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Chapter 1   
General Introduction 
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Clinical endodontics has been defined as prevention and/or elimination of 
apical periodontitis (AP) (Ørstavik & Pitt Ford 1998, Friedman 2002, Trope 
2003, Wu et al. 2006). Accordingly, the aim of root canal treatment is to 
minimize the burden of root (canal) infection and achieve absence of AP. 
Clinical outcome studies constitute an important part of endodontic 
research. The clinical decision on the prognosis and treatment options is 
based on outcome studies that provide essential information to the patient 
and dentist (Friedman et al. 2003, Patel 2009, Wu et al. 2009a, 2011). 
Outcome studies also provide evidence to identify the best treatment 
protocol (Ng et al. 2007). 
 
Radiographic assessment of outcome  
Periapical radiography (PA) has been utilized to assess the outcome of 
treatment for nearly 100 years (Patel et al. 2011). Radiographic 
assessment is essential to determine the outcome (Ng et al. 2007) as 
many teeth, including those with lesions, are asymptomatic at recall. In 
some outcome studies, absence of radiolucency at recall represented 
treatment success and the percentage of absence of radiolucency was 
the reported success rate; in some studies, both absence and reduction of 
radiolucency were considered as success (Friedman et al. 2003, Ng et al. 
2007, 2011). However, a recently published review by SBU (Swedish 
Council on Health Technology Assessment), summarizing literatures from 
1950 to 2011, concluded that the accuracy of PA for identifying the 
presence/absence of bone tissue lesions and monitoring the changes 
over time is limited (Petersson et al. 2012).   

When a bone lesion is within the cancellous bone and the overlying 
cortical bone is substantial, the bone lesion may not be visible on PA 
(Bender & Seltzer 1961, Bender 1982, van der Stelt 1985, Huumonen & 
Ørstavik 2002). Cone-beam computed tomography (CBCT) detected 
pretreatment periapical lesions in 10% more teeth with irreversible pulpitis 
than PA (Abella et al. 2012). PA may not reveal the change of these 
undetectable lesions after treatment. Furthermore, PA detected 
post-treatment periapical lesions in 20-39% less teeth than CBCT 
(Lofthag-Hansen et al. 2007, Low et al. 2008, Christiansen et al. 2009, 
Moura et al. 2009, Bornstein et al. 2012 , Patel et al. 2012a). It appears 
that PA may under-estimate the incidence of AP before and after 
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endodontic treatment (Estrella et al. 2008, Abella et al. 2012, Patel et al. 
2012a, b).  

More than half of the periapical lesions have a larger buccal-lingual 
diameter, which could be 2 times as large as the mesio-distal diameter 
(Lofthag-Hansen et al. 2007). The size and change of lesions in 
buccal-lingual direction may not be revealed correctly by PA (Paula-Silva 

et al. 2009).  
The percentages of absence and reduction of radiolucency could be 

over- or underestimated by PA. Accurate and objective information for 
better understanding of the long-term dynamics of periapical healing 
becomes challenged. This in turn may influence the pre-treatment and 
post-treatment diagnosis and treatment strategy (Wu et al. 2006, Abella et 

al. 2012). Therefore, the outcome of root canal treatment should be 
reevaluated using more accurate radiographic techniques (Wu et al. 2006, 
2009a, 2011). 
 
Quality of root filling assessed by PA  
In a systematic review that analyzed the results of 63 outcome studies 
published between 1922 and 2002 (Ng et al. 2008), four factors were 
identified as outcome predictors: presence of preoperative periapical 
lesion, density and apical extent of root filling, and quality of coronal 
restoration.  

Satisfactory root filling was defined as flush fillings (0-2mm within the 
radiographic apex) without voids on PA. In clinical endodontics, the major 
apical foramen is an important anatomic landmark. Instrumentation and 
root filling procedures beyond the apical foramen should be prevented 
(Bergenholtz et al. 1979). However, in most cases, the apical foramen is 
not visible on 2-dimensional radiographs and therefore, the radiographic 
apex has to be used instead, as the apical terminus (ElAyouti et al. 2001). 
The apical foramen is located up to 3.8 mm short of the apex in the buccal, 
lingual, mesial or distal aspect of the root (Dummer et al. 1984). Therefore, 
flush or short root fillings on PA may actually not be flush or short root 
fillings at all.  

 Except for the palatal root of maxillary molars, all root canals are 
wider in their buccolingual than mesiodistal view (Wu et al. 2000). This 
explains the ex-vivo observation that significantly more voids are detected 
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in buccolingual views (taken with the direction of the x-ray from the mesial 
to the distal, Fig. 1) (Kersten et al. 1987, van der Sluis et al. 2005, Wu et al. 
2009b). This view is obviously not available in the clinic. Therefore, the 
high density of root fillings appeared on PA in clinical studies is unreliable. 

 
Use of CBCT in endodontics  
CBCT has been introduced to the field of endodontics in the 1990s (Wu et 

al. 2006). A three-dimensional CBCT has higher sensitivity as compared 
to PA in detecting extra canals (Huumonen et al. 2006), vertical root 
fracture (Bernardes et al. 2009, Hassan et al. 2009), dental trauma 
assessment such as horizontal root fracture, nature and severity of 
alveolar and luxation injures (Cohenca et al. 2007, Cotton et al. 2007, 
Tsukiboshi 2008, Patel 2009), root resorption (Patel et al. 2009), 
perforations (Shemesh et al. 2011) and post-treatment apical periodontitis 
(Patel 2009).  

CBCT overcomes several limitations of conventional PA, is more 
sensitive and shows more information in 3-dimension than PA. To date, 
the accuracy of CBCT-diagnosis has not been adequately investigated 
(Petersson et al. 2012). The influence of lower spatial resolution and 
artifacts of CBCT images on the accuracy of diagnosis needs to be 
studied (Patel 2009). As this new imaging technique involves higher 
ionizing radiation dose and additional costs, consensus should be 
reached on the safe clinical use of CBCT (Patel & Horner 2009, AAE & 
AAOMR 2011). 

 
Objectives of the thesis 
The aim of this thesis was to investigate the outcome of root canal 
treatment and predictors determined by CBCT and the reliability of 
CBCT-findings. Two approaches were taken: 
1. Ex-vivo experiments were performed to assess the accuracy of PA 

and CBCT in diagnosing the quality of root filling and the 
presence/absence and size of periapical lesions. 

2. The outcome of primary root canal treatments was analyzed using 
both PA and CBCT in 3 clinical studies, 2 retrospective and 1 
prospective. The potential clinical factors were analyzed. 
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Outline of the thesis 
- In chapter 2 (ex-vivo experiment), extracted teeth with and without 

simulated unfilled areas were radiographically examined. The ability of 
PA and CBCT to detect unfilled areas at the buccal and lingual aspects 
of root filling was compared. 

- In chapter 3 (ex-vivo experiment), bone defects were prepared at the 
base of extraction sockets of teeth to mimic periapical bone lesions in 
human mandibles. The physical volume of the lesion (Vp) was used as 
a gold standard. The accuracy of PA and CBCT in diagnosing the 
presence/absence and size of periapical lesions was investigated. 

- In chapter 4 (ex-vivo experiment), the length of root canals in teeth in 
human dentulous mandibles, the distance between the coronal 
reference point and major apical foramen, was measured with CBCT 
data. The root canal length measurements performed with CBCT scans 
were compared with a gold standard.  

- In chapters 5-7 (clinical studies), the outcome of root canal treatments 
and outcome predictors were analyzed. Primary root canal treatments 
were performed in teeth with vital pulp (Chapter 5) and teeth with AP 
(Chapter 6). Both PA and CBCT techniques were used in 3 studies. The 
effects of additional ultrasonic irrigation on the outcome were observed 
in Chapter 6. The influence of the quality of root filling on outcome was 
investigated in Chapter 7.  
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Figure 1 
Two radiographs of a mesial root filled with laterally compacted 
gutta-percha cones and sealer. Left, The buccolingual radiograph did not 
exhibit any voids. Right, The mesiodistal radiograph of the same root 
presented voids. The buccolingual internal diameter (right) was much 
wider than the mesiodistal diameter (left). 
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Chapter 2 
The Ability of Cone-beam Computed Tomography to 
Detect Simulated Buccal and Lingual Recesses in Root 
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Abstract  
Aim To compare the ability of cone-beam computed tomography (CBCT) 
and digital periapical radiographs (PR) to detect simulated 
tissue-occupied recesses in root canals. Methodology A standard canal 
was created in 30 extracted mandibular premolar roots. Each root was 
longitudinally split into buccal and lingual halves. In 20 teeth, a standard 
groove, 4 mm in length, 0.5 mm deep and 0.3 mm wide, was prepared on 
each root half and filled with radiolucent plasticine (a modelling clay), 
simulating tissue-occupied buccal and lingual recesses. In the other 10 
teeth, no grooves were cut. Each root was reassembled and filled with 
laterally compacted gutta-percha and sealer. PR and CBCT were used to 
detect the plasticine-filled grooves. The images were pooled and blindly 
evaluated by three calibrated examiners (A, B and C). A chi-square test 
was used to analyse the data. Results Examiner A, B, C detected 
grooves on CBCT scans in 20, 20 and 23 teeth, respectively, of which 19, 
18 and 19 were true positives. The accuracy of CBCT in diagnosing 
plasticine-filled grooves was 82-92% for three examiners, significantly 
higher than the accuracy of PR (30-33%; p<0.001). Conclusions 
Cone-beam computed tomography accurately detected simulated 
tissue-occupied buccal and lingual recesses. 
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Introduction  
Failure to eradicate intra-canal infection could hinder healing (Happasalo 
et al. 2011). Several other problems may cause persistent apical 
periodontitis (AP), including vertical root fractures, missed canals, 
perforations, extraradicular infection, a true cyst or foreign body reaction 
(Nair 2004). Before venturing into a retreatment, it would be useful to 
know the reasons for persistent AP in order to take steps to address the 
relevant problems and thus improve the prognosis (Imura et al. 2007). 

Apical deltas and recesses in oval canals are common sites for 
bacterial retention and growth (Nair 2004). Furthermore, long oval canals 
(the long canal diameter being at least two times the short canal diameter) 
are present in 25% of all canals (Wu et al. 2000), where thorough 
debridement is difficult. Infected tissues and dentine chips are often left in 
the buccal or lingual canal recesses because of inadequate root canal 
debridement (Gutmann & Lovdahl 2010, Paqué & Peters 2011). In ex vivo 

experiments, hand syringe irrigation had limited ability to clean oval canals, 
leaving the buccal and/or lingual recesses occupied by debris (Fig. 1a; Wu 
& Wesselink 2001).  

These infected tissue-occupied spaces may appear as ‘inadequate 
root fillings’ or ‘root fillings with voids’ on digital periapical radiographs (PR) 
of root filled teeth (Ng et al. 2008), because organic tissues and bacteria 
are radiolucent. The prognosis seems to be affected by these factors: 
persistent AP was observed 26% more in teeth with inadequate root fillings 
as compared with teeth with adequate fillings (Ng et al. 2008). In a study 
by Liang et al. (2012), cone-beam computed tomography scans were used 
to assess the quality of root fillings and the outcome of root canal 
treatments, persistent AP was observed 33% more in teeth with 
inadequate root fillings as compared with teeth with adequate fillings. In 
retreating these failed root filled teeth, effective steps should be taken to 
clean and fill the canal addressing those previously untouched recess 
areas (Paqué et al. 2010). 

However, most root canal treatments are performed with the aid of 
PR which provide only a sagittal (mesiodistal) view and may have limited 
ability to detect buccal or lingual tissue-occupied recesses. 
Limited-volume cone-beam computed tomography (CBCT) provides 
three-dimensional images and is sensitive in detecting small changes in 
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structures (Patel 2009). 
The purpose of this study was to compare the ability of CBCT and PR 

to detect simulated tissue-occupied recesses. 
 

Methodology 
Thirty extracted human mandibular premolars with a single straight canal, 
stored in distilled water immediately after extraction, were decoronated to 
obtain uniform roots of 12 mm in length. Each root was embedded in 
self-curing resin (GC Ostron 100; GC Europe, Leuven, Belgium) and then 
bisected longitudinally through the canal in mesiodistal direction with a 
low-speed saw (Leica SP1600, Wetzlar, Germany) under water cooling, 
producing buccal and lingual resin root blocks. Both halves were ground 
successively with P350-, 400-, and 600-grit sandpaper to remove the 
imprint of the original root canal. The 2 halves were reassembled by a G 
clamp (UC 2041, UNIC, Shandong, China).  
Preparation of root canal  

The canals in assembled roots were prepared by using size 1 (ISO size 50) 
Gates Glidden drill (Dentsply Maillefer, Ballaigues, Switzerland) to a 
working length (WL) of 11mm, and then the canals were flared using a 
step-back technique with Gates Glidden drills sizes 2 to 6 (ISO sizes 70, 
90, 110, 130, 150) at 2 mm increments. Finally, a size 50, 0.02 taper K-file 
(Dentsply Maillefer) was used to smooth the canal wall, resulting in a final 
standardized canal size of 50, 0.10 taper. Each canal was irrigated with 2 
ml of 2.5% sodium hypochlorite (NaOCl) solution between instruments, 
using a syringe and 27-gauge needle. 
Preparation of grooves 

The root blocks were disassembled into two halves again. The roots were 
randomly divided into two groups. In one group (n=20), a customized 
ultrasonic tip (ET 40; Satelec, Merignac, France) was used to prepare a 
standard groove of 4 mm in length, 0.5 mm deep, 0.3 mm wide in the wall 
of each root half 3-7 mm short of apex, as shown in Fig. 1(b, c). A 
periodontal probe (Hu-Friedy, Chicago, IL, USA) with an adapted 
0.3-mm-wide tip was used to measure and verify the dimensions of each 
groove. Before filling, each groove was filled with radiolucent plasticine, a 
modelling clay (DongYang Taikang Stationery Co.Ltd. DongYang, China), 
to simulate tissue-occupied buccal and lingual recesses. In another group 
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(n=10), no grooves were cut in the canal wall. All grooves were completely 
filled with plasticine but none was placed outside the groove. 
Filling of root canals  

The two halves of each specimen were reassembled tightly by a G clamp 
and sealed on the outer surface with a bonding agent (Cyanoacrylate
Jingtong, Shanghai, China). Each canal was filled with laterally 
compacted gutta-percha cones (Dentsply Maillefer) and AH Plus sealer 
(Dentsply, De Trey, Konstanz, Germany). Sealer was introduced into the 
canal twice using a lentulo spiral (Dentsply Maillefer) rotating at 400 rpm 
to 2mm short of WL. A size 50 master gutta-percha cone (Dentsply 
Maillefer) was then lightly coated with sealer and was placed into the 
canal to the full WL. Lateral compaction was achieved in each canal by 
using accessory gutta-percha cones (size 25) and a size-B endodontic 
finger spreader (Dentsply Maillefer) that initially approached to 1 mm short 
of the full WL. At the end, the coronal orifice was sealed with zinc 
oxide-based temporary filling material Ceivitron (DongQuan, Tai-wan, 
China).  
Radiographic assessments  

Both PR and CBCT were used to detect plasticine-filled grooves. During 
exposures, a 20-mm-thick water phantom was placed around the resin 
root blocks to simulate soft tissue (Zhang et al. 2011). Radiographs were 
taken with the Digora Optime (Soredex, Helsinki, Finland) digital imaging 
system using a specially designed holder (Fig. 2) to provide a 
standardized projection geometry in the buccolingual direction. Exposures 
(0.06 s) were obtained with a MinRay dental X-ray unit (Soredex) 
operating at 60 kV and 7 mA. The digital radiographs were obtained by 
immediately scanning the phosphor plates (SPPs) after exposure (Dfw 
v.2.5.; Soredex).The selected scanning resolution was 400 dpi. The raw 
data images were then processed and saved as 8-bit images. The CBCT 
images of teeth were made with a 3DX-Accuitomo CBCT scanner (J. 
Morita MFG. CORP, Kyoto, Japan), with the 4x4 cm field of view (FoV) 
selection operating at 60 kVp, 4-5 mA and an exposure time of 17.5 s. The 
voxel size was 0.125 mm. The CBCT images were reconstructed using 
the system’s proprietary software (i-Dixel 3DX; J. Morita MFG. CORP). 
The images were only studied in typical axial, coronal and sagittal planes. 

All images were pooled and evaluated twice by three calibrated 
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dentists; an endodontist, a radiologist and a postgraduate student, 
independently and blindly. The examiners were informed that 
plasticine-filled grooves of 3-4 mm in length were present in the middle 
third of canal in some specimens. The viewing took place in a room with 
dimmed lights. PR and CBCT images were displayed on a 22-inch Dell 
E228WFP flat panel monitor (Dell, Round Rock, TX, USA) with a 
resolution of 1680×1050 pixels. There was a minimum of 1 week interval 
between the first and second evaluations. 
Histologic assessment 

All root-resin blocks were stored in water before sectioning. Each root was 
horizontally sectioned 4 and 6 mm from the apex using an Isomet 
low-speed saw (Leica SP1600 Saw Microtome, Leica Biosystems 
Nussloch GmbH, Heidelberger, Germany). All cross sections were viewed 
through a stereomicroscope (ZOOM-630E; Chang-fang Opitical 
Instrument Co., Shanghai, China) at a magnification of 40×. 
 
Statistical analyses 
The inter-examiner agreement for CBCT diagnosis was assessed by 
using Fleiss’ Kappa. The intra-examiner agreement was assessed by 
using Cohen’ Kappa. A chi-square test was used to analyze the data from 
PR and CBCT for the detection of plasticine-filled grooves. The level of 
significance was set at α = 0.05.  

 
Results 
All buccal and lingual plasticine-filled grooves were confirmed by 
histological examination (Fig. 3).  

The sensitivity, specificity, true and false positives and negatives and 
accuracy of CBCT scans and PR in the detection of plasticine-filled 
grooves are presented in Table 1. The accuracy of CBCT in diagnosing 
plasticine-filled grooves was 82-92% for three observers, significantly 
higher than the accuracy of PR (30-33% ; p<0.001).  

The kappa value for the overall inter-examiner agreement was 0.60. 
The kappa value for intra-examiner agreement was 0.56, 0.92, 0.65 for 
examiner A (radiologist), B (endodontist) and C (postgraduate student), 
respectively. 

In all roots where plasticine-filled grooves were detected by CBCT, 
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grooves were observed on both coronal views (buccolingual views) and 
axial views, but not on sagittal views (mesiodistal views; Fig. 3).  

 
Discussion 
In the present study, 30 mandibular premolar roots, 20 (67%) with 
plasticine-filled grooves and 10 (33%) without plasticine-filled grooves, 
were examined with PR and CBCT. The percentages of roots with and 
without grooves in this study were similar to the percentages of root fillings 
with and without radiographically visible voids as evidenced by 
bidirectional radiographs (Wu et al. 2009). As the diameter of a root canal 
is usually wider buccolingually than mesiodistally (Wu et al. 2000), 
grooves were cut in the buccal and lingual halves of roots to mimic 
recesses in long oval canals (Lee et al. 2004, Rödig et al. 2010). The 
prepared grooves were filled with radiolucent plasticine, simulating 
tissue-occupied recesses, and a standard canal of size 50, 0.10 taper was 
created to minimize the effect of diverse root canal morphology. 

