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Optimize your 
treatment outcome
Victoria Dawson, Elisa Kristin Arnarsdóttir, Leona Malmberg, 

Homan Zandi og Merete Markvart

A successful outcome of the endodontic treatment is strongly as-

sociated with well performed treatment procedures. An adequate 

access cavity preparation which is correctly positioned, of ade-

quate size and with straight-line access to the canals, is a prerequi-

site for the subsequent endodontic treatment procedures to be 

properly performed. Under aseptic conditions, after gaining ac-

cess to the root canals, the working length is determined by elec-

tronic apex locator combined with radiographs, preferably after 

coronal flaring. The root canals are then cleaned and shaped, in 

the vast majority of cases rotary or reciprocating Ni-Ti instruments 

can be used. This is performed in conjunction with the use of an 

irrigation solution, usually sodium hypochlorite with a low con-

centration. Once the chemomechanical instrumentation has been 

thoroughly performed, the next essential step is filling of the root 

canals. A root filling of good quality, that is, ending within 2 mm 

from the radiographic apex and without any voids, is of significant 

importance for the outcome while the materials and techniques 

appear less important. Finally, the tooth should be permanently 

restored as soon as possible after root filling, to prevent fracture 

and reinfection. Provided that the treatment procedures have 

been adequately performed, high success rates can be expected.

Endodontic treatment aims to prevent or eliminate root canal in-
fection and apical periodontitis (AP). A successful treatment, from 
the clinician´s perspective, is usually defined as radiographic nor-
mal periapical conditions and the absence of clinical signs and 
symptoms, while retention of the root filled tooth, functionality and 
absence of pain are amongst the most important factors from the 
patient’s perspective. 

High success rates (normal periapical conditions) have been 
reported for teeth without preoperative AP (1-3) whereas the 

HEADLINES 

• High clinical success rate is expected when each step of 

the root canal treatment adheres to high quality 

standard of care. 

• An aseptic working field is maintained throughout the 

treatment using a tightly placed rubber dam preven-

ting microbial contamination. 

• Access cavity with adequate size and shape enables a 

straight-line entry to the root canals.

• Chemomechanical preparation using chemically-active 

irrigants removes microbial products and dissolve 

necrotic tissues.

• A root-filling material with adequate length and size 

without any voids obturate the root canals, and the 

final restoration is placed in a timely manner.

AUTHORS

Victoria Dawson, lecturer, DDS, ph.d. Department of 

Endodontics, Faculty of Odontology, Malmö University, 

Malmö, Sweden. ORCID: 0000-0003-4332-7962

Elisa Kristin Arnarsdóttir, DDS, MSc, Private Practice in 

Reykjavik, Iceland, Faculty of Odontology, University of 

Iceland, Reykjavik, Iceland. ORCID: 0000-0001-6400-5730

Leona Malmberg, lecturer, senior consultant, DDS. 

Department of Endodontics, Faculty of Odontology, 

Malmö University, Malmö, Sweden. ORCID: 0000-0002-

8105-6000

Homan Zandi, assistant professor, DDS, ph.d. Department 

of Endodontics, Institute of Clinical Dentistry, University of 

Oslo, Oslo, Norway. ORCID: 0000-0002-0972-7148

Merete Markvart, Associate professor, DDS, ph.d. Research 

area Cariology and Endodontics, Section of Clinical Oral 

Microbiology, Department of Odontology, University of 

Copenhagen, Copenhagen, Denmark. ORCID: 0000-0002-

9524-9233

Corresponding author: Victoria Dawson, email: Victoria.Dawson@mau.se  
 
 Accepted for publication 01.08.2022 
 
The article is peer reviewed. 
 
Dawson V, Arnarsdóttir EK, Malmberg L, Zandi H, Markvartd M. Optimize your 
treatment outcome. Nor Tannlegeforen Tid. 2023; 133: 108-12. 
 
Keywords: endodontics, dental pulp diseases, periapical periodontitis, dental 
restoration, treatment outcome



2023  ·  133  ·  #2 109

rate is slightly lower for teeth with AP (1, 4). A successful out-
come of the endodontic treatment is strongly associated with 
well-performed treatment procedures, from aseptic work to the 
final restoration. In such cases, most periapical diseases show 
signs of healing 1 year postoperatively; nonetheless, non-healed 
cases may be followed up to 4 years, allowing them enough time 
to heal (5). 

In the following article, the endodontic treatment procedures 
including their significance for the outcome will be reviewed.

