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1. Background 
 

1.1 Definition and pathology of apical periodontitis 

Periodontitis caused by infection of the pulp canal system of a tooth has been named apical perio-

dontitis, apical granuloma, periapical osteitis, or periradicular periodontitis. The most accepted sub-

classification is acute or chronic (Ørstavik and Pitt Ford 2008). If the patient experiences symptoms 

(intense pain, swelling, raised body temperature), the infection is in an acute state, if there are no or 

merely vague symptoms, the infection is in a chronic state. The following clinical findings have 

been associated with apical periodontitis: no response to a pulp vitality test, tenderness to percus-

sion of the tooth, mobility of the tooth, abscess, tenderness and swelling in the mucosa over the 

tooth apex, tender/swollen regional lymph glands, and swollen face. If the infection spreads further, 

purulent inflammation of the tissues may occur (cellulites) combined with general symptoms of 

illness, including fever (Tronstad 1991a). It has been estimated that less than five percent of teeth 

with chronic apical periodontitis will exacerbate into an acute phase within one year, but within a 

10-year period half of the teeth with chronic apical periodontitis may need acute treatment (Eriksen 

2008).  

 The consequence of not treating an infectious focus of dental origin has been discussed for 

centuries. The focal infection theory (a localized or general infection caused by microorganisms or 

toxic products from a focus of infection) has been adduced (Pallasch and Wahl 2003). However, 

evidence for a relationship between oral microorganisms and systemic disease is limited (Márton 

2004; Murray and Saunders 2000; Pallasch and Wahl 2000; Skaug 2003).  

  

1.2 Radiographic methods 

Apical periodontitis is most often asymptomatic, therefore the diagnosis is usually reached or veri-

fied by a radiographic examination. The periapical inflammation induces bone changes, loss of 

bone mineral, which will appear as a periapical radiolucency (Tronstad 1991b). A long-standing 

chronic apical periodontitis with heavy demineralisation of the periapical bone may be easily diag-

nosed, however, difficulties arise when the lesion is less pronounced or small in size, and/or when 

anatomical structures obscure the details of the periapical area (Ørstavik and Larheim 2008). The 

standard technique for radiographic assessment of apical periodontitis is periapical radiography, but 

other complementing radiographic techniques such as panoramic radiography, conventional tomo-

graphy (spiral tomography), computed tomography, tuned-aperture computed tomography and more 
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recently cone beam computed tomography (CBCT) have been suggested (Estrela et al. 2008; Grön-

dahl and Huumonen 2004; Lofthag-Hansen et al. 2007; Low et al. 2008; Velvart et al. 2001).  

 Periapical radiography is a low-cost technique, available in most dental offices, and it pro-

vides high image quality at a low radiation dose compared to other radiographic methods. The par-

alleling technique is preferable to minimize geometric distortion and to facilitate reproducibility of 

repeated exposures (Forsberg and Halse 1994; Forsberg and Halse 1997). Panoramic images display 

a larger area and may thus provide a better overview of the size of a periapical lesion compared to 

periapical radiography (Ørstavik and Larheim 2008). Panoramic images may not be as sensitive as 

periapical radiographs in the diagnosis of apical periodontitis, though (Rohlin et al. 1989; Rohlin et 

al. 1991). However, one study found that panoramic and intraoral radiography performed equally 

well in detection of periapical lesions, and it was further suggested that information from the pano-

ramic radiograph makes it possible to appropriately select supplementary intraoral radiographs to 

achieve a comprehensive examination of teeth and surrounding tissue (Molander et al. 1995). CT 

images may be useful for the overall orientation in the operation field (detection and localization of 

neighbouring structures) in connection with periapical surgery (Ørstavik and Larheim 2008). How-

ever, the use of CT scanning for routine radiographic examination is still hampered by the relatively 

high radiation dose. The recent development, cone beam CT scanning (CBCT, also named dental 

CT / digital volume tomography / digital volumetric imaging / cone beam volumetric imaging) of-

fers information on the precise size and location of the lesion, including information about 

neighbouring structures (mandibular canal, maxillary sinus), and number as well as position of roots 

in multi-rooted teeth before treatment in selected cases (Lofthag-Hansen et al. 2007; Low et al. 

2008; Velvart et al. 2001). A previous study has found that CBCT offers distinct advantages (higher 

resolution, scan-time reduction and dose reduction) over medical CT (Cotton et al. 2007). Recent 

studies have found that significantly more periapical bone defects in root-filled teeth were detected 

in CBCT images compared to periapical radiographs (Estrela et al. 2008; Lofthag-Hansen et al. 

2007; Low et al. 2008; Velvart et al. 2001), and that CBCT may provide additional clinical 

information in relation to treatment planning in periapical surgery in selected cases (Estrela et al. 

2008; Lofthag-Hansen et al. 2007; Low et al. 2008; Ørstavik and Larheim 2008; Velvart et al. 

2001)(see Table 1). No study has so far compared CBCT and periapical radiography for follow-up 

examination after endodontic treatment of teeth with apical periodontitis. 

 

 



 8

Table 1   Previous in vivo studies on radiographic methods for assessment of healing after endo-
dontic treatment with focus on computed tomography 
Authors N of teeth Modality Findings 

 
Estrela et al. 2008 1508 PA / CBCT Detected more defects with CBCT 
Low et al. 2008    74 PA / CBCT Detected more defects with CBCT 
Lofthag-Hansen et al. 2007    46  PA / CBCT Detected more defects with CBCT  
Huumonen et al. 2006    39   PA / CT Detected more defects with CT 
Simon et al. 2006    17  CBCT CBCT reliable without biopsy 
Velvart et al. 2001    50 PA / spiral CT Detected more defects with spiral CT 
PA=periapical radiography, CT=computed tomography, CBCT=cone beam computed tomography  
 

 

1.3 Recording of periapical lesions in periapical radiographs 

Various classification systems for interpretation and categorization of apical periodontitis have been 

developed based on periapical radiographs. 

 

Radiographic appearance of lesions before and after orthograde root filling 

One index, Stringberg�’s index, classifies treated cases into three categories: success (the contours, 

width and structure of the periodontal margin were normal; the periodontal contours were widened 

mainly around the excess filling), failure (a decrease in the periradicular rarefaction; unchanged 

periapical rarefaction; an appearance of new rarefaction or an increase in the initial) or uncertain 

(when there was ambiguous or technically unsatisfactory control radiographs, which could not for 

some reason be repeated or the tooth was extracted prior to the 3-year follow-up owing to the un-

successful treatment of another root of the tooth) (Kirkevang 2001; Strindberg 1956).  

 At least four years�’ of monitoring before a final treatment classification (success/failure) in 

non-healed cases has been suggested (Reit 2003; Strindberg 1956). Furthermore, a correlation be-

tween the histological and the radiographic appearance of the periapical bone area was established 

by Brynolf in an early study (Brynolf 1967). Different levels of inflammation were grouped in 

seven main groups.  

 Another index to classify the periapical bone status, the periapical index (PAI) was subse-

quently developed (Ørstavik et al. 1986) using radiographs from the early study by Brynolf 

(Brynolf 1967). The PAI offers a visual and written reference scale, classifying the appearance of 

the bone into five categories: score 1 = normal periapical structure; score 2 = small changes in bone 

structure; score 3 = changes in bone structure with some mineral loss; score 4 = periodontitis with a 

well defined radiolucent area; and score 5 = severe periodontitis with exacerbating features 
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(Ørstavik et al. 1986). Scores 1-2 may be considered sound bone and 3-5 may be considered dis-

ease. The PAI has been found to be accurate with a reasonable reproducibility (Ørstavik et al. 

1986). Therefore, the system is suitable for analysis of the periapical bone area in periapical radio-

graphs in epidemiological studies and in clinical trials of treatment results after orthograde endo-

dontics (Ørstavik et al. 1986). 

 

Radiographic appearance after periapical surgery 

The radiographic appearance of the periapical bone defect immediately after periapical surgery is 

different from the appearance of the periapical bone lesion just after an orthograde root filling. 

During the surgical procedure soft and mineralized tissue is removed at the lesion site, resulting in a 

more pronounced radiolucency than existed preoperatively. The radiographic appearance one year 

after surgery is more variable in appearance and irregular compared to the healing process after a 

conventional orthograde root canal treatment (Ørstavik and Larheim 2008). Apical scar tissue, con-

sisting of connective tissues seen as a remaining radiolucency, is not uncommon after periapical 

surgery (Andreasen and Rud 1972a; Ørstavik and Larheim 2008). The PAI has not been recom-

mended for assessment of healing after periapical surgery. A separate index to classify periapical 

bone healing in intraoral radiographs one year after surgery was developed in early studies 

(Andreasen and Rud 1972a; Andreasen and Rud 1972b; Halse et al. 1991; Molven et al. 1987; 

Molven et al. 1996; Rud et al. 1972b). The four classification groups using this index are: complete 

healing; incomplete healing (scar tissue); uncertain healing and unsatisfactory healing (failure) (Rud 

et al. 1972b). The classification system is based on histological examination of defects detected in 

periapical radiographs 1-14 years after surgery (Andreasen and Rud 1972a; Andreasen and Rud 

1972b). A general follow-up program with illustrations of the four healing/non-healing groups has 

been presented in a previous study (Molven et al. 1996). Furthermore, studies with up to 15 years 

follow-up have shown that the classification of healing success or failure 12 months after surgery 

has a high predictive validity with this scoring system (Andreasen and Rud 1972a; Andreasen and 

Rud 1972b). Hence, no further radiographic monitoring may be necessary in cases determined 

successful after 12 months assessed in periapical radiographs (Halse et al. 1991; Molven et al. 

1996).  

 Periapical radiography may therefore at current be considered the standard-of-care radio-

graphic method for follow-up examinations, both after orthograde root filling treatment and after 

periapical surgery. CBCT examination has recently been described for detection of periapical le-
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sions (Estrela et al. 2008; Lofthag-Hansen et al. 2007; Velvart et al. 2001), but no studies have 

compared CBCT images and periapical radiographs for follow-up examinations of periapical de-

fects after surgical treatment.  

  

1.4 Orthograde root filling treatment 

When apical periodontitis has been diagnosed in a non-root-filled tooth, the conventional treatment 

of the tooth is an orthograde root filling. The root canal treatment aims at removing microbes and 

their by-products from the root canal system, and thus eliminating the stimuli to the periodontal 

structures. Furthermore, the root canal should be adequately filled to ensure that remaining mi-

crobes are separated from the periodontal structures, and that new microbes do not enter the canal 

(Trope et al. 2008).  

 

Root filling material 

For decades the first choice root filling material has been a gutta-percha core material with a thin 

layer of sealer between the gutta-percha and the dentine wall (Amagasa et al. 1989; Ørstavik 2005; 

Sauveur et al. 1997; Sauveur et al. 2000). Over the past 150 years, the only real competitor to gutta-

percha has been silver points, which are no longer considered an adequate alternative (Ørstavik 

2005). However, recently a new root canal filling material using bonding technology has been 

developed for root canal treatment, and this material has been suggested to improve the seal of the 

root canal system compared with gutta-percha, e.g. Resilon (Resilon®, Research LLC, Madison, 

CT, USA) (Cotton et al. 2008; Paque and Sirtes 2007; Shipper et al. 2004; Shipper et al. 2005).  

 

Follow-up using periapical radiography 

After an orthograde root filling has been performed, a periapical radiograph is recorded to docu-

ment the quality of the root canal treatment. This periapical radiograph is indispensable as a base-

line image when subsequently assessing the treatment result. Usually, a 6-12-month radiographic 

follow-up examination of the treatment result is recommended (Sewerin 2003). Teeth with apical 

periodontitis should be monitored until periapical healing has taken place and if the periapical bone 

is not expected to heal, the tooth should be retreated (Sewerin 2003). It has been found that in the 

majority of cases bone healing will already be discernible on radiographs after one year (Ørstavik 

1996). It has however been documented that in single cases healing occurred up to 9 years 
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postoperatively (Strindberg 1956), or even later (Molven et al. 2002). This indicates that the deci-

sion on when to retreat is a complex task, and each case should be considered individually. 