Huybrechts et al. (2009) concluded that all artificial voids larger than 
0.3 mm diameter inside root fillings were detected by PR. Therefore, PR 
should have sufficient resolution to detect plasticine-filled grooves (4 mm 
long, 0.5 mm deep, and 0.3 mm wide). The plasticine-filled grooves were 
visible on the coronal and axial CBCT views, rather than the sagittal views. 
However, as only sagittal views are available on PR, these grooves were 
not demonstrated by PR (Fig. 3). 

All examiners made ‘false positive’ observations with CBCT images 
(Table 1). In total, 5-17% of the CBCT-diagnosed plasticine-filled grooves 
were false positives (Table 1). This could be explained by beam 
hardening artifacts that CBCT can produce, which appear as streaks and 
dark bands between two dense objects. These artifacts are caused by the 
inherent polychromatic nature of the projection x-ray beam. Lower energy 
photons are absorbed in preference to high energy photons when passing 
a dense object. The streaks and dark bands present at the interface root 
filling-root canal wall could be mistakenly scored as voids on CBCT 
images (Lane et al. 1976, Scarfe & Farman 2008, Huybrechts et al. 2009, 
Patel 2009). Soğur et al. (2007) compared the subjective quality of CBCT, 
storage phosphor plate (SPP), and F-speed analog film images for 
diagnosing quality of root fillings and reported that the presence of 
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streaking artifacts from gutta-percha and sealer may contribute to the 
compromising quality of images. The radiolucent line between the root 
filling and canal wall extending all the way apically is called a ‘mach band’ 
(Huybrechts et al. 2009), and one should be cautious not to score this as a 
void.  

Another possible reason for the false positives was the calibration of 
examiners who were informed that the plasticine-filled grooves were 
present in the middle part of the root canal. Although CBCT has made it 
possible to visualize the quality of root fillings in three-dimensions, 
clinicians can make different diagnoses. The kappa value for the overall 
inter-examiner agreement was 0.60. The intra-examiner disagreement 
each observer (к = 0.56-0.92) indicated that all clinicians and radiologists 
need training on interpreting CBCT images of root canal fillings. 

One limitation of this study was that the soft tissue simulation used 
was a 20-mm water phantom. This may have introduced a different 
scattering radiation which could have influenced the image contrast 
resolution when compared with the real soft tissue, although previous 
studies had confirmed that water could serve as a simulator of soft tissue 
(Shi & Li 2009, Zhang et al. 2011).  

Overall, CBCT detected 90% of the buccal and lingual plasticine-filled 
grooves (Table 1; Fig. 3) whereas none were detected by PR. As CBCT is 
superior to PR in the detection of missed canals (Huumonen et al. 2006), 
vertical root fractures (Hassan et al. 2009, Zou et al. 2011) and stripping 
perforations (Shemesh et al. 2011). It would be useful to perform CBCT 
scans in order to check the reasons for endodontic failures in cases where 
the cause is not clear. However, the ‘as low as reasonably achievable’ 
(ALARA) principle should be followed and thus a small volume CBCT 
should be utilized. 

 
Conclusion 
Cone-beam computed tomography accurately detected simulated 
tissue-occupied buccal and lingual recesses. However, 5-17% of the 
CBCT-diagnosed plasticine-filled grooves were false positives. 
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Table 1. The sensitivity, specificity, true positives (TP), false positives 
(FP), true negatives (TN), false negatives (FN) and accuracy in the 
detection of simulated tissue-occupied buccal and lingual recesses, 
evaluated by a radiologist (A), endodontist (B) or a post-graduate 
student (C).  
Obser-
vers 

Radiographic 
technique 

Sensiti
-vity 

Specifi
-city 

TP FP TN FN Accur-
acy 

P 
value 

A PR 0 0.9 0 1 9 20 0.3 <0.001 
 CBCT 0.925 0.9 19 1 9 1 0.917 

B PR 0 1 0 0 10 20 0.33 <0.001 
 CBCT 0.975 0.8 18 2 8 2 0.917 

C PR 0 1 0 0 10 20 0.33 <0.001 
 CBCT 0.95 0.55 19 4 6 1 0.817 
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Figure 1 
(a) A cross-section of a filled oval canal in mandibular incisor. Two-thirds 
of the uninstrumented recess excluded from the round preparation was 
occupied by debris (grey). (b-c) Schematic representations of the 
standardized root canal model, cross section (b) and the standardized 
groove (c). Yellow: root dentin, orange: gutta-percha, green: 
plasticine-filled groove. 

 
Figure 2 
The specially designed holder used in radiographic assessments, which 
provided a standardized projection geometry in the buccolingual direction. 

Resin block 
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Figure 3 
(a) The histological cross section of root filled with laterally compacted 
gutta-percha. The plasticine-filled grooves (green) were confirmed 
(arrows) (Original magnification×40). (b) Grooves were not visible on PA. 
On the coronal (c) and axial (d) CBCT slices, grooves were visible 
(arrows). 



30 
 

References 
Gutmann JL, Lovdahl PE (2010) Problem solving in working length determination; 
Problem solving challenges in root canal obturation. In Gutmann JL, Lovdahl PE, 
eds. Problem solving in endodontics. 5th edn. Mosby: Elsevier; pp. 189-94; 
218-40.  

 
Happasalo M, Shen YA, Ricucci D (2011) Reasons for persistent and emerging 
post-treatment endodontic disease. Endodontic Topics 18, 31-50.  

 
Hassan B, Metska ME, Ozok AR, et al. (2009) Detection of vertical root fractures 
in endodontically treated teeth by a cone beam computed tomography scan. 
Journal of Endodontics 35, 719–22. 

 
Huumonen S, Kvist T, Gröndahl K, Molander A (2006) Diagnostic value of 
computed tomography in re-treatment of root fillings in maxillary molars. 
International Endodontic Journal 39, 827-33. 

 
Huybrechts B, Bud M, Bergmans L, Lambrechts P, Jacobs R (2009). Void detection 
in root fillings using intraoral analogue, intraoral digital and cone beam CT images. 
International Endodontic Journal 42, 675-85. 

 
Imura N, Pinheiro ET, Gomes BP, Zaia AA, Ferraz CC, Souza-Filho FJ (2007) The 
outcome of endodontic treatment: a retrospective study of 2000 cases performed 
by a specialist. Journal of Endodontics 33, 1278–82. 

 
Lane EJ, Proto AV, Philips TW (1976) Mach bands and density perception. 
Radiology 1221, 9-17. 

 
Lee S-J, Wu M-K, Wesselink PR (2004) The efficacy of ultrasonic irrigation to 
remove artificially placed dentin debris from different sized simulated plastic root 
canals. International Endodontic Journal 37, 607-12. 

 
Liang Y-H, Li G, Shemesh H, Wesselink PR, Wu M-K (2012) The association 
between complete absence of post-treatment periapical lesion and quality of root 
canal filling. Clinical Oral Investigations 16,19-26. 

 
Nair PNR (2004) Pathogenesis of apical periodontitis and the causes of 
endodontic failures. Critical Reviews in Oral Biology and Medicine 15, 348–81. 

 
Ng Y-L, Mann V, Rahbaran S, Lewsey J, Gulabivala K (2008) Outcome of primary 
root canal treatment: systematic review of the literature—part 2. Influence of 
clinical factors. International Endodontic Journal 41, 6-31. 

 
Paqué F, Peters OA (2011) Micro-computed tomography evaluation of the 
preparation of long oval root canals in mandibular molars with the self-adjusting 
file. Journal of Endodontics 37, 517–21. 

 
Paqué F, Balmer M, Attin T, Peters OA (2010) Preparation of oval-shaped root 
canals in mandibular molars using nickel-titanium rotary instruments: a 
micro-computed tomography study. Journal of Endodontics 36, 703–7. 

 



 

31 
 

Patel S (2009) New dimensions in endodontic imaging. Part 2. Cone beam 
computed tomography. International Endodontic Journal 42, 463-75. 

 
Rödig T, Bozkurt M, Konietschke F, Hülsmann M (2010) Comparison of the 
vibringe system with syringe and passive ultrasonic irrigation in removing debris 
from simulated root canal irregularities. Journal of Endodontics 36, 1410–3. 

 
Scarfe WC, Farman AG (2008) What is cone-beam CT and how does it work? 
Dental Clinics of North America 52, 707–30. 

 
Shemesh H, Cristescu RC, Wesselink PR, Wu M-K (2011) The use of cone-beam 
computed tomography and digital periapical radiographs to diagnose root 
perforations. Journal of Endodontics 37, 513–6. 

 
Shi XQ, Li G (2009) Detection accuracy of approximal caries by black-and-white 
and color-coded digital radiographs. Oral Surgery Oral Medicine Oral Pathology 
Oral Radiology and Endodontics 107, 433-6. 

 
Soğur E, Baksi BG, Gröndahl HG (2007) Imaging of root canal fillings: a 
comparison of subjective image quality between limited cone-beam CT, storage 
phosphor and film radiography. International Endodontic Journal 40, 179-85. 

 
Wu M-K, Wesselink PR (2001) A primary observation on the preparation and 
obturation in oval canals. International Endodontic Journal 34, 137-41. 

 
Wu M-K, Roris A, Barkis D, Wesselink PR (2000) Prevalence and extent of long 
oval shape of canals in the apical third. Oral Surgery Oral Medicine Oral 
Pathology Oral Radiology and Endodontics 89, 739-43. 

 
Wu M-K, Bud MG, Wesselink PR (2009) The quality of single cone and laterally 
compacted gutta-percha fillings in small and curved root canals as evidenced by 
bidirectional radiographs and fluid transport measurements. Oral Surgery Oral 
Medicine Oral Pathology Oral Radiology and Endodontics 108, 946-51. 

 
Zhang ZL, Qu XM, Gang Li, Zhang ZY, Ma XC (2011) The detection accuracies for 
proximal caries by cone-beam computerized tomography, film, and phosphor 
plates. Oral Surgery Oral Medicine Oral Pathology Oral Radiology and 
Endodontics 111,103-8. 

 
Zou X, Liu D, Yue L, Wu M-K (2011) The ability of cone-beam computerized 
tomography to detect vertical root fractures in endodontically treated and 
nonendodontically treated teeth: a report of 3 cases. Oral Surgery Oral Medicine 
Oral Pathology Oral Radiology and Endodontics 111, 797-801. 

 
 



32 
 

 



 

33 
 

 
Chapter 3 
Detection and Measurement of Artificial Periapical 
Lesions by Cone-beam Computed Tomography  
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
In International Endodontic Journal 2013 in press. 
 
Yu-Hong Liang*‡, Lan Jiang*‡, Xue-Jun Gao*, Hagay Shemesh†, 
Paul R. Wesselink†, and Min-Kai Wu †. 
 
*Department of Cariology and Endodontology, Peking University 
School and Hospital of Stomatology; Beijing, China; †Department of 
Endodontology, Academic Center of Dentistry Amsterdam (ACTA), 
University of Amsterdam and VU University, Amsterdam, The 
Netherlands. 
‡Yu-Hong Liang and Lan Jiang contributed equally to this 
manuscript. 



34 
 

Abstract 
Aim To test the ability of periapical radiography (PA) and cone-beam 
computed tomography (CBCT) to determine presence/absence of 
periapical lesions and examine the reliability of volumetric measurements 
of periapical lesions on CBCT scans. Methodology After tooth extractions 
in human mandibles, bone defects were cut at the base of extraction 
sockets to mimic periapical bone lesions. The teeth were then returned 
into the extraction sockets. Sixty-three roots of anterior teeth, premolars 
and molars with artificial periapical lesions and 37 roots without lesions 
were examined with PA and CBCT. Presence/absence of periapical lesion 
was noted. The CBCT-based volume of each lesion (Vct) was measured 
using Amira software 5.4 (Visage Imaging GmbH, Berlin, Germany). A 
replica of each lesion was created using silicone impression material, and 
the volume of the replica was measured using a water displacement 
method, representing the physical volume of the lesion (Vp). Regression 
analysis was used to test the correlation between the Vp and Vct values. 
Results The positive and negative predictive values and accuracy for 
CBCT in diagnosing periapical lesions were all 1, compared to 1, 0.64 and 
0.79 for PA diagnosis. Twenty one (33%) lesions were undetected by PA. 
The Vp (21.5 11.0 mm3) and Vct (21.4 11.5 mm3) values of 63 lesions 
were highly correlated (R2=96.9%, p<0.001). Conclusion Cone-beam 
computed tomography is more accurate than PA in diagnosing periapical 
lesions associated with mandibular teeth. The volumes of artificial 
mandibular periapical lesions were accurately measured with CBCT data.  
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Introduction 
Clinical outcome studies constitute an important part of endodontic 
research and provide essential information to the patient and dentist 
regarding treatment options and the prognosis (Friedman et al. 2003).   

Periapical radiography (PA) is commonly utilized as the principal 
objective tool for assessing the outcome of treatment (Ng et al. 2007). 
With strict radiographic criteria only complete resolution of periapical 
radiolucency at recall suggests that root canal treatment has been 
successful. With loose radiographic criteria both complete resolution and 
reduction in size of existing radiolucency at recall suggest treatment 
success (Friedman et al. 2003, Ng et al. 2007, 2008). Ex vivo and in vivo 
studies have confirmed that PA is of limited use for detecting periapical 
radiolucencies (Bender & Seltzer 1961, van der Stelt 1985, Bender 1997, 
Jorge et al. 2008, Paula-Silva et al. 2009a). Periapical lesions confined to 
the cancellous bone are not always seen on radiographs, owing to the 
overlying cortical plate masking the periapical lesion (Gröndahl & 
Huumonen 2004). Healing of periapical lesions which are not detected on 
PA pre-treatment (Patel et al. 2012a) could obviously not be evaluated. 
According to the European Society of Endodontology (2006), initial root 
canal treatments should be followed for up to 4 years. In cases with 
persistent or enlarged periapical radiolucencies, a retreatment is 
considered. Therefore, proper identification of periapical lesions and their 
size is important for treatment planning purposes.  

Cone-beam computed tomography (CBCT) has gained considerable 
popularity since its introduction in the 1990s. It has the potential to provide 
more accurate information about the presence/absence of periapical 
lesions at recall (Lofthag-Hansen et al. 2007, Patel 2009, Paula-Silva et al. 
2009a, Christiansen et al. 2009, Sogur et al. 2009, Durack et al. 2011, 
Liang et al. 2012). However, the accuracy of CBCT in diagnosing apical 
periodontitis (AP) and measuring the size of periapical lesions has not 
been adequately investigated (Petersson et al. 2012). 

The aim of this study was to test the ability of PA and CBCT to 
determine presence/absence of periapical lesions and examine the 
reliability of volumetric measurements of periapical lesions with CBCT 
scans. 
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Materials and Methods 
A total of 15 dry human mandibles were provided by the Department of 
Anatomy, Faculty of Medicine, Peking University, Beijing, China. Age and 
gender were not available.  

As shown in Fig.1(a), a template was created by using self-curing 
resin (GC Ostron 100; GC Europe, Leuven, Belgium) to ensure complete 
reseating in exactly the same position into its own madible during 
radiographic examinations (Durack et al. 2011).  

Each mandible was soaked for 90 min in warm water with hand 
washing liquid to reduce the surface tension of the bone and increase its 
water absorption (Patel et al. 2009). The teeth were subsequently 
atraumatically removed from their sockets. Using a prosthetic plaster saw 
(No.13-210 YDM Corporation, Tokyo, Japan) each mandible was 
sectioned into 3 bone blocks: two posterior and one anterior (Fig.1a). The 
3 blocks were further split into 6 labial (buccal) and lingual bone parts 
(Fig.1b) by coronally (sagitally) sectioning each bone block through the 
extraction sockets using the same saw.  

One hunderd roots without root fillings, associated periapical lesions, 
root resorption, or root fracture were included. In the cancellous bone at 
the base of the extraction sockets of 63 roots, bone defects of different 
shapes and sizes were cut with dental burs (316-FGSL Komet USA, Rock 
Hills, South Carolina, USA) to mimic periapical bone lesions (Fig.1b). The 
total 31 spherical lesions of approximately 2-4 mm diameter, 16 wide 
lesions (5 mm mesiodistal diameter and 2 mm buccolingual diameter), 
and 16 deep lesions (5 mm buccolingual diameter and 2 mm mesiodistal 
diameter) were prepared in anterior teeth, premolars and molars, 21 
lesions for each tooth position (Fig.2). The lamina dura between extraction 
socket and periapical bone defect was removed. The linear dimensions 
and shapes of these artificial lesions were designed according to data 
from clinical observations (Sundqvist et al. 1998, Lofthag-Hansen et al. 
2007). Lesions with different sizes and shapes were equally distributed in 
different tooth positions. In the other 37 roots, periapical bone defects 
were not cut.  

After creation of the artificial periapical bone lesions, the teeth were 
repositioned into the extraction sockets, and the mandibles were reseated 
into the templates (Fig.1a). 



 

37 
 

Radiographic examination 

Prosthetic dental wax 12 mm thick was used between the X-ray tube and 
the mandible as a soft tissue substitue for both PA examinations and 
CBCT scans (Paula-Caldas et al. 2010).  

PAs were obtained using standardized condition: a dental X-ray 
machine (Planmeca Intra, Helsinki, Finland) was operated at 70 KV, 10 
mA, and 20 cm distance from the digital imaging plate (Digora Optime, 
Soredex, Helsinki, Finland).  

CBCT scans were acquired with a 3D Accuitomo-XYZ Slice View 
Tomograph Scanner (J. Morita MFG. CORP, Kyoto, Japan), with a 4x4 cm 
field of view (FoV) selection and operating conditions of 70 kVp, 3-5 mA 
and an exposure time of 17.5 s. The voxel size was 0.125 mm. The CBCT 
data were reconstructed using the system’s proprietary software (i-Dixel; 
J.Morita MFG. CORP) with 0.25-mm-thick slices at an interval of 0.125 
mm.  
Diagnosis of periapical lesions 

A periapical lesion was diagnosed when a radiolucency associated with 
the radiographic apex was at least twice the width of the periodontal 
ligament space (Low et al. 2008, Patel et al. 2009, Bornstein et al. 2011). 
Two observers, an endodontist and a radiologist, were asked to 
separately view all images of 100 teeth in 15 mandibles in a random order 
and individually determine the presence or absence of a periapical lesion 
for each tooth. In case of disagreement in diagnosis, a consensus was 
reached after discussion. 

The assessment of the PA revealed an inter- and intra-examiner 
agreement >0.75 (Cohen’s kappa). Inter-and intra-examiner agreement of 
CBCT assessment were >0.90 (Cohen kappa) (Peacock&Peacock 2010).  
Measurements of lesion volume on CBCT scans 

Volumetric data of teeth with periapical lesions were exported in DICOM3 
format (Digital Imaging and Communication in Medicine). The data were 
imported into Amira 5.4.3 (Visage Imaging GmbH, Berlin, Germany) and 
displayed in a random order to a radiologist who was trained and 
experienced in CBCT segmentation with local threshold-determining 
algorithm (Chang et al. 2013). The observer was advised to segment a 
periapical lesion on the involved tooth. Extraction of interest area was 
completed automatically. The observer performed manual adjustment for 
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each lesion and measured the volume of lesions twice with a 2-week 
interval and the intraclass correlation coefficient (ICC) was 0.991. The 
values of the first measurements were used as the CBCT-based volume 
(Vct).  
Physical volume measurements  

A replica was created using Rapid Soft silicone impression material 
(Coltene/Whaledent, Altstätten, Switzerland). The internal surface of each 
bone defect was first coated with a thin layer of melted prosthetic dental 
wax facilitating separation of the replica from the bone defect. A 10-mL 
graduated cylinder with gradations of 0.1 mL (Sinopharm Chemical 
Reagent Co.,Ltd, Beijing, China) was used to measure the physical 
volume of the silicone replica using a water displacement method, as 
described previously (Agbaje et al.2007, Liu et al. 2010). The volume of 
the replica represented the physical volume (Vp) of the lesion. 
 