Aseptic work 
Current endodontic treatment protocols are aimed at eliminating 
microorganisms and preventing the introduction of new microor-
ganisms into the root canal system. Since endodontic pathogens are 
mainly oral commensals, isolating the tooth from the oral environ-
ment with a rubber dam is a prerequisite for safe and effective en-
dodontic practice (6). To minimize the risk of contamination, the 
isolated tooth and rubber dam also need to be disinfected (6). Fur-
thermore, all materials and instruments used during root canal 
treatment should be applied in a sterile, or effectively disinfected, 
condition. Gutta-percha points should be disinfected before use by 
immersion in, for example, chlorhexidine, alcohol, or sodium hy-
pochlorite prior to obturation (7,8). 

There is some evidence on contamination from the dentist to the 
root canal system, since skin commensals, such as Cutibacterium 
acnes and Staphylococcus aureus, have been identified in endodon-
tic infections (9,10). Bacterial numbers have also been found to be 
significantly increased on gloves, suggesting a risk of contamina-
tion (11,12). Therefore, keeping good hand hygiene is of utmost 
importance. A no‐touch policy should also be adopted, meaning 
that efforts should be made to avoid touching the parts of instru-

ments and materials which come in contact with the root canals, to 
further decrease the risk of contamination.

Every measure taken to establish and preserve asepsis during 
treatment is of value, as any means of reducing the microbial bur-
den may cumulatively increase the chance of a successful treatment 
outcome.

Access cavity preparation and locating the canals 
The objective of access cavity preparation is to completely unroof 
the pulp chamber, remove the coronal pulp tissue, and locate all of 
the canals with straight-line access, while saving as much tooth 
structure as possible; for proper cleaning, shaping, and obturation 
of the root canal system (13). If the access cavity preparation is too 
conservative there is a risk of not locating all the canals (14). Iatro-
genic errors and errors in cleaning and shaping of the root canals 
(15) are other consequences if the access cavity preparation is not 
done properly, which may adversely affect the outcome of the endo-
dontic treatment (3,16-17). 

Prior to the access cavity preparation is initated caries and defec-
tive restorations should be removed, to prevent bacterial contamina-
tion during the treatment and to better visualize fractures, if present. 
Furthermore, the restorability of the tooth should be assessed. 

The shape of the access is determined by the internal anatomy of 
the pulp chamber; its shape is a reflection of the external shape of 
the tooth at the level of the cemento enamel junction (CEJ). The 
outline of the chamber, its position and the distance from the occlu-
sal surface to the coronal portion of the chamber (for the projected 
depth of access) should be assessed on preoperative periapical and 
bitewing radiographs. The angulation of the tooth should also be 
evaluated, so the bur can be angled in the right direction to prevent 
procedural errors such as perforations.

Table 1. Factors to be considered when planning restoration of a root filled tooth

Clinical Patient-related

• Residual tooth structure
 – amount 
 – quality (presence of cracks)

• Occlusal forces 
• Position of the tooth
• Number of proximal contacts
• Endodontic and periodontal status of the tooth
• Strategic value of the tooth
• Status of adjacent teeth and the entire remaining dentition (caries, 

periodontal, restorative)
• Aesthetics

• Attitudes
• Expectations (e.g. aesthetics, longevity of the restoration)
• Financial status
• Preferences 
• General health
• Dental health (e.g. caries risk)
• Social habits
• Motivation 
• Compliance
• Other (e.g. dental fear) 
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Because many teeth in need of endodontic treatment have been 
heavily restored, using the occlusal anatomy as a reference point 
where to start accessing the tooth can lead to errors. As a result, it is 
preferable to follow the anatomy of the CEJ, which is the most reli-
able landmark for locating the pulp chamber, which is placed in the 
center of the tooth, at the level of CEJ (18). 

The orifices are located at the junction of the walls and floor, 
at the angles in the floor-wall junction and at the terminus of the 
root developmental fusion lines. When locating the orifices, it is 
all about symmetry (18) (figure 1). When accessing the maxillary 
molars an imaginary line can be drawn between the orifices to 
form the molar triangle (figure 2a), however a second canal in the 
mesiobuccal root (MB2) is frequent (19), usually located mesial 
to or directly on the line drawn between the MB and P orifices 
(figure 2b). 

The final shape of the access depends on the location of the ori-
fices, and should only be refined after complete removal of the roof, 
when all of the pulp chamber floor is visualized and all of the canals 
have been found. 

Root canal instrumentation and working length 
determination 
After gaining access to the root canal system, the chemo-mechani-
cal instrumentation can be initiated. The objective is to mechanical-
ly remove vital and/or necrotic tissue, shape the root canals in a way 
that the center of the root canal is maintained, and facilitate an op-
timal flow of irrigants so the entire surface of the root canal system 
is mechanically and or medically cleaned. In the vast majority of 
cases, rotary or reciprocating Ni-Ti file systems can be used. The 
flexibility of Ni-Ti instruments overcome several of the difficulties 
that may arise using only stainless steel instruments (20). 

