not be evaluated because of the small sample size. Although
endodontic-periodontal involved teeth are in the endodontic
domain, the prognosis of the teeth depends on the periodontal
support and endodontic microsurgical treatment (28). Therefore,
the predictable and successful management of these cases is a true
clinical challenge (29).

In fact, the healing success rate of endodontic-periodontal
combined lesions was lower than that of isolated endodontic lesions
in the previous study (11). It can be assumed that in the endodontic-
periodontal combined lesions, more failed cases would be revealed
over time. However, among the 7 cases involving proven failure at the
long-term follow-up, only 1 case had a periodontally involved lesion.
Further studies with larger sample sizes are required to assess the effect
of the lesion type on the long-term outcome.

In conclusion, the long-term follow-up of successful cases from
a prior short-term study showed a 93.3% success rate after more
than 6 years. The short-term outcomes of endodontic microsurgery
did not overestimate the prognosis of the surgery. However, with addi-
tional studies on the long-term outcomes, endodontic microsurgery will
become a more reliable treatment option.

TABLE 4. Distribution of the Failed Cases

Case Lesion type
Short-term

follow-up outcome
Evaluation at

long-term follow-up Resurgery Cause of failure

(a) Endo Incomplete Lesion size increase Yes Crack
(b) Endo Incomplete Sinus tract(+) Yes Lateral canal
(c),(d), and (e) Endo Incomplete Sinus tract(+) Yes Leakage around

the root-end
filling material

(f) Endo Complete Sinus tract(+) No Unknown
(g) Endo + perio Incomplete Lesion size increase No Unknown

Endo, isolated endodontic lesion; Endo + perio, endodontic-periodontal lesion.

TABLE 3. Number of Assessment Results Related to the Lesion Type*

Lesion A Lesion B Lesion C Lesion D Lesion E Lesion F Total

Complete healing 13 22 38 5 4 9 91
Incomplete healing 2 4 6
Uncertain healing
Unsatisfactory healing 2 3 1 1 7

*Lesion type A, the absence of a periapical lesion and mobility with a normal pocket depth but has unresolved symptoms after nonsurgical therapies have been exhausted; B, the presence of a small periapical

lesion in the apical quarter and by clinical symptoms such as discomfort or sensitivity to percussion (the tooth has normal periodontal probing depth and no mobility); C, large periapical lesions progressing

coronally but without periodontal pockets and/or mobility; D, clinically similar to those in class C but have periodontal pockets more than 4 mm, and there is no communication with the pocket and the periapical

lesion; E, deep periapical lesions with endodontic-periodontal communication to the apex but no obvious fracture; and F, apical lesion and complete denudement of the buccal plate but no mobility.
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Figure 2. Failure cases (c), (d), and (e). (A) A radiograph 5 years after the initial surgery showing sinus tract formation on teeth #23, 24, and 25. (B–D) During
the resurgery, the leakage of Super EBA root-end filling (arrow) because of air bubbles was noticed, which were a manipulation error. (E) A postoperative radio-
graph after resurgery using MTA cement. (F) A radiograph showing incomplete healing 2 years after the resurgery.

Figure 1. Failure case (b). (A) A postoperative radiograph of #12. (B) A radiograph after 26 months showing incomplete healing. (C) A radiograph after 5 years
showing sinus tract formation. (D) During the resurgery, a lateral canal (arrow) was noticed. (E) The lateral canal was prepared and filled with Super EBA cement.
(F) A radiograph after 2 years of resurgery showing complete healing.
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case with leaking filling, resurgery and healing

