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Chapter 1 

GENERAL INTRODUCTION 

Although the dental pulp has a large regenerative capacity, it is not resis
tant to carious processes and other injuries. This may result in a limited 
inflammatory response or complete necrotic deterioration. Once the pulp 
has necrotised, the root canal represents a unique and stringent ecological 
niche for bacterial growth due to lack of oxygen and the availability of host 
tissue and tissue fluids as primary nutrient sources (Sundqvist 1992). Pulpal 
necrosis allows colonisation and growth of microorganisms resulting in an 
inflammatory response in the tissues surrounding the root apex (Kakehashi 
et al. 1965, Möller 1966, Sundqvist et al. 1979). This condition is called 
apical periodontitis. 
Apical periodontitis results in bone loss around the root tip, which is mani
fest on radiographs as a periapical radiolucency. The prevalence of periapical 
radiolucencies in dentulous individuals is 40-60 % (Eriksen et al. 1988, 
Ödesjö et al. 1990, Eriksen & Bjertness 1991, De Cleen et al. 1993). This 
indicates that apical periodontitis is a frequently occurring disease. The 
distribution in the population shows a higher risk of apical periodontitis in 
older age groups (>40 years) (Eriksen 1991). In the latter age group, 5-8% 
of the remaining teeth are affected (Eriksen 1998). 
Local defence mechanisms of the tissues around the root can not control the 
microorganisms within the pulp space. Therefore, elimination by mechan
ical and chemical intervention is essential to control the disease. Root 
canal treatment or extraction of the tooth can accomplish this. 
Bacteria are not only located in the necrotic pulp tissue but adhere to the 
root canal wall, are present in the dentinal tubules (for an extensive review 
see chapter 2) and can occur in periapical plaque on the root surface 
(Tronstad et al. 1987, Siqueira & Lopes 2001). 
To induce peri-apical healing, removal of microorganisms from the root 
canal system and prevention of reinfection is essential. Treatment of apical 
periodontitis involves three essential components: 

-Mechanical instrumentation 
-Irrigation and chemical disinfection 
-Obturation of the pulp cavity 

If these procedures are carried out properly a high success rate, with 
complete resolution of periapical periodontitis, can be expected. Well-
controlled studies, based on radiographic evaluation, report success rates 
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of 83-94% (Strindberg 1956, Bystrom et ai 1987, Sjogren et ai 1990). 
Lower success rates of 60-77% are generally found in epidemiological 
studies as reviewed by Eriksen (1998). 

Mechanical instrumentation 
The objective of mechanical instrumentation is to remove the main bulk of 
infected material and its nutritional supply. 

The procedure aims: 
-To physically remove as much as possible of bacterial mass. 
-To remove sources of substrate for bacterial regrowth and multiplication 
including necrotic tissue and tissue-breakdown products. 
-To remove the inner portion of the root canal wall where dentine is most 
heavily infected. 
-To provide access for irrigation solutions to all parts of the root canal 
system for cleaning and chemical disinfection. 
-To create a clean and properly shaped canal that facilitates the insertion of 
a well-sealing root canal filling. 

It may be very complicated to successfully reach these objectives. 
Microorganisms are not only located in the main canal, but they will also 
enter any space and ramification available including isthmuses, dentinal 
tubules and lateral canals (Oguntebi 1994, Weiger et ai 2001). It needs to 
be recognised that crevices and lateral areas of oval shaped canals are 
especially difficult to reach with root canal instruments (Walton 1976, 
Evans et ai 2001, Wu et ai 2001, Wu & Wesselink 2001). If untouched by 
instruments both substrate and bacterial organisms may remain in such loca
tions. When a pathway to the apical environment is available, periapical 
inflammation may remain. 

Irrigation and chemical disinfection 
Mechanical instrumentation of root canals needs to be supported by 
frequent irrigation. An important goal of irrigation is the removal of debris 
and dentinal shavings. Another is to keep canal(s) moist so instrumentation 
can run smoothly. It is also considered critical that the irrigation solution 
should exert bactericidal effects. In clinical trials, bacteria were frequently 
recovered from teeth treated with mechanical instrumentation and water 
irrigation alone (Byström & Sundqvist 1981 ). To augment the efficacy of the 
instrumentation procedure an irrigating solution for root canals should also 
be able to dissolve necrotic tissue remnants especially in areas where 
mechanical instrumentation cannot reach, including crevices, invagina
tions and lateral canals. Finally the agent should cause minimal tissue 
damage and thus be minimally reactive in case it is extruded into the peri-
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apical tissue environment (Spangberg et al. 1979). 
The most commonly recommended and employed solution for endodontic 
irrigation is sodium hypochlorite (NaOCI). Sodium hypochlorite unites 
three important qualities essential to root canal treatment, 
-It dissolves organic material 
-It is a potent disinfectant 
-It is minimally tissue irritating in low concentrations. 
The tissue-dissolving capacity of NaOCI is well established (Hand et al. 
1978, Moorer & Wesselink 1982). Both vital and necrotic tissues are 
affected and dissolved by NaOCI. It is a strong and fast-acting disinfectant 
with a low tissue irritating potential. The latter applies only to concentra
tions lower than 1 %, while it is a potent tissue irritant in higher concen
trations (2.5-5%) (Lamers et al. 1980, Harrison et al. 1981, Rosenfeld et al. 
1978). High concentrations are therefore avoided or used with great care 
so that no solution is extruded beyond the apical foramen, which may 
cause a severe tissue irritation. 
The risk-effectiveness of the use of high concentrations of NaOCI can 
further be questioned based on limited gain in antibacterial effect found in 
clinical trails (Byström and Sundqvist 1985). On the other hand, higher 
concentrations may have better tissue dissolving capacity (Hand er al. 
1978). 
The most frequently recommended and most commonly used concentration 
is a compromise, 1-2%. This concentration still has a good necrotic tissue 
dissolving and antibacterial capacity (Moorer & Wesselink 1982, Byström & 
Sundqvist 1985, Baumgartner & Cuenin 1992). After instrumentation and 
irrigation with NaOCI, approximately 50-80% of root canals is free of 
cultivable microorganisms (Sjögren & Sundqvist 1987, Shuping et al. 2000). 
The number of microorganisms that are not removed from the root canal 
after instrumentation and irrigation are low (Byström & Sundqvist 1981, 
Sjögren & Sundqvist 1987, Shuping et al. 2000). Yet, if given space and 
nutrition, re-growth into original numbers may soon occur. 

In principle, there are two approaches to control the residual microor
ganisms. 
1- enhance bacterial elimination before the permanent root filling by 
applying a disinfectant in the instrumented canal between two treatment 
sessions (intracanal disinfectant). 
2- entomb the residual bacteria in the permanently filled root canal space. 
Root filling is then carried out after the completion of the biomechanical 
preparation in the same visit. 

Inclusion of an intracanal disinfectant 
A multitude of anti-microbial agents has been used in the past to serve as 
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an interappointment canal disinfectant (Chong & Pitt Ford 1992) 
In recent years, a water slurry of calcium hydroxide (CaOH2) has gained 
considerable acceptance as an interappointment disinfectant in endodontic 
therapies (Chong & Pitt Ford 1992, Fava & Saunders 1999). It is an alkaline 
substance (pH =12.5) that dissociates in calcium and hydroxyl ions when it 
interacts with fluid. The latter property results in antimicrobial and tissue 
dissolving ability (Bystrom etal. 1985, Hasselgren et ai. 1988, Georgopoulou 
et al. 1993, Siqueira & Lopes 1999). Because of its low solubility, it holds up 
in the endodontic space over long periods to prevent bacterial regrowth 
The antibacterial capacity of calcium hydroxide however, is limited to the 
microorganisms in the near vicinity. It does not effectively kill bacteria in 
non-instrumented parts of the canal and in the dentinal tubules (0rstavik & 
Haapasalo 1990). 

Obturation of the root canal with a permanent root canal filling 
Entombing the residual bacteria by obturation of the root canal system with 
a permanent root canal filling, immediately after cleaning and shaping of the 
pulp space, may deprive them from nutrition. In addition, root canal sealers 
that are used during obturation posses antibacterial properties before 
they set (Fuss et al. 2000). 
It is speculated that the residual bacteria may receive nutrition when the 
coronal seal is broken. This will enable them to regrow and cause new pen-
apical pathology when a pathway to the periapical tissues is available 
However when coronal leakage occurs microorganisms from the oral 
cavity will also be able to reach the root canal space. These bacteria will 
outnumber the residual bacteria. 

SCOPE AND OUTLINE OF THE THESIS 

It is clear that microorganisms in the necrotic pulp tissue are the cause of 
apical periodontitis and that their removal by root canal treatment will result 
in healing in most instances. However, with contemporary means it is 
impossible to remove all microorganisms from the root canal system A 
common opinion how to deal with these remaining bacteria after root 
canal instrumentation and irrigation does not exist. This issue forms the 
continuous thread through this thesis. 
Since in the literature an increasing interest in mechanisms how to kill 
microorganisms remaining in the dentinal tubules was shown it was consid
ered necessary as a first approach to review the literature to evaluate the 
existing knowledge about the presence, role and fate of microorganisms in 
the root dentinal tubules (chapter 2). The first experiments in chapter 3 were 
conducted to develop an in-vitro model that can be used to study the 
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effects of several treatment modalities. The dentine specimen and microor
ganisms are surrounded by nutrients and it is possible to measure the 
number of microorganisms that penetrate into the root dentinal tubules 
under different circumstances. The effect of dentine surface treatment 
on the penetration depth, from the pulpal side, in root dentine by deter
mining the number of surviving bacteria per milligram of dentin (CFU/mg) 
was studied. 
Very little information is available about the depth of penetration and 
number of viable microorganisms in root dentine of teeth that are still 
amenable to root canal treatment. Therefore the presence, depth of pene
tration, morphotypes and the number of colony forming units (CFU) of 
bacteria in root dentin of restorable teeth with periapical lesions was eval
uated in chapter 4. 
The clinical experiments (chapter 5 and 6) were conducted to study the 
number, identities and the fate of bacteria in root canals before, during and 
after root canal treatment. The influence of one and two visit root canal 
treatment on number of microorganisms and periapical healing was eval
uated. 
The recurrent presence of certain species at all stages of root canal treat
ment (chapter 5) was evaluated in chapter 7. Positive relations between 
certain strict anaerobic species were found. In chapter 8 the studies 
presented in this thesis are summarised, conclusions are listed and some 
suggestions for further study are made. 

13 
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Chapter 2 

THE FATE AND ROLE OF BACTERIA 
LEFT IN ROOT DENTINAL TUBULES1 

Abstract. - In this article the question of the relevance, and consequences, 
of bacteria remaining in the tubules of root dentine after cleaning and 
shaping of the root canal space is addressed. A second aim is to discuss the 
necessity of clinical measures taken to eradicate those bacteria that are 
presumed to survive there. The available clinical and experimental evidence 
supports the use of antibacterial dressings in cases where the root canal 
space remains temporarily unobturated after removal of necrotic and 
infected pulp tissue. There is no evidence, however, that special measures 
should be taken to kill the bacteria in the dentinal tubules. Should time 
permit, a sound obturation technique immediately following the cleaning, 
shaping and disinfection phases, allows the remaining bacteria in the 
tubules to be either inactivated or prevented from repopulating the (former) 
canal space. In the vast majority of cases, those bacteria appear not to jeo
pardize the successful outcome of root canal treatment. 

1 This chapter has been published as: Peters LB, Wesselink PR, Moorer WR (1995) The fate and 
role of bacteria left in root dentinal tubules. International Endodontic Journal 28, 95-99. 
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INTRODUCTION 

The essential role of bacteria in the initiation, propagation and persistence 
of apical periodontitis has been established (Kakehashi etal. 1965, Möller 
1966, Sundqvist 1979, Sundqvist et al. 1979). Endodontic therapy is aimed 
at the elimination of bacteria from the infected root canal and at the 
prevention of reinfection. This is accomplished by a thorough chemo-
mechanical cleaning of the root canal followed by a complete filling of the 
canal space. Cleaning, shaping and irrigating greatly reduce the cultivable 
numbers of bacteria. 
However, a number of studies have shown that it is impossible to achieve a 
sterile root canal space in all cases even by thorough cleaning, shaping and 
irrigating with disinfectants or antiseptics after one visit (Byström and 
Sundqvist 1981, Byström, Claesson and Sundqvist 1985). Therefore, concern 
exists as to the fate and consequences of microorganisms left in the canal. 
It has been shown that they may multiply rapidly in two to four days (to 
almost the original numbers) in cases where the canal is not filled or not 
dressed with a disinfectant between visits (Byström & Sundqvist 1981). 
In clinical practice the remaining bacteria can be prevented from 
repopulating the root canal space by enclosing an interappointment 
dressing like calcium hydroxide in the canal (Byström, Claesson and 
Sundqvist 1985, Chong & PittFord 1992). Some authors consider therefore 
a two-visit root canal treatment mandatory in case of root canal infection 
(Heithersay 1990, Tronstad 1991). Another approach has been to allow the 
remaining microorganisms no nutrition or room to multiply by direct and 
complete filling of the prepared and disinfected canal space, as practized in 
single-visit endodontics (Soltanoff 1978, Oliet 1983). In orthograde surgical 
endodontics, the canal is cleaned and obturated in one visit, neglecting the 
remaining microorganisms (Kouhry etal. 1987, Grung etal. 1990). Indepen
dent of the use and type of interappointment dressing, 70-95% success 
rates are claimed with two-visit endodontic treatments, as well as with 
single-visit endodontic treatments and with orthograde surgical endodon
tics (Soltanoff 1978, Oliet 1983, Pekruhn 1986, Khoury etal. 1987). The 
published success rates appear to be mainly determined by the criteria 
used for defining success, by the time between treatment and evaluation, 
and by the pretreatment status of the tooth and periapex (Siöqren et al 
1990). 

Often, the causes of failure of root canal treatment are obvious such as: 
unfilled canals, incomplete root canal preparation and filling, vertical root 
fractures, external root resorption (Vire 1991). In addition, some failures 
occur even after seemingly perfect root canal treatments. It may be signif
icant that a perfect appearance of a root canal filling on the radiograph has 
limited predictive value about its sealing quality (Kersten et al. 1987). 

