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ABSTRACT 
 

On healing after periapical surgery and different retrograde root-filling materials. 
A clinical and histological study. 

 
Aims: The outcome from conventional endodontic therapy does not always result in a healing of the 
periapical area, thus leaving a remaining lesion with or without symptoms. The primary treatment 
alternative is a revision of the orthograde root-filling if applicable. A second treatment alternative might be 
a periapical surgery procedure. The overall aim of this research project was to analyze the healing after a 
defined periapical surgical technique and commonly used retrograde root-filling materials in teeth with 
periapical periodontitis. Specific aims were to evaluate any difference in the healing outcome and tissue 
response from the used materials. The influence on healing from three variables; lesion size, lesion type 
and orthograde root-filling quality, were also analyzed. 
Materials and methods: Clinical studies: 422 teeth in 358 consecutive patients referred for a periapical 
surgery procedure to the Maxillofacial Unit, Halmstad Hospital, Halland, were included in three different 
consecutively implemented studies. All referred teeth were included except teeth with advanced 
periodontal disease with apical marginal communication and obvious root-fractures. The surgical 
technique and cleaning of the root-canals followed the same protocol in the 3 clinical studies, but the type 
of retrograde materials used differed. IRM was used in all studies as a control, due to its long-term use as a 
root-end seal, in the unit since before. The clinically compared materials were Super-EBA and 
thermoplasticized gutta-percha (Ultrafil®) with a sealer (AH-Plus®). All operated teeth were reviewed 
clinically and radiographically after minimum 12 months. 
Experimental model: The three tested materials from the clinical studies and a fourth material, mineral 
trioxide aggregate, MTA (Angelus®), were analyzed in an animal model. The periapical tissue response to 
the retrograde materials and bone healing after the osteotomy was evaluated. Radiographic examination, 
descriptive and morphometric histological analyses and SEM analysis were performed as evaluation 
techniques. 
Results: The results from the clinical studies revealed an overall successful healing outcome between 80-
91%. There was no statistical significance in the healing between the materials when comparing IRM to 
the two other clinically tested materials. The healing result in teeth treated with IRM had an increasing 
success throughout the different study series. The three evaluated pre- and perioperative variables had no 
significant influence on the treatment outcome after 12 months follow-up. 
The histological results revealed a better healing after the osteotomy in cases treated with IRM and MTA. 
New formed cement-like tissue was seen over all resected dentine surfaces in all healed cases regardless of 
the used retrograde material. The only material with signs of new cement-like tissue formation directly on 
the material surface was MTA. 
Conclusions: The success rates regarding healing after 12 months is high for all tested materials and show 
that these materials can serve as a root-end seal in periapical surgery with ultrasonic preparation. The 
outcome figures might be altered after a longer follow-up period. There is a difference in the perioperative 
handling of the tested materials, which could be an explanation to the slight variation of the healing 
figures. The radiographic status of the orthograde root-filling, type and size of the periapical lesion do not 
have a significant influence on the treatment outcome after a one-year follow-up. Regardless material used 
by the surgical team, they must be confident in its handling and management. The MTA material seems to 
be more biocompatible compared to the other tested materials and should because of this be the first 
material of choice, but from the clinical results in this study, the other materials are suitable as retrograde 
root-fillings as well. 
Keywords: periapical surgery, ultrasonic preparation, IRM, thermoplasticized gutta-percha, Super-EBA, 
mineral trioxide aggregate, root-filling status, lesion size, lesion type 
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Introduction 
  

History 
   The treatment of periapically infected roots with a surgical approach is a well known procedure 

and has been practiced for more than hundred years. Different techniques and obturating 

materials have been used. One of the early published cases was an apical root amputation in 

combination with a root-filling in gutta-percha of a maxillary canine, which had caused a long 

time problem with an extraoral fistula in the cheek region1.  

   The technique of root amputation was also described in more detail around the same time2. A 

publication of the raising of acute and chronic abscesses originating from teeth and their surgical 

treatments was also published in the late 19th century3. Literature published from Germany 

resulted in a more wide spread use of the root-end resection technique in Europe from the first 

half of the 20th century4. The use of a root-end seal in conjunction with a root amputation has not 

always been used, in which the treatment result not always become successful. During the years 

investigators and therapeuts have become more enlightened about the biological principles 

around the periapical surgery procedure and developed the technique as well. 

 
Etiology to apical periodontitis and radicular cyst formation 
   The cause of apical periodontitis or periapical osteitis (older nomenclature) emerges from a 

pulpal inflammation that exceeds to a necrotic pulp which gives opportunity for bacterias from 

the oral environment to enter the pulpchamber and the root-canal5, 6. This colonization inside the 

tooth results in a leakage of bacterial products, toxins or/and bacteria’s through the apical 

foramen causing an inflammatory reaction in the periapical tissue7. 

   The reaction due to the microbial attacks and host response events, results in an apical 

granulation tissue i.e. periradicular bone resorption and degradation of the apical periodontal 

ligament. Some of the apical granulomas turn into cysts. The reported incidence of periapical cyst 

formation varies from 6-54%8. A true periapical cyst will not regress after an orthograde 

endodontic treatment, why a surgical intervention is indicated9.  

   The cyst formation has been described to be a 3-stage event10. During the second stage, there 

are two advocated theories explaining this part of the development of a radicular cyst11. The first 

one, the abscess theory is that the cyst is believed to arise from a previous apical abscess where 

the profilerating epithelium, derived from the cell rests of Malassez, surrounds a secondary 

abscess or necrotic connective tissue. 
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   The second theory is the nutritional deficiency theory, which postulates that the central cells of 

epithelial strands lose there nutrition and a subsequent necrosis and liqvefactive process occur.    

The abscess theory has acquired strong evidence support from experimental studies12.  

   The most common form of an apical periodontis is the chronic form, which is asymptomatic 

and the diagnosis is normally set from a radiographic observation. A wide range of appearances 

from a slight widening of the periodontal ligament to an extended radiolucent area can be seen 

on the radiograph. This state of balance between the host’s immune response and the bacterial 

irritants is persistent until either the leaking of bacterial contents terminate or the chronic 

balanced state turn into a acute situation, in case of sudden decline in the host response.  

   The defence systems of the body can not reach the microbial contents inside the tooth and in 

that aspect the apical periodontitis is not self-healing. This can only be achieved by either removal 

of the whole tooth or a root-canal cleaning and obturation of the root-canal from the coronal 

and/or the apical direction as a retrograde root-end seal. 

 
Inflammatory host response and bone metabolism 
   The composition of cells, both inflammatory and epithelial, infiltrating an apical lesion differs 

with the type of lesion. In an apical chronic granuloma the dominating cells persist of 

lymphocytes, plasma cells and macrophages, whilst the acute phase consist by high levels of 

neutrophils, mainly polymorphonuclear leukocytes (PMN) and some macrophages11, 13. 

Quantification of these cells in granulomas has been outlined by morphometric techniques14, 15 

but the composition can be altered due to microbial and host factors. In addition to these cells 

there are also cytokines such as interleukins, interferons, cytotoxic factors and growth factors 

involved in the process through direct or indirect influence on the inflammatory cells11.  

   A main part of the development of an apical periodontitis is the degradation event of the hard 

tissue and this is executed by the osteoclastic cells. This includes bone like as dental hard tissue as 

well. The osteoclasts are derived from pro-osteoclasts migrating through blood as monocytes into 

the affected periapical area. They will be passive until a given signal from the osteoblasts which 

turn them into an active phase and start of the osteolytic process16.  

   The osteoclastic activity is an ongoing action in the normal bone metabolism, where there is a 

balance between the osteoblastic bone formation and osteoclastic bone resorption17. The 

osteoclastic activity is enhanced in a pathologic condition such as an apical periodontitis.  

   The bone resorption process can even be pathologically decreased thus giving excessive bone 

formation like in osteopetrotic diseases16. An example of such a hard tissue production situation 

can be found in a periapical condensing osteitis. The affected tooth in this situation can be vital 
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or chronically inflamed and in the end become necrotic. A sequelae of an endodontic procedure 

or extraction of such affected tooth, can be remaining signs of condensed bone in the apical area 

on a radiograph. 

 
Conventional endodontic treatment outcome  
   A remaining apical lesion can also be the fact despite a previous conventional endodontic 

treatment. Failures from primary orthograde endodontic treatment occur in 4-21%18, 19. This is 

mostly due to technical issues to get infection control in the main root-canal, during the 

conventional endodontic treatment including anatomical causes such lateral root-canals. In that 

case the solution is primarily a revision of the orthograde root-filling.  

   Sometimes, however, conventional revision is not possible due to previous prosthodontic 

treatment i.e. a crown or a core anchoraged in the root canal. In such cases the coronal access to 

the root canal is highly limited. Removal of the prosthodontic construction could be complicated 

and attempts to do so may even cause a root fracture. In such circumstances periapical surgery is 

the treatment of choice.  

   In cases when revision of conventional endodontic treatment is possible, the infection 

sometimes remains, caused by the anatomy of the root canals i.e. canal bifurcations. In such cases 

there is an indication for periapical surgery.  

   Other considerations for periapical surgery could be complications following the orthograde 

endodontic treatment such as extruded material past the apex causing an infection in the apical 

area or broken instruments lodged in the apical third of the canal with a concomitant infection.  

   A revision of an orthograde endodontic treatment succeeds in 62%19. Less than 5% of the 

chronic apical periodontitis lesions exacerbarate into a periapical abscess20.  

 
Radiographic techniques 
   Conventional two-dimensional radiographic techniques has been the diagnostic tool for 

primary diagnosis of the periradicular tissues and outcome evaluation from conventional 

endodontic treatment21 and periapical surgery methods22, 23 for many years. Comparing of 

different evaluation models after periapical surgery is also published24.  