 

1.5 Periapical surgery with or without retrograde root filling 

If  a periapical infection remains after orthograde root filling treatment, and a revision of the filling 

is unlikely to resolve the problem, then periapical surgery may be considered (Cohn 2005; Gutmann 

and Harrison 1985). Surgical treatment may be indicated in cases where a revision of the orthograde 

root filling is difficult or not possible due to pulpal post, broken instruments or apical steps. Peri-

apical surgery is contraindicated in case of inadequate periodontal support, a non-restorable tooth, 

poor surgical access, and for some medical conditions, it is necessary to take medical advice from 

the patient�’s doctor before initiating treatment (Pitt Ford 2008). 

 During periapical surgery, a mucoperiosteal flap is raised (Chindia and Valderhaug 1995; 

Velvart 2003; Velvart and Peters 2005), the root apex is accessed through the buccal cortical bone, 

the periapical soft-tissue lesion is removed (Lin et al. 1996), and apicectomy is performed (Gagliani 

et al. 1998; Gilheany et al. 1994; Velvart 2003). Apicectomy (apicoectomy) or root-end resection, 

is defined as an excision of the apical portion of a root through an opening made in the overlying 

labial, buccal, or palatal alveolar bone. The surgical intervention aims to remove the periapical in-

fection focus and seal off remaining bacteria in the root canal system (Pitt Ford 2008). In recent 

years, the use of dental loupes, operating microscopes and endoscopes has become increasingly 

popular in connection with periapical surgery. In some studies these viewing aids were used from 

incision to suturing and in other studies only for identification of anatomic features or to inspect the 

adaption of the retrograde root filling when considered necessary (Chong et al. 2003). However, the 

clinical relevance of these illumination aids on the outcome of periapical surgery has not been as-

sessed at an adequate level of evidence (Friedman 2005; Friedman 2008). 

 It has been discussed whether a retrograde root filling, also called root-end filling, after 

apicectomy is necessary, or if the root canals are sufficiently obturated with gutta-percha (Johnson 

1999; Nordenram and Svärdström 1970). Some clinical studies found no differences in bone healing 

whether or not a retrograde root filling was placed (Nordenram and Svärdström 1970; Rapp et al. 

1991). It seems preferable if apicectomy without a retrograde root filling could be justified instead 

of apicectomy followed by a retrograde root filling. This would imply fewer clinical steps (cavity 

preparation and retrograde root filling) and shorter operating time, which would be cost-beneficial. 

However, in vitro studies have suggested that a retrograde root filling is necessary to prevent leak-
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age from the root canal and dentinal tubules (Vertucci and Beatty 1986; Vignaroli et al. 1995), and 

clinical studies have also found that a retrograde root filling improved periapical bone healing after 

periapical surgery (Friedman 2005; Friedman 1991). At present, no randomized clinical study, RCT 

has been performed comparing healing after apicectomy combined with a root-end filling material 

to apicectomy without the placement of a root-end filling.  

 

1.6 Retrograde root filling materials 

Amalgam was the most widely used retrograde root filling material for many years, its continued 

use has been questioned due to difficulties in handling, discoloration and tattoos of the gingiva or 

mucosa, questionable sealing ability and most important, amalgam has been banned as a root-end 

filling material in several countries (in Denmark since 1998) because it contains mercury (Pitt Ford 

2008; Velvart 2003). Other retrograde root filling materials developed during the last two decades 

have shown promising results. Studies of dentine-bonded resin composite (Retroplast®) have re-

ported success rates of 73% one year postoperatively (Jensen et al. 2002), and some have found that 

78% of the cases had a successful treatment outcome 6.5-9 years postoperatively (Rud et al. 1991; 

Yazdi et al. 2007). Glass-ionomer cement (Jesslén et al. 1995) as well as reinforced zinc oxide 

eugenol cement (EBA-cement) (Maddalone and Gagliani 2003) have also been found to have suffi-

cient long-term results (success rate 92.5%, 3 years postoperatively). In recent years, ultrasonic 

preparation of the root cavity instead of burs has been recommended in various studies. Dentine 

removal has been described as more controlled with this technique, and it is suggested to clean off 

bacteria more effectively, which should improve the clinical outcome (Bader and Lejeune 1998; de 

Lange et al. 2007; Ford 2008; Testori et al. 1999; Tsesis et al. 2006; Velvart 2003; Wuchenich et 

al. 1994).  

 A relatively new retrograde root filling material, mineral trioxide aggregate (MTA) has re-

ceived widespread attention (Saunders 2008; Torabinejad et al. 1995; Torabinejad and Chivian 

1999). Two RCTs comparing MTA and intermediate restorative material (IRM) have reported suc-

cess rates of 84-92% for MTA and 76-86% for IRM one year postoperatively (Chong et al. 2003; 

Lindeboom et al. 2005a) and 92% for MTA and 87% for IRM two years postoperatively (Chong et 

al. 2003).  

 Table 2 lists previous clinical studies with focus on periapical treatment with no retrograde 

root filling (apicectomy only) or a retrograde filling with MTA (for further overviews of follow-up 

studies on different retrograde root filling materials in periapical surgery, see Friedman 2008; 
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Niederman and Theodosopoulou 2003; Wang et al. 2004). The most recent clinical studies have 

been conducted as RCTs, comparing two retrograde filling materials, but no RCT has previously 

been performed comparing a root-end filling material with no root-end filling.  

 
Table 2   Tooth sample, method and results of previous clinical studies evaluating treatment meth-
ods in periapical surgery  
Authors N of 

teeth  
Follow-
up (yrs) 

Experimental groups and material§,  
n of teeth, healing in (%) 
 

Lindeboom et al. 2005aR 100AP 1 IRM 50 (86), MTA 50 (92) 
Chong et al. 2003R 108APM 2 IRM 47 (87), MTA 61 (92) 
Jensen et al. 2002R 122APM 1 RP 60 (73), CS 62 (31) 
Jesslén et al. 1995R 82na 5 AM 41 (85), GI 41 (85)  
Zetterqvist et al. 1991R 105na 1 AM 52 (91), GI 53 (89) 
Rapp et al. 1991 428APM 0.6 - >2 AM 120 (71), IRM 25 (68), EBA 81 (65), AO 202 (61)
Molven et al. 1991 222na 1 - 8 AM 111 (73), GPO 111 (96) 
Amagasa et al. 1989 64AP 1 - 7 GPR (95.3) 
Nordenram & Svärdström 1970 697APM 0.7 - 6 GPO 102 (81.5), CG 94 (60.6), AO 501 (60.8), 
Mattila & Altonen 1968 143AP 0.75 - 5 AO 55 (44), RF 32 (59), GPOb 17 (41), GPO 39 (72)  
R=randomized clinical trial, A=anterior teeth, P=premolars, M=molars, na=not available  
§Material: RP=retroplast, CS=chelon-silver, AM=amalgam, GPO=orthograde gutta-percha followed by 
apicectomy, GPOb=orthograde gutta-percha performed before the operation followed by apicectomy, 
GPR=retrograde gutta-percha filling, CG=retrograde chloropercha-guttapercha filling, AO=apicectomy only, 
RF=retrograde filling (material na) 
 

1.7 Patient information on postoperative discomfort 

Before any surgical procedure the patient should be informed of the expected strain and discomfort 

associated with the operation and should give his/her accept. Previous studies have found that peri-

apical surgery is associated with more postoperative discomfort compared to nonsurgical retreat-

ment (revision of the orthograde root filling) (Kvist and Reit 2000). However, studies have also 

found that periapical surgery caused little pain and moderate swelling, which peaked the first 1-3 

days postoperatively (Collins et al. 1997; Iqbal et al. 2007; Kvist and Reit 2000; Lin et al. 2006; 

Seymour et al. 1986). Factors related to postoperative pain have been: tooth group (Iqbal et al. 

2007; Lin et al. 2006; Penarrocha et al. 2006), patient�’s expectations (Iqbal et al. 2007), sex (Iqbal 

et al. 2007), and age (Iqbal et al. 2007). However, other studies did not find a relationship between 

postoperative discomfort and sex (Chong and Pitt Ford 2005; Lin et al. 2006; Penarrocha et al. 

2006; Seymour et al. 1986; Tsesis et al. 2003; Tsesis et al. 2005) or age (Lin et al. 2006; Tsesis et 

al. 2003; Tsesis et al. 2005). With the recent developments in surgical instrumentation, techniques 

and materials, further studies on postoperative discomfort are needed. These new techniques might 

reduce postoperative discomfort and make the surgical approach a more accepted treatment by the 
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patients. Table 3 lists previous clinical studies with focus on patient discomfort following periapical 

surgery. 

 
Table 3   Previous studies on patients�’ discomfort after periapical surgery  
Authors N of patients Scale Postoperative findings  

Iqbal et al. 2007 199  VAS PP op, SP 1 day po 
Penarrocha et al. 2006   60  Rank scale PP 2 days po, SP 2 days po 
Lin et al. 2006   90 VAS PP op 
Chong & Pitt Ford 2005 100 VAS PP op 
Tsesis et al. 2005   63  Rank scale PP op, SP 1 day po 
Tsesis et al. 2003   82 VNRS PP op 
Kvist & Reit 2000   95  VAS PP op, SP 1 day po 
Meechan & Blair 1993   43 VAS PP op 
Seymour et al. 1986   80 VAS PP op 

VAS=visual analogue scale, VNRS=verbal numeric rating scale, PP=pain peak, SP=swelling peak,  
op=operation day, po=postoperative 
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2. Aims 
 

The purpose of this study was to evaluate patient discomfort, treatment methods and radiography 

after periapical surgery. The studies I-III were carried out with the following major aims: 

 

I. To assess patient discomfort following periapical surgery and to evaluate the effect of the 

 operating time on postoperative pain and swelling. 

 

II. To compare periapical healing 12 months after apicectomy followed by a retrograde 

 root filling with mineral trioxide aggregate (MTA) or smoothing of the orthograde gutta-

 percha  root filling (GP).  

 

III. To compare periapical radiography and CBCT for assessment of the periapical bone 

 defect one week and 12 months after apicectomy.  

 

 

The major H0 hypotheses tested were:  

Study I. There is no association between operating time and patient discomfort. There is no differ-

ence in the operating time between the two treatment methods. 

Study II. There is no difference in periapical healing after periapical surgery with and without a 

retrograde MTA root filling.  

Study III. There is no difference in the number and size of periapical defects when detected and 

measured on periapical radiographs and CBCT images, one week and 12 months after apicectomy.  
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3. Study population 
 

Before the study started, the study design was approved by the regional Committee of Ethics in 

Aarhus County. Patients with a need for periapical surgery of a root-filled tooth with a persisting 

apical periodontitis (see later inclusion criteria) were selected for the study.  