16 
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However, even when we the root canal treatment is assumai to be perfect, 
some cases fail and one can only speculate on the reasons for these failures, 
unless a peri-apical biopsy reveals a cause like a self-sustaining cyst, a 
cholesteatoma or a foreign body reaction. 
Bacteria remaining in the apical part of the root canal have been suggested 
as other causes of failure, despite the fact that no bacteria could be 
detected in the canal prior to filling and after the use of an interappointment 
dressing (Nair et ai 1990, Sjögren et al. 1990). Also, periradicular infection 
per se (Tronstad er ai 1987, Barnett ef ai 1990) causes failures. Recently, 
concern has been expressed about microorganisms and their products 
remaining in the root dentinal tubules. This initiated evaluation of measures 
to kill bacteria left in the dentine (Safavi et ai 1990, 0rstavik and Haapasalo 
1990, Horiba et ai 1990). 
In this review article the question of the relevance and consequences of 
bacteria, or bacterial products, remaining in the tubules of root dentine is 
addressed. A second aim is to discuss the clinical necessity of special 
measures taken to eradicate them. 

THE PRESENCE OF BACTERIA AND THEIR PRODUCTS IN ROOT DENTINE IN VIVO 

Ando & Hoshino (1990) reported the presence of viable bacteria (102 per 
mg"1) in dentine samples collected from areas at a distance of 0.5-2 mm 
from the canal-dentine boundary of infected teeth with decayed clincal 
crowns. In histologic sections of heavily infected teeth, Armitage et ai 
(1983) found bacteria in the dentinal tubules up till halfway the cemento-
dentinal junction. 
Horiba et ai (1990) reported the presence of endotoxin within the dentinal 
wall of infected root canals. The endotoxin content was significantly higher 
in samples taken from the area of 300 urn adjacent to the pulpal surface, 
than in samples from areas at a distance of 301 - 800 urn. 
In 27% of periodontal^ diseased caries-free teeth, bacteria (>100 colony 
forming units/mg dentin) were found in dentine samples adjacent to the 
pulp; however, no mention is made about the rate of migration of microor
ganisms through dentine (Adriaens et ai 1 988). Although this suggests a 
potential danger for the vital pulp, it disintegrates only if the main apical 
foramina are colonized by dental plaque from the periodontal process to 
involve the root canal (Langeland 1974). No information is available about 
the colonization by bacteria of dentinal tubules in periodontal^ diseased 
teeth without a vital pulp. 
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External inflammatory root resorption 

After traumatic injuries to the teeth the periodontal ligament is often 
damaged, followed by necrosis of connective tissue at the root surface 
Phagocytosis then causes resorption of cementum, resulting in areas of root 
surface denuded from cementum (Andreasen 1981) If in these cases 
the pulp ,s necrotic and bacterial products from within the'infected dentine 

trnhulP t r e S ° r P t i V e ' a C U n a e ° n t h e r 0 0 t s u r f a c e t h r o u 9 h the dentinal 
tubules, ,t may sustain inflammatory resorption of the root (Tronstad 

THE PRESENCE OF BACTERIA IN ROOT DENTINE IN VITRO 

Numerous investigators have, for various research reasons, inoculated the 
pu pal side of root dentine with bacteria. These studies showed that in 
vitro bacteria penetrate into the tubules and remain viable there'for 

0rslaJik°987P) tO " ^ ^ ^ ^ ^ ^ ^ Haapasalo and 

lîihulP«f rThhat S e V e r a ' f 3 f ° r S m f l U e n C e t h e d e p t h o f Penetration into the 
tubules The presence of a smear layer prevents complete penetration 
wh.le etching of the dentine before exposure to the bactena results n' 
deeper penetration Safavi et ai. 1989). According to Akpata and Blec m 
(982) , the greater the number of bacteria and the more rapid their multi
plication rate, the deeper the penetration will be . They found tha exten
sion of the exposure time of the dentine to bactena leads to an increase n 
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(1990) n i r » e H T n S ^ ^ ' ^ ^ b y 0 r S t a v i k *nd Haapasalo (1990). In their study Enterococcus faecalts and Streptococcus sanauis 
penetrated the dentinal tubules within 2-3 weeks to a de^pth of 300 400 Mm 
whi e Pseudomonas aeruginosa was only scarcely found in the scanning 
electron microscopic sections, even after 4 weeks of incubation. Perez Tal 
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l ?

t i ? n d ePth of 479 urn for Streptococcus 
sanguis after 28 days of incubation, with an extreme value of 737 urn 
\f bactena are inoculated from the coronal part of the tooth there are 
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the pulpal side is deeper when the cementum is removed from the root 
surface (Haapasalo and 0rstavik 1987, Adriaens et ai 1988) IfTementum 
is not present on the root surface, bactena are able to colon ze the^ubuïes 
f om the periodontal side. The speed of penetration from this side is lowe 
than that from the pulpal side. It slows down when the bacteria progrès 
towards the middle portion of the root, presumably because the n tnt o n 
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source (pulp or periodontium) is situated further away (Haapasalo and 
0rstavik 1987; Adriaens etal. 1988). 
Conclusions from this research may be that one important factor for inva
sion of dentinal tubules by bacteria is the availability of a nutrient source. 
Ingrowth or progress of bacteria can be delayed or prevented by the pres
ence of a smear layer and an intact root cementum and periodontal ligament 
(Safavi etal. 1989). 

THE FATE OF BACTERIA LEFT IN DENTINAL TUBULES AFTER ROOT CANAL TREATMENT 

Although, in vitro, most bacteria in the dentinal tubules died within 24 
hours after removal of the nutrient medium (0rstavik and Haapasalo 1990), 
concern has been expressed about their survival after root canal therapy 
since in vivo conditions may permit nutrient supply to bacteria in dentinal 
tubules, (0rstavik and Haapasalo 1990). 
Therefore, the penetration of various antiseptics into the dentinal tubules 
has been evaluated. According to Safavi etal. (1990), iodine potassium-
iodide has "long distance" bactericidal effects in vitro and is more potent 
than calcium hydroxide, and 0rstavik and Haapasalo (1990) found it to be 
more potent then sodium hypochlorite. Its antimicrobial efficacy, how
ever, has been shown to be of very short duration (0rstavik and Haapasalo 
1990). Its depth of disinfecting activity in the tubules reached up to 1000 
urn within 5 minutes, whereas this was 300 pm for NaOCI and Hibitane 
(Chlorhexidine). Gutierrez ef al. (1990) found that, in histological sections 
of roots irrigated with NaOCI and hydrogen peroxide, cuboidal sodium chlo
ride crystals were present, together with bacteria within the tubules, up to 
220 urn from the main root canal. Vahdaty et al. (1993) found that 
Chlorhexidine and NaOCI were equally effective antibacterial agents at 
similar concentrations against E. faecalis present in dentinal tubules. 
To prevent bacteria from repopulating the root canal after completion of the 
root canal instrumentation, interappointment dressings have been recom
mended. It is hoped that these will kill the microorganisms in the tubules. 
Camphorated p-monochlorophenol (CMCP) appeared to have a stronger 
bactericidal effect in the dentinal tubules than calcium hydroxide (Haapasalo 
and Orstavik 1987). However, CMCP used as an interappointment dressing 
has a short half-life and almost 95% of the CMCP inside the pulp chamber 
is lost within 24 hours (Messer and Chen 1984). Recently, it has been 
shown that a sustained-release device containing Chlorhexidine gluconate 
reduces the number of bacteria in the dentinal tubules and prevents their 
regrowth whereas calcium hydroxide does not (Cervone et al. 1990). The 
bactericidal effects of calcium hydroxide on microorganisms in dentinal 
tubules appeared less efficient than that of CMCP in vitro (Haapasalo and 
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0rstavik 1987). However, Byström et al. (1985) found Calasept (calcium 
hydroxide) dressings to be most effective in interappointment treatment of 
infected root canals. Application of calcium hydroxide for 1 month resulted 
in negative cultures of the canal contents in 97% of the cases 
The favourable effect of calcium hydroxide is due possibly to its low solu
bility which makes it act as a slow release-system within the root canals By 
its release of hydroxyl ions it kills or inactivates bacteria. Its physical obtu
ration of the canal space may effectively block accumulation of exudate 
thereby reducing the potential of nutrient support for the bacteria and' 
eliminating the space for bacteria to multiply. 

LONG-TERM FAILURE BECAUSE OF BACTERIA LEFT IN THE TUBULES 

It may be asked if bacteria, remaining in tubules do, in fact, lead to failure 
or unsuccessful repair of the periapex. This has not been investigated in 
sensu stricto. After proper cleaning, shaping and obturation of the canal 
system the numbers of bacteria are greatly reduced compared to initial 
numbers. Even if all bacteria originally present in the tubules would remain 
viable at the end of the clinical session, their numbers aœ certainly quite 
small, again compared with the initial number in the root canal system that 
caused (periapical) pathology (Byström and Sundqvist 1981). 
It is conceivable that those bacteria either do not survive the treatment are 
inactivated subsequently or remain in insufficient numbers to sustain or 
cause pathology. This is, of course, supported by the notion that a high 
percentage of "properly treated" cases are successful. This is clearly not due 
to the almost unobtainable sterility of the treated dentine-pulp complex but 
rather to the low numbers of remaining bacteria just before obturation 
Calcium hydroxide greatly helps reducing or inactivating bacteria (when 
used as an interappointment dressing). This is because of its disinfecting 
capacity as well as its physical obturation of the canal system, withholding 
bacteria from their sources of nutrients and limiting the space for multi
plication. 

If the latter is appropriate, obturation with gutta percha and sealer during 
the first appointment, after chemo-mechanical cleaning and disinfection 
with NaOCI, also deprives the remaining microorganisms from their nutri
tion and leaves them no space to multiply to sufficient numbers to cause or 
maintain disease. 
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External inflammatory root resorption 

Removal of the irritants from the root canal by complete debridement 
and obturation stops the inflammatory resorptive process in most cases 
(Cvek 1973). However, the possibility exists that bacteria in the tubules 
survive the treatment and get nutrition from tissue fluid entering the 
tubules from the periodontal side where the tubules are patent owing to 
resorption. Prolonged calcium hydroxide treatment is recommended in 
cases of trauma to prevent resorptive processes (Camp 1983). In cases 
where inflammatory resorption is evident calcium hydroxide is believed to 
kill bacteria in the tubules and provide an alkaline environment stimu
lating repair processes (Tronstad 1988). 
Conversely, Hammerström et al. (1986) and Leng heden ef al. (1990, 1991) 
have warned that the use of calcium hydroxide in root canals of teeth 
with damaged root surfaces may result in ankylosis because of the necro
tizing effect of calcium hydroxide on the repopulating cells. There appeared 
to be no difference in the occurence of root resorption whether (2 weeks 
after pulp infection) the root canals were immediately obturated with 
gutta percha and sealer or a calcium hydroxide paste was applied (Dumsha 
and Hovland 1993). These results, together with those of Cvek (1973) 
suggest that bacteria in tubules, in cases of inflammatory root resorp
tion, probably do not survive after root canal treatment, or where they do 
survive, their influence on repair processes is not noticable. 

Conclusions 

-Failure of root canal therapy seems to be unrelated to the relative small 
numbers of bacteria left in the dentinal tubules after proper root canal prep
aration and obturation. Rather, partly or improperly filled canals give way 
for regrowth or reinfection leading to failures. 
-There is not enough evidence to support the clinical application of special 
measures to eradicate the bacteria left in the dentinal tubules. 
-Further research is necessary to give an answer to the question: do bacteria 
survive in dentinal tubules or not and if they survive do they grow to suffi
cient, pathologically significant, numbers? 
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PENETRATION OF BACTERIA IN BOVINE ROOT DENTINE 
IN VITRO' 

Abstract. - The aim of this study was to develop a test model to quantify the 
penetration of bacteria into dentinal tubules. The model consisted of two 
compartments separated by a bovine dentine specimen with a thickness of 
1.5-3.1 mm. The root cementum was removed from the root surface and the 
specimens were oriented in the model with the pulpal side facing the 
inoculated chamber of the test model. One compartment contained the test 
organism and the other was filled with sterile broth that was evaluated for 
growth of the test organism. The depth of bacterial penetration was 
measured in the dentine with or without a smear layer using both a histo
logical and a quantitative recovering grinding technique after 6 weeks of 
exposure to the microorganisms. 
E. faecalis penetrated the dentine significantly deeper than A. israelii (p < 
0.001). After removal of the smear layer with EDTA E. faecalis penetrated 
significantly deeper than in the dentine pretreated with saline only (p < 
0.01) or with a combination of saline and sodium hypochlorite (p < 0.01). 
Microorganisms were found in 89% of the cultured specimens and in 
80% of the specimens that were evaluated with light microscopy. Total 
penetration through the dentine specimen and infection of the broth in the 
test compartment of the model occurred in only 2 out of 72 specimens. 
Collection and immediate culturing of infected dentine dust and counting 
colony forming units (CFU) allowed an overview of the number of bacteria 
per sample and was more sensitive than microscopy. Removal of the smear 
layer enhanced bacterial penetration. 

1 This chapter has been published as: Peters LB, Wesselink PR, Moorer WR (2000) Penetration 
of bacteria in root dentine in vitro. International Endodontic Journal 33, 28-36. 
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INTRODUCTION 

The mam objective in the treatment of infected root canals is the elimina
tion of micro-organisms from the root canal system because they are the 
mam factor in the development of periapical inflammation. Recently 
concern has been expressed about the fate and influence of bacteria left in' 
dentinal tubules after root canal preparation (Abbott 1990 Chong & Pitt 
Ford 1992, Oguntebi 1994, Peters et al. 1995). It may be questioned 
whether micro-organisms in the dentinal tubules of roots will survive after 
instrumentation and obturation, and whether they can multiply to sufficient 
numbers and produce enough toxins to maintain or develop periapical 
inflammation (Peters et al. 1995). Because of this potential risk various 
disinfection regimens have been tested in vitro to determine the extent to 
which they kill micro-organisms in the dentinal tubules of roots (0rstavik & 
Haapasalo 1990, Siqueira & de Uzeda 1996, Gomes et al 1996 Heiina & 
Chandler 1996). ' 

In order to study the effect of several treatment modalities on the fate of 
bacteria in root dentinal tubules, it is necessary to know more about infec
tion of tubules in vitro including the depth of penetration, and the number 
of bacteria present. 
In vitro studies have shown that bacteria do penetrate into the tubules 
(Akpata & Blechman 1982) and remain viable there for periods of up to 10 
days (Haapasalo & 0rstavik 1987). It appears that several factors influence 
the depth of penetration of micro-organisms. For example, the presence of 
a smear layer prevents complete penetration, whilst etching of the dentine 
before exposure to the bacteria results in deeper penetration (Safavi etal. 
1 989). 