The instrumentation can be divided into four phases. Phase 1: 
Place a hand file into the root canal(s) and establish a glide path 
with hand files size 10-15. A glide path will improve the canal-cen-
tering ability of the later instruments. Phase 2: Coronal flaring 
with Ni-Ti rotary or reciprocating files securing straight line ac-
cess. Straight-line access is, when a pre-bent hand file is able to 
reach the apical foramen or the first curve with no deflections and 
minimizes procedural errors during instrumentation. The motion 
is upwards going in contact with the root canal wall, usually to-
wards the lingual shoulder in anterior teeth and away from the 
furcation in premolars and molars with only a minimal apical 
pressure. The level of pre-flaring may vary depending on curva-
tures and should stop before any curvature to avoid ledge forma-
tion. Phase 3: Confirm straight-line access with (hand) files and 
determine full working length (WL) using an electronic apex lo-
cator (EAL). The most accurate WL is obtained after coronal flar-
ing (21). Historically the WL has been determined using a combi-
nation of tactile sensation and radiographic images. However, 
using an EAL combined with radiographs ensures the most accu-
rate WL, as the EAL takes into account local anatomical condi-
tions such as the apical constriction, which we cannot see on radi-
ographic images. Phase 4: Final apical preparation focusing on 
touching the entire periphery of the root canal. As the morpholo-
gy and the dimension of root canals vary (22), it is crucial to 
choose the final file size based on the apical dimensions of the 
root canal. The apical size is determined with the first hand file 
that reaches WL passively and binds at the apex; from the first 
binding file, preparation is increased 2-3 sizes. E.g. if file size 20 
binds, the canal is enlarged to size 35. The final file is handled in a 
crown-down approach.

Figure 2. When accessing the maxillary molars an imaginary line can be 
drawn between the orifices of the tooth to form the molar triangle (a). 
The location of the MB2 usually skews the triangle, since its frequently 
located mesial to or directly on the line drawn between the MB and P 
orifices (b). Corresponding move of the access wall mesially needs then 
to be made.

Figure 1. Excluding the maxillary molars, the canal orifices are 
equidistant from a line drawn through the pulp chamber floor in a 
mesial distal direction (dashed line) and lie on a line perpendicular to 
the mesial distal line (white arrows), except for maxillary molars. 
Mandibular molars (a, b) are shown as examples of this symmetry. The 
floor of the chamber is always darker than the walls.
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Root canal irrigation and intracanal medication 
The mechanical debridement has to be accompanied by an antibac-
terial irrigation solution to combat the microbial infection. The ir-
rigation aims to remove and dissolve vital and necrotic tissue, mi-
crobes, dentin debris, smear layer, chemical disruption of biofilms, 
while causing no damage to the root canal wall or periradicular 
tissues (23, 24). Unfortunately, no single irrigant satisfies all the re-
quired characteristics. Countless irrigation solutions, such as saline, 
hydrogen peroxide, iodine, and chlorhexidine have been used; 
however, sodium hypochlorite (NaOCl) is considered the irrigant 
of choice (24). NaOCl, in concentrations from 0.5 to 6%, has good 
antibacterial and tissue-dissolving properties (25). Reducing its pH 
increases the bactericidal efficacy, while increasing its pH increases 
its tissue-dissolving ability (26). While low and high concentrations 
have shown similar antibacterial effectiveness and clinical outcome, 
a lower concentration (0.5 to 1%) is less aggressive to periradicular 
tissues than higher ones (27). High volume of irrigation, and long 
retention time of the irrigant has shown to positively influence root 
canal disinfection during preparation (28). The volume and fre-
quency of irrigation can compensate for the effect of concentration. 
However, there might exist a point of saturation, above which the 
increase in volume will no longer affect disinfection (29). Ultrason-
ic activated irrigation (UAI) agitates the irrigation solution, activat-
ing their chemical actions, increasing the contact between irriga-
tion fluid and root canal walls, ultimately leading to cavitation and 
disruption of biofilms within the root canal system (30). Smaller 
side-vented irrigation needles (gauge 30) should be placed within 1 
mm from WL to ensure fluid exchange with good turbulent flow 
(31). During instrumentation a smear layer forms on the root canal 
walls and can be removed with chelator solutions such as ethylene-
diamine tetraacetic acid (EDTA) or citric acid (24). Alternating be-
tween NaOCl and EDTA is not recommended as it reduces the an-
tibacterial efficacy of the chlorine (23). 