  

3.1 Recruiting patients 

According to the consort statement for an RCT, it is recommended to describe each stage of patient 

recruitment (Moher et al. 2001) Patients were recruited from four different sources (Tabel 4): 

1)Dental students at the School of Dentistry were asked to refer patients, who had been accepted at 

the School of Dentistry for student treatment, where periapical surgery was planned. Two experi-

enced observers jointly assessed the referred patients�’ periapical radiographs and judged whether 

there was an indication for peripical surgery; 2)Five experienced observers jointly assessed periapi-

cal radiographs of a selection of individuals who had participated in a previous 5-year longitudinal 

epidemiological study on the �“Periapical and endodontic status in Danish populations�” (Kirkevang 

2001) and selected patients who had one or more teeth with a persisting apical periodontitis; 3) Two 

experienced observers jointly assessed panoramic radiographs of a selection of patients who partici-

pated in an ongoing study (�“Immediate placement of implants in the molar regions�”, phd project 

Thomas Urban) at the School of Dentistry and selected patients with an apical periodontitis on a 

root-filled tooth; 4) A letter informing about the study was sent to general dental practitioners (GPs) 

in Jutland (�“Kreds 5�”), whose addresses had been provided by the Danish Dental Association. Two 

experienced observers jointly assessed the referred patients�’ periapical radiographs, and all referred 

patients were invited to participate in the study (Tabel 4). All invited patients were informed of the 

present project by letter and called for a clinical and radiographic examination at the School of 

Dentistry. If the patient did not respond to the first letter, one reminder was sent (see Appendix 1 

and 2 for letters to patients, in Danish). 

 

3.2 Inclusion of patients 

Initially, 68 patients (77 teeth) with a periapical radiolucency on a root-filled tooth were examined 

clinically and with intraoral periapical radiography. The initial inclusion criteria were: An incisor, 

canine, or premolar (with either one root complex or two roots) with a sufficient orthograde root 

filling regarding length and density and with a periapical lesion persisting for at least two years. A 
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periapical lesion was defined as a score 3, 4, or 5 on the PAI. Furthermore, the marginal bone level 

around the tooth in question should be reduced no more than 50%.  

 Thirteen of the examined patients did not fulfil the initial inclusion criteria. Each patient 

fulfilling the inclusion criteria was given written and verbal information about the study (n=55). 

Four patients refused to participate after this information was given. Thus, 51 patients accepted to 

participate and a consent form was signed before the study started. There was no financial induce-

ment to participate, and the patients had the opportunity to withdraw from the study at any time.  

 

Table 4   Patients seen for a pre-study clinical and radiographic examination 
  

ic=inclusion criteria 

 

The first patient was seen for the pre-study examination in May 2005, patients who accepted to par-

ticipate were operated from June 2005 to October 2006, and the last patient was seen for the 12-

month follow-up (see later) in October 2007. To obtain an overview of which patients were in-

cluded, patient flow diagrams are shown in the following for each study (I, II and III). The type of 

teeth included in each study is shown in Table 5. 

 

Table 5   Teeth included in study I, II and III 

U=upper jaw, L=lower jaw 
 

 

 

 Fulfilling ic 
Received operation 

Fulfilling ic            Re-
fused to participate 

Not fulfilling ic 
No participation 

 
Referred from GPs 20 0  0 
Previous project on AP 14 3 10 
Referred from dental school 12 1  2 
Previous project on implants  5 0  1 
Total 51 4 13 

          Incisors          Canines             Premolars Total 
 Right Left Right Left Right Left 

 
 

Study I 5 (U)   8 (U) 1 (L) 1 (L) 13 (U) 2 (L)   8 (U) 4 (L) 42 
Study II 7 (U) 10 (U) 1 (L) 1 (L) 1 (U) 14 (U) 4 (L)   9 (U) 5 (L) 52 
Study III 7 (U) 11 (U) 1 (L) 1 (L) 1 (U) 17 (U) 4 (L) 11 (U) 5 (L) 58 
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MTA  
n = 18 (18) 

Pre-examination 
n = 68 (77) 

Meeting pre-examination 
inclusion criteria n = 55 (64)

Not meeting pre-examination 
inclusion criteria n = 13 (13)  

Accepted to participate 
n = 51 (59)

Refused to participate  
n = 4 (5)

MTA and GP  
n = 8 (16) 

GP  
n = 18 (18) 

12-month analysis  
n = 17 (17) 

12-month analysis  
n = 14 (14) 

Allocated to randomization  
n = 44 (52) 

Not meeting operation 
inclusion criteria n = 7 (7) 

Lost to 12-month 
follow-up:  
Fracture n = 1 (1) 
Pain n = 2 (2)  
Drop-out n = 1 (1) 

Lost to 12-month 
follow-up: 
Fracture n = 1 (1) 

Lost to 12-month 
follow-up: 
Pain (GP) n = 0 
(1) 

12-month analysis 
n = 8 (15) 

MTA (no randomiza-
tion) n = 6 (6)

12-month analysis 
n = 6 (6)

Exclusion (extensive 
periodontitis) n = 1 (1) 

3.3 Study I 

Forty-two patients (23 women and 19 men), average age 54.4 years (range 30-68) participated in 

study I. The flow diagram for the patients included is shown in Figure 1. All data in this study were 

sampled on the patient-level, therefore, patients who had two teeth operated on the same day were 

not included since this might have influenced their perception of discomfort. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 1   Patient flow diagram: number of patients (number of teeth in brackets) 
included in study I is high-lighted in blue 
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3.4 Study II 

Forty-four patients (24 women and 20 men, number of teeth = 52), average age 54.6 years (range 

30-77) participated in the randomized clinical trial (study II). The flow diagram of the patients in-

cluded is shown in Figure 2. Seven patients did not meet the final operation inclusion criterion (see 

Methods). Six teeth were lost to the 12-month follow-up examination. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2   Patient flow diagram: number of patients (number of teeth in brackets) 
included in study II is high-lighted in blue 
 

 

MTA  
n = 18 (18) 

Pre-examination 
n = 68 (77) 

Meeting pre-examination 
inclusion criteria n = 55 (64)

Not meeting pre-examination 
inclusion criteria n = 13 (13)  

Accepted to participate 
n = 51 (59)

Refused to participate  
n = 4 (5)

MTA and GP  
n = 8 (16)

GP  
n = 18 (18) 

12-month analysis  
n = 17 (17) 

12-month analysis  
n = 14 (14) 

Allocated to randomization  
n = 44 (52) 

Not meeting operation 
inclusion criteria n = 7 (7) 

Lost to 12-month 
follow-up:  
Fracture n = 1 (1) 
Pain n = 2 (2)  
Drop-out n = 1 (1) 

Lost to 12-month 
follow-up: 
Fracture n = 1 (1) 

Lost to 12-month 
follow-up: 
Pain (GP) n = 0 
(1) 

12-month analysis 
n = 8 (15)

MTA (no randomiza-
tion) n = 6 (6) 

12-month analysis 
n = 6 (6) 

Exclusion (extensive 
periodontitis) n = 1 (1) 
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3.5 Study III   

Fifty patients (26 women and 24 men, number of teeth=58), average age 55 years (range 30-77) 

participated in study III. The flow diagram of the patients included is shown in Figure 3. Forty-two 

patients received treatment of one tooth, and eight patients received treatment of two teeth. For this 

part of the study, all operated teeth could be included since the randomization procedure and retro-

grade filling material was not part of the data treatment. Six teeth were lost to the 12-month follow-

up examination. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3   Patient flow diagram: number of patients (number of teeth in brackets) 
included in study III is high-lighted in blue 
 

 

 

 

MTA  
n = 18 (18) 

Pre-examination 
n = 68 (77) 

Meeting pre-examination 
inclusion criteria n = 55 (64)

Not meeting pre-examination 
inclusion criteria n = 13 (13)  

Accepted to participate 
n = 51 (59)

Refused to participate  
n = 4 (5)

MTA and GP  
n = 8 (16)

GP  
n = 18 (18) 

12-month analysis  
n = 17 (17) 

12-month analysis  
n = 14 (14) 

Allocated to randomization  
n = 44 (52) 

Not meeting operation 
inclusion criteria n = 7 (7) 

Lost to 12-month 
follow-up:  
Fracture n = 1 (1) 
Pain n = 2 (2)  
Drop-out n = 1 (1) 

Lost to 12-month 
follow-up: 
Fracture n = 1 (1) 

Lost to 12-month 
follow-up: 
Pain (GP) n = 0 
(1) 

12-month analysis 
n = 8 (15)

MTA (no randomiza-
tion) n = 6 (6)

12-month analysis 
n = 6 (6)

Exclusion (extensive 
periodontitis) n = 1 (1) 
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4. Methods 
 

4.1 Pre-study surgical training 

Before the study was initiated, the operator trained the clinical procedure (root-end resection, ultra-

sonic cavity preparation and retrograde root filling with MTA) on five extracted teeth. Thereafter, a 

retrograde root filling with MTA was performed in six teeth in six patients to get acquainted with 

the clinical application of the material; these cases were not part of the study.  

 

4.2 Pre-study radiographic and clinical examination 

At the first visit (patients = 68) to the School of Dentistry, a periapical radiograph was obtained of 

the tooth in question by a storage phosphor plate system (paralleling technique (Digora with fmx 

scanner, Soredex, Helsinki, Finland), Gendex 1,000 dental unit operating at 65 kVp, 10 mA, 32 cm 

focus-film distance, rectangular collimation) using an individual bite-index made in a silicone im-

pression material (President® putty Coltène/Whaledent, Altstätten, Switzerland). A periapical lesion 

as observed on this radiograph was defined as score 3, 4, or 5 on the PAI.  

 The following variables were recorded either as anamnestic information from the patient or 

during a clinical examination of each tooth to be operated: a history of pain from the region within 

the last three months, PAI score, pulpal post, pockets > 5 mm, bleeding on probing, defect filling, 

caries lesion, tender to percussion, mobility, palpation tenderness (buccal mucosa), and swelling of 

the buccal mucosa. All variables except the PAI score were recorded as yes/no. If the quality of the 

coronal restoration was insufficient (defect filling/secondary caries), it was replaced before surgery 

(operator R.C.). It was recorded whether or not the patient was a smoker (yes/no).  

  

4.3 Surgical procedure 

Fifty-one patients (n of teeth = 59) were operated by one operator (R.C.), according to a standard-

ized protocol. 

 Prior to surgery local analgesics, Xyloplyin Dental Adrenalin (Dentsply, Addlestone, UK), 

or second choice, Citanest-Octapressin® (Dentsply, Addlestone, UK) was administered. The patient 

rinsed with antiseptic mouthwash (0.2% Chlorhexidine Gluconate) and ingested one tablet 600 mg 

Ibuprofen.  

 After a sulcular incision, a full buccal flap was elevated. The presence of a fistula or fistula 

scar was recorded (yes/no). The triangular flap design was the first choice; a trapezoid flap design 
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was preferred for incisors if there was poor accessibility. The presence of buccal bone fenestration 

to the periapical infection was recorded (yes/no). Osteotomy was performed in the buccal bone us-

ing a round steel bur ISO size 018 (Meisinger, Düsseldorf, Germany) in a slow-speed hand piece 

with sterile saline coolant. Root-end resection (2-4 mm) at a right angle to the long axis of the root 

was performed with a cone square cross-cut steel bur ISO size 010 (Komet, Lemgo, Germany), and 

surface irregularities were trimmed with a fine flame-shaped diamond bur ISO size 010 (Intensive 

SA, Grancia, Switzerland) in a slow-speed hand piece with sterile saline coolant. The periapical 

granuloma or cystic tissue was removed and haemostasis was obtained with adrenalin-impregnated 

gauze and compression force. The resected surface was inspected with a dental operating micro-

scope (DOM, Opmi® Pico Zeiss, Oberkochen, Germany) and photographed at different magnifica-

tions ( -factors 0.4, 0.6, 1.0, 1.6, and 2.5) with the camera body (Canon EOS-10D) mounted on the 

microscope.  

 If there were visible gaps between the root filling and dentine wall, the patient was not in-

cluded in the RCT (study II); these patients received a root-end filling with MTA. In one patient the 

tooth in question was diagnosed with extensive periodontitis (which could not be observed in the 

radiograph) and therefore excluded (n = 1). The patient was recommended to have the tooth ex-

tracted by the referring general dental practitioner. If no gaps were seen between the gutta-percha 

root filling and the dentine wall, the patients were randomly allocated (drawing a lot) to root-end 

resection followed by a root-end filling with white MTA (Pro Root® Dentsply-Tusla Dental, John-

son City, USA) (MTA group, n of teeth = 18) or smoothing of the gutta-percha root filling (GP 

group, n of teeth = 18).  