According to Akpata & Blechman (1982), the more bacteria and the higher 
their multiplication rate, the deeper the penetration will be. They found that 
increased exposure times of dentine to bacteria led to an increase in the 
number of infected tubules and in penetration depth; 0rstavik & Haapasalo 
(1990) confirmed these observations. In their in vitro study, Enterococcus 
faecalis and Streptococcus sanguis penetrated the dentinal tubules to a 
depth of 300-400 urn within 2-3 weeks. Pseudomonas aeruginosa was 
rarely found in the scanning electron microscopic sections, even after 4 
weeks of incubation, while they were found frequently in bur'samples They 
explained the discrepancy between microscopic observations and culturing 
by emphasising the susceptibility of Ps. aeruginosa to transportation 
during the cutting sequence or by the fact that only few cells of Ps aerug
inosa were required for a positive cultural identification; the relatively 
small numbers passing unnoticed in scanning electron microscopic views 
Perez et al. (1993a, 1993b) found a mean penetration depth of 479 urn for 
Streptococcus sanguis after 28 days of incubation with a maximum value 
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of 792 |jm. Love (1996) found that Streptococcus gordonii could penetrate 
in the dentinal tubules up to 200um in the coronal and middle portion of 
the root and to 60pm at the apical extent of the root canal. Siqueira et al. 
(1996) found that every anaerobic bacteria they tested was able to penetrate 
into dentinal tubules, all to a different extent. 
If bacteria are inoculated from the coronal part of the tooth there are 
more tubules infected in the cervical area of the dentine than in the middle 
or apical part (Akpata & Blechman 1982). Bacterial penetration from the 
pulpal side is deeper when the cementum is removed from the root surface 
(Haapasalo & 0rstavik 1987, Adriaens et al. 1988). If cementum is not pres
ent on the root surface, bacteria are able to colonise the tubules from the 
periodontal side. The speed of penetration from this side is lower than that 
from the pulpal side (Haapasalo & 0rstavik 1987, Adriaens et al. 1988). It 
slows down when bacteria reach the middle portion of the root (in vivo), 
suggesting that if the source of nutrition (pulp or periodontium) is situated 
further away, the growth of micro-organisms is reduced (Adriaens et al. 
1988). It could be concluded from the work of Adriaens et al. (1988) that 
one important factor for invasion of dentinal tubules by bacteria may be the 
availability of a nutrient source. Ingrowth or progress of bacteria can be 
delayed or prevented by the presence of a smear layer and an intact root 
cementum and periodontal ligament (Haapasalo & 0rstavik 1987, Safavi et 
al. 1990). 
All these studies have been conducted to either show that bacteria do 
penetrate the tubules or to develop a model for the evaluation of disin
fectants and their action on micro-organisms in the dentinal tubules. Most 
studies evaluate the penetration depth solely by scanning electron 
microscopy (SEM) or light microscopy (LM) (Siqueira ef al. 1996). In the 
studies of Akpata & Blechman (1982), 0rstavik & Haapasalo (1990), Perez 
er al. (1996) and Heling & Chandler (1996) bacteria were cultured after 
penetration into the tubules. Dentine shavings were collected in broth to 
test for viability of the bacteria, which are a qualitative measure rather than 
quantitative. In order to study the effects of several treatment modali
ties, it is necessary to develop an in vitro model in which it is possible to 
measure the number of micro-organisms that penetrate and survive in 
the root dentinal tubules under different circumstances. The purpose of this 
study was to evaluate the effect of dentine surface treatment on the pene
tration depth from the pulpal side in root dentine and on the survival of two 
bacterial species by determining the number of surviving bacteria per 
milligram of dentin (CFU/mg). More specifically we focused on: 

1 : The influence of removal of the smear layer on the penetration 
depth of E. faecalis in root dentinal tubules by determining the 
colony forming units per milligram of dentine (CFU/mg) in three 
different layers. 
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2: The comparison in depth of penetration between E. faecalis and 
A. israelii. 

3: The comparison between histologic observations of micro-organisms 
present in root dentine and those made by determining viable 
bacteria. 

E. faecalis was chosen as a test organism since it is associated with persis
tent apical inflammation (Engström 1964, Haapasalo etal. 1983, Sundqvist 
ef al. 1998, Molander et al. 1998) and because E. faecalis seems to be the 
most suitable organism to infect dentinal tubules as it leads to gross infec
tion in most studies where it is used (Akpata & Blechman 1982, 0rstavik & 
Haapasalo 1990). A. israelii was chosen because it is a facultative micro
organism isolated in endodontic infections. 

MATERIALS AND METHODS 

Test device (figs 1,2) 

Two cylindrical compartments A and B were connected to acrylic washers (C) 
and rubber-o-rings (D, E) sealing the device to the experimental dentine 
specimen (F) and controlling the surface area (central opening in C) of 
dentine to be exposed (1,77mm2). The device is closed by a screw (G) 
providing tension on the rubber rings and holding the specimen in place. 
Metal tubes allowed access to both compartments using slender (27 gauge) 
needles (Reeder ef al. 1978). 
The dentine specimen between the two chambers was orientated with 
the pulpal side facing the inoculated chamber (A). Chamber B contains 
sterile broth to provide a nutrition source on the 'cémentai' side of the 
dentine. 

O • E 

Figure 1 Two cylindrical compartments (A, B) are connected to acrylic washers (C) 
and rubber o-rings (D, E) sealing the device to the experimental dentine specimen 
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(F). The surface area of dentine to be exposed (1,77mm2, center of C) is controlled 
by the acrylic washers (top of figure). The dentine specimen (F) between the two 
chambers is orientated with the pulpal side facing the inoculated chamber (A). 

Figure 2 The test device is closed by a screw (G) providing tension on the rubber o-
rings and holding the specimen in place. Metal tubes allow access to both compart
ments (A, B) using 27 gauge needles. 

hill! 

Dentine specimens 

From freshly extracted bovine incisors the coronal and the apical third of the 
root were removed leaving the middle portion to be used for the experi
ments. The sections were split longitudinally and ground flat at the cémentai 
and pulpal sides (Fig. 1) resulting in a dentine specimen with smear layer. 
The thickness of the dentine specimens was measured and ranged from 1.5 
-3.1mm. A total of 87 dentine specimens were randomly divided in six 
groups. The dentine specimen between the two chambers was orientated 
with the pulpal side facing the inoculated chamber (A). Chamber B 
contained sterile broth to provide a nutrition source on the 'cémentai' 
side of the dentine. 
Group 1 contained 18 specimens that were exposed to ultrasound 
(Bransonic 32, Branson Ultrasonics Corp., Danbury, CT, USA) in saline for 30 
minutes. Group 2(18 specimens) was exposed to ultrasound in 5% NaOCI 
for 5 minutes followed by saline for 30 minutes. Group 3(18 specimens), 4 
(18 specimens), 5(10 specimens) and 6 (5 specimens) were treated with 
ultrasound in 1 5% EDTA for 5 minutes to remove the smear layer, followed 
by 5 minutes in 5% NaOCI and 30 minutes in saline. Five specimens of 
group 5 served as test model controls and were covered with nail varnish 
(see controls). 
Dentine groups 1, 2, 3 and 5 were exposed to E. faecalis (see procedure), 
group 4 was exposed to A. israelii. 

Procedure 

All specimens were mounted in the test devices. These contained the 
dentine specimens and water in chambers A and B before autoclaving at 
121°C for 20 minutes. After autoclaving water was removed from the 
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chambers with sterile 27 gauge needles, replaced with brain heart infusion 
broth (BHI) (2.5ml_) and incubated at 37°C. After one week broth samples 
were taken from both chambers of all test models using sterile 27 gauge 
needles. Samples were plated on BHI-agar plates to check for sterility. 
Thereafter, the chambers facing the pulpal side of the dentine specimens 
(chamber A, Figure 1) of groups 1, 2, 3 and 5 were inoculated with E. 
faecalis in BHI (109 mL"1). The specimens of group 4 were inoculated with 
A. israelii. Every two weeks half of the infected chamber suspension was 
aspirated and replaced with fresh broth. The aspirated suspension was 
checked for purity and vitality of the bacteria. After 6 weeks the chambers 
on both sides of the dentine specimen were checked for viable micro
organisms by plating 4 x 1 OOul on BHI-agar plates. The dentine specimens 
were removed from the test model for processing using a grinding technique 
for quantitative recovery of viable bacteria (group 1, 2, 3, 6). 

Controls (group 5, 6) 

Five dentine specimens of control group 5 were coated with nail varnish 
before mounting in the test device. This was to check for leakage of the 
broth adjacent to the specimens that could cause contamination of chamber 
B with E. faecalis without passing the dentinal tubules. The specimens of 
group 6 were not infected but served as a sterility check for all procedures 
during the test period. 

Histology 

The other dentine specimens of group 5 were mounted (without nail 
varnish) and exposed to E. faecalis as group 3. After removal from the 
model after 6 weeks, these five specimens were rinsed in sterile water 
and processed for histology and light microscopy. They were fixed in modi
fied McDowell fixative (4% para-formaldehyde, 1 % glutaraldehyde, 
0.1mol/L Na-cacodylate, pH 7.4). Following dehydration through an ethanol 
series the dentine blocks were embedded in LX-112 epoxy resin (Ladd) 
and processed for light microscopic examination (Brown & Brenn stain) to 
check for the presence of bacteria in the dentinal tubules and compare 
histological penetration depth with the cultured specimens of group 3. 
Therefore, serial sections 2um thick were cut, every 100pm, oriented 
parallel to the dentinal tubules. Deepest penetration of the micro-organisms 
was scored as presence in the pulpal third, middle third and cémentai 
third segments of the specimens. The infection of the specimen was scored 
as "heavy" when more than half of the tubules contained bacteria, as 
"intermediate" when less than half of the tubules were infected and 
negative if there were no visible bacteria in the tubules. 
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Recovery of bacteria by the grinding technique 

Dentine samples were taken from the cémentai side of the dentine specimen 
first, since bacterial penetration was initiated from the pulpal side. In this 
way it was possible to detect the bacteria that penetrated deepest without 
contamination from the middle and pulpal segments of the dentine spec
imen. 
Fine dentine shavings were produced with a sterile straight fissure bur 
mounted in a handpiece and run at low speed (25,000 rpm). Three samples 
per dentine specimen were taken approximately 0.7mm (range 0.5 -
1,0mm) apart resulting in a cémentai, middle and pulpal sample. During the 
sampling, the specimens were kept in place with sterile forceps. 
The dentine dust was collected in preweighed sterile petri dishes to estab
lish the weight of the sample in milligrams. It was then transferred to test 
tubes containing 2ml_ of sterile saline, vortexed for 10 seconds and plated 
(100uL) on non-selective (BHI) agar plates. All plates were incubated at 37°C 
for 7 days and CFU were counted and expressed per milligram of dentine 
sample. 

Statistics 

The following variables were tested statistically. 
* thickness of dentine within groups and between groups (ANOVA) 
* comparisons of CFU per layer (cémentai, middle, pulpal) between 

groups 1,2,3 
* comparison of the total CFU per dentine specimen (cémentai + 

middle + pulpal) between groups 1,2,3 
* comparisons of CFU per layer (cémentai, middle, pulpal) between 

E. faecalis (group 3) and A. israelii (group 4) and 
* total CFU per dentine specimen (cémentai + middle + pulpal) between 

E. faecalis (group 3) and A. israelii (group 4) all using the 
Kruskal-Wallis test followed by Mann-Whitney U-test. 

The level of significance was set at p < 0.05. 
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RESULTS 

Number of bacteria in the dentine 

The numbers of CFU/mg recovered f rom the dent ine samples by the 
gr inding procedure are shown in Tables 1 and 2. In group 1 4 5 % of the 
dent ine samples showed in fec t ion (8/18) , in groups 2, 3 and 4 this 
percentage was respectively 4 5 % (8/18), 8 9 % (16/18) and 2 8 % (5/18). In 
11 % (8/72) no growth was observed f rom the pulpal or middle gr inding 

Table 1 Numbers of CFU/mg of groups 1, 2 and 3 (infection with E. faecalis) 

(Saline) 
(n-18) 
group 1 pulp mid ce m 

(Saline, 
(n=l8) 
group 2 

MaOCI) 

pulp mid ce m 

(Saline, NaOCI, EDTA) 
(n-18) 
group 3 pulp mid ce m 

1-10 0 0 0 19-28 0 0 0 37-38 0 0 0 

11 2 0 0 29 0 3 7 39 1 1 2 

12 3 0 0 30 16 20 7 40 0 2 3 

13 24 0 5 31 80 7 0 41 6 0 0 

14 29 8 0 32 70 46 1 42 0 0 12 

15 86 0 0 33 138 2 1 43 8 16 40 

16 120 86 0 34 141 91 0 44 76 2 11 

17 168 50 0 35 284 12 0 45 109 0 0 

18 368 0 0 36 0 516 4 46 

47 

48 

49 

50 

51 

52 

53 

54 

24 

146 

304 

0 

401 

1021 

842 

1333 

1389 

42 

58 

0 

365 

4 

4 

32 

0 

0 

151 

30 

0 

0 

3 

2 

313 

4 

1 

% pos 45 17 6 34 45 28 72 56 67 

Pulp= Pulpal samples; Mid=Middle samples; Cem=Cemental samples; %pos=percen-
tage of samples that showed infection of the dentine shavings with E. faecalis 
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sample while bacteria were detected in deeper layers. In group 2 (Table 1) 
specimens 29 and 36 did not show bacterial growth from the pulpal sample 
while growth was observed in the middle and cémentai sample. In group 3 
(Table 1) no viable bacteria were found in the pulpal and/or middle sample 
of specimens 40, 42, 49, 53 and 54 although growth was obtained from the 
deeper segments. In group 1 (Table 1) no viable bacteria were found in the 
middle segment of specimen 13. 