Long-term Outcome of the Cases Classified as Successes
Based on Short-term Follow-up in Endodontic Microsurgery
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Abstract
Introduction: In a previous study, we evaluated the
outcomes of endodontic microsurgery by comparing
the healing success of cases involving a lesion of
endodontic origin with cases involving a lesion of
combined endodontic-periodontal origin. Of the 188
teeth over the 5-year period, 172 (91.5%) were consid-
ered to be successes. The purpose of this study was to
evaluate the outcomes, up to 10 years, of the cases
that were classified as successes in the previous study.
Methods: The 172 cases that were considered to
have successful outcomes in the previous study were
included. Patients were followed up every 6 months
for 2 years and every year up to 10 years. On every
follow-up visit, clinical and radiographic evaluations
were performed according to the same criteria as in
the original study by the same 2 examiners. Results:
A follow-up rate of 60.5% (104/172 cases) was ob-
tained. Of the 104 followed-up cases, 97 cases were
included in the successful group, 91 with complete heal-
ing and 6 with incomplete healing. The overall main-
tained success rate was 93.3%. The failure group,
which meant a reversal to disease, included 7 cases
with unsatisfactory healing. Conclusions: In this study,
93.3% of endodontic microsurgery cases that were
considered healed in a prior 5-year study remained
healed after more than 6 years. (J Endod
2012;38:1192–1196)
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Surgical endodontics is often a last resort when nonsurgical retreatment is impractical
or unlikely to improve on a previous result (1). In particular, only surgical interven-

tion might resolve cases involving a persistent lesion that is related to a periapical cyst or
complex canal anatomy (2, 3). In recent years, modern techniques that include the use
of magnification tools, microinstruments, ultrasonic instruments, and more
biocompatible filling materials have been introduced (2, 4). These technical
advances have increased the success rate compared with traditional root-end surgery;
this success rate has varied considerably from 74% to 92% (5–8).

Endodontic microsurgery represents an evolutionary advance in periradicular
surgery, applying not only modern ultrasonic preparation and filling materials but
also incorporating microsurgical instruments, high-power magnification, and illumina-
tion (2). In addition, Setzer et al (9, 10) specified endodontic microsurgery as root-end
surgery using ultrasonic root-end preparation, biocompatible root-end filling materials
(intermediate restorative material [IRM; Caulk Dentsply, Milford, DE], Super ethoxy-
benzoic acid [Super EBA; Harry J. Bosworth, Skokie, IL], mineral trioxide aggregate
[MTA]), and high-power illumination and magnification (10! and higher). Among
the many studies on the clinical outcomes of surgical endodontics, there are only
few reports related to endodontic microsurgery. In addition, most endodontic micro-
surgery studies have investigated short-term postoperative successes. Therefore, long-
term follow up studies are needed to produce valuable scientific evidence.

In a previous study (11), we evaluated the outcomes of endodontic microsurgery
by comparing the healing successes of cases involving a lesion of endodontic origin
compared with cases involving a lesion of combined endodontic-periodontal origin.
Of the 188 teeth followed up for up to 5 years, 172 teeth (91.5%) were considered
to be successes. However, 65%of the included cases were observed for only 1 to 2 years.
Friedman (12) noted that such a short term follow-up period is not sufficient for confir-
mation of the treatment outcomes. Long-term predictability of treated teeth is important
for deciding between root retention versus extraction and other alternative treatments.
Therefore, the purpose of this study was to evaluate the outcomes over a period of
6 to 10 years of the cases that were classified as successes in the previous study.

Materials and Methods
Data were collected from patients in the Department of Conservative Dentistry,

Dental College, Yonsei University, Seoul, Korea, between 2001 and June 2005. A total
number of 263 teeth from 227 patients requiring periradicular surgery were included
in the previous study (11). Teeth withmobility class II or greater, horizontal and vertical
fracture, and perforation were excluded from the study.

In this study, 172 cases that were observed to have successful outcomes in the
previous study were included; 141 cases involved a lesion of endodontic origin, and
31 cases involved a lesion of combined endodontic-periodontal origin. The distribution
of the included cases is shown in Table 1.