 The randomization was performed at the patient level. Eight patients were included with 

two teeth in need of treatment, and for these patients the lot was drawn for the first tooth while the 

second tooth was assigned to the opposite treatment method. Both teeth were operated on the same 

day. The randomization procedure was as follows: a pool contained 52 marbles (26 red = GP / 26 

white = MTA); each drawn marble was given a successive number (1-52) and when it was drawn it 

was removed from the pool. The procedure was performed and documented in a diary by a clinical 

chair-side assistant. The surgeon did not participate in drawing the lots.  

 In teeth allocated to MTA treatment a 3 mm deep root-end cavity was prepared using dia-

mond-coated Surgical Endo Tips (ProUltra®, Dentsply, Tulsa, USA) mounted in an ultrasonic de-

vice (Satelec P5 Ultrasonic Booster®, Merignac, France). MTA was applied with an MTA delivery 

gun (Dentsply Maillefer, Ballaigues, Switzerland).  
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(b) (a) 

 For the teeth allocated to GP treatment, smoothing of the gutta-percha root filling was per-

formed with a heated droplet-shaped steel instrument. The resection surface was again inspected in 

the DOM and photographed (see Figure 4).  

 

 

 

 

 

 

 

 

Figure 4   (a) a resected surface after root-end filling (MTA); (b) a resected surface after smoothing 
of the gutta-percha root filling (GP) 
 

The presence of fenestration to the maxillary sinus and/or the palatal bone was recorded (yes/no), 

and the presence of fenestration to the neighbouring teeth was recorded (yes/no). The distance from 

the marginal buccal bone level of the tooth in question to the coronal point of the access perforation 

was measured in mm with a slide calliper. The size of the access perforation was measured in mm in 

the vertical and horizontal direction. Periradicular bone defects along the root were recorded 

(yes/no). The patients were positioned with the buccal cortical bone surface aligned with the hori-

zontal plane. The volume of the bone defect was measured, dispensing sterile water into the bony 

cavity with a single volume (10 µl) micro-pipette. The surgical wound bed was rinsed with sterile 

water and then sutured with 4-0 nylon suture (Ethicon, Johnson and Johnson, Dublin, Ireland). Af-

ter surgery, the operation time (first incision to last suture) was recorded. 

 

4.4 Postoperative course 

Postsurgery, patients were instructed to avoid physical exercise, chewing and tooth brushing in the 

operation field and to rinse two times daily with antiseptic mouthwash (0.2% Chlorhexidine Glu-

conat) for one week. Each patient received written instructions regarding the use of antiseptic 

mouthwash and in case of swelling to use application of cold. Patients were supplied with 5 tablets 

600 mg Ibuprofen to take if they experienced postoperative pain (dose: one tablet every 8 hours) 

and to continue with non-prescriptive (over-the-counter) pain-relievers if needed. In case of perfo-

ration to the maxillary sinus, patients were subscribed 20 tablets of 800 mg phenoxymethylpenicil-
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lin (dose: one tablet every 6 hours for five days). In case of complications or questions, the patients 

were informed to contact the surgeon.  

 

4.5 Questionnaire from the day of surgery to suture removal 

Immediately after the surgical procedure, the patients were given a questionnaire with questions 

about the postoperative course, from three hours to three days postoperatively. The questionnaires 

were collected on the day for suture removal (five to seven days after surgery). The patients were 

informed to record on a 100 mm visual analogue scale (VAS) with extreme endpoints (no and in-

tense pain; no and severe swelling) (Seymour et al. 1985), the intensity of postoperative pain after 

cessation of the local analgesics before taking additional tablets, the intensity of pain one, two and 

three days after surgery, and the severity of swelling one, two, and three days after surgery. 

 Furthermore, patients were asked about the number of consumed analgesic tablets, days off 

work, whether they had sought medical advice due to surgery, and if they had been treated for com-

plications due to surgery. 

  

4.6 Postoperative examinations 

One week postoperatively 

All 51 operated patients were seen for a one-week (5-7 days) postoperative examination. The ques-

tionnaires were collected and the sutures removed. At this time the patients were asked whether 

their overall perception of postoperative discomfort had been caused by pain, swelling, compro-

mised chewing ability, oral awareness, or other reasons (all yes/no).   

 After suture removal, patients were subjected to a clinical examination, and a periapical 

radiograph of the tooth in question was recorded (paralleling technique, Digora storage phosphor 

plate system) using the individual bite-index that was used at the pre-examination. If a patient had 

had two teeth operated in the same region, only one radiograph including both teeth was recorded. 

The operated region was moreover examined by CBCT (NewTom 3G (Quantitative Radiology, 

Verona, Italy), 6 inches field of view, fixed 110 kVp setting, automated adjusted mA and a scan 

time of 36 s).  

 

Three and six months postoperatively 

One patient was excluded from the study because of extensive periodontitis, registered at the opera-

tion (n of teeth = 1). Fifty patients (n of teeth = 58) were seen for a 3-month postoperative clinical 
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examination, at which one tooth was classified as failure due to pain and communication between 

the facial pocket and the periapical area of the tooth (GP group). Forty-nine patients (n of teeth = 

57) were seen for a 6-month postoperative clinical examination; no teeth were classified as failure. 

 

Twelve months postoperatively 

Forty-five patients (n of teeth = 52) were seen for a 12-month postoperative examination. Four pa-

tients (n of teeth = 5) were lost between the 6-month and 12-month postoperative examination due 

to extraction of the tooth because of root fracture (patients = 2, n of teeth = 2), re-operation due to 

pain (patients = 1, n of teeth = 1+1), patient not available (n of teeth = 1), (see Figures 1,2 and 3). 

Forty-five patients (n of teeth = 52) had a periapical radiograph of the tooth in question recorded 

using the bite-index, and the region was scanned again with the CBCT system.  

 

4.7 Postprocessing and evaluation of periapical radiographs 

Study II 

Before the study was initiated the three observers jointly assessed six cases (others than those in the 

study) with one year radiographic follow-up after periapical surgery as a calibration procedure us-

ing the healing criteria described in the following paragraph. Each radiograph (one week and 12 

months postoperatively) was exported from the Digora software in tiff (tagged image file format) to 

Adobe Photoshop® (San Jose, California, USA) and blinded for treatment method by masking the 

apical root filling with grey patches (see Figure 5). 

 

 

 

 

 

 

Figure 5   (a) one-week postoperative radiograph blinded for treatment method (MTA); (b) 12-
month postoperative radiograph blinded for treatment method (MTA); (c) one-week postoperative 
radiograph blinded for treatment method (GP); (d) 12-month postoperative radiograph blinded for 
treatment method (GP) 
 

Healing 12 months postoperatively was assessed independently by three experienced observers (the 

operator, a radiologist and an endodontist) on a 19 inch super-quality diagnostic grey-scale LCD 

monitor (Totoku Me251i/C, Nagano, Japan) in a room with subdued light. By comparing the one-

(a) (b) (c) (d) 
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week radiograph with the 12-month radiograph, the forty-six remaining teeth were scored into four 

categories by the following criteria: Category 1, complete healing: This group includes cases with 

re-formation of a periodontal space, which means that the lamina dura has to be discernible around 

the apex. The periodontal space in the apical region may be up to twice the normal width around 

non-involved parts of the root. A tiny defect in the lamina dura (maximum 1 mm2) adjacent to the 

root canal filling is acceptable. The bone cavity should be filled with bone, although this may not 

have the same radiopacity and structure as the non-involved bone. In addition, the category may 

also include cases with a complete bone repair, but where the apical periodontal space cannot be 

discerned around the apex. Category 2, incomplete healing (scar tissue): The size of the radiolu-

cency has remained stationary or has decreased. Bone structure is often lacking centrally. The lesion 

has an irregular periphery and may be demarcated by a compact bone border. The rarefaction is 

often located asymmetrically around the apex. Bone surrounding the rarefaction may show a fine-

meshed structure or coarse bone trabeculae interspersed with radiolucent areas. The lamina dura 

may be formed at the apex. If inflammation is present, the transition from the periodontal ligament 

into the rarefaction may be more funnel-shaped and the outline of the rarefaction tends to be circu-

lar. Category 3, uncertain healing: This group includes cases with some degree on bone regenera-

tion. The initial rarefaction has decreased compared with the post-treatment condition or a subse-

quent follow-up radiograph. The size of the rarefaction is more than twice the width of the normal 

periodontal space. The periphery of the rarefaction is nearly always circular or semicircular. The 

rarefaction is usually located symmetrically around the apex as a funnel-shaped extension of the 

periodontal space. Teeth remaining in this group after 4 years should be considered as failures. 

Category 4, unsatisfactory healing (failure): The radiographic signs of this group are the same as for 

uncertain healing, except that in the unsatisfactory group, the rarefaction is either enlarged or un-

changed in comparison with an immediate postoperative or previous follow-up radiograph. The 

above criteria were developed by Molven et al. (Molven et al. 1987; Molven et al. 1996) and Rud et 

al. (Rud et al. 1972b). Both the written criteria and the �“atlas�” drawings published by Molven et al. 

(Molven et al. 1987) were available to the observers. The radiographic scores given by the three 

observers were converted to a consensus score by selecting the most frequent score.  

 

Study III 

Before the study was initiated the three observers jointly assessed six cases with one year follow-up 

after periapical surgery in a calibration session measuring periapical bone defects using PorDiosW 
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software program (Institute of Orthodontic Computer Sciences, Middelfart, Denmark) developed 

for analysis of monitor-displayed digital images (Gotfredsen et al. 1999). The periapical radio-

graphs were exported from the Digora system in tiff (tagged image file format) and imported into 

the PorDiosW software program. The radiographs were displayed on a 19 inch monitor (190s, 

Philips, China) situated in a room with subdued lighting. Each observer individually assessed and 

measured the bone defects in the periapical radiographs. The maximum vertical distance was meas-

ured from the resection surface at the central point of the root filling to the most apical part of the 

defect. The horizontal distance was measured at its maximal width perpendicular to the vertical 

measurement line, which was displayed by the program. 

    

4.8 Reconstruction and evaluation of CBCT images 

Before the study was initiated the three observers jointly assessed six cases with one year follow-up 

after periapical surgery measuring periapical bone defects using NewTom 3G software (NNT ver-

sion 2.11, Verona, Italy). The CBCT images were individually reconstructed by the three observers, 

who sectioned the images in the coronal and sagittal plane (1 mm sections with 0.5 mm steps). The 

images in the coronal plane were always sectioned parallel to the alveolar process while the images 

in the sagittal plane were sectioned perpendicular to the alveolar process. The images were dis-

played on a 19 inch monitor (VistaLine 191D, Olórin, Billdal, Sweden) in a room with subdued 

lighting. If a bone defect was detected, the vertical and horizontal distances were measured in the 

�“worst-case�” CBCT slice. The maximum vertical distance was measured from the resection surface 

at the central point of the root filling. If two root fillings were seen (in the sagittal plane) the maxi-

mum vertical distance was measured from the midpoint between these two root fillings. The maxi-

mum horizontal distance was measured at its maximal width perpendicular to the vertical measure-

ment line (displayed by the program). The vertical dimension of the buccal window in the �“worst-

case�” CBCT slice was also measured. All measurements were performed by the tools available in 

the NewTom 3G software (NNT version 2.11, Verona, Italy), which provides measurements in true 

millimetres. 