Infection of chambers 

Bacteria in the inoculated chambers A were viable during the whole exper
iment in all groups. 
Only two specimens of group 3 al lowed E. faecalis to invade the dentine 
completely, infect ing chamber B. According to cult ivation of the dentine 
dust, the bacterial front reached parts of the outer layer (cémentai) in 12 out 
of 18 specimens (group 3) including the two specimens that showed a posi
tive culture in chamber B. No infect ion of chamber B was detected in 
groups 1, 2, 4 and 5. From cult ivation of dentine dust, the bacterial f ront 
reached the cémentai segment of the roots in only 1, 5 and 2 out of 18 
specimens in groups 1, 2 and 4 respectively. 

Table 2 Numbers of CFU/mg of group 4 (infection with A. israelii) 

EDTA, NaOCI, Saline 
(n-18) 
group 4 pulp mid cem 

55-67 0 0 0 

68-59 1 0 0 

70 97 1 0 

71 466 6 27 

72 t480 2 1 
% pos 22 17 11 

Pulp= Pulpal samples; Mid = Middle samples; Cem = Cemental samples; 
%pos=percentage of samples that showed infection of the dentine shavings with 
A. israelii. 

Controls 

In the five specimens of group 5 (dentine specimens covered w i th nail 
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varnish) no leakage occurred from the inoculated chamber A to the sterile 
chamber B. All grinding samples of group 6 (non-infected) were negative 
indicating an aseptic technique 

Histology 

n the 5 specimens of group 5 that were used for histological evaluation 
(exposed to E. faecalis) four out of the five dentine specimens showed inter
mediate infection (less than half the tubules infected). In three of those the 
bacteria penetrated only the pulpal segment while the fourth specimen 
showed penetration up to the middle segment. The fifth specimen did 
not reveal histological signs of penetration by E. faecalis (Table 3) 

Table 3 Histological sections of group 5 (infection with E. fa e cal is) 

Histology 
(n=5) " 

pulp mid cem 

1 + - -
2 + - _ 
3 + - _ 
4 + + _ 
5 - - -
% pos 80 20 0 

Pulp= Pulpal samples; M,d = Middle samples; Cem = Cemental samples-

ifghrmTcroscope96 S e C t ' ° n S * * ^ ^ m f e C t ' ° n ° f t h e d e n t m e u n d e r t h e 

Statistics 

d^ h s i k mf ica 0 nt | h e ^ ' ^ S p e C ' m e n S W ' t h m a n d b e t w een groups did not 

* Pulpal samples 

Group 3 (EDTA, NaOCI, and saline) showed significantly heavier 
infection than groups 1 (saline) and 2 (saline and sodium hypochlorite) 
(p=0.04 and p=0.02). There was no significant difference between 
groups 1 and 2 (p=0.64). 

* Middle samples 

Group 3 showed significantly heavier infection than group 1 (p=0 04) 

InH r i 7aSn°iN
dlfference b e t w e e n groups 2 and 3 (p= 0.76) and groups'2 ana 1 (p= 0.1). r 
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* Cémentai samples 
Group 3 showed significantly heavier infection than groups 1 and 2 
(resp.p=0.0003 and p=0.01). There was no difference between groups 1 
and 2 (p=0.084). 

* Total grinding sample 
Group 3 showed significantly heavier infection than groups 1 and 2 
(resp. p=0.002 and p= 0.009).There was no difference between groups 1 
and 2 (p=0.7). 

* Comparison between E. faecalis and A. Israelii 
There was a significant difference in CFU between group 3 (E. faecalis) 
and group 4 (A. israelii), in the total dentine sample and at each layer 
compared separately. 
Pulpal sample (p=0.009), middle sample (p=0.01), cémentai sample 
(p=0.001), total grinding sample (p=0.001) 

DISCUSSION 

The choice was made to use bovine dentine since it is available in large 
quantities; and all teeth were from the same age group of animals. A 
pilot study revealed that the autoclaving procedure did not result in 
cracking of the dentine. During the pilot stages of this study several anaer
obic bacterial species were cultured in the model and incubated in an 
anaerobic chamber. Survival of obligate anaerobes over a period longer than 
two weeks in a pure culture broth, such as BHI, appeared poor and there
fore not suited for the six week evaluation period as anticipated in this 
study. For this reason the choice was made to compare only a facultative 
endodontic strain (A. israelii) with E. faecalis. 
E. faecalis was chosen as a test organism since it is associated with persis
tent apical inflammation (Engström 1964, Haapasalo etal. 1983, Sundqvist 
et al. 1998, Molander ef al. 1998) and because it seems to be the best 
organism for experimental penetration into dentinal tubules, leading to 
gross infection. 0rstavik & Haapasalo (1990) found that E. faecalis pene
trated the entire width of the circumpulpal dentine after only 2 days of incu
bation. In their model the bacteria had access to both the pulpal and the 
periodontal side of the dentine. The bacteria were allowed to penetrate the 
dentine from the pulpal side only in the present study. A longer period of 
time to penetrate deeper into the root dentine as shown by Akpata & 
Blechman (1982) is needed. The cementum was removed from all the 
dentine specimens because Akpata & Blechman (1982), Haapasalo & 
0rstavik (1987) and Safavi et al. (1990) found delayed bacterial penetration 
or no population by microorganisms when the root cementum was left in 
place. 
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In the present study penetration of E. faecalis was found to be greatly 
enhanced when the smear layer was removed; the cémentai layer was 
infected in 67% of the specimens in group 3 (12/18) but much less in the 
specimens of the other test groups (group 1 ; 6% and group 2; 28%). This 
is in agreement with the findings of Haapasalo & 0rstavik (1987) and 
Safavi etal. (1989). 
A. israelii did not grossly infect the dentine although the smear layer was 
removed (11%, 2/18). An explanation could be that its rough colonial 
morphology and filaments prevent deeper penetration in dentine. 
Of the 20 dentine specimens that had viable bacteria in the cémentai 
segments of the specimens, only two of group 3 (no smear layer) showed 
complete penetration of the dentine specimen resulting in a positive 
culture in chamber B of the test device. In these cases, the bacteria had 
penetrated 2000um of dentine. This suggests that the viable bacteria in the 
remaining 18 specimens had not (yet) reached the outer surface, or were not 
able to infect the culture medium from their topographic position in the 
dentine specimen. On the other hand, Perez etal. (1996) using S. sanguis, 
found that most chambers of their test group were positive after two 
weeks of incubation and penetration. The difference with our data could be 
explained by dentine thickness; Perez et al. (1996) used dentine 1.3mm thick 
while our specimens ranged from 1.5-3.1mm in thickness. Dentine thick
ness may be important for nutrient source availability. However, Perez et al 
(1996) explain the progression of S, sanguis through the tubules by an 
'active phenomenon of a regular rate of migration and multiplication' 
rather then 'passive slow culture medium penetration through the tubules'. 
Another explanation for the difference in results regarding complete infec
tion of the specimens may be leakage. Although the preliminary seal test 
showed perfect model sealing, Perez et al. (1996) found three receiver 
compartments of one of their test groups were positive as a result of 
leakage at the composite-silicone junction. In our study leakage did not 
occur (group 5). 

Although it is important to evaluate if bacteria are able to infect a culture 
medium after penetration through dentine the present results suggest 
that complete penetration and infection of chamber B is rare and unpre-
dictible (2/72=3%). Therefore, the grinding of root dentine for evaluation 
of depth of infection appears a more reliable method. Moreover, grinding 
can generate quantitative data as is shown in tables 1 and 2, whereas a posi
tive culture medium in chamber B just means that one, several or many 
micro-organism(s) passed through the dentine and multiplied. 
In 11 % of the specimens no bacteria were found in the pulpal or middle 
grinding sample while bacteria were detected in deeper layers. It could be 
that the amount of collected dentine was insufficient to detect CFU of 
bacteria or that the viability was too poor for recovery of viable bacteria. 
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However, 89% of the grinding samples evaluated showed progressive 
infection from the pulpal to the cémentai layer as expected. 
Light microscopy or SEM show the presence of bacteria in tubules but fail 
to show viability of the organisms so, the correlation between viable CFU 
from grinding samples and histological observations is of interest. 0rstavik 
& Haapasalo (1990) reported overall good correlations between histology 
and grinding. A grinding sample of dentine dust showing bacterial growth 
was matched by a histological section showing bacteria. However, they 
found Ps. aeruginosa in bur samples of deeper dentine layers but not in the 
SEM sections. Although it is possible bacteria were forced deeper in the 
dentine during the grinding procedure (since in their study it was done from 
the infected pulpal side to the less-infected cémentai side), it raises the 
question whether histological processing of infected dentine can lead to 
definite conclusions about penetration depth if these results are not 
combined with recovery of bacteria from some type of grinding procedure. 
It is highly probable that bacteria are detected in (deeper layers) of root 
dentine when using a sensitive grinding technique and go undetected by 
SEM or LM. In fact, the present results of histology compared with culturing 
of dentine dust and those of 0rstavik & Haapasalo (1990) with Ps. aerug
inosa confirm this. The correlation between CFU in the pulpal grinding 
samples of group 3 (Table 1) and the pulpal aspect of the histological 
sections (Table 3) is good. The middle and cémentai grinding samples 
contain low numbers of CFU while bacteria are not seen in histological 
sections. This is not surprising considering the field of vision under the 
microscope contains only a few micrograms of dentine. Low numbers of 
CFU/mg remain undetected for that reason. 
This model provides the possibility to evaluate the action of intracanal 
disinfectants on micro-organisms in the root dentine, and also shows that 
the technique of collection and immediate culturing of root dentine dust 
could be used to gain a better understanding of the infection of root 
dentine in-vivo. 
In vivo, the root dentinal tubules of teeth with necrotic pulps will be 
infected from the pulpal side and micro-organisms are expected to progress 
through the tubules towards the cémentai side. Therefore, an in-vitro 
model should allow bacteria to penetrate from the pulpal side only. 
Although previous in-vitro reports mention that penetration from the 
cémentai side (when cementum is removed) was very infrequent (Safavi ef 
al. 1990) and occurred far less than from the pulpal side (0rstavik & 
Haapasalo, 1990) ingress of bacteria from the cémentai side (when 
cementum is removed) could result in false penetration depth readings. 
Immediate culturing of infected dentine dust and counting CFU allows an 
overview of the number of bacteria per sample. This could eventually 
generate quantitative data on the effect of intracanal disinfectants on 
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bacteria. Haapasalo & 0rstavik (1987) and Heling & Chandler (1996) 
collected their dentine samples in broth allowing only qualitative type 
data. Thus, a massive reduction of bacteria during the inclusion of an 
intracanal disinfectant is overlooked if only a few survivors do grow in 
such a broth. 
The purpose of this study was to evaluate which bacteria penetrated most 
deeply in root dentine under different circumstances. From the literature it 
is known that cementum present on the root surface will prevent pene
tration in-vitro (Haapasalo & 0rstavik 1987, Safavi et al. 1990). For this 
reason it was decided in the present study to remove the root cementum 
before exposure to the microorganisms. The danger exists that an artificial 
situation is created. If extrapolation is possible from the in-vitro situation to 
the in-vivo situation concern should not be expressed about microorganisms 
in the dentinal tubules of roots, in-vitro studies show that microorganisms 
will not or hardly penetrate when cementum is present on the root surface. 
In cases of endodontic infections, the questions remain whether in-vivo 
bacteria are able to infect the root dentinal tubules and if there is an 
acceptable number of remaining bacteria in the root dentine after cleaning 
and shaping of the root canal system. 

CONCLUSIONS 

Under the conditions of the study: 
1 Removal of the smear layer resulted in deeper bacterial penetration. 
2 E. faecalis penetrated the root dentinal tubules significantly deeper 

than A. Israelii. 
3 Counting colony forming units (CFU) is a more sensitive technique to 

establish the presence of bacteria in root dentinal tubules than 
microscopy. 

4 Counting colony forming units (CFU) is a more sensitive technique to 
establish the presence of bacteria in root dentinal tubules because it 
allows the evaluation of viability of microorganisms. 
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VIABLE BACTERIA IN ROOT DENTINAL TUBULES OF 
TEETH WITH APICAL PERIODONTITIS1 

Abstract - Two sets of teeth with apical periodontitis were collected at 
different geographic locations to study the identity of bacteria left in the 
root dentinal tubules. Root dentin of 20 of these teeth was cultured from 
three locations between pulp and cementum ( A, B, C). In addition, dentin 
from eight teeth was examined histologically. 
Using the culturing technique bacteria were found in 77% of the dentin 
samples from set 1 (Amsterdam) and in 87.5% of the dentin samples from 
set 2 (Glasgow). At greater distance, in layer C, from the pulp bacteria were 
found in 62% (13 out of 21) of the dentin samples. Twenty-three percent 
(3 out of 13) of set 1 and 25% (2 out of 8) of set 2 contained more than 
50.000 CFU/g of dentin in layer C. In layers closer to the pulp higher 
numbers of anaerobic bacteria and Gram-positive rods were found as well 
as a larger number of bacterial species. Histologic sections showed bacte
rial penetration in dentinal tubules in 5 of 8 teeth. In the other three 
teeth where the CFU/g recovered was <10.000, no histologic signs of 
tubule penetration was seen. 
It seems clear that, in more than half of the infected roots, bacteria are 
present in the deep dentin close to the cementum and that anaerobic 
culturing of dentin is more sensitive than histology to detect these bacteria. 