   Technological advances have recently developed new forms of digital radiographic techniques, 

cone beam computer tomography (CBCT), which expands the diagnostic window tool from a 

two-dimensional view into a three-dimensional visualisation. The use of CBCT has a great 

advantage in the periradicular preoperative planning especially in maxillary molars and in 

postoperative healing control, compared to traditional periapical radiography25-27. The CBCT 
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technique has shown to be very helpful in treatment planning of mandibular molars and the 

relation to the inferior alveolar nerve28.  

   When comparing intraoral periapical radiography with 3D images, a greater number of roots 

with periapical lesions will be detected with the latter technique29, 30. 

 
Periapical surgery procedures 
   The term apicectomy is by definition since early days the actual resection and removal of the 

apical portion of the root. It has been suggested to use the term “periapical surgery” or 

“periradicular surgery” just to define that the treatment aim is to gain a regeneration of the whole 

periapical tissue apparatus. The treatment includes removal of periapical pathology, cleaning and 

obturation of the apical part of the root-canal 31. 

 

Periapical surgery outcome 

   The outcome after periapical surgery has changed to a general higher level in terms of success 

figures, after the introduction of new treatment modalities such as ultrasonic retrograde root-

canal preparation, use of magnification aids and modified surgical techniques. Older figures 

presents success rates varying between 44% to 95%32-35 were the use of a retrograde preparation 

in many publications, is not defined. Studies describing the use of ultrasonic preparation 

technique in conjunction with a root-end seal36-38, show more steady success figures around 90%. 

 

Perioperative magnification aids 

   The introduction of magnification aids into the periapical surgery equipment arsenal, has raised 

the quality of the treatment39. All steps of the surgical procedure benefits from the increased 

inspection possibility. This is among others removal of infection related soft-tissues, good view 

of the resected dentin surface with ability to detect untreated root-canals, isthmuses between 

canals and microfractures. The isthmuses positioned just coronally of the resected dentin surface 

should always be prepared with the ultrasonic device40. This is almost impossible without the help 

of a magnification aid. Endoscopically assisted periapical surgery has also been suggested and 

method descriptions and smaller clinical series are published41, 42.  

   A randomized, clinical study from Taschieri et al43 compared the use of either endoscope or 

microscope as magnification aid in periapical surgery and there was no significant difference in 

the treatment outcome. A similar study from Taschieri et al44 showed no significant difference 

between the endoscope and microscope.  
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   Del Fabbro et al published a review article45, where the use of magnification aids such as 

loupes, microscope or endoscopy in periapical surgery in three prospective studies revealed no 

significant difference in the outcome. The use of loupes in periapical surgery at least is a start, but 

the microscope has the ability for higher magnification levels thus extending the inspection 

potential46.  

 

Flap design  

   The incisions in periapical surgery procedures could be either through a vestibular or a sulcular 

incision. The sulcular incision is supplemented with two diverging releasing incisions thus 

creating a wide base ensuring a good blood supply to the flap during the healing phase.  

   The sulcular full-thickness approach allows for a good inspection of the buccal marginal bone 

which is a drawback in the vestibular technique. The main disadvantage from the sulcular 

technique is purposed to be a possible shrinkage or recession of the papilla47. 

 

Direction of the root-end resection  

   The older apical resection technique recommended a bevelling of the root-end resection of 

about 45 degrees48, 49, thus giving a good access and direct vision of the resected dentin surface. It 

is also a prerequisite for the micro-handpiece to get access into the retrograde root-canal. The 

high bevelled resection direction also results in a greater exposure of dentinal tubules50 and thus a 

concomitant increased risk of leaking51 bacterial contents from the main root-canal through the 

tubules into the periradicular tissue region.  

   The new technique with smaller retrotips render a better access to the root-canal without 

performing an excessive osteotomy and the bevelling of the resection could in the maxillary front 

and premolar areas be kept to almost a right degree angle to the long-axis of the roots. The 

recommended maximum bevel degree to be performed is about 10 degrees, to keep the number 

of exposed dentinal tubules as low as possible46. 

 

Length and depth of the root-end resection 

   The root-end resection should be at least 3 mm in length to achieve a sufficient removal of 

lateral canals in the apical portion of the root. Up to 93% of the lateral canals will be removed at 

a 3 mm resection length46. If the depth of the resection is not enough a small lingual part will be 

left hence causing continuous remaining infection.  

   This could often be the case in teeth with fused roots e.g. the upper premolar area, where the 

resection surface form is often presented as an oval or kidney-shape. The majorities of canal 
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isthmuses is also positioned in apical 3-5 mm portion of the roots and are present in 100% of 

roots with two canals at the 4 mm level52. 

 

Retrograde root-canal preparation technique 

   Before the introduction of ultrasonic root-end preparation during the start of 1990s, the root-

ends were prepared by the use of a micro-handpiece with small round-burs or inverted cone burs. 

This preparation technique has some disadvantages such as inconsistent centering of the canal 

preparation, insufficient depth of the preparation and a demanding amount of osteotomy to get 

access to the root-canal. The unsafe centering of the preparation also increases the risk of a 

perforation outside the root.  

   Retrotips, mostly diamond coated, are used together with the ultrasonic devices and they give a 

deeper preparation and stay more to the original direction of the root-canal. The two techniques 

are compared in a in-vitro study53, where the findings showed more well-centered and cleaner 

preparations after the use of ultrasonic technique.  

   A clinical comparing study from de Lange et al54, revealed a higher outcome result, when using 

ultrasonic retrograde preparation of the root-canals. This was significantly better in molars. The 

depth of the root-canal preparations is significantly greater after ultrasonic preparation compared 

to traditional round-bur approach55. 

 

Peri- and postoperative haemostasis 

   To have the most favourable starting point when performing the retrograde root-end seal, a dry 

operating field i.e. a sufficient perioperative haemostasis is mandatory. The ability to function in 

more or less a moisture environment varies between the commonly used retrograde materials. To 

achieve the haemostasis there are some surgical haemostats options suggested such as bone wax, 

epinephrine cotton pellet, ferric sulphate and thrombin46.  

   Vickers et al compared the use of epinephrine cotton pellets with 20% ferric sulphate regarding 

a dry field in root-end filling procedures, without finding any significant difference. Local 

anaesthesia containing epinephrine also contributes to the perioperative and postoperative 

haemostasis.  

   As postoperative haemostasis the normal compression procedures such as cotton gauze is 

enough for healthy patients. Patients on anticoagulants e.g. warfarin, should have a postoperative 

haemostasis supplemented with tranexamic acid local treatment56. 
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Retrograde root-end obturation 

   The aim of the obturation of the apical part of the root-canal is to seal the canal with its 

assumed bacterial contents to stop the leaking causing the periapical lesion. Suggested 

requirements57 of a retrograde root-fillling material are listed in Table 1.  

   Commonly used materials which are published in both clinical and animal studies regarding 

healing outcome, sealing ability and tissue response are IRM, Super-EBA and mineral trioxide 

aggregate, MTA33, 35, 36, 38, 54, 58-79. Less frequent used materials are light-cured compomer, dentine-

bonded composite, guttapercha and glass ionomer cement80-91. Studies on amalgam as root-end 

fillings are also published32, 34, 68, 72, 76, 83, 85, 89, 91, but the material is rarely used nowadays.  

 

Table 1. The requirements of an ideal root-end filling material57 

________________________________________________________________ 
 
Root-end filling materials should: 
________________________________________________________________ 
Adhere or bond to tooth tissue and ‘‘seal’’ the root-end three dimensionally 
 
Not promote, and preferably inhibit, the growth of pathogenic microorganisms 
 
Be dimensionally stable and unaffected by moisture in either the set or unset state 
 
Be well tolerated by periradicular tissues with no inflammatory reactions 
 
Stimulate the regeneration of normal periodontium 
 
Be nontoxic both locally and systemically 
 
Not corrode or be electrochemically active 
 
Not stain the tooth or the periradicular tissues 
 
Be easily distinguishable on radiographs 
 
Have a long shelf life, be easy to handle 
________________________________________________________________ 
 

 

Height of the retrograde material 

   The depth of the retrograde root-canal preparation and the following obturation ought to be at 

least 3 mm or more to achieve a satisfactory seal51. This is even more accomplished through 

keeping the resection angle as close as 90 degrees to the long axis of the root92.  

   Valois and co-workers published a study where they evaluated the ability of different 

thicknesses of MTA to prevent leakage and they concluded the optimum thickness to be 4 mm93.  
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Retrograde root-filling materials used in this study 

IRM - intermediate restorative material (DENTSPLY International Inc.) is reinforced zinc-oxide 

eugenol cement. The powder is a mix by 80% zinc-oxide and 20% polymethylmethacrylate. The 

liquid is 99% eugenol and 1% acetic acid. The setting time is 5 minutes and should be mixed for 

60 seconds with 1:1 P/L ratio94.  

 

Super-EBA (Bosworth´s) is zinc-oxide eugenol cement modified with ethoxybensoic acid, which 

increase the strength of the material. The composition of the powder is 60% zinc-oxide, 37% 

alumina and 3% natural resin and is mixed with the liquid composed by 37.5% eugenol and 

62.5% orthoethoxybensoic acid. The mixing P/L ratio is 2:1. The setting time is increased 

compared to normal ZOE due to the addition of ethoxybensoic acid. It has good sealing ability 

and biocompatibility95. 

 

Thermoplasticized gutta-percha - GP (Ultrafil®, Coltène/Whaledent Inc) is a α-form of GP 

which has better flow properties compared to the β-form used in GP cones. The used GP in this 

study  has a composition of approx. 25% compound gutta-percha, 65% zinc-oxide, 10% barium 

sulphate and <1% coloring agents. The material is suited in cannules and heated in low 

temperature of 7o degrees Celsius.  

 

MTA - mineral trioxide aggregate is a further development of Portland cement with addition of 

bismuth oxide for radiopacity. MTA was developed 1993 at Loma Linda University, USA96. The 

powder contents are 75% Portland cement, which consist of tricalcium silicate, tricalcium 

aluminate, dicalcium silicate, tetracalcium aluminoferrite and an addition of 20% bismuth oxide 

and 5% calcium sulphate dehydrate (gypsum).  