 

4.9 Data treatment 

Study I 

A chi2-test was used to test differences between the treatment groups for sex, tooth groups, and 

smoking. Paired t-test was used to test possible differences between VAS scores for pain and 
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swelling postoperatively over time. Grouped t-test was used to test possible differences in age be-

tween the treatment groups; in VAS scores between patients where the periapical infection had fen-

estrated the buccal cortical bone and patients where the buccal cortical bone was intact; in VAS 

scores in the gutta-percha group compared with the MTA group; in VAS scores between women 

and men; in operation time for the gutta-percha group and the MTA group; and in VAS scores be-

tween smokers and non-smokers. 

 Pearson�’s correlation analysis was used to test the correlation between the size of the verti-

cal or horizontal dimensions of the buccal cortical bone cavity and VAS scores for pain and swell-

ing; the volume of the periapical bone defect and VAS scores for pain and swelling; and operation 

time and VAS scores for pain and swelling. 

 

Study II 

Possible differences between the MTA and the GP group for patient-related variables (sex, groups 

of teeth, and smoking) were tested by chi2-test while age was tested by t-test. To clarify if differ-

ences existed between clinical variables for teeth operated in the MTA and GP group despite the 

randomization procedure, chi2-tests were performed for all dichotomous variables, and t-tests were 

performed for continuous-scale variables. 

 The range from successful healing through unsuccessful healing to failure 12 months post-

operatively was defined on a rank scale (6 ranks) by the criteria: 1 = complete healing (radiographi-

cally); 2 = incomplete healing with scar tissue (radiographically); 3 = uncertain healing (radio-

graphically); 4 = unsatisfactory healing (radiographically); 5 = failure, re-operation of the tooth due 

to symptoms (clinically); 6 = failure, fracture of the root with extraction of the tooth (clinically). 

Differences in healing between the MTA and GP group were tested by the Mann-Whitney U-test. If 

any of the operative clinical variables had an effect on healing was similarly tested by the Mann-

Whitney U-test. 

 

Study III 

The area of the bone defect (vertical dimension x horizontal dimension) was calculated for each 

observer�’s measurements in the periapical radiographs and the CBCT images in the coronal and 

sagittal plane. The calculated area in the periapical radiographs was converted from pixels to mm by 

the known pixel per millimetre spatial image resolution.  
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 One week postoperatively, the periapical defect area was analyzed by a two-way analysis of 

variance with the factors observer and radiographic method. The pair-wise comparison between the 

radiographic methods, periapical radiographs vs. CBCT coronal sections was made by post hoc t-

test. Each observer�’s measurements in the periapical radiographs and the CBCT images in the cor-

onal plane were presented in a Bland-Altman plot, illustrating the relation between the difference 

and the mean between the two observations (Bland and Altman 1986). The measurements were log-

transformed because the measurement error was proportional to the size of the defect. 

 Twelve months postoperatively, agreement between the radiographic methods on whether or not a 

periapical defect could be detected was calculated in percent for each observer and as mean between ob-

servers. 
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5. Results 
 

In this chapter, the most important results from studies I, II and III are emphasised. The detailed 

results are found in the three papers (I, II and III). 

  

5.1 Study I  

Discomfort after periapical surgery was most intense the first three days after the operation. The 

intensity of pain peaked three hours postoperatively (mean VAS = 29). Patients reported more pain 

three hours postoperatively than one day (mean VAS = 19), two days (mean VAS = 10) and three 

days (mean VAS = 12) after the operation (P < 0.011). The perception of swelling peaked one day 

postoperatively (mean VAS = 41). Patients, in whom the periapical infection had fenestrated the 

buccal cortical bone, reported the same level of pain and swelling compared to patients, in whom 

the buccal cortical bone had not been fenestrated by the periapical infection (P > 0.13).  

 There was no significant correlation between the size of the vertical or horizontal dimen-

sions of the buccal cortical bone cavity and VAS scores for pain and swelling (r  0.2, P > 0.22). 

There was no significant correlation between the volume of the periapical bone defect and VAS 

scores for pain and swelling (r  0.19, P > 0.31). Furthermore, a longer operating time did not cause 

more pain and discomfort compared to a shorter operating time since there was no significant cor-

relation between the operating time and VAS scores for pain and swelling (r  0.25, P > 0.11). 

 Men and women experienced an equal amount of discomfort, except that the score for pain 

three hours postoperatively was higher for women (mean VAS = 37) than for men (mean VAS = 

20) (P = 0.018), and the score for swelling one day postoperatively was higher for women than for 

men (P = 0.038). There was no significant difference for pain and swelling between smokers and 

non-smokers at any time (P > 0.11). Patients ingested on average (the first four days postopera-

tively) 2.3 tablets of 600 mg Ibuprofen. Two patients took one day off work, and five patients took 

two to four days off work due to the operation. Patients�’ overall perception of postoperative discom-

fort was mainly caused by: Oral awareness (36 yes, 6 no); swelling (30 yes, 12 no); compromised 

chewing ability (18 yes, 24 no); pain (15 yes; 27 no); and other reasons such as irritating sutures, 

and difficulty with mouth opening (9 yes, 33 no).  
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5.2 Study II 

After the randomization for the RCT it was evident that more women and fewer men had been allo-

cated to smoothing of the gutta-percha root filling than to MTA treatment (P = 0.036). There was a 

significant difference between the GP and MTA groups for the vertical size of the access hole (P = 

0.037). These were the only background variables that differed significantly between the two 

groups.  

 Teeth treated with MTA all showed healing 12 months postoperatively in opposition to teeth 

treated with smoothing of the gutta-percha filling. The agreement between the three observers�’ 

healing scores was acceptable. Two or three observers�’ scores were in agreement in 45 out of 46 

teeth.  

 The teeth in the MTA group received the following radiographic scores: 85% complete 

healing, 12% incomplete healing with scar tissue, and none were scored as uncertain or unsatisfac-

tory healing. One tooth was lost to the 12-month follow-up due to fracture. The teeth in the GP 

group received the following radiographic scores: 28% complete healing, 24% incomplete healing 

with scar tissue, 24% uncertain healing, and 8% unsatisfactory healing. The difference between the 

GP and the MTA group was highly statistically significant (P < 0.001) (see Table 6). 

  

Table 6   Radiographic and clinical assessment of healing for teeth in the GP and the MTA group 

                         Radiographic assessment            Clinical assessment  
Rank score 1 

Complete 
healing 

2 
Incomplete 

healing 

3 
Uncertain 

healing 

4 
Unsatisfactory 

healing 

   5 
   Re-operation 

   (pain) 

6 
Extraction 
(fracture) 

GP 7 6 6 2    3 1 
MTA 22 3 0 0    0 1 
  

 Furthermore, teeth in which the periapical defect had not fenestrated the buccal cortical 

bone showed significantly better healing than teeth where the periapical defect had fenestrated the 

buccal cortical bone (P = 0.011). There was no significant effect on healing of any of the other 

clinical parameters. 

  

5.2 Study III 

A periapical defect was measured in all periapical radiographs and CBCT images one week after 

the operation. Some observer variation was found since one observer measured the bone defect area 

approximately 20% smaller in the periapical radiographs than in the coronal CBCT images and the 
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other observers 3% and 6% smaller, respectively. The observers�’ mean measurements of the peri-

apical defects were therefore approximately 10% smaller in the periapical radiographs than in the 

coronal CBCT images. However, the average bone defect area measured one week postoperatively 

was almost equal in the periapical radiographs (mean = 12.4 mm2, SD = 8.2) and CBCT images 

measured in the coronal plane (mean = 13.0 mm2, SD = 7.8), the difference being non-significant (P 

= 0.58).  

 Twelve months after the operation, more remaining bone defects were detected by all 

observers when using CBCT than periapical radiography. In 50% (average between observers) of 

the cases, a defect was detected both in the periapical radiograph and in the CBCT images in the 

coronal sections, and in 17% no defect was detected with both these methods; thus an average 

agreement of 67% between these two methods was found. In 28% of the cases (average between 

observers) a defect was detected in CBCT images in the coronal section, but not in the periapical 

radiograph while in 5% a periapical defect was detected in the periapical radiograph, but not in the 

CBCT image sections.  

 There was a high agreement in the detection of periapical bone defects when comparing 

coronal and sagittal CBCT sections. In 69% of the cases, a defect was detected both in the coronal 

and the sagittal sections, and in 15% no defect was detected in the coronal and the sagittal sections; 

thus an average agreement of 84% between the coronal and sagittal sections was found. In 9%, a 

defect was detected in the coronal sections, but not in the sagittal sections, and in 7% a defect was 

detected in the sagittal sections, but not in the coronal sections. 
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6. Discussion 
 

6.1 Study I 

Study design 

In the study evaluating patient discomfort following periapical surgery, all patients receiving peri-

apical surgery on one tooth were included, whether or not they had been randomized to the RCT. 

Patients who had received periapical surgery on more than one tooth were excluded since this group 

(n of patients = 8) was too small to allow for a comparison of differences in pain and swelling be-

tween patients undergoing one and two apicectomies in the same session.  

 The visual analogue scale, which has proven to be a valid recording scale of patients�’ 

perception of pain (Price et al. 1983; Seymour 1982) was used to assess pain and swelling after 

periapical surgery. Compared with the verbal numeric rating scale (VNRS) where patients have to 

choose a categorical descriptor, the VAS offers a continuum of choices, which allows the patient to 

report small changes over time (Seymour 1982). Previous studies have found a good correspon-

dence between VAS and VNRS in patients�’ pain assessment, and studies using VAS and VNRS 

may therefore be mutually compared (Averbuch and Katzper 2004; Littman et al. 1985; Wallenstein 

et al. 1980). 

 

Drug administration 

Because of different drug administration and study designs, it is difficult to conclude from previous 

studies if NSAID taken pre-operatively reduces postoperative discomfort in relation to periapical 

surgery. However, in a study concerning surgical removal of third molars it was found that pre-op-

erative administration of NSAID reduced pain 2-4 hours postoperatively compared to placebo tab-

lets (Dionne et al. 1983). Thus, premedication with NSAID can be offered as a choice, and patients 

should be informed that this may be beneficial in reducing pain the first hours after periapical sur-

gery. 

 Antibiotics were prescribed on indication in the present study as in the majority of previous 

studies (Chong and Pitt Ford 2005; Iqbal et al. 2007; Kvist and Reit 2000; Lin et al. 2006; Tsesis et 

al. 2003). In one study, patients received antibiotics for seven days. In that study patients�’ pain and 

swelling intensity tended to peak one day later than in studies prescribing antibiotics only on indica-

tion (Penarrocha et al. 2006). However, another study found no correlation between postoperative 

symptoms for patients who took antibiotics on indication compared with patients who did not take 



 34

No pain Intense pain 
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D 

30mm 
A 

29mm 
B 

36mm 

S = study I, A = Kvist and Reit (2000), B = Iqbal et al. (2007), C = Lin et al. (2006), D = 
Seymour et al. (1986) 

antibiotics (Tsesis et al. 2003). Whether or not patients were covered with antibiotics may be due to 

different strategies for prescribing antibiotics between countries. The literature provides no evi-

dence that antibiotics should be used routinely in connection with periapical surgery (Andreasen et 

al. 2006; Lindeboom et al. 2005b; Longman et al. 2000; Pallasch 2003). 

 Patients ingested few tablets during the first postoperative days in the present study, and 

analgesic tablets were sufficient for management of postoperative pain. A previous study found that 

if analgesics were needed postoperatively, then self-prescribed tablets were adequate and effective 

(Chong and Pitt Ford 2005). 

 

Postoperative pain, swelling and overall discomfort 

When evaluating the level of pain and swelling over time, patients treated with MTA and GP were 

pooled.  

 Comparing the level of postoperative pain on the day of the operation to similar studies us-

ing VAS, the pain score was slightly lower in the present study (mean VAS = 29) than in previous 

studies (mean VAS = 30-39) (Iqbal et al. 2007; Kvist and Reit 2000; Lin et al. 2006; Seymour et al. 