1 This chapter has been published as: Peters LB, Wesselink PR, Buys JF, van Winkelhoff AJ 
(2001) Viable bacteria in root dentinal tubules of teeth with apical periodontitis. Journal of 
Endodontics 27, 76-81. 
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INTRODUCTION 

Bacteria play an essential role in the initiation, progression and persis
tence of apical periodontitis (Kakehashi et al. 1965, Möller 1966). Therefore, 
endodontic therapy aims to eliminate bacteria from the infected root canal 
and to prevent reinfection. 
Cleaning, through irrigating and shaping of the root canal greatly reduces 
the number of bacteria but does not completely eliminate them (Byström et 
al. 1985). Concern exists not only to the consequence of bacteria left in the 
root canal but also to those microorganisms that remain in the dentinal 
tubules (0rstavik & Haapasalo 1990, Peters et al. 1995). Disinfectants, 
enclosed in the root canal, are applied to kill bacteria left in the root 
dentinal tubules after cleaning and shaping of the root canal system 
(0rstavik & Haapasalo 1990, Haapasalo & 0rstavik 1987). 
In-vitro studies have shown that bacteria are able to penetrate dentinal 
tubules of the root up to 800pm, when the cementum is removed from the 
root surface and the smear layer from the root canal wall (0rstavik & 
Haapasalo 1990, Haapasalo & 0rstavik 1987, Safavi et al. 1989, Perez et al. 
1993). However, very little in-vlvo data are available on the presence of 
viable bacteria in root dentinal tubules in association with endodontic 
disease. Ando & Hoshino (1990) reported the presence of viable bacteria in 
dentin samples collected from areas at a distance of 0.5-2 mm from the 
canal-dentin boundary of infected teeth with heavily decayed clinical 
crowns. In histologic sections of infected roots, Armitage ef al. (1983) 
found bacteria in the dentinal tubules up till halfway the cemento-dentinal 
junction. Sen et al. (1995) found bacteria and yeasts in the dentinal tubules 
of extracted teeth in a range from 10-1 50pm using scanning electron 
microscopy. Penetration of bacteria into dentinal tubules from the peri
odontal ligament side towards the pulp has been shown too (Adriaens et al. 
1988). In 27% of periodontal^ diseased caries-free teeth, bacteria (>100 
colony forming units (CFU)/mg dentin) were found in dentin samples adjac
ent to the pulp. Giuliana et al. (1997) reported that 70% of periodontal^ 
diseased teeth without caries or restorations contained 1000-4000 CFU/mg 
dentin. They found different periodontal pathogens among the recovered 
microorganisms. No information is available about the colonization by 
bacteria of dentinal tubules in periodontally diseased teeth without a vital 
pulp. It has been shown that a vital pulp shows greater resistance to 
bacterial penetration of the coronal dentinal tubules than a non-vital pulp 
(Nagaoke et al. 1995). It is unknown if the same is applicable to root 
dentin. In case of traumatic injuries to the teeth resulting in infected pulp 
and damaged cementum, Andreasen (1981) showed that bacteria pene
trated the dentinal tubules and may contribute to external inflammatory 
resorption. 
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Only few studies have been carried out that show cultivable bacteria in the 
root dentinal tubules of teeth with apical periodontitis, but without 
marginal periodontal disease. The aim of the present study was to evaluate 
the presence, depth of penetration, morphotypes and the number of 
colony forming units (CFU) of bacteria in root dentin of restorable teeth with 
periapical lesions. 

lATERIALS AND METHODS 

Clinical parameters and procedure 

Twenty-five teeth with periapical radiolucency and without marginal peri
odontal disease, were extracted. These teeth could have been restored but 
were extracted on request of the patient. Fourteen patients were recruted 
from the Department for Special Dental Care in Amsterdam, the Netherlands 
(set 1) and 11 patients were recruted from the Department of Oral Surgery 
of the University of Glasgow Dental School, Scotland (set 2). Four teeth from 
four patients without restorations and no endodontic disease were extracted 
for orthodontic reasons and used as controls. Immediately after extraction 
teeth were kept in reduced transport fluid (RTF) (Syed & Loeshe 1972) for 
transportation to the laboratory. 

Laboratory procedure 

Within one hour after extraction teeth were recovered from the medium and 
the periodontal ligament (PDL) of the root with the periapical radiolu
cency was removed with curettes under aseptic conditions. After removal 
of the PDL, the root surface was disinfected for 15 seconds with iodine 
varnish consisting of a freshly prepared mixture of solutions of iodine in 
ethyl ether and colophony in vinyl ether (Kelstrup 1966). After removal of 
the varnish with sterile curettes a sample was taken to check for sterility. A 
sterile cotton swab was moistened with sterile water after which a swab 
sample of the root surface was taken. The swab was then streaked on 
5% horse blood agar plates supplemented with 5 mg/l hemin and 1 mg/l 
menadione and incubated anaerobically at 37°C (80%N2, 10%H2, 10%CO2) 
for 5 days. If the smear came out positive the dentin samples of the tooth 
were discarded. 
Dentin was ground off with sterile round burs on one side, in the middle 
portion, of the root, from the cementum to the pulpal side. A maximum of 
three layers of dentin per tooth was collected (Fig.1), layer C being on the 
cementum side and layer A being on the pulpal side. If the root was thick 
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Schematic showing where layers of dentin were 
collected. Layer C is on the cementum side; layer 
A is on the pulpal side. 

enough a middle layer (B) was ground off before layer A was reached. After 
grinding, the 11 teeth of set 2 were immediately stored in 10% formalin for 
histologic processing. The dentin samples were collected in preweighted 
sterile petri dishes and weighed again to calculate the amount of collected 
dentin. Thereafter the dentin samples were suspended in 1 ml of RTF and 
vortexed for 30 seconds. 

Microbiological procedure 

Serial dilutions of all samples were inoculated on 5% horse blood agar 
plates as described above. The plates were incubated anaerobically at 
37°C for 14 days. The horse blood agar plates from set 2 were incubated in 
anaerobic jars for 5 days before transfer to the anaerobic system. The 
anaerobic condition in the latter jars was monitored during the first 5 
days with methylene-bleu indicator strips (Gaspak anaerobic systems, BBL, 
Becton Dickinson and company, Cockeysville, MD, USA). After 7 days of 
incubation, the total CFU was determined and the different colony morpho
types were counted separately with the use of a stereomicroscope (16x 
magnification, Zeiss, Oberkochen, Germany). All colony morphotypes were 
streaked to purity on duplicate plates, incubated in air + 5% C02 ( BBL 
Gaspak C02 systems, Becton Dickinson and company, Cockeysville, MD, 
USA) and anaerobically to determine strict anaerobic and facultative 
growth. Identification of the isolates was based on Gram stain, catalase 
activity and biochemical reactions (ATB rapid ID32A for strict anaerobes and 
ATB rapid ID32Strep for facultative and aerobic cocci, Biomerieux SA, 
Lyon, France). 
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Colonies that emerged between day 7 and 14 were also streaked to purity 
and identified. 

Histologic procedure 

The 11 roots that had been fixed in formalin were transferred to 10% 
EDTA for decalcification. Total decalcification was checked with radio
graphs. After decalcification the roots were cut perpendicular to the long 
axis of the root into two or three slices depending on the length of the root. 
Slices were dehydrated through a series of graded concentrations of 
alcohol and after embedding in paraffin, serial sections of 7pm were cut, 
every 25th micron, parallel to the dentinal tubules. The sections were 
stained using the Brown and Brenn method to demonstrate Gram-positive 
and Gram-negative organisms in tissue. Sections were examined with a light 
transmitting microscope at 1250x magnification (Zeiss, Oberkochen, 
Germany) for presence of bacteria in the root canal (positive or negative), 
distribution of bacteria over the circumpulpal dentin (% of total circum-
pulpal dentin) and depth of penetration in the dentinal tubules (um). 

Statistical analysis 

Statistical comparisons were made using the Kruskall Wallis test for 
nonparametric data for: 

* Collected grams of dentin, 
* The number of CFU/g of dentin, 
* Number of species, 
* Number of anaerobic species, 
* Proportions of anaerobic species, 
* Proportions of Gram-positive cocci and rods, 
* Proportions of Gram-negative cocci and rods, 

between layers A, B and C of set 1 and set 2 separately. 
The number of Gram-positive and Gram-negative cocci and rods were also 
compared between layers of the same group. In cases where a significant 
difference was detected a Duncan post-hoc test was performed. 
Statistical comparisons were also made using the Mann-Whitney test for 
nonparametric data between set 1 and set 2, for the same variables, in all 
three layers. The number of anaerobic versus facultative bacteria in layers 
A, B and C of both sets was also analysed. 
P-values < 0.05 were considered statistically significant. 
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RESULTS 

The healthy control teeth showed negative root dentin cultures in all 
cases. 
Two teeth from set 1 and 3 teeth from set 2 were excluded from the study 
due to a positive control culture from the disinfected periodontal surface. 
One tooth from set 2 was not thick enough to grind three layers. In this case 
layer B was left out. 
The findings of the remaining 20 teeth are summarized in Tables 1 to 3 and 
Figures 2 and 3. Because of the high standard deviation the median is 
given in all instances. Histologic findings are summarized in Table 4. 
There were no statistically significant differences in collected grams of 
dentin of layers A, B and C within set 1 or set 2 (set 1 p=0.57, set 2 
p=0.22) indicating that the procedure in itself is not influencing the results. 
Sets 1 and 2 are described separately because there were significant differ
ences in the number of facultative species (p=0.004), number of total 
species (p=0.013) and the number of CFU/g (p=0.045) in layer B of the two 
sets. In layer B of set 1, more species and higher CFU were found than in 
layer B of set 2. Comparison of the number of anaerobic versus facultative 
species displayed significant differences for layer A. In set 2 more anaerobic 
species were detected. 

Table 1 Number of viable bacteria per layer in teeth with apical periodontitis 

Set 1 (n-13) Set 2 (n=8) 
Total CFU/g Dentin 

A B C A B C 
Not detected 

1-49.000 

>50.000 

3 (23%) 

5 (38.5%) 

5 (38.5%) 

3 (23%) 

6 (46%) 

4(31%) 

5 (38.5%) 

5 (38.5%) 

3 (23%) 

1 (12.5%) 

5 (62.5%) 

2 (25%) 

5 (72%) 

1 (14%) 

1 (14%) 

3 (37,5%) 

3 (37,5%) 

2 (25%) 

13(100%) 13(100%) 13(100%) 8(100%) 7(100%) 8(100%) 

Table 1 summarizes the number of samples with cultivable numbers of 
bacteria from the different locations of the root. It shows that infection of 
the root dentin was not present in all cases. Three teeth in set 1 and one 
tooth in set 2 showed no bacterial penetration. In 77% (10 out of 13) of set 
1 and in 87.5% (7 out of 8) of set 2, however, bacterial invasion of layer A 
was evident. More than 50.000 CFU/g were recovered from 3 1 % of the 
layers in set 1 (12 out of 39) and in 22% of the layers in set 2 (5 out of 23). 
Sixty-two percent of the samples from layer C (13 out of 21) contained more 
than 50.000 CFU. 

44 



Viable Bacteria in Root Dentinal Tubules of Teeth with Apical Periodontitis 

Table 2 Overview of the numbers and groups of bacteria recovered from root dentin 
of teeth w i th apical per iodont i t is . 

SET 1 (n= 13) 

layer A layer B layer C 

mean (SD) media mean (SD) media mean (SD) media 

% anaerobes" 66 (40) 82 58 (38) 46 51 (38) 58 

% anaerobes" 63 (42) 86 43 (36) 51 35 (34) 24 

% of Gram-negative cocci* 18(25) 0 36 (36) 23 23 (30) 12 

% of Gram-positive cocci" 15(28) 0 31 (36) 20 9(13) 2 

% of Gram-positive rods" 31(31) 18 12(16) 6 42 (43) 30 

% of Gram-negative rods' 15(17) 4 7(6) 7 11 (16) 5 

Number of anaerobic species 2 (2) 2 2(2) 2 2(2) 2 

Number of facultative species 1(2) 1 2 (2 ) 2 1(1) 1 

Number of total species 3 (2 ) 4 4 (3 ) 5 3(3) 4 

CFU/g 3.105(7.105) 1.10" 7.10^(9.10") 

SET 2 (n= 

3.104 

•8) 

1.105(5.105) 5.10' 

layer A layer B layer C 

mean (SD) media mean (SD) media mean (SD) media 

% anaerobes" 82(31) 100 88(16) 88 73 (38) 100 

% anaerobes'' 81 (31) 100 75(35) 75 55(51) 75 

% of Gram-negative cocci* 2(6) 0 12(16) 11.5 0(0) 0 

% of Gram-positive cocci* 34 (34) 24 0 (0 ) 0 12(17) 0 

% of Gram-positive rods' 39(31) 47 62 (54) 61.5 54 (48) 63 

% of Gram-negative rods" 8(19) 0 0 (0 ) 0 0 ( 0 ) 0 

Number of anaerobic species 2(3) 1.5 0 (1 ) 0 1 ( 1 ) 0 

Number of facultative species 1 (0.7) 0 0 (0 ) 0 1 ( 1 ) 0 

Number of total species 2(1.4) 2.5 1(1) 0 1 ( 1 ) 1 

CFU/g 2.105(4.105) 2.10" 1.104(3.10°) 0 5.10*(8.10") 1.10* 

SD= standard deviation 

a= percentage of the total CFU-count 

b= percentage of the total number of species 

Table 2 shows the mean, standard deviation and median of all the findings 
within set 1 and set 2. A visualization of the means is given in Figures 2 and 
3. The percentages of anaerobic bacteria in the total number of CFU were 
calculated and compared as well as the percentage of Gram-positive and 
Gram-negative species. 
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Figure 2 Bacterial groups recovered from root dentin of teeth. 
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Figure 3 Number of bacterial species found in dentinal tubulus of teeth 
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Although lower numbers of anaerobic species in deeper layers were 
observed there was no significant difference. In set 2 a significant difference 
was found for the number of species between layer A and B and layer A and 
C (p=0.04) and for the number of anaerobic species between layer A and B 
and layer A and C (p=0.04). 
Layer C of set 2 presented significantly higher numbers of Gram-positive 
rods than Gram-positive cocci and the Gram-negative rods (p=0.02). Also 
in layer A Gram-positive rods were present in significantly higher numbers 
than Gram-negative cocci (p<0.05). 