Statistical analysis 
A chi-square test was used to compare the accuracy of PA and CBCT in 
diagnosis of periapical lesions. Binary logistic regression analysis was 
performed with the PA data to analyze the influence of tooth position, 
lesion volume and shape on the detection of lesions. Regression analysis 
was used to test the correlation between Vct and Vp values with a null 
hypothesis (correlation coefficient equal to zero). R2>64% and p<0.05 
were considered to indicate a strong relationship (Kamburoğlu et al. 2010). 
ANOVA was used to compare Vp values for different tooth groups. 

The statistical analyses were performed using SPSS (Version 16.0, 
IBM, Chicago, USA). The level of significance was set at α = 0.05.   

 
Results 
The physical volumes of 63 artificial lesions were 6.7-46.3 mm3. The 
sensitivity, specificity, positive (PPV) and negative (NPV) predictive 
values, and accuracy of PA and CBCT are shown in Table 1. CBCT was 
found to be more accurate than PA in diagnosing periapical lesions in 
mandibles (p<0.001).  

Twenty-one lesions with volumes of 6.7-41.3 mm3 were not seen on 
PA. Detection of lesions with PA was significantly influenced by tooth 
position (p=0.014) and lesion volume (p=0.024), rather than lesion shape 
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(p=0.754) (spherical, wide and deep shape lesions). Fifty percentage of 
lesions associated with premolars and molars were invisible; only 5% of 
the lesions with anterior teeth were invisible.  

The physical volumes of lesions on anterior teeth (18.7 11.0 mm3) 
premolars (21.6 9.4 mm3) and molars (23.9 12.3 mm3) were comparable 
(p=0.305). The Vp (21.5 11.0 mm3) and Vct (21.4 11.5 mm3) values of 63 
lesions were highly correlated (R2=96.9%, p<0.001) (Fig.3). CBCT 
underestimated the volume of lesion in 32 cases and overestimated the 
volume in 30 cases. The maximum percentage of deviation in volume was 
18.0% in overestimations and -15.0% in underestimations, the 95% 
confidence interval was between -2.8% and 1.4%. In 1 case, the Vct was 
equal to Vp.  
 
Discussion 
Periapical lesions are often present within the cancellous bone without 
cortical bone involvement (Katebzadeh et al. 1999). In previous ex vivo 
studies, periapical bone defects have been produced by drilling holes in 
the cancellous bone with or without applying acid over varying intervals of 
time (Petersson et al. 2012). In the present study, periapical bone defects 
were drilled without using acid, which allows accurate measurements of 
the size of the defects.  

One observer performed volumetric measurements with CBCT data 
twice and the measurements were reproducible (ICC=0.991). The 
CBCT-volumes of lesions were compared with their physical volumes of 
lesions (gold standard); the high linear regression coefficient R2=96.9% 
(Fig.3) confirms the high reliability of the measurements. Low-degree 
over- or underestimations were observed with a 95% confidence interval 
-2.8%-1.4%. Recently, Mischkowski et al (2007) found volumetric 
measurements in human maxilla and Ahlowalia et al (2013) found 
volumetric measurements in bovine bone to be accurate and reliable. 

Discontinuity of the lamina dura at the apex was often observed in AP 
cases (Paula-Silva et al. 2009b), but does not prove presence of AP 
because the lamina dura is sometimes unvisible on PA of healthy teeth. In 
the current study, the lamina dura was removed at the apex of all teeth 
with artificial lesions. It has been speculated that when the lamina dura is 
affected, the area of rarefaction becomes more apparent (Gröndahl & 



40 
 

Huumonen 2004). Furthermore, the identification of bone defects in this 
study could be easier as compared with the clinical situation because 
lesions were cut with a bur and thus had a sharp border. Furthermore, the 
bone cavities were left empty while endodontic lesions are filled with 
tissue. Even under these experimental conditions, a high percentage 
(33%) of undetected lesions was noted. PA detected only 50% of bone 
lesions with a diameter of 2-5 mm in the premolar and molar regions 
where the cortical bone is thick (Huumonen & Ørstavik 2002). PA was 
previously shown to have a low NPV in diagnoses of periapical lesions, 
specifically 0.35 by Stavropoulos & Wenzel (2007) and 0.38 by Patel et al. 
(2009). For CBCT, the NPV was 1 in the present study and a study by 
Patel et al. (2009) (Table 1).  

In outcome studies, reduction in lesion size at recall has been used 
as criteria for success (Ng et al. 2007). Importantly, the change in size of 
periapical radiolucency after treatment is not always assessable with PA 
because many periapical lesions are invisible on PA pre-treatment (Patel 
et al. 2012a) and at recall (Patel et al. 2012b). Therefore, PA may not only 
underestimate the number of teeth with AP both pretreatment and at recall, 
but also underestimate the number of teeth where the lesion has 
decreased or increased after treatment.  

Although CBCT is superior to PA in diagnosing periapical lesions, the 
disadvantages of CBCT in clinical practice, such as higher cost and a 
potentially higher radiation dose, should be considered (AAE & AAMOR 
2011). When a CBCT scan is considered or prescribed, the ALARA 
principles must be adhered to (Farman 2005, Patel & Horner 2009).  
 
Conclusions     
With the limitations of this study, CBCT was more accurate than PA in 
identification of periapical lesions associated with mandibular teeth. 
Volumes of periapical bone lesions in mandibles were accurately 
measured using CBCT scans and Amira software. 
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Table 1 Accuracy of PA and CBCT in diagnosing artificial 
periapical bone lesions 

TP FP TN FN Sensitivity Specificity PPV NPV Accuracy 

PA 42 0 37 21 0.67 1 1 0.64 0.79 

CBCT 63 0 37 0 1 1 1 1 1 

TP, true positives; FP, false positives; TN, true negatives; FN, false 
negatives; PPV, positive predictive value; NPV, negative predictive value 
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Figure 1  
(a): Two posterior and one anterior teeth blocks were reseated into a 
template created by using self-curing resin (pink color). (b): A posterior 
teeth block had been sagittally split into two parts. Bone defects were cut 
at the base of extraction sockets in one part to mimic periapical lesions 
(white arrows). 

 
Figure 2  
(a): Sagittal image on CBCT scans of a mandibular molar, showing 
periapical lesions in the distal and mesial roots (arrows). (b): a 3-D 
reconstruction of periapical bone defects in (a) created with Amira 
software. 
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Figure 3 
Correlation between physical volumes (Vp) of artificial periapical lesions 
and CBCT-based volumetric measurements (Vct). The high linear 
regression coefficient R2=96.9% between Vp and Vct demonstrates the 
high reliability of the CBCT-based volumetric measurements. 
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Abstract 
Introduction: The distance between a coronal reference point and major 
apical foramen is important for working length determination. The aim of 
this in vitro study was to determine the accuracy of root canal length 
measurements performed with cone-beam computed tomography (CBCT) 
scans using a gold standard. Methods: A total of 162 teeth (198 root 
canals) in 16 dry human dentulous mandibles were scanned using a 
3DX-Accuitomo CBCT scanner (Morita 3DX). The root canal length was 
measured with CBCT data. All teeth were extracted atraumatically and 
endodontically accessed, the root canal length was measured blindly 
using a #10 K-file and served as a gold standard. Results: The mean 
absolute difference of CBCT-based root canal length from the gold 
standard was 0.46 mm (95% confidence interval: 0.41-0.50 mm). Only in 
9/198 (4.5%) roots the difference between CBCT-based root canal length 
and the gold standard exceeded 1 mm. Conclusions: CBCT-based root 
canal length measurements are accurate and reliable when compared to 
a gold standard. 
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Introduction 
Instrumentation and root filling procedures should not be performed 
beyond apical foramen (AF) (1), and should be limited to 0-2 mm shorter 
of AF (2, 3). In clinical studies, the apical extension of the root filling has 
been found to significantly influence periapical healing (4-6), and AF was 
used to distinguish flush, long and short fillings (6). 

However, AF could not be detected on 2-dimensional radiographs 
and therefore, the radiographic apex has to be used as an apical 
reference point in most cases (2). The AF deviates from the root apex in 
up to 92% of teeth (7) and has been reported to be up to 3.8 mm short of 
the radiographic apex in all aspects of the root (8, 9).  

In cases where the AF is short of the apex and the radiographic apex 
is used as the apical reference point during root canal treatment, the 
assumed working length might be too long, which could negatively 
influence the treatment outcome. It has been reported that when 
instrumentation was limited to 0-2 mm from the radiographic apex, 
over-instrumentation occurred in 22% of molars and 51% of premolars (2). 
Therefore, using the radiographic apex as an apical reference point often 
results in over-instrumentation. When the radiographic apex was used to 
determine the apical extent of root fillings, it appeared that these 
estimations were often wrong (5). 

Although the accuracy of modern apex locators is higher when 
compared to periapical radiographs (PA) in determining the root canal 
length (10-12), usually both methods are used. In some cases, 
2-dimensional PA’s could overestimate the root canal length (12, 13) and 
apex locators may give an incorrect reading (12). In contrast, CBCT has 
the potential to locate AF and show root canal anatomy in 3 dimensions. 
When CBCT scans are available for diagnosis and treatment planning, 
clinicians should take advantage of all the information available (14, 15). 
Although root canal length values measured with preexisting CBCT scans 
have been compared with those measured by electronic apex locator (14, 
15), the precision and reliability of the CBCT-based root canal length 
measurements have not been compared to a gold standard. The purpose 
of this study was to assess the precision of the root canal length 
measured on CBCT images using a gold standard. 
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Materials and Methods 
Sample selection 

16 human dentate mandibles were provided by the Department of 
Anatomy of Peking University, Beijing, China. The exact age, gender and 
storing time in formalin was unknown. The skin and soft tissues were 
carefully removed. Each mandible was soaked for 90 min in warm soap 
water (Blue Moon, Blue Moon corp, Guang-zhou, China) to increase the 
moisture content and the resilience of the mandible for the subsequent 
extraction of teeth (16). 
Radiographic technique 

Baseline straight projection PA were obtained using standardized 
conditions: a dental X-ray machine (Planmeca Intra, Helsinki, Finland) 
was operated at 70 KV, 10 mA, and 20 cm distance from the digital 
imaging plate (Cranex Optime intraoral unit, Soredex, Tuusula, Finland). 
Teeth with root canal fillings, periapical lesions, root resorptions or 
fractures were discarded.  

CBCT scans were acquired with a 3DX-Accuitomo CBCT scanner (J. 
Morita MFG. CORP, Kyoto, Japan), with a 4x4-cm field of view (FoV) 
selection and operating conditions of 70 kVp, 3 to 5 mA and an exposure 
time of 17.5 s. Prosthetic dental wax in thickness of 12mm was used as a 
soft tissue substitute (17). CBCT scan was performed with 3D Accuitomo 
XYZ Slice View Tomograph (Morita, Kyoto, Japan) with a basic voxel size 
of 0.125 mm. CBCT data were reconstructed with 0.25-mm thick slices at 
an interval of 0.125-mm using the system’s proprietary software.  
Measurements on CBCT scans 

CBCT slices were first reformatted to vertically position the root canal of 
each analyzed tooth in order to visualize the tooth cusp or incisal edge, 
pulp chamber, AF, and when possible, the whole length of the canal in 
one single slice. The cursor of the Z plane was moved to have an 
overview of the number and the direction of the curvatures of the roots. 
Then the image was sliced again with the Y axis in the curvature direction, 
making the angle of the root curvature larger in the Y plane and smaller in 
the X plane. These alignments optimized the visualization of the complete 
root canal anatomy (15). 

Alignment and measurements of CBCT images were performed by a 
radiologist experienced in reading CBCT scans using specialized software 
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(i-Dixel; Morita, Kyoto, Japan). The selected image of Y plane was 
enlarged 4 times. In anterior teeth, root canal length was defined as the 
distance between the most incisal edge in the projected midline of the 
pulp cavity and the AF (14,15). In posterior teeth, the distance between 
the closest cuspidal edge in the projected extension line of the cervical 1/3 
canal and the AF was defined as the length. Measurements followed the 
visible canal deviation in the Y plane, allowing measurements of 
nonlinearly shaped canals.  
AF location and gold standard 

All roots were atraumatically extracted and immediately inspected. Roots 
demonstrating apical resorptions and/or root fractures were discarded.  

Baseline PA’s were provided to an endodontic resident to evaluate 
the tooth anatomy before preparing the access cavity. The pulp cavity was 
accessed and a smooth, unimpeded path to the coronal 1/3 canals was 
created. After having reached patency with a 08 K-file, a # 10 file, was 
passively advanced toward the apex until the tip of the instrument was 
visible at the AF with a magnifying glass (CT-200F, Mydream Electronic, 
Shanghai, China) by ×5 magnification (18). A rubber stop was then 
carefully adjusted to the same cuspal edge coronal reference as 
determined in the CBCT measurement to enable comparison. The 
distance between the rubber stop and the instrument tip was measured by 
a caliper to the nearest 0.01 mm and served as the gold standard.  

Root apices were examined under a stereomicoscope (ZOOM-630E; 
Chang-Fang Opitical Instrument Co., Shanghai, China) at 40× 
magnification to determine the location of AF and the deviation from apex. 
AF was defined as the opening with the largest diameter found in the root 
apex confirmed by the visualization of an endodontic file tip penetrating 
through the canal (19). The distance from the anatomical apex to the most 
occlusal point of the major foramen was measured using a micrometric 
scale with an accuracy 0.01mm of the stereomicroscope (20, 21). 
Deviation of the major foramen from the anatomical apex was classified 
as central or lateral. 
Calibration 

Two observers, an experienced radiologist and an endodontic resident 
were calibrated with CBCT scans of 10 anterior and 10 posterior teeth 
before this investigation. They were informed of the reference points 
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selection. Root canal length was measured by a radiologist from CBCT 
data. An endodontic resident was blinded to the CBCT scans and 
evaluated the gold standard length measurements and deviation of AF 
from the apex. Each measurement was performed independently and 
blindly by the examiners twice with a 1 week interval.  

 
Statistics 
Intraclass correlation coefficient was used to test the intra-examiner 
reliability of the measurement values. The Pearson correlation coefficient 
(γ) was calculated on the data from the CBCT and file measurements to 
evaluate the accuracy of CBCT measurements. The level of significance 
was set at α = .05. 

 
Results 
46 teeth were excluded from this study because of root fractures, canal 
obliterations, root resorptions or impactions. A total of 162 teeth (198 root 
canals), 74 anteriors, 46 premolars and 42 molars, from 16 dentulous 
mandibles in human cadavers were finally analyzed.  

The intraclass correlation coefficient was 0.982 for the CBCT length 
measurements and 0.960 for the gold standard, respectively (p<0.001). 

In 44% of the specimens, the AF deviated from the root apex (≤1.9 
mm). The data analysis for the differences between CBCT measurements 
and gold standard is summarized in Table 1. The Pearson correlation 
coefficient (γ) comparing the values was 0.977 (p<0.01) (Table 1.). The 
mean absolute difference and mean percentage difference was 0.46mm 
(confidence interval, 95%, 0.41-0.50mm) and 2.4% (confidence interval, 
95%, 2.1%-2.6%), respectively. The proportion of CBCT measurements 
within ±0.5mm difference from the gold standard was 64.6%. Overall, only 
in 4.5% (9/198) the difference between CBCT and gold standard 
exceeded 1 mm. The largest mean absolute differences 0.51mm was in 
molars (confidence interval, 95%, 0.44-0.59 mm). In teeth with a central 
opening AF, the mean difference was 0.47mm (confidence interval, 95%, 
0.41-0.54mm), and in teeth with a lateral opening AF, 0.44mm 
(confidence interval, 95%, 0.37-0.50mm). When using a range of -1 mm - 
+0.5mm as deviation tolerance, the accuracy was 85.4%. CBCT 
overestimated the length in 10% of the canals (20/198) with a range 0.5 -1 
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mm beyond the AF. 
Distributions of the differences of the values are presented in Fig.1. 

CBCT underestimated the length in 129 canals (65%) and overestimated 
in 58 canals (30%). The maximum difference between CBCT 
measurements and gold standard was 1mm in overestimations and 
-1.3mm in underestimations.    
 
Discussion 
In the present in vitro study, a strong correlation between CBCT-length 
measurement and the gold standard was found (Table 1), which indicates 
the high reliability of CBCT measurements. 44% of the roots had AF that 
deviated from the apex, but the difference between CBCT-measurements 
and gold standard was comparable for roots with a central opening and a 
lateral opening AF. This indicated that the location of AF did not influence 
the accuracy of CBCT measurements.  

The high intraclass correlation coefficient comparing the 2 CBCT 
measurements repeated with 1 week interval showed the high 
reproducibility of the present method.  

The coronal reference point may not be identical on CBCT slices and 
on the actual cuspidal edge. This inconsistency could explain the 
difference between CBCT and gold standard. The largest mean absolute 
difference 0.51mm was observed in molars (confidence interval, 95%, 
0.44-0.59 mm). The difficulty to map and visualize the complete canal in 
one single slice on CBCT scans when multiple curvatures exist explain 
why molar showed the largest difference between CBCT and gold 
standard measurements. 

Concerning the clinical relevance of CBCT length measurements, a 
previous report (12) shows that 15% of the cases, an electronic apex 
locator cannot reliably measure the root canal length. Such is the case 
with open apices, crown metallic restorations, obliteration/inaccessibility 
of canals (23), or root fracture and perforation (24). In some patients with 
a cardiac pacemakers, the use of apex locator could be contraindicated. 
In these situations, radiographic working length is relied upon. However, 
PA could not always detect AF and thus length measurements could be 
unreliable due to superimpositions (2, 18, 22). In contrast to PA, CBCT 
can display both the mesiodistal and buccolingual shape of root canals 
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and is able to demonstrate AF (14, 15).  
Adhering to the ALARA principle (25), it should be emphasized that 

findings from the present study could not be used as an indication for 
CBCT usage. Only in those cases where CBCT data are already available 
for diagnosis and treatment plan, utilizing this data for length 
determination is recommended and will even prevent additional 
radiographs during the treatment.   