1986). This is visualized in Figure 5. 

 

 

 

 

 

 

  

 

 There was a good correspondence between the severity of swelling reported in the present 

and in previous studies. In the present study patients�’ VAS score for swelling peaked one day post-

operatively like in previous studies using VAS (Iqbal et al. 2007; Kvist and Reit 2000). Using 

VNRS, one study found that pain peaked on the day of surgery and swelling peaked one day post-

operatively (Tsesis et al. 2005) while another study found that pain and swelling peaked two days 

postoperatively (Penarrocha et al. 2006). 

 In the present study, �“oral awareness�” was the most frequently reported reason for 

postoperative discomfort followed by swelling, compromised chewing ability, and pain. �“Oral 

Figure 5   Patients�’ scores (mean) for pain on the operation day (100 mm 
VAS) in the present ( ) and in previous studies ( ) 
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awareness�“ was explained by the patient as oral �“watchfulness�”, meaning that the operated area 

demanded extra attention when performing normal oral habits, like eating, drinking, laughing and 

speaking. In the present and in previous studies, which used VAS (Iqbal et al. 2007; Kvist and Reit 

2000) or VNRS (Penarrocha et al. 2006; Tsesis et al. 2003; Tsesis et al. 2005), swelling was on 

average scored higher than pain. It may therefore be concluded that pain is not a main reason for 

postoperative discomfort in connection with periapical surgery, and that studies should focus more 

on swelling and oral awareness. 

 

Postoperative discomfort – difference between sexes  

More women than men participated in the study (23 women and 19 men). Men and women reported 

similar levels of postoperative pain and swelling on most time-points. However, VAS score for pain 

three hours postoperatively and VAS score for swelling one day postoperatively were significantly 

higher for women than for men. Some studies have found that women reported more pain than men 

after periapical surgery (Iqbal et al. 2007) while the majority of studies found no differences be-

tween women and men�’s reported postoperative discomfort in connection with periapical surgery 

(Chong and Pitt Ford 2005; Lin et al. 2006; Penarrocha et al. 2006; Seymour et al. 1986; Tsesis et 

al. 2003; Tsesis et al. 2005). There is no good explanation for the sex difference found in the pre-

sent study. 

 

Postoperative discomfort – difference between MTA and GP treatment groups 

For the dentist MTA treatment is a more demanding task than GP since MTS demands ultrasonic 

preparation, obtaining haemostasis and placement of the retrograde root filling material. This treat-

ment is also associated with additional costs (chair time, ultrasonic equipment, MTA material, MTA 

application instruments) (Chong et al. 2003; Lindeboom et al. 2005a) and an increase in the operat-

ing time. For patient discomfort, however, the treatment method seemed to play no role. The gutta-

percha group reported on average more swelling one day postoperatively than did the MTA group, 

but the likely explanation for this may be the over-representation of women in the gutta-percha 

group rather than the treatment method. There was no significant correlation between the operating 

time and postoperative pain or swelling. Therefore, it seems that only operating time differed for the 

two treatment groups, and the patient should be informed about the duration of the operation before 

surgery. 
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 6.2 Study II 

Study design 

Before the study was initiated, a power calculation had established that the minimum number of 

teeth was 26 in each treatment group. This calculation is based on presumptions on expected out-

come for each treatment method. The intention before the study was to include 30 teeth in each 

group to allow for drop-out, but it showed to be rather difficult to achieve enough teeth, which ful-

filled the inclusion criteria. Therefore, eventually only the just acceptable number of teeth was in-

cluded. After knowing the highly significant results from the RCT, it may be concluded that this 

number was sufficient to provide evidence for a true difference between the two treatments under 

evaluation. 

 There are major advantages of a RCT compared to a non-RCT. The comparative study de-

sign is essential in the search for the best treatment method, and during the randomization procedure 

patients or teeth are allocated randomly across the treatment groups. This ensures that known as 

well as unknown confounding factors are evenly distributed between treatment groups, and the 

blinding procedure prevents that observers favour one treatment over another. Our randomization 

procedure seemed to be adequate since various clinical conditions, which may have an impact on 

healing, were equally distributed in the two groups. Only a few studies in the field of periapical 

surgery (see Table 2) have been conducted as RCTs (Niederman and Theodosopoulou 2003). How-

ever, with the recent focus on evidence-based information, future clinical studies will more fre-

quently be RCTs. 

 For the assessment of healing after 12 months observed in periapical radiographs, a calibra-

tion meeting was held between the three observers before scoring the radiographs. Previous RCTs 

have used one (Zetterqvist et al. 1991) or more observers who performed a joint assessment of the 

radiographs (Chong et al. 2003) or an independent assessor (Lindeboom et al. 2005a) in case of 

disagreement between the observers�’ scores. Studies with more observers�’ assessments may give 

more valid information than studies where only one observer has performed the evaluation, par-

ticularly if this observer is also the surgeon, and if the radiographs have not been blinded for treat-

ment method. In the present study, the operator was actually also one of the observers to assess 

healing, but the radiographs were blinded for treatment method (masking the apical root filling with 

grey patches) before postoperative assessment, and it is believed that this design caused no bias. It 

may be speculated if the surgeon (R.C.) would be more prone to score the teeth in healing group 

one or two, but compared to the other observers, this was not the case: observer one recorded the 
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following radiographic scores: group one (72%), two (13%), three (13%), and four (2%); observer 

two recorded the following scores: group one (54%), two (24%), three (15%) and four (7%); and 

observer three (the surgeon) recorded the following scores: group one (59%), two (24%), three 

(15%) and four (2%).  

 Previous RCTs on periapical surgery seemed not to have blinded the radiographs before 

healing assessment (Chong et al. 2003; Jensen et al. 2002; Jesslén et al. 1995; Lindeboom et al. 

2005a). While blinding must be considered the optimal design, this may be omitted in studies where 

the retrograde root filling materials under evaluation (e.g. IRM and MTA) possess the same ra-

diopacity (Chong et al. 2003). 

 Molars were excluded in the present study in order to have a homogeneous study sample 

and to avoid overlapping root structures in the periapical radiographs. Furthermore, the surgeon was 

a general dental practitioner with some additional experience with periapical surgery, but he was 

not a specialist in oral surgery. Periapical surgery with apicectomy in multiple-rooted teeth may be 

seen as a treatment procedure requiring specialist education due to much more complicated surgical 

procedures, e.g. bone removal to gain access to the palatal root of maxillary molars.  

 A reason for including a study group without a retrograde root filling was that the majority 

of previous studies comparing apicectomy with and without root-end filling were performed in the 

60s and 70s. The quality of the apical seal of endodontic root fillings placed today may be superior 

to cases in earlier studies due to a general improvement in the quality of endodontic treatment (in-

strumentation, materials and understanding of the pathogenesis in endodontic cases) (Eckerbom et 

al. 2007; Kirkevang et al. 2001; Petersson 1993). Furthermore, all teeth were inspected in an 

operating microscope to avoid cases with visual gaps between dentine and gutta-percha in teeth 

treated with apicectomy only, which was not a procedure used in previous studies from the 60s and 

70s. The teeth in this study that failed to heal periapically have all been re-operated and treated with 

a retrograde root filling with MTA, and none of these patients have so far reported any signs of 

clinical failure. Finally on this matter, it should be stressed that the present study has one year fol-

low-up only, but a five-year follow-up study is planned (see Chapter: Future perspectives). 

 

Surgical and nonsurgical treatment outcome  

Previous studies have compared surgical and nonsurgical procedures in endodontic retreatment and 

found that healing rates were higher for the surgical retreatment one year postoperatively, but four 

years postoperatively there were no differences in the outcome (Kvist and Reit 1999). It has been 
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suggested that surgical treatment should be avoided if nonsurgical treatment is an option, due to a 

better outcome of conventional treatment and because of patient discomfort in relation to the treat-

ment (Pitt Ford 2008; Kvist and Reit 2000). However, there have also been arguments in favour of 

the surgical approach. Surgical retreatment should be considered in cases where nonsurgical re-

treatment may not be feasible from technical as well as financial aspects, and failures may also be 

caused by factors outside the root canal (Velvart 2003).   

 

MTA and GP treatment outcome 

The success rate for the MTA group was higher than expected. Previous RCTs on MTA have re-

ported success rates of  84-92% at the 12-month follow-up (Chong et al. 2003; Lindeboom et al. 

2005a) and 92% at the 24-month follow-up (Chong et al. 2003). The success rate for the GP treat-

ment was on the other hand lower than success rates reported in previous studies (60-61%) 

(Nordenram and Svärdström 1970; Rapp et al. 1991). 

 Previous RCTs on periapical surgery have excluded failures due to other reasons than the 

periapical surgery (e.g. root fracture) before calculating the success rate (Jensen et al. 2002; Jesslén 

et al. 1995). In study II, fractured teeth were included as failures, and this should be taken into 

consideration when comparing results from these studies with the present study. The two fractured 

teeth in this study both had a pulpal post, and it is well known that a pulpal post increases the risk of 

a vertical root fracture (Fuss et al. 2001). During periapical surgery, tooth substance is removed 

(apicectomy) before placing a retrograde root filling. It may be speculated if a tooth is at higher risk 

to root fracture after periapical surgery. However, removal of tooth substance and use of force with 

the risk of tooth fracture (removal of crowns and posts) is also a part of the nonsurgical endodontic 

retreatment. More studies have indicated that to remove a post or retrieve a broken instrument, it is 

necessary to remove tooth substance to create an optimal view and to have a working space. 

 Several factors may have influenced the difference in healing rate between the GP and the 

MTA group. The ultrasonic instrumentation in the MTA group included preparation of isthmuses 

(Hsu et al. 1997) and removal of discoloured areas that might harbour bacteria and their by-prod-

ucts. In the GP group, the root tip with the apical delta was resected, however no cleaning of isth-

muses and discoloured areas was performed. Furthermore, in the MTA group the prepared cavity 

was thoroughly packed with MTA to obtain a tight seal. For the GP treatment, it is questionable 

whether the smoothing of gutta-percha with a hot instrument improved the apical seal. In several 

cases, the diameter of the droplet-shaped instrument (1.5 mm) was larger than the gutta-percha-
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filled canal lumen after apicectomy, thus the instrumentation did not always reach the gutta-percha 

inside the canal lumen. Furthermore, the gutta-percha material was often fragile and tended to brake 

into pieces when trying to improve the apical seal. Since this was a clinical study there was no 

means, by which it could be determined if the apical seal was in fact hermetical other than a visual 

inspection in the DOM. Others have studied the apical seal in vitro and found that apical dye pene-

tration was significantly worse for cold-burnished gutta-percha compared to retrograde root filling 

with amalgam (Vertucci and Beatty 1986), but others found the reverse (Kaplan et al. 1982) or a 

similar quality of the seal (Bramwell and Hicks 1986).  

 Many studies in the field of endodontics share the view that a retrograde root filling is 

necessary in periapical surgery (Pitt Ford 2008; Friedman 2005; Velvart 2003). However, previous 

clinical studies with follow-up comparing root-end resection with and without a filling are few and 

rather old-dated (Altonen and Mattila 1976; Ioannides and Borstlap 1983; Mattila and Altonen 

1968; Molven et al. 1991; Nordenram and Svärdström 1970; Rapp et al. 1991). None of these stud-

ies were performed as RCTs, and what may be concluded from these studies depends on the inter-

pretation of the results (Friedman 2005). Furthermore, in some of the studies the result was con-

founded by an orthograde root filling performed in connection with the surgical treatment 

(Friedman 2005). This results from the present study advocate that a retrograde root filling with 

MTA determines healing after periapical surgery. 