   The powder is mixed to a hydro gel with distilled water. The gel is solidified during 

approximately 3 hours for the original form of the material (ProRoot MTA®, Maillefer, 

Dentsply, Switzerland). An alternative brand to ProRoot MTA have changed the setting to 10 

minutes (Angelus®, Londrina, PR, Brazil), by removing the calcium sulphate dehydrate (gypsum) 

and add another 5% of the Portland cement. Initially the pH is 10.2 which rises to 12.5 three 

hours after mixing97.  
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Aims 
 
   The overall aim of the present thesis was to analyze the healing after a defined periapical 

surgical technique and commonly used retrograde filling materials. 

 

 
Specific aims 
 
 

1) To evaluate periapical surgery including ultrasonic preparation and use of IRM as retrograde 

root-filling material. 

 

 

2) To evaluate the difference of the healing in relation to the sort of used retrograde root-filling 

material. 

 

 

3) To evaluate the healing success-rate after periapical surgery in relation to the quality of the 

orthograde root-filling, lesion type and lesion size. 

 

 

4) To analyze tissue responses for four different retrograde root-filling materials around the 

apical area, through histological investigations in an animal model.  
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Materials and Methods 
 
Clinical studies – Paper I-III 
 

Patient selection 

Paper I-III 

   A number of 422 consecutive teeth in 358 patients (144 men and 214 women) referred for a 

periapical surgery intervention, were included in three different after one another coming clinical 

series. The majority of the patients were settled in the south half of the county of Halland about 

40 kilometres from the Hospital. All teeth were included in the studies except teeth with obvious 

root-fractures or advanced periodontal disease e.g. apicomarginal communications.  

Paper I 

   Fifty-six teeth in 55 patients (21 men and 34 women, median age 54 years) were included in the 

study. All teeth received IRM as a retrograde root-filling.  

Paper II 

   One hundred and sixty teeth in 139 patients (58 men and 81 women, median age 59 years) were 

included in the study. The patients were randomly allocated into two groups according to the 

date of birth. Odd birth date numbers received IRM (Dentsply®) (77 teeth) and even birth dates 

thermoplasticized gutta-percha, GP (Ultrafil®), with a sealer (AH-Plus®) (83 teeth) as a 

retrograde root-end seal.  

Paper III 

   Two hundred and six teeth in 164 patients (65 men and 99 women) were included in the study.  

The patients were randomly allocated into two groups using a standard randomization table. The 

two groups received either IRM (99 teeth) or Super-EBA (Bosworth´s) (107 teeth) as a retrograde 

root-end seal. 

 

Ethical approval  

Paper II and III 

The studies were approved by the human ethical committee at the University of Lund, Sweden. 

 

Preoperative examination 

Paper I-III 

   Preoperatively a radiographic examination was performed with 2 intraoral radiographs in 

different angles, together with a clinical examination. The quality of the orthograde root-filling 
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judged from radiographs was not an inclusion criteria for participating in the study, but rather all 

teeth were included. No financial compensation was given to the patients except a free-of-charge 

1-year follow-up. 

 

Paper I and II 

   There were no classification of the teeth regarding the presence of apical granulomas and 

radicular cysts and consequently no analysis of potential differences in the treatment outcome 

due to these two pathologic conditions were performed. 

 

Paper III 

   Pre- and perioperative variables were noted as follow: type of coronal restoration, presence and 

type of post in the root-canal, presence of periodontal pockets exceeding 5 millimetres, type of 

lesion – cyst or granuloma set from a perioperative assessment, presence of intact buccal cortical 

bone and the status of the root-filling judged from the radiograph. 

 

Paper I 

   All included patients were preoperatively informed about the study and the 12 months follow-

up postoperatively. All patients were free to participate in the review. 

 

Paper II and III 

   All included patients were preoperatively informed about the study and the randomization 

procedure and could at any time terminate their participation in the study. 

 

Surgical procedure 

 

Paper I-III 

   All surgical procedures were performed by two surgeons using 2.3 X magnification operating 

loupes. Local anaesthesia 3.6-5.4 mL 2% lidocaine with adrenaline was injected into the 

operating field both as infiltration and/or ID nerve blocks depending on the region. A full-

thickness mucoperiosteal buccal flap was raised over the affected tooth. 

    The bony periapical area was exposed using a round-bur. Enucleation of the granuloma or cyst 

from the periapical area was followed by a 3-4 mm slightly oblique resection of the root with a 

fissure bur. The root-canal was prepared and cleaned with ultrasonic root-end cavity preparation 

of 3 mm in depth with stainless steel (Paper I-II) retrotip or a diamond coated retrotip (Fig. 1).  
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Figure 1. Diamond coated retro-tip for 
ultrasonic device. 

Figure 2. Mandibular molar with ongoing 
ultrasonic root-end preparation. 

 

 

  All preparations in the alveolar bone, the apicectomies and the ultrasonic preparation (Fig. 2) 

were performed under constant saline irrigation. To achieve haemostasis in the operating field, a 

small gauze soaked with 1% adrenaline was packed into the bone cavity for 2-3 minutes. The 

canal was then thoroughly dried with 70% alcohol and endodontic paper points. 

 

Paper I-III 

   The IRM filling material was hand-spatulated on glass (Fig. 3) and inserted and condensed into 

the prepared canal (Fig. 4). 

 

Paper II 

   In the cases using gutta-percha, the material was prepared in a heater extraorally (Fig. 5), and 

the operator had to load the syringe with the gutta-percha canula before injecting the material 

into the cavity. During the loading, the operator left the control of the operating area to the 

assistant. The AH-Plus sealer was applied into the canal with a small probe before the gutta-

percha insertion. 

 

Paper III 

   For the group of teeth receiving Super-EBA, the prepared canals were filled with 

handspatulated Super-EBA (Bosworth´s) as retrograde fillings.  
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Figure 3. The intermediate restorative material – IRM, was handspatulated on a glass plate. 
 

 

 
 

Figure 4. Finished retrograde IRM root-
fillings in situ in a mandibular molar. 

Figure 5. The syringe with a mounted 
Ultrafil® canullae positioned in the gutta-
percha heater. 
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Paper I-III 

   The flap was sutured with Vicryl 4-0 sutures. Two intraoral radiographs were taken immediately 

after the operation. 

 

Clinical and radiographic follow-up 

 

Paper I-III 

   After a minimum of 12 months a radiographic and a clinical examination were performed. The 

clinical reviews of the patients were made by one of four independent surgeons according to a 

protocol. Registration of clinical findings such as tenderness on percussion, tenderness on 

palpation of the crown or/and in the apical area, gingival swelling, presence of a fistula or an 

apico-marginal communication were recorded as a failure.  

   All radiographs were reviewed independently by the two operating surgeons and a maxillo-

facial radiologist, with a subsequent joint discussion, where there was any disagreement about the 

findings.  

   Measurements and classifications according to previously reported models for healing after 

periapical surgery22 were performed. The following four different classifications were used:  

1) Complete healing (Figure 1, Paper III), 2) Incomplete healing (scar tissue) (Figure 2, Paper III), 

3) Uncertain healing (Figure 3, Paper III) and 4) Unsatisfactory healing.  

   Group 1 and 2 were recorded as success and group 3 and 4 as failures. The second group, 

incomplete healing (scar tissue) could be regarded as success at the one year follow-up98. For a 

successful outcome no clinical or radiographic findings showing signs of remaining infection 

should be present.  

   The collected and registered information was analyzed. Success and failure rates for each 

material and the results between different areas in the mouth were calculated.  

 

Paper III 

   The possible influence on the treatment outcome depending on three pre-/perioperative 

parameters: lesion size, lesion type and orthograde root-filling quality  was also analyzed. 
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Statistics 

 

Paper II 

   Fisher´s exact test (p=0.05) was used for a statistical analysis regarding any difference in the 

outcome between the materials, as groups and specific types of teeth.   

 

Paper III 

   Fisher´s exact test (p=0.05) was used for a statistical analysis regarding the differences in 

healing between the retrograde materials. The three variables, lesion size, lesion type and quality 

of the orthograde root-filling, were statistically analyzed with Z-test at a significance level of 5% 

regarding their possible influence on the treatment outcome. 

 

 

Experimental model - Paper IV 
 
   The experimental study was approved by the Brazilian Institute for Protection of the 

Environment (IBAMA) and approved by the Animal Ethic Committee at the Faculty of 

Dentistry of the University of the State of São Paulo – UNESP, Aracatuba, Brazil.  

 

Animal selection and general anaesthesia 

   Six healthy adult mongrel dogs were used in this study. Their weight differed between 19.250 

and 22.850 kg. All animals were anaesthetized with Acepran 0.2%, 1 ml/10kg (Acepromazin). 

Induction was performed with Zoletil 50, 0.12 ml/kg (Tiletamin, zolazepan). For the 

maintenance Isothane (Isoflurane) was given via an endotracheal tube with oxygen in the volume 

of 30 ml/kg. 

 

Surgical procedure 

   As a local haemostasis, 1.8 ml Xylocaine 2% with adrenaline was injected into the operating 

area. The roots of the third and fourth premolars in the right mandible were used for the 

apicectomy procedures. A mucoperiosteal buccal flap was raised over the area of the third and 

fourth premolars. The apical area of the roots was exposed by osteotomy with a round-bur 

together with a concomitant apicectomy. The root-canals were prepared with an ultrasonic 

preparation technique about 3 mm up in the root canals. All preparations were performed under 

constant saline irrigation. The bone cavities were packed with 1% adrenaline soaked gauze to 
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achieve haemostasis. The root-canals were cleaned and dried with paper points soaked in 70% 

alcohol. IRM, mineral trioxide aggregate, MTA (Angelus®) and Super-EBA (Bosworth´s®) were 

handspatulated on glass plates before applying it into the canal. The heated GP material 

(Ultrafil®) was injected into the prepared canal after applying a sealer (AH-Plus®). All cases 

received the same root-end filling material in the similar root (Fig. 6), IRM in 3rd mesial, MTA in 

3rd distal, Super-EBA in 4th mesial and GP in 4th distal root. The flap was sutured with a 

resorbable suture, Vicryl® 4-0.  