Table 3 Percentage of roots containing different bacterial genera and species in 
dentin of teeth with apical periodontitis 

Gram-negative bacteria %Set 1 %Set 2  

Prevotella spp. 23 13 

P. prevotii 0 13 

P. buccae 8 0 

P. intermedia 15 0 

Porphyromonas spp. 16 13 

P. gingivaiis 8 13 

P. asaccharolytica 8 0 

Bacteroides spp. * 24 0 

Capnocytophaga spp. * 16 0 

Fusobacterium spp. * 31 13 

F. nudeatum 8 0 

F. necrogenes 0 13 

Veillonella spp. * 39 0 

Haemophilus spp. * 0 13 

Gram-positive bacteria 

Peptostreptococcus spp. 39 38 

P. anaerobius 0 13 

P. micros 39 25 

Streptococcus spp. * 8 13 

S. sanguis 8 0 

Gemella spp. * 0 13 

Eubacterium spp. * 3 1 1 3 

E. nudeatum 8 0 

Staphylococcus spp.* 8 25 

Actinomyces spp.* 39 75 

A. israelii 8 0 

A. naestundii 0 25 

A. viscosus 0 25 

A. odontolyticus 15 25 

Propionibacterium spp. * 8 100 

P. acnes 8 38 

P. propionicum 0 38 

Bifidobacterium spp. 0 13 

B. adolescentis 0 13 

Lactobacillus spp. 16 0 

L. acidophilus 16 0 

* not identified to species level 
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The most frequently recovered bacterial genera are displayed in Table 3. 
Identification revealed different species of these genera. The most dominant 
species were; 
Prevotella Intermedia, Prevotella prevotii, Prevotella buccae, Por-
phyromonas gingivalis, Porphyromonas asaccharolytica, Fusobacterium 
nucleatum, Fusobacterium necrogenes, Peptostreptococcus anaero-
bius, Peptostreptococcus micros, Actinomyces israelii, Actinomyces 
viscosus, Actinomyces naeslundii, Actinomyces odontolyticus, Strep
tococcus sanguis, Propionibacterium acnes, Bifidobacterium 'adoles
ce ntis, Lactobacilles acidophilus. 
In Table 4 the percentage of infected circumpulpal dentin and depth of 
bacterial penetration in the dentinal tubules as seen in the histologic 
sections is displayed. 
In three teeth bacteria were present in the root canal space though no 
bacteria could be detected in the dentinal tubules of the root. For these 
three teeth the CFU/g that was recovered after grinding was <10.000. In 
one series of sections from one tooth the penetration depth extended till 
375um. in this case 50% of the circumpulpal dentin was invaded. 

Table 4 Bacteria observed in histologic sections of the root dentin and the root 
canal space 

tooth root canal % circumpi jlpal maximum 

penetration depth (urn) 
1 + 50 

jlpal 

375 
2 + 10 50 
3 + 0 0 
4 + 10 100 
5 + 10 50 
6 + 0 0 
7 + 20 60 
8 + 0 0 

• = bacteria visible in root canal space 

% circumpulpal = calculated percentage of circumpulpal dentin invaded by microorganisms 

DISCUSSION 

Bacterial penetration was evident in 8 1 % (17 out of 21) of layers A. The 
median CFU count was 1.104 and 2.104. bacteria could be recovered from 
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layer C in 62% (13 out of 21) with a median CFU count of 5.103 and 
1.104. 
Our findings are in accordance with those of Ando and Hoshino (1990) who 
reported a mean CFU/mg count of 5.106 (median 1.5x103). We expected the 
dentin to be less colonized in our samples than those of Ando and Hoshino, 
since the crowns of the teeth in their study were heavily decayed and the 
root dentin may have been involved in the caries process. It remains unclear 
whether these teeth were restorable, an important clinical implication of 
root dentin infection. The extent of tubule infection in our study was very 
diverse as was the case in the study by Ando and Hoshino (1990). Some 
teeth with periapical radiolucencies showed no bacteria in the root dentin 
while in others large numbers were present. A possible influence on pene
tration depth could be the orientation of the dentinal tubules. It is unknown 
if the negative pressure, that may develop during extraction, can be a 
cause of translocation of microorganisms into the dentinal tubules. Another 
reason for the variation can be the presence of a long-standing infection in 
some cases. Although it was not possible to evaluate the time of infection 
retrospectively, the size of the radiolucency could be an indicator for a more 
complex infection. Sundqvist (1976) showed a positive correlation between 
the number of species in the pulp cavity and the size of the periapical 
radiolucency. Although the radiographs obtained were difficult to compare, 
since no standardized x-ray technique was used, the collected teeth from set 
1 gave the impression that a larger area of periapical destruction was 
present than in the teeth of set 2. Significant differences between the 
two sets were only found for layers B where the number of CFU/g, the total 
number of species and the number of facultative species were lower in set 
2 than in set 1. 
The median of the percentages of strict anaerobic species in both groups 
were between 24 and 100%. In layer A of set 2, the number of anaerobic 
species was higher than in layer B and C (table 2). The percentages of anaer
obes in layers A is comparable to the percentage of anaerobic species 
found in the pulp cavity by Bergenholtz (1974) 77%, Möller (1966) 74% and 
Sundqvist (1976) 90% and in the root dentin by Ando and Hoshino (1990) 
88%. We calculated the percentage of anaerobes of the total CFU count 
and the percentage of anaerobes of the number of species to evaluate 
differences related to higher or lower anaerobic cell counts. In general a 
higher percentage of anaerobes was found when the percentage was 
related to CFU cell counts. The different species found in the dentinal 
tubules, as displayed in the results section, are similar to bacterial species 
found in the root canal in cases of endodontic infection (Sundqvist 1976, 
Bergenholtz 1974). 
Edwardsson (1974) showed a higher number of Gram-positive rods in the 
deeper areas of carious dentin. He isolated Gram-positive rods and filaments 
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in 93% of the teeth. We observed a significantly higher percentage of 
Gram-positive rods in layers A and C of set 2 samples. Ando and Hoshino 
(1990) also reported high numbers of Gram-positive rods (68%). 
In our study dentin was ground off with sterile round burs on one side of the 
root in the middle portion, from the cementum to the pulpal side to 
prevent bacteria from being artificially transported from a highly infected 
pulpal site to a lesser or non-infected cémentai site. The middle portion (in 
vertical direction) of the root was chosen for sampling because the greatest 
extent of bacterial penetration was expected in this area and the dentin was 
of sufficient thickness to allow sampling of multiple layers. 
The presence of bacteria in root dentinal tubules in extracted human teeth 
has been evaluated using either light microscopy or scanning electron 
microscopy (SEM). In our histologic sections, infection of root dentin was not 
evident in all cases. The largest penetration depth was 375pm. The corre
lation between viable CFU from grinding samples and histologic observa
tions is of interest. 0rstavik and Haapasalo (4) reported on overall good 
correlations between histology and culturing of dentin dust in an in-vitro 
study. A grinding sample of dentin dust showing bacterial growth was 
matched by a histologic section showing bacteria. However, they found 
Pseudomonas aeruginosa in bur samples of deeper dentin layers but not 
in the SEM sections. In the present study, teeth with a low number of 
CFU/g (<1 0.000) showed no bacteria in the histologic sections. This is not 
surprising considering the field of vision under the microscope contains only 
a few micrograms of dentin so low numbers of CFU/g remain undetected for 
that reason. It is highly probable that bacteria are detected in (deeper 
layers of) root dentin when using a sensitive culturing technique and go 
undetected by SEM or LM. In fact, the present results of histology compared 
with culturing of dentin dust and those of 0rstavik and Haapasalo (4) 
confirm that grinding and culturing of dentin gives better quantitative 
information about the extent of infection. 
In set 2, two samples showed no CFU in layers B while bacteria were culti
vated from the deeper layers C. It could be that the amount of collected 
dentin was not enough to detect CFU or that the viability was too poor for 
recovery of bacteria. However, 90% of the infected grinding samples 
showed quantitative evidence for penetration of bacteria from the pulp to 
the cémentai side as expected. This study shows that collection and 
culturing of dentin, to evaluate the extent of root dentin infection, provides 
the opportunity to quantitatively measure the effect of intracanal disin
fectants and obturation. In this way, the influence of remaining viable 
bacteria, left after root canal treatment, could be evaluated. 
Although it seems clear that root dentin becomes infected in case of a 
necrotic pulp, the clinical consequences of this remain unclear. When the 
root canal is enlarged during endodontic treatment our results indicate that 
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the bacteria present in layer B and layer C are left after canal preparation. 
Depending on the host-parasite equi l ibr ium and the nutr i t ion available 
after root f i l l ing, these bacteria may be of importance in recalcitrant apical 
per iodont i t is . Whether this is the case should be evaluated in fur ther 
studies. 
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EFFECTS OF INSTRUMENTATION, IRRIGATION AND DRESSING 
WITH CALCIUM HYDROXIDE ON INFECTION IN PULPLESS 

TEETH WITH PERIAPICAL BONE LESIONS1 

Abstract -The aim of this study was to evaluate the fate of microorganisms 
in root canals of teeth with infected pulps and periapical bone lesions 
with and without the use of calcium hydroxide medication. Calcium 
hydroxide 
Endodontic samples were cultured and microorganisms were counted and 
identified in 43 teeth before (sample 1) and after (sample 2) treatment 
during the first visit and before (sample 3) and after (sample 4) treatment 
during the second visit. In the first visit teeth were instrumented and half of 
the teeth were filled with a thick slurry of calcium hydroxide in sterile 
saline, the other teeth were obturated with gutta-percha and AH-26 sealer. 
After 4 weeks the teeth with calcium hydroxide were accessed again and 
after microbiological sampling they were obturated with gutta-percha 
and AH-26 sealer. 
The mean total colony forming units (CFU) counts of positive samples 
dropped significantly as a result of canal preparation during the first visit 
from 1.0x1 06 to 1.8x103 (between samples 1 and 2) but increased to 
9.3x103 in the period between the two visits (sample 2 and 3). There was no 
difference in mean total CFU counts of positive samples between the end of 
the first (sample 2) and the end of the second visit (sample 4). The most 
frequently isolated species were Prevotella intermedia, Capnocytophaga 
spp., Actinomyces odontolyticus, Propionibacterium acnes and 
Peptostreptococcus micros. 
Although a calcium hydroxide paste was placed in the prepared canals, the 
number of positive canals had increased in the period between visits. 
However, the number of microorganisms had only increased to 0.93% of 
the original number of CFU (sample 1). It is concluded that a calcium 
hydroxide and sterile saline slurry limits but does not prevent totally 
regrowth of endodontic bacteria. 

1 This chapter has been accepted for publication as: Peters LB, van Winkelhoff AJ, Buys JF, 
Wesselink PR, Effects of instrumentation, irrigation and dressing with calcium hydroxide on infec
tion in pulpless teeth with periapical bone lesions, International Endodontic Journal (in press) 
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INTRODUCTION 

Bacteria in the root canal system initiate and maintain periapical inflam
matory lesions (Kakehashi et ai. 1965). The bacterial microflora in root canal 
infections of untreated teeth is dominated by anaerobic bacteria, and 
several different species are commonly found (Byström & Sundqvist 1981, 
Brauner & Conrads 1995, Bergenholtz 1974, Le Goff et al. 1997, Sundqvist 
et al. 1989). Root canal treatment aims to eliminate bacteria from the 
infected root canal and prevent reinfection. Cleaning, shaping and irrigating 
the canal greatly reduce the number of bacteria (Byström & Sundqvist 
1981). 
However, it has been shown that it is impossible to obtain complete disin
fection in all cases, even after thorough cleaning, shaping and irrigation with 
disinfectants or antiseptics (Byström & Sundqvist 1981, Byström et al. 
1985, 0rstavik er a/. 1 991 ). Therefore, concern exists as to the fate and 
subsequent activity of the remaining microorganisms in the canal. It has 
been shown that, if the canal is not filled or dressed with a disinfectant 
between two visits, they may multiply rapidly within days, to near the 
original numbers (Byström & Sundqvist 1981). 
It is generally believed that the number of remaining bacteria can be 
controlled by enclosing an interappointment dressing such as calcium 
hydroxide within the prepared canal (Byström ef al. 1985, Chong & Pitt Ford 
1992). Some authors therefore consider a two-visit root canal treatment 
with an interappointment disinfectant dressing mandatory in infected 
cases (Tronstad 1991). Another approach has been to entomb the remaining 
microorganisms, depriving them of nutrition and leaving no space to 
multiply, by the direct and complete filling of the prepared and disin
fected canal space in one-visit (Soltanoff 1978, Oliet 1983). 
Residual bacteria in the apical part of the root canal have been held 
responsible for failures, even when no bacteria could be detected after the 
use of an interappointment dressing prior to filling (Sjogren et al. 1990, Nair 
et al. 1990). In the present study the number and identities of bacteria in 
root canals during root canal treatment and the influence of calcium 
hydroxide on regrowth of bacteria in the period between the first and 
second visits was investigated. 

MATERIALS AND METHODS 

Patient selection 

Forty-three, systemically healthy patients, referred to the Endodontic Clinic 
of the Academic Centre for Dentistry in Amsterdam for root canal treatment, 
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were selected according to the following criteria. All selected teeth (15 
incisors, 6 canines, 8 single root canal premolars and 13 single root canal 
distal roots of mandibular molars) were asymptomatic, did not respond to 
sensitivity testing, had not received previous endodontic treatment and 
showed radiographic evidence of periapical bone loss. 
The mean age of the participants was 40 years (range 16- 86 years). There 
were 19 females and 24 males. The teeth were randomly divided into two 
treatment groups. The size of the periapical lesions was determined from the 
pre-operative radiograph by measuring the largest diameter in millimeters. 

Microbiological sampling 

After cleaning the tooth with pumice and isolation with rubber dam, the 
crown and surrounding rubber dam were disinfected with 80% ethanol for 
2 min. An access cavity was prepared with sterile high-speed diamond 
burs under irrigation with sterile saline. Before entering the pulp chamber, 
the access cavity was disinfected again for two minutes with 80% ethanol. 
Sterility was checked by sampling with a cotton swab over the cavity 
surface and streaked on blood agar plates. All subsequent procedures 
were performed aseptically. The pulp chamber was accessed with burs 
and rinsed with Reduced Transport Fluid (RTF) (Syed & Loesche 1972) 
which was aspirated with suction tips. RTF was then introduced in the 
root canal by a syringe with a 27-gauge needle. Care was taken not to over
fill the canal.The canal was enlarged to a number 20 Hedström file to the 
estimated working length as calculated from the preoperative radiograph. 
Five sterile paper points were consecutively placed in the canal and left for 
10 seconds (sample 1, S1 ) and then placed in sterile tubes containing 1 mL 
RTF and transferred to the laboratory within 1 5 minutes for microbiological 
processing. 