All clinical procedures were performed by a single operator (E.K.). With the
exception of incisions, flap elevation, and suturing, all surgical procedures were per-
formed using an operating microscope (OPMI Pico; Carl Zeiss, G€ottingen, Germany).
Briefly, the flap was reflected after deep anesthesia, and an osteotomy was performed.
After removing the soft-tissue debris, an additional 2 to 3 mm of the root tip with a 0" to
10" bevel angle was sectioned with a no.170 tapered fissure bur under copious sterile
distilled water irrigation. The resected root surfaces were then stained with methylene
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ered to be successes. The purpose of this study was to
evaluate the outcomes, up to 10 years, of the cases
that were classified as successes in the previous study.
Methods: The 172 cases that were considered to
have successful outcomes in the previous study were
included. Patients were followed up every 6 months
for 2 years and every year up to 10 years. On every
follow-up visit, clinical and radiographic evaluations
were performed according to the same criteria as in
the original study by the same 2 examiners. Results:
A follow-up rate of 60.5% (104/172 cases) was ob-
tained. Of the 104 followed-up cases, 97 cases were
included in the successful group, 91 with complete heal-
ing and 6 with incomplete healing. The overall main-
tained success rate was 93.3%. The failure group,
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Surgical endodontics is often a last resort when nonsurgical retreatment is impractical
or unlikely to improve on a previous result (1). In particular, only surgical interven-

tion might resolve cases involving a persistent lesion that is related to a periapical cyst or
complex canal anatomy (2, 3). In recent years, modern techniques that include the use
of magnification tools, microinstruments, ultrasonic instruments, and more
biocompatible filling materials have been introduced (2, 4). These technical
advances have increased the success rate compared with traditional root-end surgery;
this success rate has varied considerably from 74% to 92% (5–8).

Endodontic microsurgery represents an evolutionary advance in periradicular
surgery, applying not only modern ultrasonic preparation and filling materials but
also incorporating microsurgical instruments, high-power magnification, and illumina-
tion (2). In addition, Setzer et al (9, 10) specified endodontic microsurgery as root-end
surgery using ultrasonic root-end preparation, biocompatible root-end filling materials
(intermediate restorative material [IRM; Caulk Dentsply, Milford, DE], Super ethoxy-
benzoic acid [Super EBA; Harry J. Bosworth, Skokie, IL], mineral trioxide aggregate
[MTA]), and high-power illumination and magnification (10! and higher). Among
the many studies on the clinical outcomes of surgical endodontics, there are only
few reports related to endodontic microsurgery. In addition, most endodontic micro-
surgery studies have investigated short-term postoperative successes. Therefore, long-
term follow up studies are needed to produce valuable scientific evidence.

In a previous study (11), we evaluated the outcomes of endodontic microsurgery
by comparing the healing successes of cases involving a lesion of endodontic origin
compared with cases involving a lesion of combined endodontic-periodontal origin.
Of the 188 teeth followed up for up to 5 years, 172 teeth (91.5%) were considered
to be successes. However, 65%of the included cases were observed for only 1 to 2 years.
Friedman (12) noted that such a short term follow-up period is not sufficient for confir-
mation of the treatment outcomes. Long-term predictability of treated teeth is important
for deciding between root retention versus extraction and other alternative treatments.
Therefore, the purpose of this study was to evaluate the outcomes over a period of
6 to 10 years of the cases that were classified as successes in the previous study.

Materials and Methods
Data were collected from patients in the Department of Conservative Dentistry,

Dental College, Yonsei University, Seoul, Korea, between 2001 and June 2005. A total
number of 263 teeth from 227 patients requiring periradicular surgery were included
in the previous study (11). Teeth withmobility class II or greater, horizontal and vertical
fracture, and perforation were excluded from the study.

In this study, 172 cases that were observed to have successful outcomes in the
previous study were included; 141 cases involved a lesion of endodontic origin, and
31 cases involved a lesion of combined endodontic-periodontal origin. The distribution
of the included cases is shown in Table 1.

All clinical procedures were performed by a single operator (E.K.). With the
exception of incisions, flap elevation, and suturing, all surgical procedures were per-
formed using an operating microscope (OPMI Pico; Carl Zeiss, G€ottingen, Germany).
Briefly, the flap was reflected after deep anesthesia, and an osteotomy was performed.
After removing the soft-tissue debris, an additional 2 to 3 mm of the root tip with a 0" to
10" bevel angle was sectioned with a no.170 tapered fissure bur under copious sterile
distilled water irrigation. The resected root surfaces were then stained with methylene
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7 cases failed

91.5% - success over period of 2-5 years 172 cases - healed

104 cases f/u93.3%/ 91.5% success at 6-10 years f/u

A second surgery was carried out after finding of failure

with time (22). Friedman (12) reiterated that a reversal to disease
occurs in 5% to 25% of the apparently healed cases within 4 years after
treatment (15, 17, 23, 24). Thus, the long-term outcomes are expected
to be less favorable than those presented in the short-term studies.