Under the limitations of this study, CBCT-based root canal length 
measurements were accurate and reliable.  
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Table 1 The Absolute Differences Between CBCT-Based Root Canal Length 
and Gold Standard 

 Mean Differences  95% Confidence Interval Pearson 
Correlation 
Coefficient 
(α=0.01) 

tooth 
type 

(canals)

 Mean Absolute 
Differences (range)

mm  

Mean Absolute 
Percentage 
Differences 
(range)  (%) 

Absolute 
Differences

mm  

Percentage 
Differences 
(%) 

Anteriors 
(n=74) 0.42 (0.01-1.23) 2.1%  

(0%-6.3%) 0.35-0.49 1.7%-2.4% 0.987 

Premolars 
(n=46) 0.42 (0.03-1.12) 2.1%  

(0%-5.5%)  0.32-0.51 1.6-2.5%  0.958 
Molars 
(n=78) 0.51 (0-1.33) 2.8%  

(0%-6.3%) 0.44-0.59 2.4-3.2% 0.936 

Total 
(n=198) 0.46 (0-1.33) 2.4%  

(0%-6.3%) 0.41-0.50 2.1-2.6% 0.977 

Mean Absolute Differences= (CBCT-Based Root Canal Length)-(Gold Standard)  
Mean Percentage Differences= (CBCT-Based Root Canal Length)-(Gold Standard) / 
(Gold Standard) 
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Figure 1 
Box plots illustrate the median (black bold line), 10th, 25th, 75th, 90th 
percentiles of the difference of CBCT length determination from AF 
(positive value means that the CBCT overestimated the length, namely 
that a file would penetrate through the apical foramen if inserted to that 
length). 
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Figure 2 
(a-c): (a-b) Gold standard measurements of a mandibular molar between 
the coronal reference point (a) (arrow) and apical foramen (b) (arrow).(c): 
CBCT length was defined as the distance between the cuspal edge 
(yellow line) in the projected extension line of the cervical 1/3 canal (blue 
line) and the major foramen (arrow). 

1cm 

a 

b 

c 
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Chapter 5 
Endodontic Outcome Predictors Identified with 
Periapical Radiographs and Cone-beam Computed 
Tomography Scans 
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Abstract 
Introduction: The outcome predictors identified with data from periapical 
radiographs (PA) and cone-beam computed tomography (CBCT) scans 
might not be the same. This retrospective study evaluated various factors 
that might affect the outcome of root canal therapy. Methods: In total, 115 
teeth (143 roots) with vital pulps were endodontically treated and followed 
up 2 years after treatment. Multivariate logistic regression was performed 
on the data from PA or CBCT to analyze outcome predictors. Results: At 
recall, PA detected periapical lesions in 18 roots (12.6%), as compared 
with 37 on CBCT images (25.9%). The length and density of root filling 
determined by PA and CBCT were often different (p<0.001). Overall, 20 
out of the 25 short root fillings (80%) diagnosed by PA appeared as flush 
fillings on CBCT images. PA revealed 23 root fillings  (16.1%) with voids, 
as compared with 66 on CBCT images (46.2%). When findings from PA 
were analyzed, density and apical extent of root filling were identified as 
predictors (p<0.05). When findings from CBCT were analyzed, density of 
root filling and quality of coronal restoration influenced the outcome 
significantly (p≤0.001), whereas gender, tooth type, root curvature, 
number of visits, CBCT-determined apical extent of root filling, and use as 
abutment did not (p>0.1). Conclusions: Treatment outcome, length and 
density of root fillings, and outcome predictors as determined with CBCT 
scans might not be the same as corresponding values determined with 
PA. 
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Introduction  
It is essential to understand which factors positively or negatively 
influence the outcome of root canal treatment. In a systematic review that 
analyzed the results of 63 outcome studies published between 1922 and 
2002 (1), four factors were identified, namely presence or absence of 
preoperative apical periodontitis (AP), density and apical extent of root 
filling and quality of coronal restoration. 

Periapical radiographs (PA) were used in most previous outcome 
studies. However, AP could be radiographically undectable when lesions 
are confined within the cancellous bone and covered by a thick cortex (2). 
Second, the quality of root filling as determined by two-dimensional PA 
could be questionable (3-5). In a number of studies, root fillings in 
extracted anterior and posterior teeth were buccolingually and 
mesiodistally radiographed; the mesiodistal radiographs, which are not 
clinically available, revealed significantly more voids along root fillings 
than the buccolingual radiographs, which are clinically available (4, 5). 
Therefore, it maght be valuable to reanalyze risk factors more accurately 
by using reliable methods (6). Recently, cone-beam computed 
tomography (CBCT) has been introduced to the field of endodontics (7). 
The three-dimensional CBCT has been found to be more sensitive than 
PA in detecting extra canals (8), vertical root fractures (9, 10) and 
post-treatment periapical lesions (11-13). 

The aim of this study was to compare the endodontic outcome 
predictors identified with PA and CBCT. 

 
Materials and Methods 
This study protocol was approved by the ethics committee at the Peking 
University School of Stomatology. Patients who had received vital 
pulpectomy and root canal treatment in at least 1 tooth in the Department 
of Operative Dentistry and Endodontics of Peking University School of 
Stomatology between January and September 2007 were consecutively 
recalled between October and December 2009. Thus, the follow-up period 
was 2 years. An invitation letter was sent to 204 subjects. Seventy-four 
subjects (32 males and 42 females, median age of 54 years) met the 
following criteria and were actually seen for a recall appointment. (1) 
Preoperatively, teeth had vital pulps without periapical radiolucency on PA. 
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(2) Maxillary molars were not included because of radiographic overlap 
hindering the observation of periapical lesions on radiographs. (3) All 
participants were informed about the aim and radiation dose of the CBCT 
examination, and their consent was secured. 

In total, 115 teeth (143 roots) were included in the study. Among them, 
17 roots were treated because there was insufficient tooth structure for a 
permanent crown or the crown-root angulation needed to be changed; 14 
of these were later used as abutments. The remaining 126 roots with vital 
pulps were treated as the result of symptomatic pulpitis. 

The treatments were performed by department staff members who 
had limited their work to operative dentistry and endodontics for at least 5 
years. After achieving coronal access, the working length was determined 
using Root ZX (J. Morita Corp., Kyoto, Japan) and confirmed with 
periapical radiographs. Crown-down technique with ProTaper (Dentsply 
Maillefer, Ballaigues, Switzerland) or Hero Shaper (Micro-Mega, 
Besancon, France) instruments were used to prepare root canals. Coronal 
flaring was performed with a ProTaper Sx or EndoFlare. The apical 
enlargement was completed with ProTaper F2 or F3 or Hero Shaper 
30/0.06 or 30/0.04, depending on the root canal morphology. Between 
uses of these instruments, each canal was irrigated with 2 mL of 1% 
sodium hypochlorite (NaOCl) solution using a syringe and a 27-gauge 
needle. When a second visit was required, calcium hydroxide paste Calxyl 
(OCO, Dirmstein, Germany) was used in the canal between visits. All 
canals were filled with gutta-percha cones (Dentsply Maillefer) and zinc 
oxide-based sealer Cortisomol (Pierre Rolland Acteon Inc., Merignac 
Cedex, France) by using a cold lateral compaction technique. A file one 
size smaller than the master file was used to pick up the sealer 2 times 
from the mixing pad and placed into the canal, while rotating it 
counterclockwise. A standard master gutta-percha cone (Dentsply 
Maillefer) was lightly coated with sealer and placed in the canal to the full 
working length. Lateral compaction was achieved in each canal by using 
accessory gutta-percha cones (size 25) and an endodontic finger 
spreader size B (Dentsply Maillefer) that initially approached within 2 mm 
of the full working length. Permanent coronal restorations were placed 
within 1 week after the root canal treatment. The use of rubber dam was 
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not recorded in patients’ charts, and thus it was unknown whether rubber 
dam was used in all patients. 

 
Clinical and Radiographic Examination 
At the recall examination, pain, swelling, tenderness to apical and gingival 
palpation and percussion, as well as the quality of coronal restorations 
were recorded.  

Two radiographic methods, intraoral PA and CBCT, were used to 
detect post-treatment periapical lesions. Straight projection intraoral PA 
were obtained with the digital imaging system Digora Optime (Soredex, 
Helsinki, Finland) with a parallel technique. Exposures (0.16-0.25 
seconds ) were obtained with a MinRay dental X-ray unit (Soredex) 
operating at 60 kV and 7 mA. The digital radiographs were obtained by 
immediately scanning the proprietary storage phosphor plates after 
exposure with the proprietary software (Dfw v.2.5.; Soredex) The selected 
scanning resolution was 400 dpi. The raw data images were then 
processed with the proprietary default processing algorithm and saved as 
8-bit images. The CBCT images of the patients were made with a 
3DX-Accuitomo CBCT scanner (J. Morita Mfg. Corp), with the 4x4 cm field 
of view selection operating at 80 kVp, 4 to 5 mA and an exposure time of 
17.5 seconds. The CBCT images were reconstructed by using the 
system’s proprietary software. 

Two examiners, an endodontist and a radiologist, assessed the 
images from the 2 radiographic methods independently. In case of 
disagreement, the case was discussed until consensus was reached.  

The absence of periapical lesions was defined as conditions such 
that the radiographic periodontal ligament space was not wider than 0.5 
mm (14). 

 
Clinical Factors Assessed 

Preoperative factors 
Gender 

Although a significant association between gender and success rate 
was not found in the majority of previous clinical studies (1), this factor 
was included in our analysis. 

Tooth type 
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The treatments performed in the anterior teeth, premolars, and 
mandibular molars were included. 

Canal curvature 

The method of Schneider (15) was used to measure root canal 
curvature on PA or CBCT images. The greatest degree of curvature in 
either the coronal or sagittal plane was recorded for each root. All roots 
were divided in 3 categories depending on the curvature: <10 °, 10-25 °, 
and >25 °. 

Intraoperative factors 
Apical extent of root filling 

The following categories were used to classify PA: flush, 0-2 mm 
short of apex; short, more than 2 mm short of apex; and long, beyond 
apex. In CBCT, the apical end of the root canal was used as a landmark. A 
short filling was diagnosed only when the root filling was short in all 
coronal and sagittal sections; long filling was diagnosed when the root 
filling extended beyond the apical end of the canal in at least 1 section. 

Density (quality) of root filling 

The density (quality) of the root filling in each root was evaluated on 
the basis of both the buccolingual and the mesiodistal CBCT images, 
using a modified scoring system originally suggested by Kersten et al (3). 
A score of 1, 2, or 3 was determined for each root, depending on the 
length of the longest void along the filling in at least 1 section. Absence of 
detectable voids or the longest void was <1 mm for score 1 (absence of 
voids), 1 - 2 mm for score 2 (short void), and >2 mm for score 3 (long 
void).  

Number of treatment visits 

All treatment was completed in either 1 or 2 visits.  
Postoperative factors 
Coronal restoration 

The quality of coronal restoration was examined both clinically and 
radiographically. Satisfactory restoration was defined as those with no 
evidence of discrepancy, discoloration or recurrent caries at the 
restoration margin, with absence of a history of decementation (16). CT 
scans were not used for the evaluation because metal crowns create 
radiolucent areas hindering the observation (17). 

Use as abutment for prosthesis 
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The influence of use as abutment for prosthesis on treatment 
outcome was calculated. 

 
Statistics 
The recordings for apical extent and density of root fillings determined by 
PA and CBCT were compared with the χ² test. Multivariate logistic 
regression analysis was performed on the pooled data from PA or from 
CBCT separately to identify factors affecting treatment outcome. The 
presence of periapical lesions was the dependent variable; gender, tooth 
type, canal curvature, apical extent and density of root filling, number of 
treatment visits, coronal restoration, and use as abutment were 
considered as factors. The level of significance was set at α =0.05.  

 
Results 
A total of 130 subjects did not respond. The exact reasons for loss to 
follow-up were unknown. 

All teeth were asymptomatic at recall. In clinical examination, 5 teeth 
were slightly tender to percussion.  

Assessment of the PA and CBCT scans revealed interexaminer 
agreement of 0.60 and 0.75 (Cohen Kappa), respectively. In case of 
disagreement, 2 observers reached agreement after discussion in all 
cases. 

In 116 roots (81%), the observations made for both methods were in 
agreement; either a periapical defect was detected with both PA and 
CBCT, or no periapical defect was detected with either of these methods. 
PA revealed periapical lesions in 18 roots (12.6%) as compared with 37 on 
CBCT images (25.9%). All 37 lesions were visible in at least 2 planes 
(axial, coronal or sagittal). In 4 roots (2.8%), a periapical lesion was visible 
on the radiographs but not visible on the CBCT images. 

With regard to the apical extent of root filling, the same diagnosis was 
made with PA and CBCT scans in 104 roots (72.7%) (Table 1). Overall, 
20 of the 25 short root fillings (80%) diagnosed by PA appeared as flush 
fillings on CBCT images. The difference between PA and CBCT in 
diagnosing apical extent was statistically significant (p<0.001). On CBCT 
images, the apical extent of all root fillings was within 3 mm of the apical 
end of the root canal.  
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PA revealed 23 root fillings with voids (16.1%) (scores 2 and 3), as 
compared with 66 on CBCT images (46.2%) (p<0.001). Of the 66 root 
fillings with voids, 51 (77.3%) showed a worse density score on their 
buccolingual images as compared with their mesiodistal view.  

In CBCT, unfilled canals were present in the mesial roots of 3 
mandibular molars; 2 roots with unfilled canals were associated with 
periapical lesions. Vertical root fractures or root perforations were not 
detected in any case. 

The data analysis for the effects of clinical factors on the presence of 
post-treatment periapical lesions is summarized in Tables 2 and 3. When 
findings from PA were analyzed (Table 2), density and apical extent of root 
filling were identified as predictors (p<0.05). When findings from CBCT 
were analyzed (Table 3), density of root filling and quality of coronal 
restoration significantly influenced treatment outcome (p≤0.001); gender, 
tooth type, root curvature, number of visits, CBCT-determined apical 
extent of root filling and use as abutment did not (p>0.1). 

Of the 74 subjects, 53 had 1 treated tooth per person, and 21 had 
multiple treated teeth (2-6 roots per person). The association between 
quality and outcome for those 21 subjects was checked to determine 
whether including subjects with multiple treated teeth (roots) influenced 
the analysis. In 18 out of 21 subjects, when both the density of root filling 
and the quality of coronal restoration were satisfactory, the root did not 
have a periapical lesion. When either the density of root filling or the 
quality of coronal restoration or both were unsatisfactory, a periapical 
lesion was present. In another 2 patients, when the quality of root filling 
and coronal restoration were satisfactory in all treated roots (n=8), a 
periapical lesion was detected on 1 root from each patient. In 1 patient, all 
treated teeth (n=2) did not have periapical lesions, despite the fact that the 
quality of root filling was substandard in 1 tooth. 

 
Discussion 
The recall rate was 36% (74 of 204), which is low but comparable to those 
reported in previous clinical studies (18). Ørstavik et al. (19) reported that 
dropouts had more symptoms and perceived that treatment had failed. 
Marquis et al. (18) reported that the attending and lost-to-follow-up 
populations differed significantly with regard to age. In the present study, 
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the subjects could have declined the invitation to follow-up because of 
relocation, refusal to undergo CBCT or the above-mentioned reasons. 
The low recall rates reduce the impact of clinical outcome studies. 

In Toronto studies, a success rate of 93% was recorded for vital teeth 
(18). Both periapical index scores 1 and 2 were considered as healed or 
successful, despite the fact that score 2 is representing mild periapical 
inflammation (20). When score 2 would not be considered successful, the 
success rate for vital teeth would drop to 70% (19). In the present study, 
absence of radiolucency was considered as success; the PA-determined 
success rate was 87.4%, which is comparable to those reported in 
previous clinical studies (18, 19). 
   However, CBCT detected more periapical lesions than PA, which 
concurs with the findings of a number of other studies (11–13). Our 
observations support the assertion that the value of PA in diagnosing 
periapical lesions is limited (2). Three studies have been performed to 
check whether CBCT-detected lesions are true lesions (21-23). In a dog 
experiment by Paula-Silva et al. (21), each root where a periapical lesion 
was present on the CBCT images but absent on the radiograph was 
periapically inflamed, as determined histologically. In a study by Velvart et 
al (22), all 78 CBCT-scanned human periapical lesions were confirmed to 
be true bone defects during periapical surgery.  

In 4 roots (2.8%), a periapical lesion was visible on the radiograph 
but not visible on the CBCT images. This result is in line with the finding of 
Christiansen et al (11), in which a periapical defect was detected on the 
PA but not on the CBCT images in 5% of cases. Because no histological 
findings are available, it cannot be determined whether these 
radiolucencies were false negatives for CBCT or false positives for PA. 
Therefore, we have no explanation for this observation. The multivariate 
analysis performed on the data from PA and CBCT identified the density 
of root filling (presence or absence of voids) as a predictor. When voids 
were undetectable on CBCT images (score 1), AP was absent in 90.9% of 
roots; when voids were present (scores 2 and 3), however, this 
percentage dropped noticebly to 54.5% (Table 3). Coronal bacterial 
leakage and/or procedural contamination might have contributed to 
treatment failures (24). Voids along root fillings could provide bacteria with 
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pathways to the periapex. However, it has been reported that CBCT was 
not sensitive enough to detect very fine voids (25). 

On two-dimensional PA, 83.9% of root fillings had no detectable voids 
(Table 2), as compared with 83.6% recorded previously by Ng et al. (1). 
However, the mesiodistal views on radiographs do not provide valid 
information for evaluating the quality of three-dimensional root fillings, and 
the true quality is unknown (3-5). CBCT detected root fillings with voids 
(scores 2 and 3) in 46.2% of roots, almost 3 times as many as those 
detected by PA (p<0.001). In root fillings with voids diagnosed with CBCT, 
77.3% displayed less density on the buccolingual view compared with the 
mesiodistal images, confirming previous findings where more voids were 
detected on radiographs that presented buccolingual images of root 
canals (3-5). However, only the mesiodistal image is available on PA. 

It is commonly accepted that instrumentation and obturation should 
be terminated 0-2 mm short of the radiographic apex (26). On PA, it is 
difficult to identify the apical foramen, which may be located up to 3.8 mm 
short of the apex, particularly on the facial and lingual aspects of the root 
(27, 28). It has been found that when the tip of an instrument was placed 
0-2 mm short of the apex on PA, the canal had been overinstrumented in 
many cases (28, 29). Notably, CBCT has been used to determine the 
apical extent of root fillings (13). In this study, the numbers of flush, long 
and short fillings diagnosed by PA and CBCT (Table 3) were significantly 
different (p<0.001). Of the 92 flush fillings (0-2 mm) identified on PA, 10 
were too long, as confirmed by CBCT (Table 1). Only 20% of the short 
fillings (5 0f 25) on PA were confirmed by CBCT, whereas 20 flush fillings 
were mistakenly diagnosed as too short by PA. 