Endodontic procedure (Table i) 

The working length (1 mm from the radiographic apex) was checked with a 
radiograph after inserting a size 1 5 K-file in the canal to the estimated 
working length, or shorter if the attached electronic apex locator (Apit, 
Osada, Japan) indicated that the apical foramen had been reached. After the 
first microbiologic sample (S1), the canal was enlarged using Flexofiles 
(Dentsply Maillefer, Ballaigues, Switzerland) with the modified double 
flare technique (Saunders & Saunders 1992), to a master apical file of at 
least size 35. Each file was followed by irrigation of the canal with 2mL 
sodium hypochlorite (2%) in a syringe with a 27-gauge needle. 
Concentrations of hypochlorite were measured by the titration technique 
using 0.1N Na2S203 and soluble starch as indicator (Moorer & Wesselink 
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Table 1 Endodontic procedure and time of sampling. 

Clinical procedure 
Group 1 
n=21 

Group 2 
n=21 

First visit microbiological sample 1 (s1) yes yes 

t=0 week preparation yes yes 

(0 days) microbiological sample 2 (s2) yes yes 

obturation yes no 

calcium hydroxide no yes 

Second visit microbiological sample3 (s3) no yes 

t=4 weeks preparation check no yes 

(28 days) microbiological sample 4 (s4) no yes 

obturation no yes 

1982). After preparation, the canal was irrigated with a rinse of 5mL 
sodium hypochlorite (2%). Then, inactivation of the sodium hypochlorite 
was accomplished with a rinse of 5mL sterile sodium thiosulphate, before 
a second microbiological sample (S2) was taken from the root canal in 
the same manner as the first sample. 
After drying the canal with paper-points, the teeth in Group 1 (n=21) 
were obturated using the warm lateral compaction technique with gutta
percha and AH-26 sealer (Dentsply, Konstanz, Germany). After the first visit 
all these teeth were restored. 
After drying the canal, the teeth in Group 2 (n=21) were dressed with a 
thick mix of calcium hydroxide (Merck, Darmstadt, Germany) in sterile 
saline. The calcium hydroxide slurry was plugged in the canal with the 
blunt end of a sterile paper point. If the canal could not be dried, the 
tooth was excluded from the study. The access cavities in Group 2 were 
filled with two layers of Cavit (ESPE, Seefeld, Germany) and a glass ionomer 
restoration (Fuji-ll, GC Corporation, Tokyo, Japan). In the mandibular 
molars, the entrance of the distal canal was isolated with Cavit from the 
remaining pulp chamber in order to prevent contamination by microor
ganisms from the mesial canals. A radiograph was taken to ensure proper 
placement of the calcium hydroxide in the canal. 
After 4 weeks the patients in Group 2 returned. The canal was aseptically 
accessed under rubber dam isolation and the calcium hydroxide was 
removed with RTF and careful filing of the canal with the master apical file. 
Removal of calcium hydroxide from the canal was checked with an operating 
microscope at 1 6x (Zeiss, Oberkochen, Germany). A third bacteriological 
sample (S3) was taken as described previously. After sampling, the canal was 
rinsed with 5ml_ of sodium hypochlorite (2%) and gently instrumented 
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with the master apical file. After inactivation of the sodium hypochlorite 
with sodium thiosulphate, a fourth sample (S4) was taken from the root 
canal. The canal was dried and obturated with gutta-percha and AH-26 
sealer using the warm-lateral compaction technique. A final radiograph was 
taken using the paralleling technique with the aid of a beam guiding 
device (RINN, Rinn Corporation, Elgin, IL, USA). After obturation of the 
canal, the tooth was restored. 

Microbiological procedures 

Tenfold serial dilutions of the samples were prepared and 100ul of each dilu
tion was inoculated on blood agar plates supplemented with 5% horse 
blood, 5 mg/L haemin and 1 mg/L menadione. Plates were incubated 
anaerobically (80%N2, 10%H2, 10%CO2) at 37°C for 7 days. After incu
bation, the total colony forming units (CFU) and the different colony types 
were counted with the use of a stereomicroscope at 1 6x magnification 
(Zeiss, Oberkochen, Germany). 
All colony types were streaked to purity and incubated aerobically in air with 
5% C02 (BBL Gaspak C02 systems, Becton Dickinson & Co., Cockeysville, 
MD, USA) as well as anaerobically to determine strict anaerobic and facul
tative anaerobic growth. Identification was made on the basis of Gram stain, 
catalase activity and a commercially available identification kit, ATB rapid 
ID32A (Biomerieux SA, Lyon, France), for strict anaerobes and ATB rapid 
ID32Strep for aerobic cocci (Biomerieux SA). 
In order to allow slow growing species to develop the blood agar plates with 
the total samples were kept under anaerobic conditions from day 7 to 
14. Newly emerging colonies were also streaked to purity and identified. 

Statistics 

Statistical comparisons were made between Groups 1 and 2 for age distri
bution and size of the periapical lesion using a t-test for independent 
samples. CFU-counts, number of strains, number of anaerobes, number of 
facultatives, percentage of gram-positive rods and cocci and the percentage 
of gram-negative rods and cocci between Group 1 and 2 at the start of the 
experiment were compared using the Mann-Whitney test for non-parametric 
data. 
Differences between samples 1 to 4 were compared using the Kruskal-Wallis 
test for non-parametric data (CFU-counts, percentages of gram-positive and 
gram-negative rods and cocci) or with the ANOVA-test for parametric 
variables (number of strains, anaerobic and facultative microorganisms). 
When significant differences were found in the Kruskal-Wallis test, Mann-
Whitney tests were performed to demonstrate where the differences were 
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located. When the ANOVA-test showed differences a Scheffé post-hoc 
test was used for the same purpose. 
With a positive or negative bacterial sample 2 a t-test or Mann-Whitney test, 
respectively (*) was performed for differences between patients related to 
gender, age, microbiological differences in CFU count*, number of species, 
number of anaerobes, number of facultatives, percentages of cocci*, of 
rods*, and the clinical parameters tooth type, size of radiolucency, prepa
ration length and master apical file size. 
P-values < 0.05 were considered statistically significant. 

RESULTS 

One tooth was excluded because the canal could not be dried at the end of 
the first visit. The radiographs taken after application of the calcium 

Table 2 Proportions (%) and numbers of bacteria recovered from the root canal of 
teeth with apical per iodont i t is at the various sampling points. 

First visit ( n=42) 

51 S2* 

mean (SD) median mean (SD) median 

% of Gram-negative cocci 12.51(22.64) 0 15(24.44) 0 

% of Gram-positive cocci 34.28(35.87) 24 42(45.03) 25 

% of Gram-positive rods 12.28(20.94) 0 18.80(30.24) 0.5 

% of Gram-negative rods 19.60(30.93) 3 3.3(8.03) 0 

Number of anaerobic species 3.33(1.60) 3 1.9(1.37) 1.5 
Number of facultative species 0.93(1.08) 1 0.9(0.88) 1 

Number of total species 4.58(1.48) 5 2.8(1.69) 2 

CFU/mL 1.0x10° (4.5x10s) 7.6x10" 1.8x103 (1.1x10") 0 

Number of positive samples 42 

Second visit 

1C 

(n=21 

) (7 group 1) 

) 
S3* 54* 

mean (SD) median mean (SD) median 

% of Gram-negative cocci 14.33 (24.36) 0 32(45.25) 32 

% of Gram-positive cocci 17.43 (32.20) 0 2.5(3.54) 2.5 

% of Gram-positive rods 13.19 (30.16) 0 4(5.66) 4 

% of Gram-negative rods 14.05(30.47) 0 38.5(44.55) 38.5 

Number of anaerobic species 0.95(1.47) 0 3.5(2.12) 3.5 

Number of facultative species 1 (1.1) 1 0.5(0.71) 0.5 

Number of total species 2 1 (1.87) 2 5(1.41) 5 

CFU/mL 9.3x103 (3.1x10") 140 1.4x102(4.6x102) 0 

Number of positive samples 15 2 

SD = standard deviation 

* calculations are related to positive samples only 

S1, S2, S3, S4 = sample 1, 2, 3, 4 
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hydroxide all showed that the dressing was well condensed. 
Table 2 shows the distribution of bacterial morphotypes at baseline (S1), at 
the end of preparation in the first visit (S2) and before (S3) and at the end 
of preparation in (S4) the second visit. There were no significant differences 
between Group 1 and Group 2 at the start of the experiment. The age distri
bution of patients did not differ between groups (p>0.05). Sterility check 
samples taken before entering the pulp chamber were all negative. 
Microorganisms were found in all (n=42) initial samples taken from the root 
canal at the first visit. The median CFU count of the first samples (S1, 
n=42) was 76000 (range 80-3x107). An overview of the differences between 
S1, S2, S3 and S4 are given in Figures 1, 2 and 3. 
Figure 1 represents the mean number of cultivable bacteria in S1, S2, S3 and 
S4. 
After instrumentation and irrigation, the CFU counts at S2 had dropped 
significantly (p<0.05) to a median of 0 (range 0-7.8x104). This is a reduction 
to 0.18% of the baseline mean number of CFU at S1 (100%). Thirty-two 
specimens (77%) had no cultivable bacteria present in the root canal after 
initial instrumentation. The positive teeth at S2 had harboured signifi
cantly more species (5.5±1.7) at the start of the first visit (S1) than the teeth 
that were negative (4.3 ±1.4) at S2 (p<0.05). Of the 10 root canals that 
harboured bacteria after completion of the first visit, 7 belonged to Group 
1 and 3 belonged to Group 2. 

Figure 1 Log CFU per sample 

Different letters between samples represent statistically significant differences. 
Identical letters indicate no statistically significant differences between samples. 
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At the start of the second visit (S3), the CFU count of Group 2 samples was 
significantly higher (p<0.05) than the counts at the end of the first visit (S2), 
indicating regrowth of bacteria despite of the presence of the calcium 
hydroxide dressing and a substantial coronal restoration. At S3, the mean 
number of CFU was 0.93% of the baseline S1. The median CFU count 
was 140 (range 0-1.4x105). Six (29%) of the 21 teeth in Group 2 showed no 
growth after dressing with calcium hydroxide. The reinstrumentation and 
final irrigation at the second visit resulted, again, in a significant drop 
(p<0.05) in median CFU count from S3 to S4. At S4 the number of CFU 
represented 0.014% of the baseline CFU (S1). Two teeth still harboured 
cultivable numbers of microorganisms in the root canal at the end of the 
second visit (S4). Comparisons of the median CFU counts between S2 and 
S4 showed no significant differences (p>0.05) (Figure 1). 
Figure 2 shows the numbers of total species that were strict anaerobic or 
facultative anaerobic. 

Figure 2 Distribution of strict anaerobes and facultative anaerobes in samples S1, 
S2, S3 and S4. Different letters between samples (s1, s2, s3, s4) represent statis
tically significant differences. Identical letters indicate no statistically significant 
differences between the samples. 
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H s2(n=42) 
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total species strict anaerobes facultative anaerobes 

Figure 3 shows percentages of gram-positive and gram-negative rods and 
cocci per sample. 
The number of CFU (p<0.05), the number of species (p<0.05), the number 
of anaerobes (p<0.05) and the percentage of gram-positive cocci (p<0.05) 
had significantly dropped between S1 and S3. Table 3 shows that the 
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Figure 3 Mean percentage of gram-positive and gram-negative cocci and rods in 
samples S1, S2, S3 and S4. Different letters between samples (s1, s2, s3, s4) 
represent statistically significant differences. Identical letters indicate no statistically 
significant differences between the samples. 
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most prevalent bacteria found at the start of treatment (S1) were P. inter
media (45%, 19/42 positive samples), P. micros (43%, 18/42) and A. 
odontolyticus (29%, 12/42). In the positive S2 samples the same microor
ganisms were still most prominent, A. odontolyticus 70% (7/10), P. inter
media 50% ( 5/10) and P. micros 50% (5/10). Although the number of root 
canals that were positive increased from 3 to 1 5 between S2 (Group 2) and 
S3, the number of different species found per positive sample had not 
increased. At S4 7 different species were isolated from two positive root 
canals. Four of these species had been present in all four samples, P. 
intermedia, Capnocytophaga spp., A. odontolyticus and P. micros. 
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Table 3 Percentage (number) of positive root canals harbouring a specific microor
ganism in samples S1. S2, S3 and S4 

S1 pos S2 pos S3 pos 54 pos 

N-42 N-10 N-15 N-2 

Gram-negative rods % % % % 
Fusobacterium spp. 2(1) 

Fusobacterium nucleatum 12(5) 20(2) 7(1) 

Fusobacterium varium 5(2) 

Fusobacterium necrophorum 2(1) 10(1) 

Fusobacterium necrogenes 13(2) 100(2) 

Prevotella oralis 17(7) 30(3) 

Prevotella intermedia 45(19) 50(5) 7(1) 50(1) 

Prevotella buccae 10(4) 

Prevotella melaninogenica 5(2) 

Prevotella prevotii 7(3) 10(1) 

Porphyromonas gingivalis 2(1) 

Bacteroides stercoris 2(1) 

Bacteroides thetaiotaomicron 2(1) 

Bacteroides fragilis 2(1) 10(1) 

Bacteroides ureolyticus 7(D 

Leptotrichia buccalis 2(1) 

Capnocytophaga spp. 17(7) 20(2) 13(2) 50(1) 

Gram-positive rods % % % % 
Eubacterium lentum 14(6) 30(3) 

Eubacterium limosum 5(2) 10(1) 7(1) 

Actinomyces spp. 5(2) 10(1) 7(1) 

Actinomyces odontolyticus 29(12) 70(7) 7(1) 50(1) 

Actinomyces meyeri 12(5) 7(1) 

Actinomyces viscosis 2(1) 

Bifidobacterium, spp. 5(2) 13(2) 

Bifidobacterium adolescentis 2(1) 

Propionibacterium acnes 12(5) 20(2) 20(3) 50(1) 

Propionibacterium propionicum 5(2) 

Gram-negative cocci % % % % 
Veillonella spp. 7(3) 13(2) 50(1) 

Gram-positive cocci % % % % 
Peptostreptococcus spp. 2(1) 

Peptostreptococcus micros 43(18) 50(5) 13(2) 50(1) 

Peptostreptococcus anaerobius 7(3) 10(1) 