Following surgical cases for as long as possible is important for the
accurate assessment of complete and sustained healing. However, this
requires patient cooperation, which is difficult to maintain. A large
number of treated patients were not available for contact during the
follow-up process. Even when patients were successfully contacted, if
they had become symptom free after treatment, there was a reduced
incentive for them to return for the follow-up. Loss to follow-up is
intrinsic to most long-term clinical studies, and this loss diminished
the scientific validity of some findings (25).

Recent studies have reported that incorporating microsurgical
principles in periradicular surgery has improved the success rates to
approximately 90% (16, 19–21, 26). However, considering the
follow-up period of 1 year, the prognosis of the endodontic microsur-
gery may have been overestimated. Therefore, strict criteria in the
follow-up period based on the outcome of endodontic microsurgery
are needed, and the evaluation of the long-term outcomes of the cases
that were classified as success in the short-term follow-up is important.
Rubinstein and Kim (25) followed up the cases that were classified as
healed at the 1-year follow-up for an additional 5 to 7 years and re-
ported a high maintained success rate of 91.5% based on the long-
term follow-up. This is consistent with the findings of the present study,
which showed a high maintained success rate of 93.3% for more than 6
years. Only 7 cases were considered to be failures.

In the present study, regression occurred in approximately 6.7%
of teeth classified as successes at the short-term follow-up. However,
this regression would partially be offset by fewer teeth that were consid-
ered successes at long-term follow-up but not at the short-term follow-
up. On the one hand, Von Arx et al (27) reported that 11.3% of teeth
(16/141) assessed as healed at 1 year regressed to unhealed at 5 years.
On the other hand, 17.2% of teeth (5/29) assessed as unhealed at 1 year
progressed to healed at 5 years, which resulted in 7.8% reduction of
success rate. In the same vein, considering the progressed teeth at
the long-term follow-up, long-term outcomes more than 6 years are
not less favorable than short-term outcomes in the present study.

For the cases in the failure group, the causes of failure were
analyzed during resurgery (Table 4). Among the 5 cases that involved
resurgery, case (a) showed a crack that was undetected at the time of
the previous surgery or was newly formed after first surgery. In case
(b), surgical access to the apex showed a lateral canal that was
untreated on the distal root surface, which should have been managed
during the previous surgery (Fig. 1). In cases (c), (d), and (e), leakage
was observed around the root-end filling, which was performed with
Super EBA filling material (Fig. 2). Super EBA is sensitive to moisture
and the technique used for the filling. In particular, an inadequate
powder-to-liquid ratio or the development of air bubbles can cause
shrinkage, which could result in long-term leakage. Excluding the
cases with cracks and unknown reasons for failure, 4 cases with lateral
canals and leakage around the filling material were believed to be the
result of technical errors rather than surgery itself. Therefore, carefully
following the principles of microsurgical procedure (2) could reduce
these failure cases.

In this study, long-term outcome according to the lesion type
could not be evaluated because of the small sample size. Although
endodontic-periodontal involved teeth are in the endodontic
domain, the prognosis of the teeth depends on the periodontal
support and endodontic microsurgical treatment (28). Therefore,
the predictable and successful management of these cases is a true
clinical challenge (29).

In fact, the healing success rate of endodontic-periodontal
combined lesions was lower than that of isolated endodontic lesions
in the previous study (11). It can be assumed that in the endodontic-
periodontal combined lesions, more failed cases would be revealed
over time. However, among the 7 cases involving proven failure at the
long-term follow-up, only 1 case had a periodontally involved lesion.
Further studies with larger sample sizes are required to assess the effect
of the lesion type on the long-term outcome.

In conclusion, the long-term follow-up of successful cases from
a prior short-term study showed a 93.3% success rate after more
than 6 years. The short-term outcomes of endodontic microsurgery
did not overestimate the prognosis of the surgery. However, with addi-
tional studies on the long-term outcomes, endodontic microsurgery will
become a more reliable treatment option.