 

 
Figure 6. The retrograde materials Guttapercha (GP), Super-EBA (S-EBA), mineral trioxide 
aggregate (MTA) and intermediate restorative material (IRM) in situ in the 3rd and 4th 
premolar. 
 

Postoperative care 

   Postoperatively the animals received antibiotics, Stomorgil 10 (spiramycin, metronidazol) 1 

tablet for each 10 kg, every 24 hours for 10 days. Anti-inflammatory drugs, Maxican 2 mg 

(Meloxican), 1 tablet for each 20 kg, every 24 hours for 5 days and analgesics Tramal 50 

(tramadol hydrochloride), 1 to 4 mg/kg, subcutaneously for 8 hours during 3 days. 
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Sacrifice procedure and ground sectioning 

   After 120 days the animals were sacrificed. They were anesthetized with intravenously 

administered sodium thiopental at a dose of 25 mg/kg. After confirmation of a fully anesthetized 

animal, perfusion of potassium chloride to 19.1% at a dose of 1 ml/kg was performed until there 

was no pupilar reflex and cardio respiratory arrest.  

   The mandibles were then harvested as whole and kept in formalin for 1 month and in a later 

session the mandibles were sectioned, so each root was resected as a block. The blocks were 

dehydrated in a graded series of ethanol and embedded in plastic resin (Technovit 7200 VCL, 

Kulzer, Wehrheim, Germany) during 60 days.  

   The plastic blocks with the embedded roots had radiographs performed in both mesial-distal 

and buccal-lingual projection. One central section was cut through the long axis of the root by 

means of Exact cutting and grinding equipment (Exact Apparatebau, Norderstedt, Germany). 

The sections were ground to a final thickness of about 10 µm and stained with 1% toluidine blue 

and 1% pyronin-G99.  

 

Histological descriptive and morphometric analyses 

   The sections were viewed and analyzed in a light-microscope (Leica® DMD108). A description 

of the tissue morphology in the apical area around the retrograde material, the dentin and soft 

tissue was performed. The amount of inflammatory infiltration was assessed according to a three 

degree scale: none or a few areas with inflammatory cells (+), inflammatory cells within the whole 

apectomized apical area (++) or a major infiltration in the whole area (+++). 

   The distance from the surface of the retrograde material to the adjacent apical bone was 

measured at its maximum and minimum height (Fig. 7) and a mean distance was calculated at two 

occasions. 

   The height of the retrograde seal was also measured (Fig. 8) and a mean value was calculated. 

In addition, the presence of newly formed bone and closure of the buccal osteotomy was also 

noted from the sections. 

 

Radiographic analysis 

   The density/outlining of the retrograde seal were estimated on the radiographs of each case 

and the presence of a re-established buccal cortical plate was noted. 
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SEM analysis 

   Selected specimens from all retrograde materials which were possible to evaluate were analyzed 

by scanning electron microscopy (SEM), regarding hard-tissue formation around the resected 

root surface and the retrograde materials where applicable. The interface between the retrograde 

materials and the dentinal walls was also evaluated and described. The specimens were polished 

with diamonds (particle size down to 1µm) and coated with a carbon layer prior to the scanning 

procedure. Backscattered pictures were produced by the SEM equipment, JEOL JSM-840A. 

 

  

Figure 7. A parallell line to the 
apicectomy direction (A) was estimated. 
The measuring lines for the maximum (B) 
and minimum (C) distance from the 
retrograde material to the adjacent bone 
were drawn perpendicular to A. (Leica® 
DMD108 4X) 

Figure 8. The height of the retrograde 
root-filling was measured at the minimum 
(A) and maximum (B) distance and the 
mean value was calculated. (Leica® 
DMD108 4X) 

 

Statistics 

   Fisher´s exact test with the p-value set to 0.05, was used for a statistical analysis between the 

retrograde materials, regarding the differences in re-establishment of the buccal cortical layer and 

presence of major inflammatory infiltration. 
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Results 
 
Clinical studies – Paper I-III 
 

Paper I 

   Fifty-four patients out of 55 took part in the follow-up control. A total number of 55 teeth 

were examined at follow-up. 44 teeth (80%) had no clinical or radiographic signs of pathology 

(group 1 and 2) at follow-up and were stated as successful. 11 teeth (20%) were stated as failures 

according to the clinical and radiographic examination. Five of these teeth were extracted due to 

a remaining fistula or a root fracture that had not been detected at the time of surgery. Two teeth 

had tenderness on palpation in the apical region. The remaining four teeth had signs of failure on 

the follow-up radiographs. There were no failures among the incisors. One canine, 4 premolars 

(one lower and three upper) and 6 molars (two upper and four lower) were among the failures 

(Table 2).  

 

Paper II 

   One hundred forty-seven teeth in 131 patients were able to be reviewed. The drop-outs were 

13 teeth in 8 patients. The drop-outs were represented in all types of teeth. 

 

IRM group 

   Sixty-nine teeth in the IRM group were followed. The radiologic assessment result was 56 teeth 

in group 1, complete healing, 4 teeth in group 2, incomplete healing (scar tissue), 5 teeth in group 

3, uncertain healing, and 4 teeth in group 4, unsatisfactory healing. After the clinical and 

radiologic examination results, there were 13 failures, of which 3 were root fractures. Those 3 

teeth were excluded. The success and failure rates were calculated on 66 teeth, with 56 successful 

teeth (84.8%) and 10 failures (15.2%) (Table 2). 

 

GP group 

   Seventy-eight teeth in the GP group were followed. The radiologic assessment result was 61 

teeth in group1, complete healing, 15 teeth in group 2, incomplete healing (scar tissue), 1 tooth in 

group 3, uncertain healing, and 1 tooth in group 4, unsatisfactory healing. After the clinical and 

radiologic examination results, there were 9 failures, of which 1 was a root fracture. That tooth 

was excluded. The success and failure rates were calculated on 77 teeth, with 69 successful teeth 

(89.6%) and 8 failures (10.4%) (Table 2).  
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Overall treatment results 

   The overall results for different types of teeth in both material groups are listed in Table 2. 

 

Paper III 

   One hundred ninety-four teeth (96 IRM and 98 Super-EBA) in 153 patients were assessed. 

The drop-outs were 8 teeth (2 IRM and 6 Super-EBA) in 7 patients. Four teeth (1 IRM and 3 

Super-EBA) were excluded due to root-fractures discovered during the follow-up period. 

 

IRM group 

   Of the 96 followed teeth in the IRM group, the radiological assessment placed 82 teeth in 

group 1, complete healing; 8 teeth in group 2, incomplete healing (scar tissue); 5 teeth in group 3, 

uncertain healing and 1 tooth in group 4, unsatisfactory healing.  

   Following the final clinical and radiological examination a total of 9 failures were recognised. 

The success and failure rates were calculated on 96 teeth with success in 87 teeth (90.6%) and 9 

failures (9.4%) (Table 2). 

 

Super-EBA group 

   Of the 98 followed teeth in the Super-EBA group the radiological assessment placed 72 teeth 

in group 1, complete healing; 10 teeth in group 2, incomplete healing (scar tissue); 12 teeth in 

group 3, uncertain healing and 4 teeth in group 4, unsatisfactory healing. After the clinical and 

radiological examination results there were a total of 18 failures. The success and failure rates 

were calculated on 98 teeth with 80 successful teeth (81.6%) and 18 failures (18.4%) (Table 2). 

 

Overall treatment results 

   The distribution of success and failure numbers among different types of teeth, retrograde 

material type and upper and lower jaw are presented in Table 2. 

 

Distribution and influence of pre-/perioperative variables 

   The results of the number of different lesion size, lesion type and quality of the orthograde 

root-filling for the reviewed teeth are presented in Table 3-5.  
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Table 3. Distribution of granulomas and cystic lesions in relation to the treatment outcome. 
 
    IRM Super-EBA Total 
___________________________________________________________________________________ 
 
Success Cystic lesion   11 8 19 
 Granuloma   76 72 148 
 
Failure Cystic lesion   4 1 5 
 Granuloma   5 17 22 
___________________________________________________________________________________ 
 
 
Material groups together, Z-test with CI=95%: p=0.465  
 
 
 
 
Table 4. Distribution of the preoperative quality of the ortograde root-filling in relation to the treatment 
outcome. 
 
    IRM Super-EBA Total 
___________________________________________________________________________________ 
 
Success Complete   20 11 31 
 Insufficient   67 69 136 
 
 
Failure Complete   3 2 5 

Insufficient   6 16 22 
___________________________________________________________________________________ 
 
 
Material groups together, Z-test with CI=95%: p=0.795 
 
 
 
 
Table 5. Distribution of the lesion-size in relation to the treatment outcome for IRM and Super-EBA.
  
 
    IRM Super-EBA Total 
___________________________________________________________________________________ 
 
Success Group 1 (< 5 mm)  32 16 48 
 Group 2 (5-9 mm)  43 47 90 

Group 3 (> 9 mm)  12 17 29 
 
 
Failure Group 1 (< 5 mm)  2 6 8 
 Group 2 (5-9 mm)  5 7 12 

Group 3 (> 9 mm)  2 5 7 
___________________________________________________________________________________ 
 
 
Z-test with CI=95%: Group 1 vs Group 2 p=0.841 
Material groups together Group 2 vs Group 3 p=0.390 
  Group 1 vs Group 3 p=0.719  
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Statistics 

 

Paper II 

   There was no statistical significance between the 2 groups, IRM and GP, when counting all 

types of teeth; p =0.453. When looking at different types of teeth, the following p values were 

calculated with the same analysis: incisors 0.285, canines 1.000, premolars 0.407, and molars 

0.419. There was no statistical significance between the materials regarding different types of 

teeth (Table 2). 