Intracanal medication with calcium hydroxide [Ca(OH2)] aims 
to supplement the antimicrobial effects of chemomechanical prepa-
ration, by eliminating microorganisms remaining in inaccessible 
areas for instrumentation and irrigation (32). Noteworthy, within 
the limitations of studies, single- and multiple-visit endodontic 
treatment present similar post-operative pain, and healing rates 
(33). In-between visits the access cavity is restored with a tempo-
rary filling material. To prevent bacterial leakage the thickness must 
be extended to a maximum (34).

Materials and techniques for root canal filling 
Once the chemomechanical instrumentation is considered success-
ful, filling of the prepared canal space is the subsequent essential 

step. The objectives are to prevent microbial products reaching the 
periapical area, to prevent inflow of tissue fluid to the root canal, 
and to entomb any remaining bacteria, by providing a tight seal 
along the entire canal space (6). For that purpose, a core material, 
usually gutta-percha, in combination with a thin layer of sealer is 
used. Several root canal sealers are available, based on materials 
such as zinc oxide eugenol, epoxy resin and tricalcium silicate (35). 
Techniques for root filling include, among others, single cone, later-
al condensation and techniques where heat is applied to soften the 
gutta percha, for better adaption to the canal walls. Each technique 
has its advantages and disadvantages (36). Materials and techniques 
for root filling have mainly been studied in a laboratory setting and 
clinical outcome studies on the topic are sparse. Thus, recommen-
dation of any specific material or technique over another is not pos-
sible (37). However, the technical quality of the root filling is of ut-
most importance. A good quality root filling, that is, ending within 
2 mm from the radiographic apex and without any voids, signifi-
cantly increases the chance for a successful outcome of the endo-
dontic treatment (2-4). Root fillings, ending >2 mm from the radi-
ographic apex or overextended and/or with voids are associated 
with an increased risk of treatment failure (1-3). Short root fillings 
and voids will allow survival and regrowth of possible remaining 
microorganisms in the unfilled spaces, and in case of coronal leak-
age reinfection is inevitable. Root fillings extended beyond the apex 
usually imply over instrumentation with a risk for extrusion of in-
fected debris and difficulties in obtaining a tight seal in the apical 
part of the canal, increasing the risk of treatment failure (1-3). 

For a successful outcome of the endodontic treatment, a root 
filling of good quality is of great significance while the materials 
and techniques seem to be less important. Still, the materials used 
should, ideally, be biocompatible, insoluble in tissue fluids, radio-
paque, and removable in case of nonsurgical retreatment. It should 
have the ability to seal, but not shrink nor support bacterial growth 
(6). 

Restoration of the root-filled tooth 
Finally, a permanent restoration of high quality is of utmost impor-
tance for a successful outcome of the endodontic treatment (3,4). 
The main objectives are to; provide an effective seal against micro-
bial leakage and to improve the ability of the root filled tooth to 
withstand forces from biting and chewing - protecting it from frac-
ture. Whether this is best achieved by direct or indirect restoration 
needs to be assessed in each individual case, with respect to a num-
ber of factors (38, 39), (table 1). The type and material of the resto-
ration should also involve preserving as much tooth structure as 
possible (38). 
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An effective seal against microbial leakage may be achieved by 
both direct and indirect restoration; no difference in success rates 
(normal periapical conditions) have been shown for root filled 
teeth restored with direct compared to indirect restoration (3, 40-
41). However, further restorative treatment is more frequent in di-
rectly restored teeth than those indirectly restored (42), indicating 
a higher failure rate for direct restorations and potentially, a jeop-
ardized seal against microbial leakage.

The survival rate is higher for root filled teeth restored with in-
direct compared to direct restoration (43-46). A general recom-
mendation for restoration of root filled teeth is not possible as the 
clinical evidence is insufficient (47), however, for root filled premo-
lars and molars missing at least one proximal wall or in cases with a 
detectable crack, an indirect restoration may be considered (38). 

Still, each case has to be individually assessed, taking clinical as well 
as patient-related factors into account. 

Preferably, the tooth should be permanently restored as soon as 
possible after completion of the root canal treatment. Higher sur-
vival rates have been reported for teeth restored shortly after com-
pletion, in comparison to teeth restored with a delay of >60 days 
(48,49). Root filled teeth without permanent restoration are at a 
higher risk for microbial leakage of the temporary filling (50) as 
well as for fractures (40). It is not recommended to wait for healing 
of the periapical lesion before doing an indirect restoration, except 
for cases where the prognosis is uncertain. 

Thus, a permanent restoration without delay, providing a good 
seal and protection of the root filled tooth is in favor of a successful 
outcome. 
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