TABLE 4. Distribution of the Failed Cases

Case Lesion type
Short-term

follow-up outcome
Evaluation at

long-term follow-up Resurgery Cause of failure

(a) Endo Incomplete Lesion size increase Yes Crack
(b) Endo Incomplete Sinus tract(+) Yes Lateral canal
(c),(d), and (e) Endo Incomplete Sinus tract(+) Yes Leakage around

the root-end
filling material

(f) Endo Complete Sinus tract(+) No Unknown
(g) Endo + perio Incomplete Lesion size increase No Unknown

Endo, isolated endodontic lesion; Endo + perio, endodontic-periodontal lesion.

TABLE 3. Number of Assessment Results Related to the Lesion Type*

Lesion A Lesion B Lesion C Lesion D Lesion E Lesion F Total

Complete healing 13 22 38 5 4 9 91
Incomplete healing 2 4 6
Uncertain healing
Unsatisfactory healing 2 3 1 1 7

*Lesion type A, the absence of a periapical lesion and mobility with a normal pocket depth but has unresolved symptoms after nonsurgical therapies have been exhausted; B, the presence of a small periapical

lesion in the apical quarter and by clinical symptoms such as discomfort or sensitivity to percussion (the tooth has normal periodontal probing depth and no mobility); C, large periapical lesions progressing

coronally but without periodontal pockets and/or mobility; D, clinically similar to those in class C but have periodontal pockets more than 4 mm, and there is no communication with the pocket and the periapical

lesion; E, deep periapical lesions with endodontic-periodontal communication to the apex but no obvious fracture; and F, apical lesion and complete denudement of the buccal plate but no mobility.
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Three cases were included in the failure group, with 1 uncertain and 2
unsatisfactory healing cases. Fig. 1 shows the possible cause of failure in
the previous endodontic surgery. The most common possible causes of
failure were no root-end filling and an incorrect root-end preparation.

Discussion
The meta-analysis reported by Peterson and Gutmann (22)

showed a low healing rate of 35.7% after resurgery. However, 5 of
the 8 studies included in the analysis were publishedmore than 30 years

ago before the advent of microsurgical techniques and more biocom-
patible materials for root-end fillings. With more recent surgical tech-
niques including magnification loupes (!4.5) and ultrasonic
techniques, Gagliani et al (23) compared the outcomes of cases of
endodontic surgery with cases of endodontic resurgery. The success
rates were significantly different, with the resurgery cases not perform-
ing as well; 59% healed completely in the resurgery group compared
with 86% in the teeth subjected to one surgical procedure. Saunders
(24), who performed a prospective outcome study of periradicular
surgery by using microsurgical techniques and root-end filling with
MTA, reported a clinical success rate of 74.5% in the resurgery cases.

In this study, all surgical procedures were performed with an
operating microscope (OPMI PICO; Carl Zeiss) and biocompatible
root-end filling materials such as MTA or Super EBA. Successful
outcomes of this study were reported to be 92.9%, which is higher
than that reported in other studies with endodontic resurgery and
comparable to those of first endodontic surgery (14, 24, 25). A
review of previous endodontic surgery showed that only 4 cases had
been performed with a microscope. Other cases were performed by
a general dentist in a local clinic, which is rarely equipped with an
operating microscope or by an endodontist in the department of
endodontics before the microscope was introduced.

Regardless of whether traditional methods or microsurgical tech-
niques were used, all necrotic tissues in the surgical sites, ie, bone crypt,
can be removed with equal efficiency. However, an examination of failed
cases by surgical operating microscopes showed that the surgeon

20

4
33

24

Incorrect root 

end preparation

Missing canal

Leaky canal

Isthmus

No root end filling

Figure 1. Possible causes of failure in previous surgery.