 

Paper III 

   There was no statistical significance between the two groups (IRM and Super-EBA) regarding 

the healing outcome as it applied to all types of teeth, p = 0.096. When looking for different 

types of teeth and the breakdown into maxillary and mandibular teeth, there was a significant 

difference in the healing result between the material groups (IRM and Super-EBA) for maxillary 

molars, p=0.024 (Table 2). There was no statistical significance for the influence on the healing 

result, either counting for both materials together or each material separately, when looking at the 

lesion type, lesion size or the orthograde root-filling quality (Table 3-5). 
 

 

Experimental model - Paper IV 
 
   A total of 23 sections were included in the analysis process, six for each material except for 

MTA, where five sections were available for analysis after the ground sectioning. 

 

Histology  

Guttapercha (GP):  

   The mean distance from the GP surface to the adjacent apical bone was 1403 µm. In this non-

bony area there was mainly connective tissue with a moderate (++) or major (+++) infiltration 

of inflammatory cells for the majority of the sections. Complete healing of the buccal cortical 

bone after the osteotomy was seen in 2 of the cases. The other 4 cases showed signs of a non-

healing situation according to the lack of cortical buccal bone and together with a high level of 

inflammatory infiltration. No hard-tissue formation adjacent to the retrograde material could be 

seen in any of the specimens. Summary of the histological findings are listed in Table 6. 
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Super-EBA: 

   The mean distance from the Super-EBA surface to the adjacent apical bone was 1216 µm. The 

majority of the cases showed a moderate to major (++ or +++) infiltration in the connective 

tissue and close to the material surface. Buccal cortical bone healing after the osteotomy 

preparation was seen in 4 of the cases. No hard-tissue formation adjacent to the retrograde 

material could be seen in any of the specimens. Summary of the histological findings are listed in 

Table 7. 

 

MTA: 

   The mean distance from the MTA surface to the adjacent apical bone was 398,7 µm. Mild (+) 

inflammatory infiltration were seen for the majority of the MTA sections inside the connective 

tissue and adjacent to the material. In all sections there were signs of new hard tissue formation 

progressing from the periphery and into the centre over the MTA surface. This was interpreted 

as formation of new root cement and in all sections there were hard tissue formations in the 

periodontal space in the area nearby the MTA surface (Fig. 9). No signs of mature bone 

attachment to the material surface were seen. All 5 specimens revealed a re-establishment of the 

buccal cortical plate. Summary of the histological findings are listed in Table 8. 

 

 

Figure 9. Specimen showing new formation of cement (NRC), growing from the periphery 
over the MTA surface and islands of new formed bone (NFB) in the close vicinity of the MTA 
surface. (Leica® DMD108 4X) 
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IRM: 

   The mean distance from the IRM surface to the adjacent apical bone was 571,7 µm. The cases 

displayed only mild (+) to moderate (++) inflammatory infiltration. In the non-bony periapical 

area mainly connective tissue was seen. No hard-tissue formation adjacent to the retrograde 

material could be seen in any of the specimens. All cases showed re-establishment of the buccal 

cortical plate. Summary of the histological findings are listed in Table 9. 

 

Summary of an estimation of the radiographic appearance for all tested materials, regarding the 

density of the retrograde seal are listed in Table 10. 

 

In all cases with signs of re-establishment of the buccal cortical bone, regardless the type of 

retrograde material, there was new root cement over the resected root surfaces. In the unhealed 

cases there was a very limited or absence of a new root-cement lining. Example of three different 

levels of outcome is showed in Fig 10. 

 

SEM analysis 

   Cementum repair was noted on the resected root surfaces in all SEM analyzed specimens, 

where intact buccal cortical layer was established. Fragment of cementum repair on the resected 

root surface in analyzed specimens with a defect in the buccal cortical bone was also noted. The 

only material showing direct new hard tissue development on the material surface was MTA. The 

relation between the retrograde materials and the dentin surface and tubules, showed a variation 

between the materials. 

 

Statistics 

   The tested outcome values were extracted from Table 6-9. There was no statistical significant 

difference between the materials regarding the tested parameters. 
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10a 

 

10b 

 

10c 

 

10d 

 

10e 

 

10f 

 

10g 

 

10h 

 

10i 

Figure 10. Three different outcome levels presented with a histological section and 
radiographs, showing a variety of buccal cortical bone re-establishment, periapical healing 
and inflammatory infiltration. Complete healed case with MTA (a-c). A case treated with GP 
showing a re-established buccal cortical bone, but with a widening of the apical periodontal 
ligament space with a mild inflammatory infiltration (d-f). A case treated with Super-EBA 
showing unhealed buccal cortical bone and periapical tissue with a severe inflammatory 
infiltration (g-i).    
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Table 6. Data from the histological findings in the periapical tissue for all analyzed Guttapercha sections. Maximum (max), minimum (min) 
average height (mean) of the retrograde material for each case. 
_______________________________________________________________________________________________________________ 
No. max min mean  inflammation mean bone- buccal cortical 
 (mm) (mm) (mm)  material  bone 
     distance (µm) re-established 
_______________________________________________________________________________________________________________ 
1 5.5 4.7 5.10 + 1095 yes 
2 2.5 1.4 1.95 +++ 1975 no 
3 3.8 3.2 3.50 ++ 998.8 yes 
4 1.4 0.5 0.95 +++ 2645 no 
5 3.2 2.8 3.00 ++ 1550 no 
6 3.9 3.2 3.55 +++ 1550 no 
_______________________________________________________________________________________________________________ 
Mean   3.00  1403 
_______________________________________________________________________________________________________________ 
 
 
Table 7. Data from the histological findings in the periapical tissue for all analyzed Super-EBA sections. Maximum (max), minimum (min) 
and average height (mean) of the retrograde material for each case. 
_______________________________________________________________________________________________________________ 
No. max min mean  inflammation mean bone- buccal cortical 
 (mm) (mm) (mm)  material  bone 
     distance (µm) re-established 
_______________________________________________________________________________________________________________ 
1 2.1 2.0 2.05 + 634.5 yes 
2 1.9 1.0 1.45 +++ 1625 yes 
3 2.0 1.1 1.55 + 368.1 yes 
4 2.8 2.1 2.45 +++ 2150 no 
5 4.0 3.6 3.80 ++ 1450 no 
6 2.1 1.4 2.25 +++ 1068 yes 
_______________________________________________________________________________________________________________ 
Mean   2.26  1216 
_______________________________________________________________________________________________________________ 
 
 
Table 8. Data from the histological findings in the periapical tissue for all analyzed MTA sections. Maximum (max), minimum (min) and 
average height (mean) of the retrograde material for each case. 
_______________________________________________________________________________________________________________  
 
No. max min mean  inflammation mean bone- buccal cortical 
 (mm) (mm) (mm)  material  bone 
     distance (µm) re-established 
_______________________________________________________________________________________________________________   
1 2.2 1.9 2.05 ++ 822.8 yes 
2 1.4 1.0 1.20 + 308.5 yes 
3 1.9 1.6 1.75 + 282.7 yes 
4 3.2 1.5 2.35 + 419.9 yes 
5 2.7 1.5 2.10 ++ 1600 yes 
_______________________________________________________________________________________________________________ 
Mean    1.89  398.7 
_______________________________________________________________________________________________________________ 
 
 
Table 9. Data from the histological findings in the periapical tissue for all analyzed IRM sections. Maximum (max), minimum (min) and 
average height (mean) of the retrograde material for each case. 
_______________________________________________________________________________________________________________ 
No. max min mean  inflammation mean bone- buccal cortical 
 (mm) (mm) (mm)  material  bone 
     distance (µm) re-established 
_______________________________________________________________________________________________________________ 
1 2.4 1.8 2.10 ++ 621.3 yes 
2 1.9 0.8 1.35 ++ 796.3 yes 
3 2.7 1.6 2.15 + 304.2 yes 
4 2.7 1.7 2.20 + 685.2 yes 
5 3.3 2.8 3.05 + 231.5 yes 
6 2.8 1.7 2.25 ++ 791.4 yes 
_______________________________________________________________________________________________________________ 
Mean   2.18  571.7 
_______________________________________________________________________________________________________________ 
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Table 10. Material density and root-canal outlining results from the radiographic analysis 

___________________________________________________________________________________ 

Material   GP Super-EBA IRM MTA 

___________________________________________________________________________________ 

Density/outlining of the material  

      Porous/poor  1 2 3 2 

      Dense/good   5 4 3 3 

___________________________________________________________________________________ 

Total   6 6 6 5 

___________________________________________________________________________________ 
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Discussion 
 

Clinical studies - Paper I-III 
 

General outcome 

   The success rates presented in this thesis are high considering the entry protocol of the 

included patients. No preoperative exclusion of teeth with doubtful root-filling status evaluated 

on two-dimensional radiographs was performed (paper I-III). Only teeth with obvious fractures 

or advanced periodontal tissue loss i.e. apico-marginal communications were excluded.  

   The outcome from the three tested materials in the prospective clinical series; IRM 80-91% 

(paper I-III), gutta-percha, GP 90% (paper II) and Super-EBA 82% (paper III) are well 

comparable to other published studies. In two of the operated series of teeth (paper II and III) 

we used a randomization of IRM either to GP or Super-EBA. The difference in the outcome of 

the tested materials was not significant in any of the trials when looking at all types of teeth. This 

is explained by the number of included teeth. An approximate doubling of the number of 

included teeth had been required to obtain a significant difference in the treatment outcome.  

   The follow-up time in our studies was set to minimum 12 months which is enough to see 

effects of a periapical surgery treatment performed as the state of the art today i.e. use of 

ultrasonic preparation technique in combination with a root-end obturation. The long-term result 

is probably dependent on the type of material used, but in a short-term perspective all tested 

materials seems to be suitable from a clinical point of view.  