Only teeth with vital pulps were treated in the present study. Sjörgen 
et al (26) analyzed the influence of the apical extent of root filling on 
treatment outcome in teeth without preoperative AP. The authors did not 
find any association between length of root filling and outcome. However, 
unsatisfactory apical extent could negatively influence outcome in teeth 
with preoperative AP (26). With irreversible pulpitis (vital pulp), the 
bacterial colonization (if present) usually has not reached the apical one 
third or the tooth’s dentinal tubules and ramifications (30). Instrumentation 
at the apical portion of the tooth seeks to remove the noninfected tissue 
and to shape the canal. For vital cases, the favorable point for the 
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termination of instrumentation and obturation appears to be 2-3 mm short 
of the apical foramen, and it seems unnecessary to terminate the 
procedures close to the apical foramen (26, 31). In teeth with preoperative 
AP, the apical portion of the root canal is infected (32, 33). Disinfection of 
the root canal system may be compromised and periapical healing might 
be hindered when the instrumentation procedures are not terminated 
close to the apical foramen. Sometimes instrumentation is compromised 
because of morphological complexities, as in multirooted teeth and those 
with severe curvature (1, 13, 18, 34). It seems logical that tooth type, root 
curvature, number of visits and CBCT-determined apical extent of root 
filling were not found to be predictors in this study because only teeth with 
vital pulps were treated. Two outcome predictors were found when using 
the data from CBCT, namely density of root filling and quality of coronal 
restoration. These findings indicate that in cases with vital pulps, it is 
essential to prevent intraoperative and postoperative bacterial invasion in 
the root canal system (1, 18, 24). Isolation with rubber dam is also critical 
to the success of reducing contamination and impacts results. The 
periapical healing in this study could have been negatively influenced as 
we are not sure if rubber dam was used in every patient. 

CBCT can provide multi-slice imaging information in 3 dimensions 
that PA cannot. The treatment outcome as determined by PA, the apical 
extent and density of root fillings as diagnosed by PA, and the outcome 
predictors as identified by using PA data could be incorrect (Tables 1-3). 
Furthermore, CBCT scans allow for accurate diagnosis of extra canals 
and vertical root fractures (9, 10). Although it provides useful information 
with respect to these items, CBCT, as any technology, has known 
limitations. The cost, both monetary and radiation dose, must be 
considered. Using the smallest possible field of view is recommended. 
According to recently published studies, the radiation dose for Accuitomo 
CBCT with a 4x4 cm field of view is 0.02 mSv, which is equal to the dose 
for 2 conventional radiographs in the molar region (35). Because teeth 
with multiple roots were included and the association between quality and 
outcome was investigated, the length and density of root filling and 
treatment outcome had to be recorded for each root, rather than each 
tooth. In 21 subjects, multiple teeth were treated per person. One might 
argue that intersubject differences could bias the multivariate analysis if 
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compromised health conditions negatively influence periapical healing (1). 
In 18 of 21 of these subjects, a periapical lesion was detected only in roots 
with either unsatisfactory root fillings or unsatisfactory coronal restorations; 
lesion absence was always associated with good treatment quality. It 
seems that in the present study, patient was not an influencing factor on 
outcome. It could be that our sample did not include enough subjects with 
adverse systemic health conditions. 

Within the limitations of the present study, it can be concluded that 2 
years after treatments were performed in teeth with vital pulps, CBCT 
detected periapical lesions in 25.9% of teeth as compared to 12.6% by PA. 
Root fillings with voids and unsatisfactory coronal restorations negatively 
influenced the outcome. 
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Table 1. Number of flush, long and short root fillings 
diagnosed by PA and CBCT 

 
PA  

Total Flush Long Short 

 
CBCT 

Flush 81 8 20 109 
Long 10 18 0 28 
Short 1 0 5 6 

Total 92 26 25 143 
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Table 2. Summary of data analysis for effects of clinical factors on the presence of 
post-treatment periapical lesions on the basis of findings from PA 

 
 Factors 

No.of 
roots 

No (%) of roots with or without periapical 
lesions  P 

value  With Without  
Preoperative 
Gender 
Male 76 11 (14.5) 65 (85.5)  

0.175 
Female 67 7 (10.4) 60 (89.6)  

Tooth Type 
Anterior teeth 45 8 (17.8) 37 (82.2)  

0.672 Premolars 41 4 (9.8) 37 (90.2)  
Molars 57 6 (10.5) 51 (89.5)  

Curvature 
<10° 52 6 (11.5) 46 (88.5)  

0.311 10-25° 75 8 (10.7) 67 (89.3)  
>25° 16  4 (25.0) 12 (75.0)  

Intraoperative 
Apical extent of root-filling 
Flush 92 8 (8.7) 84 (91.3)  

0.018 Short 25  4 (16) 21 (84)  
Long 26  6 (23.1) 20 (76.9)  

Density of root filling (voids) 
Score 1* 120  8 (6.7) 112 (93.3)  

<0.001 Score 2* 2  1 (50.0)  1  (50.0)  
Score 3* 21 9 (42.9) 12  (57.1)  

Treatment visits 
Single 111 11 (9.9) 100 (90.1)  

0.169 
Two 32 7 (21.9) 25 (78.1)  

Postoperative 
Coronal restoration 
Satisfactory 118 12 (10.2) 106 (89.8)  

0.465 
Unsatisfactory 25 6 (24.0) 19 (76.0)  

Use as abutment 
No 124 15 (12.1) 109 (87.9)  

0.546 
Yes 19 3 (15.8) 16 (84.2)  

Score 1: absence of voids; score 2: short voids; score 3 long voids. 
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Table 3. Summary of data analysis for effects of clinical factors on the presence of 
post-treatment periapical lesions on the basis of findings from CBCT 

 
 Factors 

No.of 
roots 

No (%) of roots with or without periapical 
lesions P 

value  With Without 
Preoperative 
Gender 
Male 76 19 (25.0) 57 (75.0)  

0.668 
Female 67 18 (26.9) 49 (73.1)  

Tooth Type 
Anterior teeth 45 11 (24.4) 34 (75.6)  

0.504 Premolars 41 12 (29.3) 29 (70.7)  
Molars 57 14 (24.6) 43 (75.4)  

Curvature 
<10° 52 14 (26.9) 38 (73.1)  

0.476 10-25° 75 19 (25.3) 56 (74.7)  
>25° 16  4 (25.0) 12 (75.0)  

Intraoperative 
apical extent of root-filling 
Flush 109 28 (25.7) 81 (74.3)  

0.925 Short 6  2 (33.3)  4 (66.7)  
Long 28  7 (25.0) 21 (75.0)  

density of root-filling (voids) 
Score 1* 77  7 (9.1) 70 (90.9)  

<0.001 Score 2* 3  2 (66.7)  1 (33.3)  
Score 3* 63 28 (44.4) 35 (55.6)  

Treatment visits 
Single 111 26 (23.4) 85 (76.6)  

0.417 
Two 32 11 (34.4) 21 (65.6)  

Postoperative 
Coronal restoration 
Satisfactory 118 24 (20.3) 94 (79.7)  

0.001 
Unsatisfactory 25 13 (52.0) 12 (48.0)  

Use as abutment 
No 124 28 (22.6) 96 (77.4)  

0.150 
Yes 19  9 (47.4) 10 (52.6)  

Score 1: absence of voids; score 2: short voids; score 3 long voids. 
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Abstract  
Introduction: The aim of this study was to compare the outcome of a root 
canal treatment with and without additional ultrasonic activation of the 
irrigant. Methods: Single-rooted teeth with radiographic evidence of 
periapical bone loss were randomly assigned to two treatment groups. In 
both groups syringe irrigation was performed and in one group the irrigant 
was additionally activated by ultrasound. Ten to nineteen months after 
treatment, the teeth were examined using periapical radiography (PA) and 
cone-beam computed tomography (CBCT). Area and volume of the 
periapical lesions were measured and the outcome was presented in 4 
categories: absence, reduction or enlargement of the radiolucency, or 
uncertain. Lesions were classified as reduced or enlarged when the 
change in size of the radiolucency was 20% or more. Results: The recall 
rate was 82% and 84 teeth were analyzed. CBCT detected significantly 
more post-treatment lesions than PA (p=0.038); but the percentages of 
absence and reduction of the radiolucency together revealed by CBCT 
and PA were similar (p=0.383). The CBCT results showed that absence of 
the radiolucency was observed in 16/84 teeth (19%) and reduction of the 
radiolucency in 61/84 teeth (72.6%), but there was no significant 
difference between the results of the two groups (p=0.470). Absence and 
reduction of the radiolucency together were observed in the ultrasonic 
group in 39/41 teeth (95.1%) and in the syringe group in 38/43 teeth 
(88.4%). Conclusions: Root canal treatments with and without additional 
ultrasonic activation of the irrigant contributed equally to periapical 
healing.  
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Introduction 
Apical periodontitis (AP) is defined as an oral inflammatory disease 
caused by a reaction of the host immune system to the presence of 
microorganisms (planktonic state or biofilm) or their products. The 
microorganisms are found close to or in the root canal system or at the 
outside around the root apex (1). The goal of a root canal treatment is to 
prevent or to heal AP, therefore the microorganisms in both planktonic and 
biofilm state should be removed from the root canal system (1). We try to 
reach this goal by chemo-mechanical treatment of the root canals. 

Instrumentation of the root canal is associated with disadvantages 
like smear layer and dentin debris production, iatrogenic errors, 
weakening of the root structure and apical crack formation (2-6). 
Furthermore, the instruments do not touch the whole surface of the root 
canal wall (7), impeding complete mechanical biofilm disruption. However, 
instrumentation creates space in the root canal system, facilitating the 
delivery of disinfection solutions or medicaments that could disrupt the 
remaining biofilm there where the instruments did not reach the root canal 
wall.   
   Irrigation procedures could disrupt the remaining smear layer, dentin 
debris and biofilm from the root canal wall (8). For an effective irrigation 
procedure, both the chemical dissolution or disruption and the mechanical 
detachment and removal of pulp tissue, dentin debris, smear layer and 
microorganisms out of the root canal system are important. These aspects 
are related to the duration of the irrigation procedure and the flow of the 
irrigant which can be controlled by irrigant activation systems such as 
lasers and sonically or ultrasonically vibrating instruments (9-10). 
Ultrasonic activation improves both the mechanical and chemical aspects 
of the irrigation procedure as has been shown by in vitro research (10-11). 
Acoustic streaming and cavitation of the irrigant have been considered to 
be the working mechanisms (12-13). 

Until now, no Randomized Controlled Trials (RCT) evaluating the 
effect of irrigation procedures on endodontic outcome have been 
performed. Therefore, the aim of this study was to compare the 
effectiveness of root canal treatments with and without additional 
ultrasonic activation of the irrigant by evaluating the endodontic outcome.      
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Materials and methods 
Patient selection 

In total, 105 patients with a non-contributory medical history treated 
between September 2010 and September 2011 in the Department of 
Cariology and Endodontics of Peking University School of Stomatology 
were selected according to the following criteria. All selected teeth were 
single-rooted maxillary and mandibular incisors, canines or premolars, 
which did not respond to sensitivity testing, had not received any 
endodontic treatment previously, and showed radiographic evidence of 
periapical bone loss. Only one tooth per patient was included. Pregnant 
women, teeth with canal curvature >25° or periodontal pockets >3mm 
were excluded. All patients were informed before the treatment and their 
consent was obtained.    

This study protocol was approved by the ethics board of Peking 
University Health Science Center (No. IRB00001052-10077). 
Radiographic technique 

The included teeth were examined clinically and radiographically using 
periapical radiography (PA) and cone-beam computed tomography 
(CBCT) at first visit and at recall.  

Straight projection intraoral PA was obtained with the digital imaging 
system Digora Optime (Soredex, Helsinki, Finland) using a parallel 
technique. A MinRay dental X-ray unit (Soredex) was used operating at 
60-70 kV and 7 mA obtaining exposures of 0.12s. After exposure, the 
phosphor plates (SPPs) were immediately scanned, using the proprietary 
software (Dfw v.2.5., Soredex). The scanning resolution was 400 dpi.  

CBCT scans of the patients were acquired with a 3DX-Accuitomo 
CBCT scanner (J. Morita MFG. CORP, Kyoto, Japan), with a 4x4-cm field 
of view (FoV) selection and operating conditions of 80 kVp, 4 to 5 mA and 
an exposure time of 17.5 s. The CBCT data were reconstructed using the 
system’s proprietary software. 
Root-canal procedure 

All treatments were performed in a single visit by 4 dentists who had 
limited their work to operative dentistry and endodontics for at least 5 
years. The included teeth were divided into 2 treatment groups by using 
random allocation software (http://www.randomization.com/) according to 
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a standardized procedure. In both groups syringe irrigation was performed 
and in one group the irrigant was additionally activated by ultrasound.  

After local anesthesia and rubber dam isolation, coronal access was 
prepared. Working length (WL) was determined using an apex locator 
(Root ZX, J. Morita Corp., Kyoto, Japan), 0.5 mm short of the ‘0’ reading 
and confirmed with PA. Canals were firstly prepared with a #15 Flexofile 
(Dentsply Maillefer, Ballaigues, Switzerland) to the full WL. A crown-down 
preparation technique was performed using nickel-titanium rotary 
instruments (FKG Dentaire, La Chaux-de-Fonds, Switzerland) #40/.06, 
#35/.08, #25/.02, #25/.04 until #25/.06 reached WL. Between the use of 
each instrument, recapitulation of WL was performed with a #10 K file 
(Dentsply Maillefer, Ballaigues, Switzerland). Apical enlargement was 
completed with S-Apex instruments with a slightly inverted taper (FKG 
Dentaire, La Chaux-de-Fonds, Switzerland) #30, #35 and #40 at WL. Size 
40 was the biggest sized instrument used for all the root canals also when 
the original canal size was bigger. The rational for this decision is that 
from size 40 a 30 gauge needle can easily be placed in the apical area 
allowing full delivery of the irrigant solution.  

In both groups, 2 mL of a 5.25% sodium hypochlorite (NaOCl) 
solution was used as irrigant between each instrument. All syringe 
irrigation procedures were performed with a syringe and a 30-gauge 
needle (Navitip, Ultradent, South Jordan, USA). Needle penetration depth 
was 2 mm short of its binding point or WL. The flow rate was 
approximately 0.2 mL/sec.  

In the ultrasonic group, after every other instrument, the irrigant was 
additionally activated by ultrasound for 10 seconds. Ultrasonic activation 
was performed with an ultrasonic device (P5 Newtron, Satelec Acteon, 
Merignac, France) at setting ‘Yellow 8’ dry mode using a #20 
stainless-steel parallel shaped non cutting instrument (IrriSafe, Satelec 
Acteon) 2 mm short to its binding point or WL.  

After completion of the instrumentation, the root canals were irrigated 
using a final irrigation protocol. Firstly, the canals were irrigated with 2 mL 
of a 15% ethylenediamine tetraacetic acid solution (EDTA) for one minute. 
Thereafter, in the syringe group, canals were finally flushed 3 times with 2 
mL 5.25% NaOCl at a flow rate of 0.2mL/sec. After every irrigant delivery, 
the irrigant was left for 10 seconds in the canal. In the ultrasonic group, 2 
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mL of 5.25% NaOCl was delivered 3 times into each canal with a syringe, 
after which the irrigant was ultrasonically activated for 10 seconds. The 
final irrigation time (60 seconds) was identical for both groups. The total 
preparation and irrigation time of all the teeth included was 30 minutes. 

Each canal was dried with paper points and filled with gutta-percha 
cones (Dentsply Maillefer) and AH Plus sealer (Dentsply, De Trey, 
Konstanz, Germany) using a warm vertical compaction technique (2 in 1, 
VDW, Müchen, Germany). Sealer was introduced into each canal twice 
using a bidirectional spiral (EZ-Fill, Essential Dental System Inc, South 
Hackensack, US) for 30 seconds 2 mm short to WL. The largest 
gutta-percha cone that reached WL without resistance was used as 
master gutta-percha cone and tug-back was established by shortening the 
master cone apically. Permanent coronal restorations with composite 
resin or core build-up (3M Filtek P60, 3M ESPE, USA) were placed within 
2 weeks after root canal treatment. Temporary restorations were filled with 
glass ionomer cement (Fuji , GC America Inc, USA).   
Evaluation 

Much care was taken in order to reach a high recall rate. The dentists who 
treated the patients encouraged them for the follow-up by multiple 
telephone calls. Furthermore, financial compensation was offered for the 
transportation. 

At recall examination, sinus tract, pain, swelling, tenderness to 
percussion and gingival palpation, as well as the quality of coronal 
restorations were recorded.  

Two observers, an endodontist and a radiologist, examined 
individually and blindly the PA images and CBCT scans. A periapical 
lesion was diagnosed when lamina dura disruption was detected and a 
radiolucency associated with the radiographic apex was at least twice the 
width of the periodontal ligament space for both PA and CBCT (14, 15). 
The same two observers also measured the area and volume twice with a 
one-month interval, and the average values of the first measurements 
were used as the lesion area on PA or lesion volume on CBCT scans. The 
lesion area on PA was measured in square millimeters using Image J 1.28 
u software (National Institutes of Health, Bethesda, MD) as previously 
described (16). Measurement of lesion volume on CBCT data in DICOM 
format (Digital Imaging and Communication in Medicine) was performed 
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using Amira 5.4.3 (Visage Imaging GmbH, Berlin Germany) software. 
Local threshold-determining algorithm (17) with manual tracing 
intervention was used to plot out the border of the lesion and calculate the 
volume (18). The length and density of root canal filling were determined 
as previously described (19-20). 

The lesion area and volume at the first visit were compared with 
those at recall. The outcome was presented in 4 categories: absence, 
reduction or enlargement of the radiolucency, or uncertain. Reduction and 
enlargement of the radiolucency were determined only when the change 
in size of radiolucency was 20% or more (18).  
  
Statistical analysis 
Intraclass correlation coefficient (ICC) was used to test the inter- and 
intraobserver agreement of the lesion area and volume measurements. 
The difference between the two groups in volume of lesion pretreatment 
and size of master cone were analyzed using independent-samples t test 
and chi-square test. The outcome determined by CBCT and PA was 
compared using McNemar test. Multivariate logistic regression analysis 
was performed on the pooled data from CBCT to identify factors affecting 
treatment outcome. 

The statistical analyses were performed using SPSS (Version 16.0, 
Chicago). The level of significance was set at α = .05. 
 
Results 
86/105 patients (82%) were re-examined 10-19 months after treatment. 
Two teeth had been extracted for reasons unrelated to the root canal 
treatment.  

The intraexaminer ICC values for the CBCT volumetric 
measurements and the PA area measurements were 0.971; 0.998 and 
0.998; 0.993 respectively for two examiners. The interexaminer ICC was 
0.998 for the area measurements and 0.991 for the volumetric 
measurements. 

There was no significant difference between the two treatment 
groups in the volume of the periapical lesions (p=0.148), or the size of 
master cones (p=0.862). The two treatment groups were comparable in all 
other clinical factors (Table 1). The CBCT data for the two groups are 
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presented in Table 2. Absence and reduction of the radiolucency were 
observed in 39/41 teeth (95.1%) in the ultrasonic group and 38/43 teeth 
(88.4%) in the syringe group (p=0.470).   

The percentage of teeth without radiolucency determined by CBCT 
scans (19%) was significantly lower than that by PA (32.1%) (p=0.038). 
However, the percentages of absence and reduction of the radiolucency 
together were similar (p=0.383) (Table 3). From the 27 teeth without 
radiolucency on PA, 16 had no radiolucency and 11 a reduced 
radiolucency on CBCT.  

The volume of the radiolucencies varied from 1.5 to 375.4 mm3 
before treatment (Table 4). At recall, the volume of the radiolucencies had 
reduced by 80-100% in 54/84 (64%) teeth, as revealed by CBCT (Table 4) 
(Figs. 1, 2).  