Figure 2. Typical failure case of endodontic surgery. (A) Preoperative radiograph with periradicular radiolucency showing root-end filling apart from the filled
canal. (B) Coronal surface of the resected apical fragment. Note the missing canal (arrow) that had not been touched, even after both nonsurgical and surgical
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Abstract
Introduction: This study examined the outcomes of
endodontic resurgery by using current microsurgery
techniques on failed teeth with previous endodontic
surgery. Another goal was to determine any significant
outcome predictors of endodontic surgery by deter-
mining the causes of failure in the first endodontic
surgery. Methods: The data were collected from
patients in the Department of Conservative Dentistry
at the Dental College, Yonsei University in Seoul, Korea
between March 2001 and May 2009. All 54 teeth that
required surgical retreatment were included in this
study. All surgical procedures were performed by using
an operating microscope and biocompatible root-end
filling materials such as mineral trioxide aggregate
(MTA) or Super EBA. The patients were recalled every
6 months for 2 years and every year thereafter to assess
the clinical and radiographic signs of healing. Results:
The recall rate was 77.8% (42 of 54 patients). Of the
42 cases recalled, 39 cases were included in the success
category, giving an overall success rate of 92.9%. The
most common possible causes of failure were no root-
end filling and incorrect root-end preparation. Conclu-
sions: The use of microsurgical techniques and biocom-
patible materials such as MTA and Super-EBA resulted in
a high clinical success rate, even in endodontic resur-
gery. (J Endod 2011;37:316–320)
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Nonsurgical endodontic treatment needs essential debridement to disrupt and re-
move a microbial infection of the root canal system (1). This treatment is a proce-

dure for the prevention or healing of apical periodontitis with a high degree of success.
In recent studies and reviews, favorable outcomes of up to 74% were reported even for
necrotic teeth with apical periodontitis (2).

However, for various reasons, endodontic failure still occurs, and further treat-
ment, either surgically or nonsurgically, is needed (3, 4). Nonsurgical retreatment is
considered as the first treatment option in the management of persistent apical
periodontitis (5). Endodontic surgery is indicated when nonsurgical retreatment is
impractical or unlikely to improve on a previous result (6). In particular, only surgical
interventionmight resolve the problemwhen a persistent lesion is related to a periapical
cyst or complexity of the canal anatomy (7, 8).

With the traditional technique that is the procedure before the accommodation of
operating microscope in endodontic field, the success rate of endodontic surgery is
37.4% (9), which is lower and not superior to those of nonsurgical retreatment
(10). However, in recent years, a technique that includes the use of a dental operating
microscope, microinstruments, ultrasonic tips, and more biologically acceptable root-
end filling materials has been introduced (8, 11). This modern technique increases the
success rate, with reported successful outcomes of all microsurgical approaches of
approximately 90% (12–14).

When endodontic surgery fails, the best treatment strategy to correct the problem
is determined by possible causes of failure (15). For this correction, further treatment
including extraction, nonsurgical endodontics, resurgery, or intentional replantation is
needed (16). Nonsurgical retreatment is considered the first choice of treatment when
improper or defective root filling is the cause of failure, and the root canal is accessible
and negotiable. Otherwise, most cases that fail postsurgically should be repeated surgi-
cally or extracted (17). However, there are few reports relating to resurgery of a persis-
tent lesion that fails to heal after the initial endodontic surgery. Some studies reported
that resurgery has a very poor success rate andmight often be contraindicated (18, 19).

Therefore, this prospective clinical study examined the outcomes of endodontic
resurgery withmicrosurgery technique of failed teeth with previous endodontic surgery.
In addition, the significant outcome predictors for endodontic surgery were investigated
by determining the causes of failure of the first endodontic surgery.

Materials and Methods
Case Selection and Inclusion/Exclusion Criteria

The data were collected from patients in the Department of Conservative Dentistry
at the Dental College, Yonsei University in Seoul, Korea between March 2001 and May
2009. All patients were examined for inclusion and a full history, and the clinical and
radiographic examinations were undertaken to determine whether the tooth for which
they had requested surgical retreatment was suitable.

The clinical criteria were the following: (1) history of a prior surgical treatment
according to the patient’s own reports and a marked root-end filling in the radiograph
or an indication of a root-end resection; (2) referral with prior surgical treatment
history from the referring practitioner’s records; and (3) no clinical signs or symptoms
that could link the lack of healing to periodontal disease or radicular fractures or perfo-
rations.
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