   Rubinstein et al100 followed 59 roots treated with retrograde root-end fillings in Super-EBA for 

5-7 years, which have had signs of complete healing at a one-year control. 8.5% of the previous 

healed cases showed regress of the periapical pathology at the long-term follow-up. Evidence for 

both complete healed cases turning into unhealed status and uncertain healed cases becoming 

healed or incomplete healed (scar) after a follow-up to 8 years, are also reported by Yazdi et al90. 

However, the periapical obturation technique in their study differed from ours, while they used a 

dentin-bonded system together with Retroplast.  

   In a retrospective study from Dorn et al33 with a follow-up of 6 months to 10 years, the results 

showed a success of 91% for IRM and 95% for Super-EBA. The preparation technique is not 

described and due to the retrospective design of the study, there is no defined preoperative 

protocol. Nevertheless the figures for IRM and Super-EBA presented in that study, are good in a 

long-term perspective. The same study evaluated also the use of amalgam for the same purpose, 

but the success was only 75%.  
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   Another retrospective long-term healing analysis of amalgam was published by Frank et al32. 

The success rate was 57.7% after at least 10 years follow-up. Amalgam has also shown a higher 

rate of leakage in in-vitro studies compared to IRM and Super-EBA64 and glass-ionomer 

cement101. Due to these figures and other environmental and health guide lines, the use of 

amalgam is not advisable.  

   Super-EBA has been used in conjunction with ultrasonic preparation technique in a clinical 

prospective series of 25 molars with 96% success after one year follow-up37. The result is high 

but the study is only evaluating one type of retrograde material in a rather small number of 

treated teeth. Previously published data from larger clinical studies on heated gutta-percha, before 

we presented our result (paper II), is almost entirely lacking. A small material of only 29 teeth 

revealed a success of 84.2% after 12-41 months follow-up81.  

   The success figures for the IRM material in this thesis (paper I-III) have varied between 80 to 

91% after 12 months follow-up (Fig. 11). This increase of the success figures for IRM, we believe 

is probably due to mainly by the learning curve for the performing surgeons. The success figures 

of IRM from paper II and III (85% and 91%) are both higher after 12 months follow-up, 

compared to a prospective study from Chong et al38 where the 12 months success was 76% 

(n=44 of 58 reviewed cases) for IRM. At a second follow-up after 24 months the success was 

87% for IRM. A questionable flaw could be that they reviewed only 39 teeth treated with IRM at 

24 months and added 8 cases from the 12 months follow-up, which failed to attend for the 24 

months control. These 8 cases were stated as complete healed at the 12 months review and were 

so assumed to be even at the 24 months control. In their study, a comparison of MTA and IRM 

was performed. MTA showed an increasing success from 84% at 12 months to 92% at 24 

months.  

   There was no significant difference in the outcome result between the tested materials. This 

study included only single rooted teeth, one premolar or the mesio-buccal root of the first molar 

in the patients. That distinction is not used in our clinical studies, where we rather included all 

types of teeth.  

   Zuolo and co-workers36 reported 91.2% success after following 102 teeth after periapical 

surgery with ultrasonic root-end preparation and IRM as a root-end filling material. In that study, 

the inclusion criteria differed somewhat from our protocol, in the sense that they also excluded 

teeth with missing buccal and lingual/palatal cortical bone plate and they included teeth that had 

an adequate final restoration without signs of coronal leakage. Only one tooth from each 

participating patient was included in their study. 
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Figure 11. Alteration of the IRM success rates through paper I, II and III. 

 

Preoperative status of the root-filling 

   One aim of this thesis was to evaluate the influence on the periapical surgery healing outcome 

regarding the preoperative status of the orthograde root-filling, judged from the preoperative 

radiograph (Paper III). It is previously advocated that a thorough cleaning and obturation of the 

root-canal prior to surgery is mandatory for the long-term result102.  

   A revision of the orthograde root-filling as a treatment alternative is the first consideration if 

applicable, but in many situations it is not possible and surgery is the treatment of choice. As we 

have performed surgery on teeth with a wide difference in the preoperative root-filling status, we 

have to assume that there are treated teeth with root-canals harbouring bacterial contents, which 

we have stopped from leaking into the periapical area using a root-end obturation. There is a 

report stating a better outcome after periapical surgery on teeth with dense orthograde root-

fillings positioned 2 mm or shorter from apex103. Nevertheless, our study did not reveal any 

significant influence from the preoperative root-filling status on the healing outcome after 12 

months follow-up (Table 4).  

   In a longer perspective this result can change and that is dependent on the sealing ability over 

time of the material used as a retrograde seal. Late failures after periapical surgery are reported104 

and thereby it is advocated to perform the follow-up more than 12 months.  

   The importance to perform a periapical root-end seal together with the root-end resection, 

especially in teeth with insufficient orthograde root-fillings is previously stated34. There is a 
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significant difference in the treatment outcome when comparing the treatment of performing 

only a root-end resection followed by a smoothening of the gutta-percha surface compared to 

prepare the root-canal with a ultrasonic technique followed by a retrograde root-end seal with 

MTA105 with a favour of the latter procedure. 

 

Type and size of the periapical lesion 

   The present thesis also evaluates the influence of the size and type of peripical lesion on the 

treatment outcome after the periapical procedure (paper III). We did not find any significant 

impact on the result from these two tested variables (Table 3 and 5). The lesion size was 

measured peri-operatively and the lesion type was decided at the same time from a clinical 

assessment of the removed periapical tissue in conjunction with the preoperative radiographic 

findings.  

   The optimal way to obtain the diagnosis of granulomas or cystic lesions is to perform a 

histological examination of all lesions, which was not undertaken in the present study.  The main 

difficulty was probably to distinguish an acute stage, ie, apical abscess from a cyst. However, the 

distribution of the number of cysts and granulomas in our material corresponds well with other 

published results106 and the incidence of cysts increase with increased size of the lesion8, 107, which 

was confirmed in our study as well (Table 11).  

 

Table 11. Distribution of lesion size and lesion type amongst the 194 followed 
teeth (paper III). 
________________________________________________________________ 
 
Lesion size  n n cysts (%) n granulomas (%) 
________________________________________________________________ 
 
< 5 mm  56 1 (1.8) 55 (98.2) 
5-9 mm   102 11 (10.8) 91 (89.2) 
> 9 mm  36 12 (33.3) 24 (66.7) 
________________________________________________________________ 
 
Total   194 24 (12.4) 170 (87.6) 
________________________________________________________________ 

 
 
 

   Contrary to our results there are published data suggesting a worse outcome with larger 

lesions108. In a prospective study on a patient cohort which had periapical surgery procedures 

performed by graduate students in Toronto, Canada, they found the preoperative lesion size (>5 

mm in diameter) to be a significant negative predictor for the treatment outcome (p=0.020)109. 
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   The same cohort was followed another 4-10 years, where they lost 37% of the samples110. This 

second follow-up revealed a significant better prognosis on the outcome (healing in 74%) 

independent of the length of the orthograde root-fillings, in patients older than 45 years and in 

lesions not exceeding 10 mm in diameter.  

   In a meta-analysis of 140 papers on periapical surgery, von Arx et al evaluated a number of 

prognostic factors and found a higher number of healed cases with good preoperative root-

fillings and absence or lesions not exceeding 5 mm in diameter111. The results reported in the two 

previous articles referred to, are in contrast to our results. The follow-up time is longer in these 

papers and therefore a prolonged follow-up time might change our results. 

 

Ultrasonic root-end preparation 

   The advantage of the ultrasonic retrograde root-end preparation is the ability to stay more 

centred into the canal and obtain a good depth of the preparation112. The ultrasonic preparation 

technique compared to the classical round-bur technique, has also shown to improve the 

outcome in clinical randomized trials with a significant difference in treatment of molars54.  

   The use of retrotips on the ultrasonic device eases the access to the root-canals of molars, 

resulting in a better preparation and position for a successful treatment outcome. In our study, 

the treatment outcome follows the type of tooth and position in the mouth (paper I-III). The 

success rates were slightly lower in more posterior teeth (Table 2). In any way the access and 

ability to prepare the canals in a limited space is helped by using the retrotips on ultrasonic 

devices.  

   In the first series of teeth, we used only stainless steel retrotips (paper I), in the second series 

(paper II) we used both stainless steel and diamond coated retrotips and in the third study (paper 

III) we only used diamond coated retrotips. The possible influence of the treatment outcome 

from this alteration through the series is not evaluated. However, a contributing factor to the 

increase of the success figures, could be a result of the progressive transition of using diamond 

coated retrotips, which is shown to result in better preparations of the root-canals113.  

   There are some drawbacks reported such as an increased amount of smear-layer on the canal 

walls, when using diamond coated retro-tips, which may affect the apical seal. This study also 

concluded that the same type of retro-tips did not significantly increase the risk of causing cracks 

on the dentinal walls114. However, an improper use of the ultrasonic preparation technique 

together with diamond coated retro tips compared to the use of stainless steel has shown an 

increased risk of over-preparation and events of perforations.  
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   The diamond-coated retro-tip also obtains a better preparation surface in less time compared to 

stainless steel, which in turn resulted in fewer crack formations113. The intensity effect on the 

ultrasonic device is crucial for the emergence of dentinal cracks and should be kept as low as 

possible115 and the use of diamond coated retrotips allow for a lower power setting of the 

ultrasonic device. 

 

Root-canal anatomy and isthmuses 

   The root-canal anatomy has a complex appearance and does not look like a long straight tube 

in cross section. The shape may take a wide variety of different forms, for example, oval or 

kidney-shaped and this may complicate the cleaning and filling of the canal during the 

endodontic treatment (Fig. 12).  