  

6.3 Study III 

Study design 

In the study comparing two radiographic methods for evaluation of the periapical bone defect after 

periapical surgery, all patients (and teeth) receiving periapical surgery and who were available at 

the 12-month control, were included, whether or not they had been randomized to the RCT.  

 A new diagnostic method, e.g. a radiographic method, should be evaluated against the stan-

dard-of-care method before considered for dental practice. Oral radiology is a field where new 

equipment is being developed at a furious pace, and previously well proven methods may very fast 

seem out-dated. However, if new, advanced systems, e.g. CT scanning is to replace established 

systems, such as periapical radiography, the improvement in diagnostic outcome should be of clini-

cal relevance to the patients.  

 In this study, two radiographic methods were compared, and no �“reference�” existed for the 

true presence of a periapical lesion. Therefore, only number and size of lesions detected with the 
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two methods could be calculated, and parameters such as sensitivity and specificity were not evalu-

ated.   

 Since no guidelines for reconstruction of CBCT images for follow-up after periapical sur-

gery exists, the observers in this study produced written guidelines before the CBCT volumetric 

data were individually reconstructed. These guidelines, �“protocol for reconstruction of CBCT im-

ages for follow-up after periapical surgery�” were tested in a pilot study performed on one-week 

postoperative CBCT scans after periapical surgery.  

 

Periapical radiography  

When selecting the patients for periapical surgery in the present study, only periapical radiographs 

were used. In all operated teeth a periapical lesion was clinically observed during surgery. This 

suggests that, a periapical lesion is likely to exist if observed in a periapical radiograph before 

treatment. This was similarly found in a previous study (Velvart et al. 2001), and moreover a 

periapical bone defect may be detected in a periapical radiograph even if it is limited to cancellous 

bone (Marmary et al. 1999). Thus, periapical radiography seems to be a reliable method not provid-

ing a high number of �“false positive�” diagnoses for detection of apical periodontitis. It may be as-

sumed, however, that this radiographic summation method may provide some �“false negative�” 

diagnoses due to the fact that small defects may be obscured by adjacent bone.  

 

CBCT compared with periapical radiography 

A new method for capture of 3D image data was marketed 5-6 years ago, the so-called cone beam 

CT scanning. CBCT is more time consuming than periapical radiography and provides more radia-

tion dose to the patient. With CBCT, the volumetric data needs secondary reconstruction, before the 

structures of interest can be viewed. Both the reconstruction and interpretation of the image sections 

demands new radiographic skills of the observer. 

 Previous studies have compared CBCT images with conventional periapical radiographs in 

relation to diagnosing apical periodontitis and repeatedly demonstrated that more lesions were de-

tected using CBCT images (Estrela et al. 2008; Huumonen et al. 2006; Lofthag-Hansen et al. 2007; 

Velvart et al. 2001). No previous study seems to have evaluated CBCT for follow-up after periapi-

cal surgery.  

 In this study, all observers detected and measured a periapical bone defect with both image 

modalities. This could be expected since the observers knew that apicectomy had been performed 
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one week earlier. In general, there was a fair agreement between the observers�’ mean measurements 

both in the CBCT images and periapical radiographs one week postoperatively with the variation 

between observers being smaller for CBCT images than for periapical radiographs. This finding 

may not be surprising since CBCT images were 1 mm tissue sections, and periapical radiography 

displays a summation of a 3-4 cm tissue area. It may therefore be expected that the borders between 

the defect and the surrounding bone may appear more well-defined in CBCT sections than in peri-

apical radiographs.  

 The bone defects were also examined 12 months postoperatively with both periapical 

radiography and CBCT. More remaining defects were detected with CBCT than with periapical 

radiography. There was considerable more variation between the observers�’ detection of a remain-

ing defect in the periapical radiographs than in CBCT images. Part of the variation between the ob-

servers may be due to the small size of most of the remaining defects that were detected in the 

CBCT images, but not in the periapical radiographs. Moreover, the formation of new bone, connec-

tive tissue or granulation tissue 12 months postoperatively may have made a defect appear less de-

fined compared to the blood-filled defect one week postoperatively. A previous in vitro study in pig 

jaws with �“empty�”, prepared defects and no motion of the object during the CBCT scanning found 

that the defects were detected with higher accuracy and interobserver agreement in the CBCT im-

ages than in periapical radiographs (Stavropoulos and Wenzel 2007). 

 

Classification system for periapical healing after root-end resection 

A classification system exists on how to interpret and categorize the periapical bone area in follow-

up intraoral radiographs after apicectomy (Molven et al. 1987; Rud et al. 1972b). The radiographic 

scoring system is based on a histological examination of defects detected in periapical radiographs 

1-14 years after surgery (Andreasen and Rud 1972a; Andreasen and Rud 1972b). Furthermore, 

studies with up to 15 years�’ follow-up have shown that classification of healing with this scoring 

system is valid and predictable over time (Andreasen and Rud 1972a; Andreasen and Rud 1972b). 

Molven et al. found that only 4% of cases diagnosed with �“incomplete�” healing exacerbated during 

an observation period of 8 to 12 years after periapical surgery (Molven et al. 1996) whereas Rud et 

al. found that 99% of cases with �“complete�” healing after one year remained within this group in a 

long-time observation period; in the group with �“incomplete�” healing only 4% of the cases exacer-

bated (Rud et al. 1972a). This means that when periapical healing is diagnosed as successful (com-

plete or incomplete healing) one year after surgery, the vast majority retain their diagnosis for a 
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long-time observation period. Hence, no further radiographic monitoring may be necessary in cases 

determined successful after 12 months unless clinical symptoms arise (Halse et al. 1991; Molven et 

al. 1996).  

 No study has defined criteria for interpretation of a remaining periapical defect observed in 

CBCT images 12 months after apicectomy. It is not known how the periapical bone radiolucency 

observed in CBCT images corresponds with histology of the tissues, or if the detection of small 

remaining defects is relevant for the prognosis of the tooth. Therefore, in this study the terms suc-

cess/failure or healing/no healing were avoided. So far, the clinical relevance of detected defects 12 

months after apicectomy in CBCT images has not been evaluated, and this limits the use of CBCT 

as a �“gold standard�” for follow-up evaluation. It may therefore be premature to use CBCT imaging 

to assess success or failure rates after apicectomy or to approve the method as base for treatment 

decisions since this may lead to overestimation of failures or unnecessary treatment. Further, it will 

lead to additional radiation exposure dose to the population.   
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7. Conclusions 
 

In accordance with the aims, the major conclusions from the studies I-III were 

 

Study I 

 �•  Patients experienced little pain and moderate swelling after periapical surgery.  

 �•  Oral awareness was the most frequently reported reason for postoperative discomfort  

    followed by swelling, compromised chewing ability, and pain. 

 �•  Operating time was not a significant factor in relation to postoperative discomfort. 

 

Study II 

 •  Apicectomy with MTA retrograde root filling was a successful technique with a healing    

    rate of 96% evaluated 12 months postoperatively.  

 �•  Apicectomized teeth treated with MTA showed a significantly higher healing rate than     

     teeth treated with smoothing of the orthograde gutta-percha root filling only (healing     

     rate 52%).  

  

Study III 

 �•  One week postoperatively, there was no significant difference between the periapical   

    bone defect measured in periapical radiographs and in CBCT coronally sectioned images. 

 �•  More persisting bone defects were observed in CBCT images than in periapical     

    radiographs 12 months postoperatively. Agreement between the two methods was 67%. 
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8. Future perspectives 

 
Developments within the field of endodontics, both nonsurgical and surgical have shown that both 

approaches can result in high treatment success rates. The studies I, II and III substantiated that 

periapical surgery in anterior teeth and premolars in the mandible and maxilla was very well toler-

ated by the patients, and high success rates were obtained for treatment with a retrograde root filling 

with MTA.  

 It is no longer considered necessary to remove more than 2-3 mm of the root tip, leaving a 

rather intact tooth after surgical treatment and the surgical treatment may take 45-60 minutes (when 

it is not performed as a part of a study with time consuming registrations). It would be of interest to 

conduct future RCTs comparing surgical (with root-end filling) and nonsurgical (orthograde revi-

sion) treatment of root-filled anterior teeth and premolars with a remaining apical periodontitis. 

RCTs should evaluate bone healing, patient discomfort and cost-benefit (time spent in the dental 

chair, etc.) and the long-time prognosis of the tooth. Such studies might challenge the view of re-

searchers and clinicians on the ongoing question of surgical or nonsurgical endodontic re-treatment.  

 A classification system exists on how to interpret and categorize remaining defects in the 

periapical bone area in follow-up intraoral radiographs after apicectomy. However, no study has 

defined criteria for interpretation of a remaining periapical defect observed in CBCT images, and it 

is not known how the periapical bone radiolucency observed in CBCT images corresponds with 

histology of the tissue or if this is relevant for the prognosis of the tooth. Therefore, future studies 

should pertain to define criteria for interpretation of a remaining periapical defect observed in 

CBCT images, and longitudinal studies with a long observation period should use CBCT to evalu-

ate the predictive validity of the method.  

 After working with self-developed guidelines in the present study, some improvements may 

be needed for future studies, such as to define the size of a radiolucent area that should be defined 

as a remaining defect (atlas with clinical examples and illustrations would aid the decision), in order 

to reduce interobserver and intraobserver variation. Future developments in diagnostic software 

tolls in CBCT may result in more user-friendly and clinically useful software programs. 
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9. English summary 
 

Aims 

This PhD thesis comprises three clinical studies (study I-III) evaluating patient discomfort follow-

ing periapical surgery, treatment outcome after apicectomy in teeth with a persisting periapical bone 

lesion and periapical bone defects assessed with CBCT and periapical radiographs one week and 12 

months after the operation.  

 

The three studies (I, II and III) had the following major aims: 

I. To assess patient discomfort following periapical surgery and to evaluate the effect of the 

 operating time on postoperative pain and swelling. 

II. To compare periapical healing 12 months after apicectomy followed by a retrograde 

 root filling with mineral trioxide aggregate (MTA) or smoothing of the orthograde gutta-

 percha  root filling (GP).  

III. To compare periapical radiography and CBCT for assessment of the periapical bone 

 defect one week and 12 months after apicectomy.  

 

Study I 

Forty-two patients (23 women and 19 men) with persisting apical periodontitis on a root-filled 

tooth: incisor, canine or premolar (42 teeth) with an average age of 54.4 years (range 30-68 years), 

were allocated to apicectomy with smoothing of the gutta-percha root filling (GP) (n = 18) or a ret-

rograde root filling with MTA (n = 24). Patients were interviewed and also answered questions on a 

100 mm visual analogue scale (VAS score) for pain and swelling. The questionnaires were col-

lected five to seven days after surgery, when patients had their sutures removed. For all patients 

irrespective of treatment method, it was found that the VAS score for pain peaked three hours post-

operatively (mean VAS = 29), and the VAS score for swelling peaked one day postoperatively 

(mean VAS = 41). There was no significant correlation between the size of the vertical and hori-

zontal dimension of the buccal cortical bone cavity after apicectomy and VAS scores for pain and 

swelling (r  0.2, P > 0.22, Pearson�’s correlation analysis). Patients ingested on average 2.3 analge-

sic tablets the first four days postoperatively. Patients�’ overall perception of postoperative discom-

fort was induced by (questions asked at the day for suture removal): Oral awareness (36 yes, 6 no), 

swelling (30 yes, 12 no), compromised chewing ability (18 yes, 24 no), and pain (15 yes; 27 no). 
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There was no significant correlation between the operation time and VAS scores for pain and 

swelling (r  0.25, P > 0.11, Pearson�’s correlation analysis). 