The influence of potential factors, gender, volume of lesion 
pretreatment, irrigation method, length and density of root fillings, size of 
master cones, on the outcome were analyzed. The volume of lesion and 
the size of master cone influenced the treatment outcome significantly 
(p<0.05). The influence of the other factors examined were not significant 
(p>0.05). Absence of the radiolucency was observed in 16/62 teeth 
(25.8%) with smaller lesions, but in no teeth with larger lesions. Absence 
of the radiolucency was observed in 13/57 teeth (22.8%) with a master 
cone of #45, but only 3/27 teeth (11.1%) with a master cone #50-#120. 

At recall, 3 teeth were considered as treatment failures, 2 from the 
ultrasonic group and 1 from the syringe group. Two teeth were 
symptomatic, one had an enlarged lesion and the other showed uncertain 
outcome. One asymptomatic tooth had recurrent caries with enlarged 
lesion on CBCT. 
 
Discussion  
To our knowledge, this is the first RCT investigating the effect of different 
irrigation protocols on endodontic outcome using both PA and CBCT. In 
both irrigation groups the percentage of absence and reduction of the 
radiolucency was high, 95.1% for the ultrasonic group and 88.4% for the 
syringe group. 
    One of the limitations of clinical research is that many factors, 
including those related to the root canal treatment itself, can influence 
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endodontic outcome (21). Therefore, standardization of the treatment 
procedure is of utmost importance. Molar treatments are more difficult to 
standardize than single canal treatments because of root canal curvature, 
anatomical differences of the isthmuses, treatment time, procedural errors, 
complete access etc. Consequently, including molars would increase the 
possibility of bias and we therefore decided to only use single rooted teeth. 
This enabled us to standardize as good as possible the treatment 
procedure thus limiting bias.  
     It could be argued that the root canal anatomy of single rooted teeth 
is not challenging enough to show a difference between the two irrigation 
protocols. However, many studies, including those using micro-CT, have 
shown the complexity of the root canal system of single rooted teeth 
especially in the apical part where oval extensions and fins are present 
(3,7,22). Furthermore, the diameter of the apical canal is often larger than 
the master apical file emphasizing the importance of the irrigation 
procedure (23,24).   
     Although ultrasonic activation improves both the mechanical and 
chemical aspects of the irrigation procedure in in vitro research, it did not 
influence endodontic outcome in this clinical study. This can be related to 
a variety of reasons, including the statistical power of the study, the 
clinical relevance of the in vitro models, the fact that improved cleaning 
not automatically results in a better outcome and the typical irrigation 
protocols used in this study. Furthermore, other complicating factors such 
as the details of the root canal anatomy (apical delta and dentinal tubules), 
the structure of the biofilm, the external biofilm around the root apex, root 
filling or the effect of instrumentation, could have been more influential 
than the irrigation procedures used (1). 
  To disinfect the root canal by irrigant flow, the irrigant should reach 
the biofilm to mechanically disrupt it and exert its chemical effect. However, 
the production of dentin debris and its accumulation in uninstrumented 
regions like isthmuses and fins could be more important than expected. 
Consequently, its subsequent removal is more difficult than anticipated 
(25,26) as a direct contact of the irrigant with the biofilm is hindered. 
Furthermore, both dentin debris and smear layer inactivate root canal 
medicaments and irrigants (27).  

We instrumented the root canals not further than instrument size 40, 
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also when the original size was bigger. This also allowed us to evaluate if 
the irrigation procedure itself can disrupt biofilm where the instruments did 
not touch the root canal wall. From size 40, the 30 gauge needle can 
easily reach the apical root canal and the irrigant solution can be delivered 
effectively (28). However, the percentage of teeth with absence of 
radiolucency in root canals larger than size 50 was significantly less than 
for root canals smaller than size 50. This indicates that both irrigation 
protocols probably could not compensate for the reduced biofilm 
disruption by instruments in the bigger size canals. In larger canals, 
irrigant exchange improves but shear stress on the root canal wall 
decreases (29). Probably the same holds for ultrasonic activation of the 
irrigant and higher shear stress on the root canal wall by e.g. increasing 
the ultrasonic intensity is needed (23). Furthermore, in a larger canal there 
may be more substrate area available to react with the irrigant and 
perhaps a larger volume of irrigant or longer irrigation time are needed for 
the chemical reaction. Shear stresses on the root canal wall during 
irrigation procedures have recently been quantified, but the cohesion or 
adhesion forces of the biofilm to the root canal wall are unknown (12,28). 
Also because the properties of endodontic biofilm are not sufficiently 
known, the volume, concentration and application time of NaOCl needed 
to disrupt the biofilm are not known. Because adequate biofilm models are 
lacking for endodontic research, it is difficult to predict the effect of 
irrigation protocols on biofilm disruption. Furthermore, we cannot exclude 
that a larger root canal size could have influenced leakage of the root 
canal fillings. 

For the first time in clinical research, the periapical radiolucencies on 
the CBCT images were volumetrically analyzed to determine the outcome. 
Although in in vitro studies the linear regression coefficient was 96.9% 
thereby demonstrating a high reliability of the volumetric measurements 
with CBCT data, the percentage of deviation was up to 18% (17,29). 
Therefore, in this study, reduction and enlargement of the radiolucency 
were determined when the volume of the radiolucency had reduced or 
enlarged by 20% or more.  

The recall rate in this study was very high (82%), in part because the 
follow-up period was only 10-19 months and typically the recall rates in 
clinical studies drop over time. In a study by Ørstavik (30) the recall rate 
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dropped from 71% after the first year of evaluation to 33% after the fourth 
year. The median recall rate in previous outcome studies was 52.7% (31). 
We thereby exclude the outcome of nearly half of the treated teeth 
knowing that a decrease in the recall rate is correlated to an increase in 
the success rate because the failure rate in the ‘drop out’ group tends to 
be higher (32). Thus a low recall rate results in a biased outcome.  
     A disadvantage of a short follow-up is that the percentage of teeth 
with a complete absence of the radiolucency could be underestimated 
because lesions are still in the healing process (31,33). However, within 
the 10-19 months of evaluation, some big radiolucencies could almost 
completely be reduced (Fig. 2) whereas some small lesions were only 
slightly decreased, indicating that time was not the main responsible 
factor (Table 4).  
     The percentage of teeth with absence of radiolucency was 32.1% as 
revealed by PA, which is lower than the average success rate using strict 
radiographic criteria (absence of radiolucency at recall), as reported by Ng 
(31). In most previous outcome studies, the PAI scoring system of 
Ørstavik et al. (34) was used, and PAI score 2 (small post-treatment lesion) 
was included in the success category (30-31, 34-35). Therefore, it is likely 
that many cases with small post-treatment lesions were included in the 
success category (36). In a study by Ørstavik et al. (32), the 
PA-determined success rate was 79% including PAI scores of 2, but only 
26% if only PAI scores of 1 were included. PAI score 1 is defined as the 
absence of radiolucency (34).  

The percentage of teeth with an absence of the radiolucency was 
19% as determined by CBCT, significantly lower than that determined by 
PA (p=0.038). Interestingly, CBCT detected less teeth with an absence of 
the radiolucency and more teeth with a reduction of the radiolucency than 
PA (Table 3). The percentage of both groups together was 94% as 
determined by PA and 91.7% as determined by CBCT, which were not 
significantly different (p=0.383).  

The percentage of CBCT-determined teeth with an absence of 
radiolucency in this study was lower than recently reported by Patel (37). 
There are several explanations for this difference. In the study of Patel, 
the definition of ‘absence of radiolucency’ was when there was an intact 
lamina dura with a maximum widening of 2 mm immediately adjacent to 
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any flush or extruded root filling material. Therefore, many post-treatment 
radiolucencies smaller than 5 mm3  could have been missed in the study 
of Patel (37). If we include 22 radiolucencies smaller than 5 mm3 (Table 4) 
in the group of teeth with an absence of radiolucency, this percentage 
would be 45.2%, a value comparable to Patel’s study. In this study 26% of 
the teeth had pretreatment periapical lesions of >65mm3 and in 27/84 
teeth (32%) the master gutta-percha cone was larger or much larger than 
the master apical file (MAF). As explained above, this could have 
negatively influenced the outcome. Although in this study the percentage 
of teeth with an absence of radiolucency was lower, the observed 
radiolucency already reduced by 80% or more in 54/84 teeth (64%) as 
shown in Table 4 and Figs. 1 and 2. The percentage of absence and 
reduction of the radiolucency together as revealed by CBCT was 91.7%, 
comparable with the success rate of 86.1% (absence and reduction of the 
radiolucency together), as reported by Patel (37). The high percentages of 
CBCT-determined absence and reduction of the radiolucency reported 
in this study and the study by Patel showed that current root canal 
procedures can reduce the clinical problems related to root infection and 
the severity of the periapical inflammation. 

In several but not all outcome studies, lesions >5 mm were 
associated with a reduced success rate (21). By calculation, the volume of 
a spherical lesion with a diameter of 5 mm is 65 mm3, a value which was 
used in this study to distinguish large and small lesions. In 22/84 teeth 
(26%), the lesion was >65 mm3 and absence of the radiolucency was not 
observed in this group. 

It was not possible to perform reliable power statistics because there 
was no data available on the effect of irrigation procedures on endodontic 
outcome evaluated by PA or CBCT. Additionally, because CBCT detects 
more accurately the lesion size, differences in outcome would be easier to 
detect.   

We can conclude that root canal treatments with and without 
additional ultrasonic activation of the irrigant equally contributed to 
periapical healing and resulted in a high percentage of absence and 
reduced lesions. More RCT’s are needed to better understand the 
influential factors of endodontic outcome.
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Table 2. Number of teeth with different radiographic outcomes in 
two groups as determined by CBCT 

Group Absence of 
Radiolucency 

Reduction of 
Radiolucency Uncertain Enlargement of 

Radiolucency  Total  

Ultrasonic 7 32 1 1 41 

Syringe 9 29 4 1 43 

Total 16 61 5 2 84 

 
 
 

Table 3. Number of teeth with different radiographic outcomes as 
determined by PA and CBCT  

  PA 

  Absence of 
Radiolucency 

Reduction of 
Radiolucency Uncertain 

Enlargement 
of 

Radiolucency  
Total 

CBCT 

Absence of 
Radiolucency 16 0 0 0  16 

Reduction of  
Radiolucency 11 48 2 0  61 

Uncertain 0 3 2 0  5 

Enlargement of 
Radiolucency 0 1 0 1  2 

Total  27 52 4 1  84 
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Table 4. The volume of the radiolucency on the CBCT of all the treated teeth pre- and 
post-operative and the percentage of the volume change of the radiolucency   
Pre-operative 

Lesion 
Volume 
(mm3)   

Post-operativ
e Lesion 

Volume (mm3)  
Change of 

Volume (%)* 
Pre-operative 

Lesion 
Volume (mm3)  

Post-operative 
Lesion Volume 

(mm3)   
Change of 

Volume (%)* 

375.38 90.80 -76% 30.00 23.85 -21% 
323.06 1.67 -99% 28.39 6.98 -75% 

280.34 3.08 -99% 28.02 5.26 -81% 

231.19 44.42 -81% 27.43 0.00 -100% 

217.37 36.99 -83% 27.30 5.38 -80% 

215.16 17.67 -92% 26.56 4.85 -82% 

201.75 11.34 -94% 22.14 2.79 -87% 

182.63 176.20 -4% 21.40 0.00 -100% 

159.53 42.45 -73% 21.26 1.58 -93% 

139.77 19.25 -86% 19.95 4.09 -79% 

128.03 15.45 -88% 19.28 19.66 +2% 

127.05 18.37 -86% 18.95 2.96 -84% 

105.50 18.04 -83% 18.45 19.22 +4% 

103.65 64.18 -38% 18.14 1.95 -89% 

100.36 18.54 -82% 16.28 7.01 -57% 

100.08 10.60 -89% 16.15 0.00 -100% 

95.02 96.79 +2% 15.58 9.17 -41% 

94.22 18.29 -81% 15.46 21.05 +36% 

94.02 8.35 -91% 15.23 1.63 -89% 

88.46 14.21 -84% 14.90 0.00 -100% 

67.45 3.57 -95% 14.66 3.42 -77% 

65.95 5.28 -92% 14.65 9.65 -34% 

63.89 10.63 -83% 12.70 0.00 -100% 

62.90 8.72 -86% 12.64 0.00 -100% 

61.35 2.20 -96% 12.63 4.58 -64% 

56.23 32.20 -43% 12.14 14.55 +20% 

52.60 36.66 -30% 11.59 6.69 -42% 

52.28 10.18 -81% 10.59 1.03 -90% 

49.28 17.51 -64% 10.47 1.42 -86% 

47.98 0.00 -100% 10.26 0.00 -100% 

46.96 8.46 -82% 9.61 1.30 -86% 

46.50 0.00 -100% 9.25 0.00 -100% 

45.38 9.91 -78% 8.37 6.25 -25% 

42.82 33.38 -22% 7.80 3.85 -51% 

38.19 6.56 -83% 6.34 0.84 -87% 

35.73 0.00 -100% 5.83 0.00 -100% 

32.17 1.69 -95% 3.17 0.00 -100% 

31.92 10.24 -68% 2.96 0.00 -100% 

31.80 18.38 -42% 2.63 1.53 -42% 

31.38 1.59 -95% 2.52 0.00 -100% 

31.35 9.16 -71% 2.41 0.00 -100% 

31.35 2.21 -93% 1.45 16.78 +1057% 
* Change of Volume (%)=(Post-operative Lesion Volume-Pre-operative Lesion Volume) /Pre-operative Lesion 
Volume 
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Figure 1 
(a-b): The area measurements of periapical radiolucencies on 
pre-operative (a) and 12-month follow-up PA (b) of 45 revealed a 
significant reduction of the radiolucency. (c-h) 3-dimensional (c at first 
visit; d at recall) and multi-planar reformatted CBCT images (e-f: at first 
visit; g-h: at recall) rendered a reduced radiolucency (white arrows) in 
volume size (c-d) on tooth 45.  

e f 

g h 

b a 

c d 
24.19 mm2 2.55 mm2 

124.10 mm3 16.46 mm3 

e f 

g h 



 

97 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
Figure 2 
(a-f): Multi-planar (a-d) and 3-dimensional reformatted (e-f) CBCT images 
at first visit (a-b, e) and 15-month follow-up (c-d, f) of 42, volume 
measurements (e-f) of periapical leisons (white arrows) revealed a 
significant reduction of the radiolucency. 

b 

e 
1.63 mm3 329.19 mm3 

a 

c d 
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The Association between Complete Absence of 
Post-treatment Periapical Lesion and Quality of Root 
Canal Filling 
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Abstract 
Aim The technical quality of a root canal treatment is clinically judged by 
the apical extension and homogeneity of the filling material imaged by 
periapical radiographs (PA). The aim of this experiment was to evaluate 
the association between the technical quality of the root canal filling and 
treatment outcome. Materials and methods In 234 teeth (268 roots) that 
underwent root-canal treatment, the quality of the root canal filling as well 
as the outcome of the treatment were assessed with both PA and 
cone-beam computed tomography (CBCT) 2 years after treatment.  
Satisfactory root filling on PA was defined as 0-2 mm within the 
radiographic apex without voids; on CBCT scans, the apical end of the 
canal replaced the radiographic apex. The outcome predictors were 
analyzed using multivariate logistic regression. Results At recall, 
periapical radiolucent areas were absent in 198 (74%) roots on PA, and 
164 (61%) roots on CBCT scans. The presence of preoperative periapical 
radiolucency and the quality of root filling and coronal restoration were 
identified by both PA and CBCT as outcome predictors (p<0.01). 
Complete absence of post-treatment periapical radiolucency was 
observed in CBCT scans in 81% and 49% of satisfactory and 
unsatisfactory root fillings respectively, as compared to 87% and 61% 
revealed by PA. Conclusion Satisfactory root fillings were associated with 
a favorable outcome, confirmed by both PA and CBCT. Clinical 
relevance The outcome of root canal treatment is improved once the 
filling is 0–2 mm from the apex, and no voids could be detected. Technical 
skills and performance of root canal filling procedures should be 
emphasized, and suitable methods should be developed in order to 
achieve more compacted filling materials without voids and at the correct 
length. 
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Introduction 
A root canal treatment performed with the highest standards of care will 
often result in healing of the periapical lesion [1]. Since the treatment is 
technically judged by periapical radiographs (PA), the quality of the 
treatment is mainly judged by the apical extent of the filling and presence 
or absence of voids. Some outcome studies concluded that flush root 
fillings that end 0-2 mm shorter from the radiographic apex are associated 
with a significantly higher success rate than short (>2 mm from the 
radiographic apex) or long (extruded beyond the radiographic apex) root 
fillings [2]. However, other studies could not verify such an association 
[3-9]. Similarly, radiographically visible voids along root fillings were 
associated with a less favorable outcome [3, 10, 11]; however, Sjögren et 
al. [12] and Heling et al. [8] reported that the homogeneity of root fillings 
had no significant influence on the outcome. Inadequate instrumentation 
often leads to short root fillings, whereas over instrumentation results in 
extruded filling material, which may also include infected matter and 
dentin chips [13]. Radiographic presence of voids could be due to residual 
pulp tissue and/or dentinal debris in the canal, which indicates inadequate 
debridement and persistent infection [14, 15]. Meanwhile, voids could be 
created by problems during obturation [15]. High standard technical 
quality in cleaning, shaping, and filling root canals, as represented by 
flush root fillings without voids, positively influences the outcome. 

The commonly used PAs are two dimensional and might not detect 
relevant information in orthogonal planes [16]. Cone-beam computed 
tomography (CBCT) allows the tooth to be assessed three-dimensionally 
and may have higher diagnostic yield as compared to PA when assessing 
outcome of root canal treatments [17]. The increased accuracy of CBCT 
may highlight differences in outcome between high and low standard root 
canal treatments that otherwise could be overlooked by PA. There is thus 
far one clinical study where the outcome of root canal treatment was 
associated with the length and homogeneity of the root canal filling on 
CBCT (18).  

The terms “satisfactory” and “unsatisfactory” root filling were 
previously used in retreatment outcome studies [19-21]. It has been 
realized that in teeth with flush root filling without voids, the persistent 
lesion is likely to be caused by extraradicular infection, a true cyst or 
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foreign body reaction unresponsive to the non-surgical root canal 
treatments [21]. 

The purpose of this study was to evaluate the association between 
the quality of root canal fillings and treatment outcome, assessed with 
both PA and CBCT. 
 