   The majority of the apical delta is expected to be removed during the root-end resection, but 

there may still be some aberrant apical canals in roots with more than one canal, so-called 

isthmuses. These shall be prepared and completed at the procedure, to prevent future leakage 

from the coronal direction of the root canal. Isthmuses often appear in the mesio-buccal root of 

the first maxillary molar and are present in 60%52. The preparation of the isthmuses is more 

precise with the use of the ultrasonic retrotips. 

 

 

Figure 12. A resected distal root of a mandibular molar showing the cross section of the 
circular gutta-percha cone centrally placed in the kidney/bean shaped canal. 
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Retrograde material consistency and height of the retrograde root-filling  

   The handling of the material and the ability to place it properly into the canal is highly 

dependent on the texture of the material, which in turn affects the obturation height. We found 

that the Super-EBA material was more difficult to use due to the slight softer consistency (paper 

III), which made it difficult to condense and achieve a sufficient height.  

   We believe this is one of the explanations of the slight lower success number for Super-EBA, 

82%, compared to IRM, 91% (paper III). The time, during the team had been using Super-EBA, 

was also shorter compared to IRM, which also can effect the outcome result in terms of being 

accustomed to using the material. We mixed the Super-EBA material according to the manual 

with a P/L ratio of 2:1. The consistency and the handling could probably be improved by an 

altered mixing ratio including more powder.  

   The advantage of using the heated gutta-percha, GP together with a sealer (AH-Plus®) is the 

injection of the gutta-percha resulting in a good height of the obturation in general, which could 

be seen on the postoperative radiographs (paper II).  The use of a sealer is important to get an 

adherence to the dentinal wall of the obturation material.  

   A negative aspect of using thermo-plasticized GP could be the long-term stability of the root-

end seal, when it is known that there is an initial shrinkage of the material during the cooling of 

the material116, 117. This might concomitantly affect the adherence of the material to the dentinal 

wall (Fig. 13).   

 

 
Figure 13. The GP material and the sealer could be seen in the closest dentinal tubules but 
there are some porosities (darker areas in the center) at the material-dentin border which 
might be an indication of the shrinking of the GP material (SEM 1500X). 
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Aspects on the clinical handling of the retrograde materials 

GP 

   One drawback of using GP is the two-stage obturation procedure, where the sealer has to be 

placed into the canal first, followed by the injection of the thermo-plasticized GP. The time 

elapsing in between is critical when the operator is preparing the GP injection device and hand 

over the operating field to the assistant in terms of keeping it dry. However, the injection 

technique allows a good primary filling of the prepared canal.   

 

IRM 

   The material is mixed by hand on a glass-plate (Figure 3) to achieve a plastic consistency, thus 

easing the insertion and condensation of the material into the prepared canal. The majority of the 

powder should be mixed into the liquid from the start to get sufficient working time.  

   If the temperature and humidity level in the operating theatre is high, the material tends to set 

too fast. The powder is sensitive to moisture and should be kept in a tight seal too prevent the 

material from solidifying too quickly. 

 

Super-EBA 

   The material comes in two different setting modules, fast and soft setting. We used the fast 

setting formula for all cases. The P/L mixing ratio is 2:1 and is performed by hand on a glass-

plate. The material is stickier and not as plastic in its consistency as IRM, why the insertion and 

condensation is made more difficult.   

 

MTA 

   The mixing of the MTA powder into the sterile water should result in a hydro gel which then 

can be inserted into the canal. The mixing procedure is sensitive and the material should not 

become too dry or too moist. The material then sets in a moist environment and should be kept 

from becoming too dry and from blood contamination during the setting time.  

   Due to these features the material is technically hard to handle both for the assistant and the 

operating surgeon.   

 

Aspects on adverse reactions from the tested materials 

   Considering the presence of allergic or systemic effects of the tested materials in this thesis, 

there are no contraindications to use them as retrograde root-fillings50. However, in patients with 

known hypersensitivity to any components, alternative materials should be used.  
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   The materials which are mixed are often more prone to give adverse effects in the fresh mixed 

state due to high concentrations of the components. Examples of that is eugenol released from 

IRM and Super-EBA118-121 and the formaldehyde or epoxy monomer, released from the epoxy 

resin based sealer (AH-Plus®) immediately after mixing122.  

   After the initial setting, the AH plus sealer seems to be more stable123. Adverse reactions from 

GP are rare, but in patients with known hypersensitivity to latex, allergic reaction to gutta-percha 

together with chloroform might occur124.  

   MTA have no signs of allergic reactions reported but has revealed a lower cytotoxic influence 

on cell culture compared to IRM and Super-EBA, but for all materials there were an increased 

level of cytotoxicity in the fresh state125. 

 

Endodontic and periapical surgery outcomes dependent on the coronal restoration 

   Conventionally endodontic treatment outcome is dependent on the following coronal 

restoration. Previously endodontically treated teeth with temporary fillings are lost more often 

compared with teeth treated with permanent coronal restorations (cast restorations, amalgam and 

composite)126. It is advocated to have a permanent restoration performed as soon as possible 

after finishing the endodontic treatment127.  

   The survival of endodontically treated molars up to 5 years is 36% when not covered with a 

crown restoration and the extent of remaining tooth substance seems to affect the survival rate 

amongst of endodontically treated teeth without crown restorations128.  

   According to these publications, the reason for failure in previously root-filled teeth with 

conventional crown fillings could depend on an increased leaking load of bacterial contents from 

the coronal direction, which might be decreased with a completed crown restoration.  

   In a large population study of 1.4 million teeth from Sahlerabi et al129, they reported a 

successful outcome of 97% after conventional endodontic treatment after 8 years. The other 3% 

were re-treatments, periapical surgery procedures and extractions which in majority occurred 

during the first 3 years. The majority (85%) of the extracted teeth rendered a missing full crown 

restoration.  

   The presence of an adequate coronal restoration with no clinical signs of coronal leakage was 

used as an inclusion criterion in a study on periapical surgery by Zuolo et al36. In our study we 

recorded the type of coronal restoration preoperatively (Table 1 in paper III) and regarding our 

cases with a filling restoration, there are indications of an influence on the treatment outcome 

also after periapical surgery regarding the above discussion.  
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Experimental model - Paper IV 
 

Aspects on the experimental model design 

   Two of the 4 tested retrograde root-filling materials, IRM and MTA revealed better outcome 

results compared to Super-EBA and GP, regarding the established investigation protocol. The 

amount of inflammatory infiltration in the periapical area and re-establishment of the periodontal 

structures and alveolar bone were evaluated.  

   The fact that all materials were obturated against remnants of a vital pulp i.e. a liquid phase, 

there is an impact on the setting of the materials by the moistures environment in the coronal 

part of the material and we must assume that the pulp has become necrotic during the 4 months 

between the surgery and the sacrifice procedure.  

   In the most common clinical situations we have a previous obturated root-canal which is not 

giving these conditions. However, this situation was the same for all tested materials thus testing 

the ability of the material to perform in the presence of moisture. This must be counted for when 

looking at the results of the evaluated parameters.  

   The root-canals of the 3rd and 4th right mandibular molars (Fig. 6), were all provided with the 

same material in the same root-canal in each animal. This organized distribution of the materials 

is a weakness in the experiment model and might have a possible influence on the outcome.  

   A randomized distribution would have been beneficial and might have changed the resulting 

figures. The number of 6 included dogs with a total of 24 treated teeth is too small to obtain 

statistical significant difference in the results and could probably been altered by increasing the 

number of treated animals.   

 

Sealing ability and antibacterial properties 

   All 4 tested materials have to accept some moisture during setting, why they would not 

otherwise have been able to function as a retrograde root-end seal. In this particular situation 

with the liquid phase, the setting of the used epoxy based sealer AH-Plus might have been 

affected130, which also can be the fact for the Super-EBA material because of its chemical 

composition131. Evidence that IRM and MTA are good inhibitors of bacterial growth132, 133 and 

that they hold a good sealing ability 64, 134, could be an explanation for the better outcome for 

these materials. Despite that, there are published data indicating worse sealing results for IRM131. 

The antibacterial ability of IRM can probably largely be attributed to the contents and leaking of 

eugenol in the material118, 120.  
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   This antibacterial ability of MTA and IRM should also give effect on the coronal side of the 

retrograde root-filling, thus preventing bacterial leakage in the apical direction. Several leakage 

study models investigating the sealing ability of different proposed retrograde root-filling 

materials have been published. The problem is that a model similar to an in vivo situation can not 

be created in vitro.  

   Gondim and co-workers published a dye leakage study135 on IRM, Super-EBA and MTA 

(ProRoot®) where MTA showed significant less mean leakage compared to the other tested 

materials. Super-EBA revealed the greatest mean dye leakage in that study. The overall 

conclusion was that neither of the materials could avoid leakage totally which then indictes the 

importance of the orthograde root-canal seal.  

   Super-EBA and IRM have shown increased leakage in other publications compared to 

compomers (Dyract and Geristore)63, 136 and MTA versus Super-EBA and amalgam137.  However, 

compomers are more difficult to handle regarding the sensitivity to moisture in the setting phase 

compared to IRM, Super-EBA and MTA.  

   The ability to withstand dye and bacterial leakage from two in-vitro studies96, 134 showed a 

superior result for MTA compared to IRM and Super-EBA. During the testing period of 90 days, 

MTA did not show any signs of leakage134. When using the GP material as a retrograde root-end 

filling it is advocated to combine the obturation with a root-canal sealer, to obtain a significant 

better sealing of the root-canal85, 88.  

   The difference in contraction and expansion of the tested materials is also an influencing factor 

for the sealing result, primary in the short-term perspective, due to that these events mainly occur 

during the setting phase117, 138-140. A longer setting time is giving less contraction and vice versa in 

general. IRM has a setting time of 5 min94, while there is a slight contraction initially of the 

material.  

   Results of long-term dimensional changes in IRM of 0.05% the first 8 hours and 0.15% after 30 

hours after in-vitro dry-heating in 37 degrees Celsius have been published138. This alteration in 

material volume can affect the long time sealing properties of IRM, but it still a difference in vivo 

and in vitro.  