 

Study II 

Forty-four patients (24 women and 20 men) with a persisting apical periodontitis on a root-filled 

tooth: incisor, canine or premolar (52 teeth) with an average age of 54.6 years (range 30-77) partici-

pated in a randomized clinical trial, in which they were allocated to either apicectomy with 

smoothing of the gutta-percha root filling (GP) (n = 26 teeth) or a retrograde root filling with min-

eral trioxide aggregate (MTA) performed with ultrasonic preparation technique (n = 26 teeth). A 

dental operating microscope was used for inspection of the root-end resected surface before ran-

domization and after the treatment procedure. Periapical radiographs obtained one week and 12 

months postoperatively were compared after blinding for treatment method, and bone healing was 

assessed as complete, incomplete, uncertain, or unsatisfactory. Six teeth were not available for the 

12-month follow-up: three teeth (GP) had been re-operated due to pain and two teeth (one GP, one 

MTA) had been extracted due to root fracture (these five teeth were classified as failures). One pa-

tient (GP) was not available for recall. In the GP group, seven teeth (28%) showed complete heal-

ing, six teeth (24%) incomplete healing, six teeth (24%) uncertain healing, and two teeth (8%) un-

satisfactory healing after one year. In the MTA group, twenty-two teeth (85%) showed complete 

healing, three teeth (12%) incomplete healing, and none were scored as uncertain or unsatisfactory 

healing after one year. The difference in healing between the GP and the MTA groups was highly 

significant (P < 0.001). The periapical bone healing for the teeth without buccal bone fenestration 

was significantly better than for teeth, which had a buccal fenestration before the operation (P = 

0.011). 

 

Study III 

Fifty patients (26 women and 24 men) with a persisting apical periodontitis on a root-filled tooth, 

incisor, canine or premolar (58 teeth), with an average age of 55 years (range 30-77) were treated 

with apicectomy. One week and 12 months postoperatively, a CBCT scan (NewTom 3G, Verona, 

Italy) and a periapical radiograph (Digora, Soredex, Helsinki, Finland) were obtained. Three ob-

servers detected and measured the periapical bone defects in the periapical radiographs and CBCT 

images (coronal and sagittal sections). One week postoperatively, a periapical bone defect area was 

measured in all teeth by all observers. The defect was 10% smaller in periapical radiographs (mean 
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= 12.4 mm2, SD = 8.2) than in the CBCT images measured in the coronal plane (mean = 13.0 mm2, 

SD = 7.8), which was statistically non-significant (P = 0.58). Six teeth were lost to the 12-month 

follow-up examination. Twelve months postoperatively, there was considerable variation between 

the observers�’ detection of a remaining defect in the periapical radiographs and the CBCT images. 

The average agreement 12 months postoperatively between the periapical radiograph and the CBCT 

images in the coronal sections (average of observers�’ assessments) was 67%: In 50% of the cases, a 

defect was detected both in the periapical radiograph and in the CBCT images in the coronal sec-

tions, and in 17% no defect was detected with both these methods. It is uncertain how the informa-

tion from the CBCT images is related to success or failure after root-end resection. 

 

  

Conclusions from studies I-III 

I. 

 �•  Patients experienced little pain and moderate swelling after periapical surgery.  

 �•  Oral awareness was the most frequently reported reason for postoperative discomfort  

    followed by swelling, compromised chewing ability, and pain. 

 �•  Operating time was not a significant factor in relation to postoperative discomfort. 

 

II. 

 •  Apicectomy with MTA retrograde root filling was a successful technique with a healing    

    rate of 96% evaluated 12 months postoperatively.  

 �•  Apicectomized teeth treated with MTA showed a significantly higher healing rate than     

     teeth treated with smoothing of the orthograde gutta-percha root filling only (healing     

     rate 52%).  

  

III. 

 �•  One week postoperatively, there was no significant difference between the periapical   

    bone defect measured in periapical radiographs and in CBCT coronally sectioned images. 

 �•  More persisting bone defects were observed in CBCT images than in periapical     

    radiographs 12 months postoperatively. Agreement between the two methods was 67%. 
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10. Dansk sammenfatning 
 

Formål 

Ph.d.-afhandlingen omfatter tre kliniske undersøgelser (artikel I-III). Følgende blev evalueret: pati-

entubehag efter periapikal kirurgi, knogleheling efter apicektomi af tænder med persisterende apikal 

parodontitis og anvendelsen af CBCT og konventionelle periapikale røntgenoptagleser til at vurdere 

periapikale knogledefekter en uge og 12 måneder efter operationen. 

 

De tre kliniske undersøgelser (I, II, III) havde følgende hovedformål: 

I. At vurdere patientens ubehagsopfattelse efter retrograd kirurgi samt at vurdere 

 operationstidens indflydelse på postoperativ smerte og hævelse. 

II. At sammenligne den periapikale knogleheling 12 måneder efter apicektomi efterfulgt af 

 en retrograd rodfyldning med mineral trioxid aggregat (MTA) eller afglatning af den 

 ortograde gutta-perka rodfyldning. 

III. At sammenligne periapikal røntgenoptagelse og CBCT til at vurdere den periapikale 

 knogledefekt en uge og 12 måneder efter retrograd kirurgi.  

 

Undersøgelse I 

42 patienter (23 kvinder og 19 mænd) med persisterende apikal parodontitis i relation til en rodbe-

handlet incisiv, hjørnetand eller præmolar (42 tænder), med en gennemsnitsalder på 54,4 år (range 

30-68) blev behandlet med apicektomi efterfulgt af en afglatning af gutta-perka rodfyldningen (n = 

18) eller en retrograd rodfyldning med mineral trioxid aggregat (MTA) (n = 24). Patienterne blev 

efterfølgende interviewet og besvarede yderligere spørgsmål på en 100 mm visuel analog skala 

(VAS-score) for smerte og hævelse. Skemaerne blev indsamlet 5-7 dage efter operationen, hvor 

patienterne fik fjernet suturer. Når man betragtede alle patienterne samlet, blev det fundet at VAS-

score for smerte var højest 3 timer postoperativt (gennemsnits-VAS = 29), mens VAS-score for hæ-

velse var højest en dag postoperativt (gennemsnits-VAS = 41). Der var ingen signifikant korrelation 

mellem højden og bredden af det præparerede indgangshul i den bukkale kortikale knogle og VAS-

score for smerte og hævelse (r  0,2, P > 0,22, Pearson�’s korrelationsanalyse). Patienter indtog i 

gennemsnit 2,3 smertestillende tabletter (de første fire dage efter operationen). På spørgsmål stillet 

på dagen for suturfjernelse svarede patienterne, at det postoperative ubehag skyldtes: Bevidsthed 

om mundhulen (generel agtpågivenhed) (36 ja, 6 nej), hævelse (30 ja, 12 nej), nedsat tyggefunktion 
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(18 ja, 24 nej) og smerte (15 ja, 27 nej). Der var ingen signifikant korrelation mellem operationsti-

den og VAS-score for smerte og hævelse (r < 0,25; P > 0,11). 

 

Undersøgelse II 

44 patienter (24 kvinder og 20 mænd) med persisterende apikal parodontitis i relation til en rodbe-

handlet incisiv, hjørnetand eller præmolar (52 tænder), med en gennemsnitsalder på 54,6 år (range 

30-77) deltog i en randomiseret klinisk undersøgelse (RCT), som sammenlignede mineral trioxid 

aggregat (MTA) udført med ultralydspræparation og afglatning af gutta-perka rodfyldningen (GP) 

efter apicektomi. Der blev brugt operationsmikroskop til inspicering af resektionsfladen før radomi-

sering og ved endt behandling. Periapikale røntgenoptagelser foretaget en uge og 12 måneder efter 

operationen blev sammenlignet efter der var foretaget blinding for behandlingsmetode, og heling 

blev vurderet som fuldstændig, ufuldstændig, usikker eller utilfredsstillende (mislykket). Seks tæn-

der var ikke tilgængelige for 12 måneders kontrolundersøgelse: tre tænder (GP) var blevet re-opere-

ret på grund af smerte, og to tænder (en GP og en MTA) var blevet ekstraheret på grund af rod-

fraktur (disse fem tænder blev klassificeret som mislykkedes). En patient (GP) kunne man ikke få 

kontakt til ved 12-måneders kontrollen. I GP-gruppen viste syv tænder (28%) fuldstændig heling, 6 

tænder (24%) ufuldstændig heling, seks tænder (24%) usikker heling og to tænder (8%) utilfreds-

stillende heling et år postoperativt. I MTA-gruppen viste 22 tænder (85%) fuldstændig heling, tre 

tænder (12%) ufuldstændig heling og ingen blev vurderet som usikker eller utilfredsstillende heling 

et år postoperativt. Forskellen i heling mellem GP- og MTA-gruppen var højsignifikant (P < 0,001). 

Den apikale knogleheling for tænder, hvor den bukkale kortikalknogle var intakt var signifikant 

bedre end for tænder, hvor den bukkale kortikalknogle var fenestreret (P = 0,011). 

 

Undersøgelse III 

50 patienter (26 kvinder og 24 mænd) med persisterende apikal parodontitis på en rodbehandlet 

incisiv, hjørnetand eller præmolar (58 tænder), med en gennemsnitsalder på 55 år (range 30-77) 

blev behandlet med apicektomi. En uge og 12 måneder postoperativt blev der foretaget en CBCT 

skanning (NewTom 3G, Verona, Italien) og optaget et periapikalt røntgenbillede (Digora, Helsinki, 

Finland). Tre observatører registrerede og målte de periapikale knogledefekter i de periapikale rønt-

genbilleder og CBCT billeder (koronale og sagittale snit). En uge postoperativt blev der målt en 

periapikal knogledefekt på samtlige tænder med begge metoder af alle observatører. Defekten var i 

gennemsnit 10% mindre målt på de periapikale røntgenoptagelser (gennemsnit = 12,4 mm2, SD = 
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8,2) end målt på CBCT billederne i det koronale plan (gennemsnit = 13,0 mm2, SD = 7,8). Seks 

tænder var ikke med i 12-måneders undersøgelsen. Der var en væsentlig variation i observatørernes 

registrering af persisterende knogledefekter i de periapikale røntgenbilleder og i CBCT-snittene 12 

måneder efter operationen. Den gennemsnitlige overensstemmelse mellem det periapikale røntgen-

billede og CBCT billederne i det koronale plan var 67%: I 50% af tænderne blev en apikal knogle-

defekt registreret med begge metoder, og i 17% af tænderne blev der med begge metoder ikke regi-

streret en knogledefekt. Det er uvist, hvordan informationen fra CBCT optagelserne er relateret til 

succes eller fiasko efter apicektomi. 

 

Konklusioner fra undersøgelse I-III 

I.  

 �•  Patienter registrerede lidt smerte og moderat hævelse efter retrograd kirurgi.  

 �•  Generel bevidsthed om mundhulen var den hyppigst angivne årsag til postoperativt   

    ubehag, efterfulgt af hævelse, nedsat tyggefunktion og smerte.  

 �•  Operationstiden var ikke en afgørende faktor i forbindelse med postoperativt ubehag.  

 

II.  

 �•  Retrograd rodfyldning med MTA var en succesfuld behandling med en helingsrate på   

    96% evalueret 12 måneder postoperativt. 

 �•  Tænder, der fik foretaget apicektomi efterfulgt af MTA behandling, viste signifikant   

     bedre heling end tænder, der efter apicektomi kun blev behandlet med afglatning af  

    den ortograde gutta-perka rodfyldning (helingsrate på 52%). 

  

III. 

 �•  En uge postoperativt var der ikke signifikant forskel på den periapikale knogledefekt målt 

    på periapikale røntgenoptagelser og CBCT koronale snit. 

 �•  Der blev registreret flere persisterende knogledefekter på CBCT billeder end på        

    periapikale røntgenoptagelser 12 måneder postoperativt. Overensstemmelsen mellem de    

    to metoder var 67%. 
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