Materials and methods 
This retrospective cohort study evaluated the outcome of endodontic 
treatments carried out between January 2007 and October 2008. A 2-year 
follow-up period was chosen because 91-95% of periapical lesions heal 
completely within 2 years [21]. Maxillary molars were not included 
because radiographic overlap hinders the observation of periapical 
lesions. A total of 457 patients were consecutively contacted by telephone 
and letter and invited to participate in the follow-up examination. Of the 
457 subjects, 213 (47%) attended the recall; 193 subjects (234 teeth and 
268 roots), 80 males and 113 females, with a median age of 48 years, 
signed informed consent forms for clinical and radiological examination. In 
20 subjects, the treated teeth were either extracted or retreated. In the 
268 roots included, 125 had preoperative radiographic evidence of apical 
periodontitis (AP) on PA. The results of the other 143 roots without 
preoperative AP on PA have been reported separately [18]. This study 
protocol was approved by the ethics board of Peking University Health 
Science Center. All of the participants were informed of the aims and 
radiation dose of the CBCT examination, and their consent was secured. 
Root canal treatment 

All treatment data were recorded in the original charts by the treatment 
providers, endodontists in the Department of Cariology and 
Endodontology of the Peking University School and Hospital of 
Stomatology, Beijing, China. During preparation, a crown-down technique 
with ProTaper (Dentsply Maillefer, Ballaigues, Switzerland) or Hero 
Shaper (Micro-Mega, Besancon, France) instruments was performed. 
Each canal was irrigated with 2.5% sodium hypochlorite (NaOCl) solution. 
The working length (WL) was established with the aid of an apex locator, 
Root ZX (J. Morita Corp, Kyoto, Japan), and a WL of 0-2 mm from the 
apex was confirmed with PA. When a second visit was required, a calcium 
hydroxide dressing was used as an interappointment dressing. All of the 
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canals were filled with gutta-percha cones (Dentsply Maillefer) and a 
zinc-oxide-based sealer Cortisomol (Pierre Rolland Acteon Inc., Merignac 
Cedex, France) using a cold lateral compaction technique. A master 
gutta-percha cone (Dentsply Maillefer) was lightly coated with sealer and 
placed into the canal to the full WL. Lateral compaction was achieved 
using accessory gutta-percha cones (size 25) and a size-B endodontic 
finger spreader (Dentsply Maillefer) that initially approached to within 2 
mm of the full WL. A permanent composite filling or core build-up was 
placed within 2 weeks on all treated teeth. 
Recall 

At the follow-up examination pain, swelling, tenderness to percussion, 
presence of a sinus tract, and the quality of the coronal restorations were 
recorded. 

Two radiographic methods, PA and CBCT, were used to detect 
post-treatment periapical lesions. Straight projection intraoral PA were 
obtained with the digital imaging system Digora Optime (Soredex, Helsinki, 
Finland) using a parallel technique. Exposures of 0.16-0.25s were 
obtained with a MinRay dental X-ray unit (Soredex) operating at 60 kV 
and 7 mA. The digital PAs were obtained by immediately scanning the 
proprietary storage phosphor plates (SPPs) after exposure using the 
proprietary software (Dfw v.2.5., Soredex). The selected scanning 
resolution was 400 dpi. The raw data images were then processed with 
the proprietary default processing algorithm and saved as 8-bit images. 

CBCT scans of the patients were acquired with a 3DX-Accuitomo 
CBCT scanner (J. Morita MFG. CORP, Kyoto, Japan), with a 4x4-cm field 
of view (FoV) selection and operating conditions of 80 kVp, 4-5 mA, and 
an exposure time of 17.5 s. The CBCT data was reconstructed using the 
system’s proprietary software. 

Two pre-calibrated examiners, an endodontist and a radiologist 
independently assessed the images. In case of disagreement, a 
discussion followed until a consensus was reached. The absence of 
periapical lesions was defined as radiolucency no more than twice the 
width of the periodontal ligament in a non-involved area [22]. 
 
Clinical factors assessed 
The following clinical factors were checked 
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Preoperative factors 
Preoperative AP 

Presence or absence of preoperative periapical radiolucency was 
determined. 

Gender 

Gender was also noted. 
Tooth type 

Treatments performed in the anterior teeth, premolars, and 
mandibular molars were included. 

Canal curvature 

Schneider’s method [23] was used to measure the root-canal 
curvature. All of the roots were divided into three categories depending on 
the curvature: <10°,10-25°, and >25°. 

Intraoperative factors 
Quality of root filling 

Satisfactory root filling was defined as 0-2 mm within the radiographic 
apex (flush) without voids. Unsatisfactory root filling was defined as either 
short (>2 mm short of radiographic apex) or long (extruded beyond the 
radiographic apex) with or without voids or flush root fillings with voids. 

These definitions are similar to previous studies [2]. With CBCT 
images, the apical end of the root canal was used as the landmark instead 
of the radiographic apex; short root filling was diagnosed only when the 
root filling was short in all dimensions (coronal, sagittal, and axial); long 
filling was diagnosed when the root filling extended beyond the apical end 
of the canal in at least one section. When two canals were visible in one 
single root, satisfactory root filling was diagnosed when both root fillings 
were flush and without voids; unsatisfactory root fillings were diagnosed 
when the quality of at least one root filling was unsatisfactory.  

Number of treatment visits 

The treatment was completed in either one or two visits. 
Postoperative factors 
Coronal restoration 

The quality of the coronal restoration was examined both clinically 
and radiographically. A satisfactory restoration was defined as having no 
evidence of discrepancy, discoloration or recurrent caries at the 
restoration margin, along with an absence of a history of decementation 
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[9]. CBCT scans were not used for this evaluation because metal crowns 
create noise that hinders the observation [24]. 

The use as abutment for prosthesis 

The influence of the use as abutment for prosthesis on treatment 
outcome was calculated. 
 
Statistics 
The differences between quality assessments done by PA and those done 
with CBCT were analyzed using a chi-square test. Multinomial logistic 
regression analysis was performed on the data from both PA and CBCT to 
identify the outcome predictors. The level of significance was set at α 
=0.05. Statistics were calculated using SPSS v17.0 from Windows (SPSS 
Inc, Chicago, IL, USA). 
 
Results 
An assessment of CBCT scans and PA revealed an inter-examiner 
agreement (Cohen’s kappa) of 0.75 and 0.65, respectively. 

At recall, 12 (4.5%) teeth were symptomatic, with pain, swelling, sinus 
tract or tenderness to percussion. 

In 72 (26.9%) roots, there was a disagreement between PA and 
CBCT with regard to the apical extent of root filing (Table 1; Figs. 1 and 2); 
in 96 (35.8%) roots, there was a disagreement between PA and CBCT 
with regard to the homogeneity of the root filling (Table 2); and in 110 
(41%) roots, there was a disagreement between PA and CBCT with 
regard to the quality of the root filing (Table 3). The difference in the 
diagnosis between PA and CBCT was statistically significant (p<0.01). 
Overall, 29 of the 38 (76.3%) short root fillings on PA appeared as flush 
fillings on CBCT (Fig. 2); 25 of the 153 (16.3%) PA-determined flush 
fillings were diagnosed as long fillings by CBCT (Fig. 1); 82 of the 234 
(35%) root fillings without voids on PA appeared as root fillings with voids 
on CBCT (Fig. 3); 70 of the 132 (53%) satisfactory root fillings diagnosed 
by PA appeared unsatisfactory on CBCT; and 40 of the 136 (29%) 
unsatisfactory root fillings diagnosed by PA appeared satisfactory on 
CBCT. On PA, the apical extent of all root fillings was within 3.5 mm of the 
radiographic apex; on CBCT images, it was within 3.0 mm of the apical 
end of the root canal. The 166 unsatisfactory root fillings on CBCT 
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included 88 overextended root fillings and 10 short root fillings with or 
without voids, as well as 68 flush fillings with voids. Complete absence of 
periapical radiolucency on PA was observed in 73.9% of the 268 treated 
roots 2-year after treatment as compared to 61.2% by CBCT (Tables 4, 5). 
Complete absence of radiolucency was achieved in 87.1% of roots with 
satisfactory root fillings on PA as compared to 81.4% on CBCT. 

The outcome associated with satisfactory and unsatisfactory root 
fillings in cases with and without preoperative AP are presented in Tables 
6 and 7 separately. 

The assessed factors and their effects on treatment outcome are 
presented in Tables 4 and 5. The multinomial logistic regression analysis 
revealed that the preoperative apical status, the quality of the root filling, 
and coronal restoration were risk factors affecting the treatment outcome 
(p<0.01). The other factors did not significantly influence the outcome 
(p>0.05). 
 
Discussion 
Methodology 

In the current retrospective clinical outcome study, the presence of 
preoperative AP and the quality of both root filling and coronal restoration 
significantly influenced the treatment outcome, as revealed by multivariate 
logistic regression. Our findings are in line with previous outcome studies 
[2]. 

Only 47% of the 457 treated subjects attended their follow-up 
appointment because of the high dropout rate over the 2-year recall 
period given the population mobility in Beijing, a city with rapidly growing 
economic activities. With a low recall rate, the reported success rate could 
be under- or over-estimated [25, 26]. The root rather than the whole tooth 
was used as the entity for measurements in this study and several 
previous outcome studies [2,12], which has a tendency to over-estimate 
success rates [27, 28]. However, the use of a whole tooth would render 
investigation of some variables (density and apical extent of root filling) 
problematic, as they could be independent for different roots in the same 
tooth. Two visit treatments were performed in 41% of cases (Tables 5) due 
to insufficient chair time at the first visit or the personal preference of some 
of the dentists to use calcium hydroxide between appointments [7, 12, 28]. 



 

109 
 

The success rate for two visit was 18% lower than that of single visit 
treatments (Table 4), but the difference was not statistically significant 
(p=0.112). Furthermore, a prednisolone containing sealer that may 
influence the periapical healing [2] was used. Importantly, the purpose of 
the present study was not to report success rates, but to explore the 
association between the quality of root fillings and the treatment outcome. 
Although in this study maxillary molars were excluded, 34 teeth had two 
roots, and in some roots of premolars and mandibular molars, two canals 
could have existed. Radiographic overlap could disturb the assessment of 
both the periapical lesion of each root and the quality of each root filling. 
This may partly explain the differences in quality and ooutcome 
determined by PA and CBCT (Tables 1,2,3,6 and 7). As preoperative 
CBCT scans were not available in this retrospective study, the number of 
roots with preoperative AP in table 4 and 5 might be underestimated and 
the number of roots without preoperative AP overestimated [16, 17]. 
Reliable success rates for teeth with or without preoperative AP should be 
recorded in future studies where CBCT scans are performed both 
pretreatment and recall.  
Association between the quality and outcome 

In this study, satisfactory root fillings (flush fillings without voids) were 
observed in 132 of the 268 (49%) roots on PA or 102 of the 268 (38%) 
roots on CBCT (Table 3). 

Complete resolution of the periapical lesion was observed in 87% of 
roots with satisfactory root fillings on PA, as compared to 81% on CBCT 
(Tables 4, 5). Although there was a difference of 6% between the two 
radiographic techniques, they both revealed that satisfactory root fillings 
were associated with an optimum root-canal treatment outcome. 

Our findings, that the percentage of complete resolution was 32% 
higher for satisfactory root fillings than unsatisfactory root fillings, as 
revealed by CBCT (Table 4), demonstrates that elimination of AP is highly 
quality-sensitive and depends on the adequate root canal debridement 
and obturation [1]. Root canal treatment should be performed with the 
highest possible technical standards and observation of the quality of root 
fillings may serve as surrogate measures of root canal treatment efficacy. 
In a review by Ng et al. [2], 61% of all root fillings checked in clinical 
studies (1922–2002) were either short or long. In the present study, 
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overextended and short root fillings with or without voids and flush fillings 
with voids were observed in 51% of roots as revealed by PA and 62% by 
CBCT (Table 3). Although steps should be taken to improve the quality, 
222 of the 234 (95%) of treated teeth were asymptomatic, indicating that 
tooth survival is not as quality-sensitive as the elimination of AP [29].  
Overextensions 

Extruded root fillings were observed on CBCT in 88 of the 268 (33%) roots 
(Table 1). Byström et al [4] observed a high percentage of extrusions (38%) 
in teeth with PA probably because of apical resorption that could enlarge 
the apical diameter.  

In 80% of roots, the apical foramen is up to 3.8 mm shorter than the 
anatomic apex and is located often on the buccal or lingual aspect of the 
root [30]. This could explain why instruments and fillings often extruded 
beyond the apical foramen when they were placed within 2 mm of the 
radiographic apex on PA [32, 33]. Moreover, 16.3% of flush fillings on PA 
were diagnosed as long fillings on CBCT (Fig. 1) and 76.3% of short 
fillings on PA appeared as flush fillings on CBCT (Fig. 2). Many short 
fillings on PA were not short on CBCT also because they were no more 
than 3.5 mm shorter than the radiographic apex. 
Detection of voids in the root canal filling 

In the present study, voids were detected on CBCT scans in 102 roots, 
three times as many as those detected by PA (Table 2). Voids along 
inadequate root fillings may be invisible on two-dimensional PA because 
of a superposition of root-filling materials [33,34]. Meanwhile, the 
buccolingual dimension of the root filling, which is only available on CBCT 
scans, is wider than the mesiodistal one, thus, more likely to show voids 
[35]. Both the superposition of material and the mesiodistal image explain 
the unreliable imaging of voids by PA (Fig. 3). Fourteen root fillings with 
voids as diagnosed by PA appeared as root fillings without voids on CBCT. 
It has been reported that the three-dimensional CBCT may not offer 
advantages for small void detection because of its low resolution features 
[36]. 
ALARA principles 

To adhere the as low as reasonably achievable (ALARA) principle, a 
4x4-cm FoV was used, which improves resolution and minimizes the 
radiation dose. The effective radiation dose for a PA in mandibular molar 
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region is up to 0.01 mSv, the effective radiation dose for an Accuitomo 
CBCT scan 4x4-cm FoV in the same region is 0.043 mSv [37-39]. 
Although PA generated relatively lower radiation dose as compared to 
CBCT, they may provide unreliable information [40]. In this study, the 
length and homogeneity of the root canal filling was misinterpreted by PA 
(Fig. 1,2 and 3). 
 
Conclusions 
According to the results of this study elimination of AP depends on the 
high quality of the root canal treatment. 
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Table1 Apical extension of root fillings determined with PA and 
CBCT 

 
PA 

Total Flush Long Short 

CBCT 
Flush 126 15 29 170 
Long 25 62 1 88 
Short 2 0 8 10 

Total 153 77 38 268 

 

Table 2 The homogeneity of root filling determined with PA and 
CBCT (n=268) 

 
PA 

Total With voids Without voids 

CBCT 
With voids 20 82 102 

Without voids 14 152 166 

Total 34 234 268 

 

Table 3 The quality of root filling determined with PA and CBCT  

 
PA 

Total satisfactory unsatisfactory 

CBCT 
satisfactory 62 40 102 

unsatisfactory 70 96 166 

Total 132 136 268 
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Table 4 The outcome of 268 endodontically treated roots as 
determined by CBCT 

Factors Number (%) of 
treated roots 

Number (%) of 
roots without AP 
at recall 

p value 

Pre-operative AP  
Without 143 (53.4) 106 (74.1) <0.001 With 125 (46.6) 58 (46.4) 

Gender  

Male 126 (47.0) 85 (67.5) 0.674 Female 142 (53.0) 79 (55.6) 
Tooth Type  

Anterior teeth 109 (40.1) 64 (58.7) 
0.856 Premolars 61 (22.8) 40 (65.6) 

Molars 98 (36.6) 60 (61.2) 
Curvature  

<10° 144 (53.7) 86 (63.6) 
0.298 10-25° 96 (35.8) 61 (72.5) 

>25° 28 (10.4) 17 (65.2) 
Quality of root-filling  

Satisfactory* 102 (38.1) 83 (81.4) 0.006 Unsatisfactory 166 (61.9) 81 (48.8) 
Treatment visits 
Single 157 (58.6) 108 (68.8) 0.112 Two 111 (41.4) 56 (50.5) 

Coronal restoration  

Satisfactory 219 (81.7) 146 (66.7) <0.001 Unsatisfactory 49 (18.3) 18 (36.7) 
Use as abutment 
No 235 (87.7) 146 (62.1) 0.133 Yes 33 (12.3) 18 (54.5) 

Total 268 (100) 164 (61.2)  
*Extending to within 2 mm of the apical end of the root canal and absence of voids  
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Table 5 The outcome of 268 endodontically treated roots as 
determined by PA 

Factors Number (%) of 
treated roots 

Number (%) of 
roots without AP 
at recall 

p value 

Pre-operative AP  
Without 143 (53.4) 125 (87.4) <0.001 With 125 (46.6) 73 (58.4) 

Gender  

Male 126 (47.0) 97 (77.0) 0.692 Female 142 (53.0) 101 (71.1) 
Tooth Type  

Anterior teeth 109 (40.1) 72 (66.1) 
0.798 Premolars 61 (22.8) 50 (82.0) 

Molars 98 (36.6) 76 (77.6) 
Curvature  

<10° 154 (57.5) 106 (68.8) 
0.446 10-25° 91 (34.0) 77 (84.6) 

>25° 23 (8.6) 15 (65.2) 
Quality of root-filling  

Satisfactory* 132 (49.3) 115 (87.1) <0.001 
Unsatisfactory 136 (50.7) 83 (61.0) 

Treatment visits  

Single 157 (58.6) 126 (80.3) 0.165 
Two 111 (41.4) 72 (64.9) 

Coronal restoration  

Satisfactory 219 (81.7) 170 (77.6) <0.001 
Unsatisfactory 49 (18.3) 28 (57.1) 

Use as abutment  

No 235 (87.7) 173 (73.6) 0.127 
Yes 33 (12.3) 25 (75.8) 

    

Total 268 (100) 198 (73.9)  
*Extending to within 2 mm of the radiographic apex and absence of voids 
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Table 6 The outcome of 125 roots with preoperative apical 
periodontitis (AP) associated with satisfactory and 
unsatisfactory root fillings, as determined by CBCT 

 
Root filling 

Post-treatment AP 

Total Absence (%) Presence (%) 

Satisfactory 31 (69) 14 (31) 45 

Unsatisfactory 27 (34) 53 (66) 80 

   125 

 
 

Table 7 The outcome of 143 roots without preoperative apical 
periodontitis (AP) associated with satisfactory and 
unsatisfactory root fillings, as determined by CBCT 

 
Root filling 

Post-treatment AP 

Total Absence (%) Presence (%) 

Satisfactory 52 (91) 5 (9) 57 
Unsatisfactor 54 (63) 32 (37) 86 

   143 
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Figure 1 
(a) A radiograph of tooth 21 shows a flush root filling. (b) A sagittal view on 
CBCT (note the extruted root filling).  
 
 
 
 
 
 
 
 
Figure 2 
(a) A radiograph shows a short root filling in tooth 33 that is 2.5 mm short 
of the radiographic apex. (b) A sagittal CBCT view. Note the flush filling. 