   In our trial it seems that Super-EBA is less dense than IRM according to the results. The 

supposed increased leakage around Super-EBA might depend on the softer consistency followed 

by a greater contraction of the material. MTA has a slight expansion during its longer setting-

time. The setting time and the amount of expansion differ with different types of MTA139. The 

expansion is in the size to obtain a good seal and enough not to cause a fracture of the root.  
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   The AH-Plus sealer and the GP material also undergo dimensional changes during the setting. 

The shrinkage of the Ultrafil® thermo-plasticized GP is 2.2%117 and the AH Plus sealer is 

expanding up to 0.9% after 4 weeks140. This should indicate that these materials are 

complementary to each other in terms of its dimensional changes. 

 

Height of the retrograde root-filling 

   The mean heights of the retrograde root-fillings among the materials was in descending order 

GP (3.00 mm), Super-EBA (2.26 mm), IRM (2.18 mm) and MTA (1.89 mm). The evidence and 

message that the height of the retrograde filling should be 3-4 mm in height51, 93, put the above 

results into contradiction. The explanation to this might be the design of the trial model, as 

discussed above, with the materials setting against the vital remnants of the pulp and the 

difference in shrinkage/expansion of the materials.  
 

Inflammatory infiltration and re-establishment of the alveolar bone 

   The degree of inflammatory infiltration in the periapical area for the treated teeth correlated 

generally to the healing of the buccal cortical bone plate (Table 6-9), except two cases treated 

with Super-EBA (no.2 and 6, Table 7), which showed a major inflammatory infiltration despite 

healing of the buccal bone. The cases showing moderate inflammation and signs of a remaining 

defect but with a healing of the buccal osteotomy (Fig. 10 d-f), could be signs of ongoing healing 

events.  

   The time between surgery and sacrifice of the animals is similar as 6 months in man and we can 

expect not fully healed cases after that time. This can be an explanation to the possible signs of 

ongoing healing, which also can be prolonged by the greater chewing forces in the dogs causing a 

greater mobility of the teeth.  

   The distance from the resected dentin surface to the adjacent alveolar bone varied with the 

healing and the mean distance were higher for GP and Super-EBA compared to IRM and MTA 

(Table 6-9), thus revealing a greater proportion of healed alveolar bone for the latter materials.  

   This periapical bone healing event is also presented in a recent study from Baek et al, where 

they treated teeth with earlier induced apical periodontitis141. They found a significant better 

healing for MTA when compared to amalgam but not to Super-EBA. The mean distance for 

MTA was 0.397 mm, which is in line with our result for MTA (0.399 mm) and this resemble the 

normal periodontal width of beagle dogs142.  

   However, according to our results it seems that all tested materials are well accepted by the 

periapical tissue in terms of the inflammatory infiltration and buccal cortical bone healing, due to 

the presence of successful cases in all material groups. 
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Regeneration of cemental tissue and periodontal ligament 

   All cases, regardless what material we used, with complete healing of the buccal cortical bone 

plate, revealed signs of a new cement-like tissue over the resected dentin surface. This appearance 

could not be detected on the unhealed cases.  

   This finding is consistent with a publication from Andreasen143, who reported evidence of 

cementum repair over previous resected dentin surfaces in connection with periapical surgery. He 

also described an arrangement of new periodontal fibers in the new cemental tissue in different 

appearances.  

   The healed specimens of the present study, showed arrangement of new periodontal fibers in 

close contact of the new cement-like tissue as well (Fig. 14), indicating a regeneration of the 

periodontal ligament. The absence of cementum repair in unhealed cases was also reported by 

Andreasen.  

   A prerequisite for a cementogenesis is the allowance and ability for cementoblasts to attach and 

grow on the surface of the dentine and the retrograde material. MTA is the only material in this 

study, which has shown to harbour the right surface conditions and compositons to allow this 

event65, 144, 145. However, the concentrations of the MTA material influence the cementogenesis, in 

the way that high levels are toxic for the cementoblasts146. 

 

 
Figure 14. Formation of new periodontal fibers (PF) parallel to the MTA material surface, 
indicating reformation of the periodontal ligament close to the retrograde material. 
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Osteoblasts and material surfaces 

   In a situation where the infection source has been eliminated and the healing event of the 

periapical tissues continues, the presences of osteoblasts are important. Attachment and growth 

of osteoblasts, similar to cementoblasts, to different retrograde root-filling materials are also 

studied.  

   Zhu and co-workers published a study where the influence on the osteoblast activity from IRM 

and MTA was studied147. In this in-vitro model the MTA surface allowed attachment and spread 

of the osteoblasts, while the cells looked rounded and with no spread on the IRM surface. The 

same result for MTA has been published in another study148, where Super-EBA also was tested 

and shown to inhibit cell growth. This impairment of cell growth by IRM and Super-EBA may 

probably be attributed to the leaking of eugenol from these materials.  

   This statement explains the result from the MTA specimens in our study, which show signs of 

new cement-like tissue growing on the material surface and new bone in the very close vicinity of 

the MTA material (Figure 9), which is absent for the other tested materials.  

   The same capability of osteoblasts in relation to the MTA material is presented by Koh et al149, 

where they also reported that MTA stimulates the cytokine production in the osteoblasts and 

thereby promoting the bone healing.  

 

Physicochemical properties of MTA and hard-tissue formation 

   The main elements in MTA are calcium and phosphorous97 and these ions are components in 

dental hard tissue as well, which can explain the favorable biocompatibility of MTA in the 

periapical tissue region. It has been found that MTA is releasing calcium ions which react with 

phosphates in synthetic fluid resembling tissue fluid, resulting in a hard-tissue formation of 

hydroxyapatite150 and this might explain the ability of MTA to allow new hard tissue formation 

on its surface in vivo.  

   The interface event in the MTA-dentine contact and the sealing ability of the material is also 

believed to arise from this apatite formation. The gradual formation of hydroxyapatite crystals in 

the MTA-dentine interface leads to an initial mechanical bond and gradually becomes a chemical 

bond150. This formation of a mechanical and chemical bonding interface layer between MTA and 

dentin also results in increased push-out bond strength of the MTA material151. 
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Influence on fibroblasts 

   The attachment of and influence on both periodontal ligament, PDL and gingival fibroblasts 

regarding different retrograde materials are reported. In a study where five retrograde root-filling 

materials were compared regarding the influence on human PDL fibroblasts152, the results 

showed little negative effect on the cells from MTA, while the eugenol containing materials IRM 

and Super-EBA revealed a decreased number of viable PDL fibroblasts in higher eugenol 

concentrations in this study model.  

   The authors stated that the amount of eugenol diffused from in vivo set IRM and Super-EBA 

retrograde root-fillings is still unknown. The MTA material was suggested to be biocompatible 

according to their results.  

   Many retrograde root-filling materials are initially more cytotoxic to viable cells and are so also 

reported for fibroblasts153. After the setting period and washing of the tested materials, MTA, 

amalgam and composite resin for 2 weeks, the PDL fibroblasts showed an increased proliferation 

on the MTA material surface. That study also reported the ability of MTA to induce alkaline 

phosphatase expression and activity in both PDL and gingival fibroblasts, which has a role in 

cementum deposition and bone healing.  

   The cytotoxity on human PDL fibroblasts from MTA compared to amalgam and super-EBA 

after 24 hours setting is lower for the first material, thus suggesting the favour of using MTA in 

the root-end environment154. 

 

 

General discussion (Paper I-IV) 
 

   According to our experimental results in terms of cortical bone healing and amount of 

inflammatory response, IRM and MTA seems to be more suitable materials as retrograde root-

filling materials compared to GP and Super-EBA. Nevertheless we have to emphasize the fact 

that the GP material with the sealer and Super-EBA might have been influenced by the moist 

environment in the experimental model, which is not the case in most of the clinical situations. 

   When considering the results from a biocompatible point of view, MTA is the optimal material 

to use in periapical surgery procedures. IRM used as a retrograde root-filling has also a good 

prognosis according to our clinical outcomes. This is in line with published review data from 

Tang et al, who suggests the use of MTA and IRM as retrograde root-fillings before amalgam and 

pure gutta-percha155.  
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   Another question which should be stated is how long time a periapically affected tooth, after a 

treatment surgically or conventionally, is supposed to be in function? If we can extend the 

functioning time for a supporting tooth in a prosthodontic construction by performing a 

periapical surgery procedure, this treatment is an excellent alternative compared to an extraction 

and loss of occlusal contacts and probably bigger costs to rehabilitate the patient. This issue 

needs to be discussed with all patients in such situations.  
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Conclusions 

 

• The success rates regarding healing after 12 months is high for all tested materials and 

show that these materials can serve as a root-end seal in periapical surgery with ultrasonic 

preparation.  

 

• The radiographic status of the orthograde root-filling, type and size of the periapical 

lesion, do not have a significant influence on the treatment outcome after a one-year 

follow-up.  

 

• Formation of new root-cement on resected dentine surfaces in the periapical region is 

seen in healing situations, regardless of the used retrograde material. 

 

• The MTA material allows formation of new cement-like hard tissue in direct contact with 

the material surface. 

 

• The MTA material seems to be more biocompatible compared to the other tested 

materials and should because of this be the first material of choice, but from the clinical 

results in this study, the other materials are suitable as retrograde root-fillings as well. 

 

 

Clinical considerations 

 

• The success figures in this study might be altered after a longer follow-up period.  

 

• There is a difference in the perioperative handling of the tested materials, which could be 

an explanation to the slight variation of the healing figures.  

 

• Regardless what retrograde material used by the surgical team, they must be confident in 

its handling and management.  

 

• Periradicular surgery together with ultrasonic root-end preparation is an excellent 

treatment method for a wide range of teeth with remaining periapical periodontitis and 

should be used in modern surgical dentistry. 
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