 

  
Figure 3 
(a) A periapical radiograph of tooth 46. No void was observed in the distal 
root filling, but in the coronal and sagittal CBCT views (b, c), void was 
diagnosed. 

b

 
 

a c 

a b 

a b 
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Chapter 8 
Summary and conclusions 
Samenvatting en conclusies 
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Summary and Conclusions 
In this thesis, in-vivo and ex-vivo methods were utilized to assess the 
outcome of root canal treatments determined by cone-beam computed 
tomography (CBCT) and the reliability of the CBCT-findings. CBCT 
provided useful and reliable information leading to a better understanding 
of the outcome and factors influencing it.  
In Chapters 2-4, in three ex-vivo experiments, a gold standard was used 
to assess the accuracy of CBCT in diagnosing the quality of the root filling 
and the presence and size of periapical lesions. 
In Chapter 2, root fillings with and without simulated unfilled space, which 
was 4 mm long, 0.5 mm deep and 0.3 mm wide in the buccal and lingual 
aspects of the root filling, were created in extracted mandibular premolars 
and confirmed by histology. The quality of root filling was examined using 
periapical radiography (PA) and CBCT. PA detected simulated unfilled 
areas in none of the teeth; the accuracy of CBCT in diagnosing buccal 
and lingual unfilled areas was 82-92% for three examiners. The findings of 
Chapter 2 indicate the limitations of PA to detect unfilled areas at the 
buccal and lingual aspects of root filling. 
In Chapter 3, bone defects were cut at the base of extraction sockets of 
human mandibular anterior teeth, premolars and molars to mimic 
periapical bone lesions in human mandibles. A replica was created of 
each bone defect using silicone impression material. The volume of the 
replica was measured by water displacement method, representing the 
physical volume of the lesion (Vp). 63 roots with simulated periapical 
lesions and 37 roots without lesions were examined with PA and CBCT. 
PA detected 42 (67%) lesions, while CBCT detected 63 (100%) lesions. 
Though 50% of the lesions with premolars and molars were invisible on 
PA, only 5% of the lesions with anterior teeth were invisible. No false 
positives and false negatives were observed with the CBCT diagnosis. 
The volume of each lesion measured with CBCT data and Amira software 
(Vct) was compared to the values of Vp, which were used as a gold 
standard. The Vp and Vct values of 63 lesions were highly correlated 
(R2=96.9%, p<0.001). These findings reveal the limitations of PA to 
diagnose periapical lesions, especially in the mandibular premolar and 
molar areas, and that detection and volumetric measurements of 
periapical lesions with CBCT data are reliable. 
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In Chapter 4, the accuracy of root canal length measurements performed 
with CBCT scans was determined using a gold standard. A total of 162 
teeth (198 root canals) in human dentulous mandibles were scanned 
using a CBCT scanner. The root canal length was measured with CBCT 
data. All teeth were extracted atraumatically and endodontically accessed, 
the root canal length values were measured blindly using a #10 K-file and 
served as a gold standard. The mean absolute difference of CBCT-based 
root canal length from the gold standard was 0.46 mm (95% confidence 
interval: 0.41-0.50 mm). These findings demonstrate that CBCT-based 
root canal length measurements are accurate and reliable when 
compared to a gold standard and indicate that CBCT provides 
more accurate information compared with PA in locating apical formen 
(AF) and determining length of root fillings.  
In Chapters 5-7, the outcome of root canal treatments were analyzed in 3 
clinical studies, 2 were retrospective and 1 was prospective. Both PA and 
CBCT were used in three studies to assess the outcome of primary root 
canal treatments.  
In Chapter 5, 115 teeth (143 roots) with vital pulps were endodontically 
treated and followed up 2 years after treatment. PA detected periapical 
lesions in 18 roots (12.6%), as compared with 37 on CBCT images 
(25.9%). The length and density of root filling determined by PA and 
CBCT were often different (p < 0.001). Overall, 20 of the 25 short root 
fillings (80%) diagnosed by PA appeared as flush fillings (0-2mm within 
the radiographic apex) on CBCT images. PA revealed 23 root fillings 
(16.1%) with voids, as compared with 66 on CBCT images (46.2%). When 
findings from PA were analyzed, density and apical extent of root filling 
were identified as outcome predictors (p <0.05). When findings from 
CBCT were analyzed, density of root filling and quality of coronal 
restoration influenced the outcome significantly (p =0.001). The findings 
indicate that treatment outcome, length and density of root fillings, and 
outcome predictors as determined with CBCT scans might not be the 
same as corresponding values determined with PA.  
In Chapter 6, 84 single-rooted teeth with radiographic evidence of 
periapical bone loss, one tooth per subject, were treated in 2 treatment 
groups at random. In both groups syringe irrigation was performed and in 
one group the irrigant was ultrasonically activated. 10-19 months after 
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treatment, the teeth were examined with a recall rate of 82%. Area and 
volume of periapical lesions were measured with the PA and CBCT. The 
data and the outcome were presented in 4 categories: absence, reduction 
or enlargement of the radiolucency, or uncertain. Absence of the 
radiolucency was observed in 19% of teeth on CBCT. In 64% of teeth, the 
lesion reduced by 80-100%, as revealed by CBCT. CBCT detected 
significantly more post-treatment lesions than PA (p=0.038); but the 
percentages of absence and reduction of the radiolucency together 
revealed by CBCT and PA were similar (p=0.383). On CBCT scans, 
absence and reduction of the radiolucency together were observed in 
95.1% of teeth in the ultrasonic group and 88.4% in the syringe group 
(p=0.470). The size of preoperative lesion and size of master cone 
influenced the treatment outcome significantly (p<0.05). Absence of 
radiolucency was not observed in teeth where the preoperative periapical 
radiolucency was > 65 mm3. The percentage of absence of radiolucency 
was higher in teeth with a master cone of #45 than that in teeth with a 
master cone #50 - #120. The findings in chapter 6 indicate that root canal 
treatments with and without additional ultrasonic activation of irrigant 
equally contributed to periapical healing in single-rooted teeth.  
In Chapter 7, the association between complete absence of 
post-treatment periapical lesion and technical quality of root filling, the 
apical extension and homogeneity of the filling material imaged by PA and 
CBCT, was investigated in 234 teeth (268 roots) 2 years after treatment. 
Satisfactory root filling on PA was defined as 0–2 mm within the 
radiographic apex without voids; on CBCT scans, the apical end of the 
canal replaced the radiographic apex. Complete absence of 
post-treatment periapical radiolucency was observed in CBCT scans in 
81% and 49% of satisfactory and unsatisfactory root fillings, respectively, 
as compared to 87% and 61% revealed by PA. Unsatisfactory root filling, 
either too long or too short or with voids, were observed in 166/268 (62%) 
roots. The findings indicate that technical skills and performance of root 
canal filling procedures should be emphasized, and suitable methods 
should be developed in order to achieve more compacted filling materials 
without voids and at the correct length. 
 
The following conclusions could be made from this thesis: 
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- PA could overestimate the percentage of teeth without post-treatment 
periapical radiolucency, which has been frequently used as the 
success rate. 

- CBCT-determined absence of periapical lesion and CBCT-based 
volumetric measurements of periapical bone lesions are reliable. 

- 10-19 months after root canal treatments performed in teeth with 
preoperative periapical radiolucency, the size of the lesion was 
reduced by 80-100% in 64% of teeth, as revealed by CBCT, 
demonstrating that current root canal procedures can reduce the 
burden of root infection and severity of periapical inflammation.  

- Compared to PA, CBCT detected fewer teeth with complete resolution 
of periapical radiolucency but more teeth with partial resolution.  

- Not only the treatment outcome, but also the outcome predictors as 
determined with CBCT scans might not be the same as corresponding 
values determined with PA.  

- Large-volume preexisting periapical bone lesion, inadequate size of 
master apical file, substandard quality of root filling and coronal 
restoration may negatively influence the outcome, as revealed by 
CBCT.  

- Performing additional ultrasonic activation of the irrigants in 
single-root teeth did not significantly improve periapical healing. 

- 95% of treated teeth were asymptomatic at recall. 
- Short fillings on PA may be flush fillings on CBCT; flush fillings on PA 

may be extruded fillings on CBCT; root fillings without voids on PA 
may be root fillings with voids on CBCT.  
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Samenvatting en Conclusies 
In dit onderzoek zijn zowel in-vivo als ex-vivo methoden gebruikt om de 
resultaten van wortelkanaalbehandelingen aan de hand van cone-beam 
computertomografie te beoordelen, alsmede de betrouwbaarheid van de 
CBCT-bevindingen. CBCT leverde bruikbare en betrouwbare informatie 
die leidde tot een beter begrip van de uitslagen en de factoren die hier 
invloed op hebben.  
In hoofdstukken 2-4 werd een gouden standaard gebruikt in drie ex-vivo 
experimenten om de nauwkeurigheid van CBCT te beoordelen bij het 
diagnosticeren van de kwaliteit van de wortelvulling en de aanwezigheid 
en afmetingen van periapicale laesies. 
In hoofdstuk 2 werden vullingen met en zonder gesimuleerde ongevulde 
ruimten van 4 mm lengte, 0.5 mm diepte en 0.3 mm breedte in de buccale 
en linguale zijden van de wortelkanaalvulling gecreëerd in geëxtraheerde  
premolaren uit de onderkaak, bevestigd middels histologie. De kwaliteit 
van de wortelkanaalvulling werd onderzocht met behulp van periapicale 
radiografie (PA) en CBCT. PA detecteerde in geen enkel element 
gesimuleerde ongevulde plekken; de nauwkeurigheid van CBCT in het 
diagnosticeren van ongevulde plekken aan  de buccale en linguale zijde 
was 82 - 92% bij drie onderzoekers. De bevindingen in hoofdstuk 2 geven 
aan dat PA beperkingen kent als het gaat om het detecteren van 
ongevulde ruimten bij een wortelvulling aan de buccale en linguale zijden.  
In hoofdstuk 3 werden botlaesies aangebracht juist apicaal van de 
extractie-alveole na het trekken van menselijke snij- en hoektanden, 
premolaren en molaren om periapicale botlaesies in de menselijke 
onderkaak te simuleren. Met behulp van silicone werd van iedere 
botlaesie een replica gecreëerd. Het volume van de replica werd gemeten 
met behulp van waterverplaatsing, die het fysieke volume van de laesie 
aangaf (Vp). 63 wortels met gesimuleerde periapicale laesies en 37 
wortels zonder laesies werden onderzocht met PA en CBCT. Met behulp 
van PA werden 42 laesies (67%) opgespoord, terwijl met CBCT 63 (100%) 
laesies gevonden werden. Hoewel 50% van de laesies bij de premolaren 
en molaren onzichtbaar was op de PA, was slechts 5% van de laesies bij 
snij- en hoektanden niet zichtbaar. Met de CBCT diagnose werden geen 
vals positieven of vals negatieven waargenomen. Het volume van iedere 
laesie zoals gemeten met CBCT data en Amira software (Vct) werd 
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vergeleken met de waarden van Vp, die gebruikt werden als gouden 
standaard. De Vp en Vct waarden van 63 laesies waren sterk 
gecorreleerd (R2=96.9%, p<0.001). Deze resultaten tonen de beperkingen 
aan in het gebruik van PA bij het diagnosticeren van periapicale laesies, 
met name als het gaat om de premolaren en molaren in de onderkaak, en 
dat het detecteren en bepalen van de afmetingen van periapicale laesies 
met CBCT data betrouwbare resultaten oplevert.  
In hoofdstuk 4 werd de nauwkeurigheid van metingen van het 
wortelkanaal met behulp van CBCT scans beoordeeld door middel van 
een gulden standaard. In totaal werden 162 tanden (198 wortelkanalen) in 
menselijke onderkaken met elementen gescand met behulp van een 
CBCT scanner. De lengte van de wortelkanalen werd gemeten met CBCT 
data. Alle elementen werden atraumatisch getrokken en 
endodontologisch geopend; de lengtewaarden van de wortelkanalen 
werden blind gemeten met behulp van een #10 K-vijl en deze waarden 
dienden als de gulden standaard. De gemiddelde absolute afwijking van 
de gulden standaard van de lengte van de wortelkanalen zoals 
vastgesteld met de CBCT was 0.46 mm (95% betrouwbaarheidsinterval: 
0.41-0.50 mm). Deze bevindingen laten zien dat metingen van 
wortelkanalen gebaseerd op CBCT metingen accuraat en betrouwbaar 
zijn in vergelijking met een gulden standaard en geven aan dat de 
informatie verkregen met CBCT nauwkeuriger is dan PA bij het lokaliseren 
van het apicale foramen (AF) en het vaststellen van de lengte van de 
wortelvullingen.  
In hoofdstukken 5-7 werden de resultaten van 
wortelkanaalbehandelingen geanalyseerd in 3 klinische studies; 2 hiervan 
waren retrospectief, 1 prospectief. In deze drie studies werden zowel PA 
en CBCT toegepast om de resultaten van primaire 
wortelkanaalbehandelingen te beoordelen.  
In hoofdstuk 5 werden 115 elementen (143 wortels) met vitale pulpa 
endodontologisch behandeld met een controleperiode van  2 jaar. PA 
detecteerde periapicale laesies bij 18 wortels (12,6%), op CBCT beelden 
werden daarentegen 37 laesies gevonden (25,9%). De lengte en 
dichtheid van de wortelkanaalvullingen die werden vastgesteld met 
behulp van PA en CBCT waren vaak verschillend (p<0.001). Over het 
geheel zagen 20 van de 25 korte wortelkanaalvullingen (80%) die met PA 
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waren gediagnosticeerd er op CBCT beelden uit als vlakke vullingen 
(0-2mm afwijking van radiografische apex). Met PA werden 23 
wortelkanaalvullingen met holtes gevonden (16,1%); met CBCT beelden 
werden er daarentegen 66 gevonden (46,2%). Bij analyse van de PA 
resultaten werden dichtheid en apicale omvang van de 
wortelkanaalvulling geïdentificeerd als voorspeller van de uitslag (p<0.05). 
Bij analyse van de resultaten van de CBCT werd de uitslag significant 
beïnvloed door de dichtheid van de wortelkanaalvulling en de kwaliteit van 
de coronale restauratie (p=0.001). De bevindingen indiceren dat het 
resultaat van de behandeling, de lengte en dichtheid van de wortelvulling 
voorspellers van de resultaten  zoals vastgesteld met behulp van CBCT 
scans niet gelijk hoeven te zijn aan de overeenkomstige waarden zoals 
vastgesteld met behulp van PA.  
In hoofdstuk 6 werden 84 eenwortelige  elementen waarbij met de 
röntgenfoto periapicaal botverlies was geconstateerd, één element per 
proefpersoon, behandeld in twee willekeurig ingedeelde groepen. Bij 
beide groepen werd irrigatie met een naald toegepast, en in één groep 
werd het spoelmiddel bovendien ultrasoon geactiveerd. 10 tot 19 
maanden na de behandeling kwam 82% van de proefpersonen terug voor 
onderzoek. Oppervlakte en volume van periapicale laesies werden 
gemeten met de PA en CBCT. De data en de resultaten werden 
gepresenteerd in 4 categorieën: afwezigheid, afname of toename van de 
radiolucentie of een onduidelijke uitslag. In 19% van de tanden werd met 
behulp van CBCT afwezigheid van radiolucentie geconstateerd. CBCT liet 
in 64% van de elementen een vermindering van 80-100% van de laesie 
zien. Er werden door CBCT significant meer laesies na behandeling 
gedetecteerd dan door PA (p=0.038) maar de percentages van 
afwezigheid en afname van de radiolucentie samen zoals aangetoond 
door CBCT en PA waren vrijwel gelijk (p=0.383). Op CBCT scans werd bij 
95,1% van de elementen in de ultrasone groep en 88,4% van de groep 
waarbij enkel geïrrigeerd was met een spuit en een naald zowel 
afwezigheid als afname van radiolucentie geconstateerd (p=0.470). De 
afmeting van de preoperatieve laesie en de maat van de master cone 
hadden significante invloed op het behandelresultaat (p<0.05). Er werd 
geen afwezigheid van radiolucentie geconstateerd bij elementen waarbij 
de preoperatieve periapicale radiolucentie > 65 mm3 was. Het percentage 
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afwezigheid van radiolucentie was hoger bij tanden met een master cone 
≤#45 dan bij tanden met een master cone van #50 - #120. De bevindingen 
in hoofdstuk 6 indiceren dat wortelkanaalbehandelingen met en zonder 
additionele ultrasone activatie van de irrigatievloeistof evenveel 
bijdroegen aan periapicale genezing bij tanden met één wortel.  
In hoofdstuk 7 werd 2 jaar na behandeling het verband bestudeerd 
tussen volledige afwezigheid van periapicale laesies na behandeling en 
de technische kwaliteit van wortelkanaalvulling, de apicale extensie en 
homogeniteit van het vulmateriaal zoals in beeld gebracht door PA en 
CBCT in 234 elementen (268 wortels). Een voldoende wortelkanaalvulling 
op PA werd gedefinieerd als 0–2 mm binnen de röntgenmeting van de 
apex zonder holtes; op CBCT scans verving het apicale einde van het 
kanaal de röntgenmeting van de apex. Volledige afwezigheid van 
periapicale radiolucentie na behandeling werd bij CBCT scans 
vastgesteld in respectievelijk 81% en 49% van de voldoende en 
onvoldoende wortelkanaalvullingen; dit in vergelijking met PA waarbij 87% 
en 61% zichtbaar werd gemaakt. Onvoldoende wortelkanaalvullingen, 
vullingen die te lang of te kort waren of holten vertoonden werden 
waargenomen in 166/268 (62%) van de wortels. Deze bevindingen 
indiceren dat technische vaardigheden en de juiste uitvoering van de 
vulprocedures van wortelkanalen de nadruk zouden moeten krijgen, en 
dat er passende methoden voor compactere vulmaterialen zonder holten 
en van de juiste lengte moeten worden ontwikkeld. 
 
Uit dit onderzoek kunnen de volgende conclusies getrokken worden: 
1. Met PA wordt het percentage elementen dat na de behandeling 

geen periapicale radiolucentie vertoont mogelijk overschat; dit 
wordt vaak gebruikt om het percentage succesvolle 
behandelingen aan te geven.  

2. De resultaten waarbij met CBCT de afwezigheid van periapicale 
laesies is vastgesteld, alsmede het bepalen van het volume van 
periapicaal botletsel met behulp van CBCT zijn betrouwbaar.  

3. 10-19 maanden na wortelkanaalbehandelingen uitgevoerd bij 
elementen met een periapicale radiolucentie voor de ingreep was 
de afmeting van de laesie bij 64% van de elementen gereduceerd 
met 80-100%, zoals aangetoond met behulp van CBCT, wat 
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aangeeft dat de huidige wortelkanaalbehandelingen  het 
voorkomen van wortelontstekingen en de ernst van periapicale 
ontstekingen kunnen verminderen.  

4. Vergeleken met PA werden door CBCT minder elementen 
gevonden waarbij de periapicale radiolucentie was verdwenen 
maar meer werden meer elementen waarbij de radiolucentie in 
omvang was afgenomen. 

5. Niet alleen het resultaat van de behandeling, maar ook 
voorspellers van het resultaat zoals bepaald met CBCT scans zijn 
niet per definitie gelijk aan de corresponderende waarden als 
bepaald met PA.  

6. Eerder bestaande periapicale botlaesies met een groot volume, 
een onjuiste maat van de apicale master-vijl en een inferieure 
kwaliteit van de wortelkanaalvulling en coronale restauratie kan 
een negatieve invloed hebben op het behandelresultaat, zoals 
aangetoond met CBCT.  

7. Additionele ultrasone activering van de irrigatievloeistoffen bij 
elementen met één wortel had geen significante verbetering in de 
periapicale genezing tot gevolg.  

8. 95% van de behandelde elementen waren zonder symptomen bij 
een postoperatieve controle. 

9. Korte vullingen zoals te zien met PA kunnen met CBCT te zien 
zijn als vullingen op de juiste lengte; in lengte correcte vullingen 
zoals te zien met PA kunnen als te lange vullingen te zien zijn met 
CBCT; wortelvullingen waarin met PA geen holten te zien zijn 
kunnen met CBCT wel holten vertonen.  
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