Gemella spp. 5(2) 

Gemella morbillorom 7(3) 10(1) 7(1) 

Streptococcus sanguis 2(1) 

Streptococcus oralis 7(1) 

Staphylococcus spp. 5(2) 7(1) 
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DISCUSSION 

The presence of bacteria in the root canal system is essential for the devel
opment of apical periodontitis and, the aim of root canal treatment is 
their elimination. 
The use of Reduced Transport Medium (RTF), the rapid processing of spec
imens (within 15 minutes after collection) and the anaerobic techniques 
used ensured that the microbiological results of the present study were reli
able and sensitive. Our results therefore allow comparisons with previous 
reports where similar microbiological techniques for recovery of microor
ganisms from the root canal were used. 
The present study demonstrated that instrumentation and irrigation with 
2% sodium hypochlorite reduced the total number of microorganisms 
significantly to 0.18% of the original number. Seventy-six percent (32 out 
of 42) of the canals had no detectable bacteria after cleaning, disinfecting 
and shaping in the first visit. Sjögren et al. (1991, 1997) found 50 to 60% 
negative samples after similar preparation of infected root canals. The 
difference with our findings could be a result of the different concentration 
of sodium hypochlorite (0.5% vs. 2%) and different delivery systems used 
for irrigation. In addition, the difference in sampling techniques and trans
port media used may have also created differences. The mean numbers of 
viable bacteria after instrumentation and disinfection (S2) were low in 
this study as well as in the studies of Sjögren et al. (1991, 1997) (<1 O2) and 
similar to the results of Byström & Sundqvist (1981). The median total 
CFU count of S1 in our study (7.6 x104) is similar to those of Byström et al. 
(1985) and Sjögren étal. (1991), who reported CFU counts of 6.5x103 and 
9.8x104. Byström & Sundqvist (1981) and 0rstavik ef al. (1991) found 
CFU counts of 1x105 to 4 x105 before the start of treatment. 
The mean number of species at the start of the first visit was 4.6 (range 2 -
8), it dropped to a mean of 2.8 (range 2 - 6 ) species at the end of the first 
visit (S2), and did not change after 4 weeks of calcium hydroxide dressing 
(range 2-6). Indeed, the number of different species per infected root 
canal was relatively small, and genarally ranged between 2 and 8 (Sundqvist 
1976, Sundqvist 1992, Brauner & Conrads 1995, Le Goff et al. 1997, 
Sjögren et al. 1997, Dahlén & Haapasalo 1998). The percentage of anaer
obes (of the total CFU-counts) in our study was 97% at the start of the first 
visit. After 4 weeks of calcium hydroxide dressing the percentage of anaer
obes remained at 95%, even though the total number of CFU and the 
mean number of anaerobic species had dropped significantly. Percentages 
of 78-93% have been found by others (Bergenholtz 1974, Byström & 
Sundqvist 1981, Brauner & Conrads 1995, Sundqvist et al. 1989, Sjögren ef 
al. 1997 and Le Goff et al. 1997). Various periods of application of calcium 
hydroxide dressing have been recommended. Cvek (1973) reported 90% 
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negative cultures after 3 months. Byström ef al. (1985) reported 100% 
negative cultures after 4 weeks; Reit & Dahlén (1988) found 74% negative 
after 2 weeks, Sjögren et al. (1991) reported 100% bacteria-free after 
only one week, whereas 0rstavik et al. (1991) found 65% of their samples 
negative after 7 days of calcium hydroxide dressing. 
After the application of calcium hydroxide for 4 weeks, we expected the 
bacterial cell counts (S3) to be similar to or lower than those following 
preparation of the first visit (S2). However, we found that the median cell 
count had increased to 140 (range 0-1,2x102), although this represented 
only 0.18% of the original CFU-counts at S1. 0rstavik et al. (1991) found 
that only one of 8 positive samples (total of 23 samples) showed higher 
numbers (5.104); from the other 7 samples growth was detected but 
reported as non-quantifiable, meaning very low numbers of bacteria. 
Although there is some variation, the bacterial cell counts of the "positive" 
canals after calcium hydroxide are generally similar in all these studies 
(most often less than 102). One explanation for the differences that do occur 
could be that remnants of calcium hydroxide are transferred to the micro
biological samples, influencing the results. After rinsing with RTF we 
consistently visualised remnants of calcium hydroxide in the root canals 
when checking with the operating microscope (16x using vertical illumi
nation). Before sample S3 was taken the use of the microscope was essen
tial for complete removal of calcium hydroxide. 
Comments have been made previously about the uncertainty of the bacte
riological sampling procedure immediately after removal of a calcium 
hydroxide dressing (Reit & Dahlen 1988). It has been suggested (Reit et al. 
1999) that microbiological samples should be taken after filling the canal 
with a sampling fluid (after removal of the calcium hydroxide) for 7 days. 
However, when the authors applied this procedure culture reversals were 
seen in both directions. Thus, Reit ef al. (1999) reported 7 canals that 
turned from a negative to a positive culture after one week but also 7 canals 
that changed from a positive culture to a negative culture over the same 
period. It cannot be ruled out completely that some negative canals in 
the present study after calcium hydroxide removal (S3), may have become 
positive if evaluated one week later. This means that the results of this study 
are probably an overestimation of the bactericidal effect of calcium 
hydroxide. The studies of Reit & Dahlen (1988) and Reit ef al. (1999) 
demonstrated the limitations of microbiologic root canal sampling and 
this should be taken into account when evaluating all root canal procedures 
and the effectiveness of root canal dressings. Since it was found that 
removal of calcium hydroxide from the root canal with the aid of the oper
ating microscope was enhanced and because it has been shown previ
ously that a second culture taken 7 days later did not result in more reliable 
data (Reit & Dahlen 1988, Reit ef al. 1999 , Molander ef al. 1990), cultures 
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were taken immediately after removal of the calcium hydroxide. This 
process was also less demanding for the patients as it reduced the number 
of appointments. 
After irrigation with sodium hypochlorite and gentle filing with the master 
apical file, S4 showed a median CFU count of 0 (0-2x103) being significantly 
lower than S1 but not different from the counts recorded at S2. This indi
cates that there was no reduction in the number of microorganisms due to 
the activity of calcium hydroxide. This may be due to the lack of direct 
contact between the microorganisms and calcium hydroxide in the clinical 
situation. The pH of calcium hydroxide is approximately 12.5 and this is 
sufficient to kill rapidly most bacterial root canal species (Byström et al. 
1985). However, there will always be areas in the canal space and in the root 
dentine that have low concentrations of hydroxyl ions in solution and 
where the local pH will be substantially lower (Siqueira & Lopes 1999). 
Bacteria vary in pH tolerance and most species grow well within a range of 
pH 6-9 (Padan et al. 1981). Prevotella intermedia, Fusobacterium 
nucleatum and Porphyromonas gingivalis can survive and grow at pH 
levels between 8.0-8.3 (Marsh etal. 1993). 
Several different species of bacteria are located in the tubules of root 
dentine (Peters ef al. 2001 ). It is difficult to predict the effectiveness of a 
calcium hydroxide dressing between visits and its ability to destroy the 
bacterial species located in this area. It is possible that bacteria present in 
the dentinal tubules escape the direct action of calcium hydroxide (0rstavik 
& Haapasalo 1990, Siqueira & Lopes 1999) and are able to (re)infect the 
canal space. This may explain why root canals at the beginning of the 
second visit harboured more cultivable bacteria than at the end of the 
first visit. Another explanation could be that the effect of calcium hydroxide 
is reduced by dentine (Haapasalo etal. 2000). 
The most dominant species in this study were P. intermedia, P. micros and 
A. odontolyticus. Bergenholtz (1974) commonly found species belonging 
to Bacteroides, Corynebacterium, Peptostreptococcus and Fuso
bacterium. Sundqvist (1992) frequently found F. nucleatum, P. inter
media, P. micros and P. anaerobius. Byström & Sundqvist (1981) found the 
same species to be dominant whilst Brauner & Conrads (1995) found a high 
proportion of P. intermedia. Positive correlations between P. intermedia and 
P. micros and Eubacterium were previously reported by Lewis et al. 
(1988), Socransky etal. (1988) and Sundqvist (1992). These combinations 
may be of importance during root canal treatment since their inter-rela
tionship possibly hinders total elimination of microorganisms or provides an 
environment in which bacteria multiply more rapidly. Of the 7 species 
present at S4 four are frequently found in combination with each other (P. 
intermedia, Capnocytophaga spp., A. odontolyticus and P. micros). 
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CONCLUSION 

The results of the present study indicate a large reduction of bacteria 
after instrumentation and irrigation with sodium hypochlorite. A further 
reduction in the number of microbes was not accomplished by inclusion of 
calcium hydroxide in sterile saline in the root canal for four weeks. However, 
these conclusions are based on a limited number of teeth. 
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PERIAPICAL HEALING OF ENDODONTICALLY TREATED TEETH 
IN ONE AND TWO VISITS OBTURATED IN THE PRESENCE OR 

ABSENCE OF DETECTABLE MICROORGANISMS1 

Abstract- The purpose of this study is to evaluate the healing of periapical 
lesions of teeth with positive and negative canal cultures at the time of obtu
ration and to evaluate periapical healing of teeth treated in one visit 
(without) or in two visits with an interappointment dressing of calcium 
hydroxide. 
Thirty-nine patients received endodontic treatment. In the first visit, teeth 
were instrumented and 18 of these teeth were filled (after biological 
sampling) with calcium hydroxide in sterile saline. The other 21 teeth were 
obturated with gutta-percha and AH-26 sealer after microbiological 
sampling. Four weeks later, the teeth with calcium hydroxide were accessed 
again and after microbiological sampling they were obturated with gutta
percha and AH-26 sealer. Healing of periapical radiolucencies was recorded 
over a period up to 41 /2 years. 
In both treatment groups the size of the periapical lesions reduced signif
icantly during the follow-up period. Complete radiographic healing was 
observed in 81 % of the cases in the one-visit group and in 71 % of the cases 
in the two-visit group. The probability of success increased continuously over 
time for both treatment groups. Seven out of eight cases (87.5%) that 
showed a positive root canal culture at the time of obturation healed. 
The number of colony forming units (CFU) in 6 out of 8 positive canals was 
<102CFU/ml. 
Within the limitations of this study no significant differences in healing of 
periapical radiolucencies was observed between teeth that were treated in 
one visit (without) and two-visits with inclusion of calcium hydroxide for four 
weeks. The presence of a positive bacterial culture (CFU < 102) at the 
time of filling did not influence the outcome of treatment. 

1 This chapter has been accepted for publication as: Peters LB, Wesselink PR Periapical 
healing of endodontically treated teeth in one and two visits obturated in the presence or 
absence of detectable microorganisms. International Endodontic Journal ; in press. 

69 



Chapter 6 

INTRODUCTION 

Endodontic therapy aims to eliminate bacteria from the infected root canal 
system to create an environment that is most favourable for healing. 
Several studies have shown that it is impossible to achieve a bacteria-free 
root canal space in all cases, even after thorough cleaning, shaping and irri
gation with disinfectants or antiseptics (Byström & Sundqvist 1981, Byström 
et al. 1985, 0rstavik et a/. 1991, Sjogren et al. 1997, Peters étal. 2001). 
Therefore, concern exists as to the fate and consequences of the remaining 
microorganisms in the canal. They may multiply rapidly in some cases to 
almost the initial numbers in two to four days if the canal is left empty 
(Byström & Sundqvist 1 981). 
It is generally believed that the remaining bacteria can be eliminated or be 
prevented from repopulating the root canal space by enclosing an inter-
appointment dressing such as calcium hydroxide in the root canal (Byström 
et al. 1985, Chong & Pitt Ford 1992). However, it has been shown that 
calcium hydroxide fails to consistently produce sterile root canals and 
even allows regrowth in some cases (Reit & Dahlén 1988, 0rstavik et 
a/,1991, Peters et al. 2001). It is unclear in which cases failure will occur 
since endodontic treatment with an interappointment calcium hydroxide 
dressing or a negative culture before obturation seems no guarantee for 
healing in all cases ( Sjogren et al. 1990, Nair et al. 1990, Sjögren et al. 
1997, Trope et al. 1999, Weiger et al. 2000). 

Another approach is to eliminate remaining microorganisms or to render 
them harmless by entombing them by complete obturation immediately 
after preparing and irrigating the canal space at the same visit. This way 
remaining microorganisms may be killed by the antimicrobial activity of the 
sealer or the Zn2+ ions of gutta percha (Moorer & Genet 1982, Kaplan et al. 
1999, Fuss ef al. 2000, Siqueira et al. 2000) or may be deprived from 
nutrition and space to multiply (Soltanoff 1978, Oliet 1983 Weiger ef al 
2000). 
The healing potential for teeth that are treated in one or two visits with 
placement of an intracanal disinfectant appears similar (Trope et a/. 1999, 
Weiger ef al. 2000). Some studies report the presence of remaining 
microorganisms after cleaning and shaping and dressing with calcium 
hydroxide but do not relate this to healing (Byström 1986, Yared & Bou 
Dagher 1994, Shuping ef al. 2000). One study (Sjogren ef al. 1997) has 
compared the healing rate after one year between canals that were obtu
rated in the presence or absence of cultivable microorganisms after instru
mentation and irrigation. A lower healing rate was found for teeth that 
harboured microorganisms at the time of root canal obturation compared 
to those that had a negative culture at the time of obturation (68% vs 94%). 
The purpose of this study is to evaluate the healing of periapical lesions of 
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teeth with positive and negative canal cultures at the time of obturation and 
to evaluate periapical healing of teeth treated in one visit without or two 
visits with an interappointment dressing of calcium hydroxide. 

lATERIALS AND METHODS 

Patient selection 

Thirty-nine, patients with a noncontributory medical history, referred to the 
Endodontic Clinic of the Academic Centre for Dentistry in Amsterdam for 
root canal treatment, were selected according to the following criteria. All 
selected roots (17 incisors, 6 canines, 5 premolars and 11 distal roots of 
mandibular molars) had one canal, were asymptomatic, did not respond to 
sensitivity testing, had not received previous endodontic treatment and 
showed radiographic evidence of periapical bone loss. Upper molars were 
not included because of radiographic overlaps hindering reproducable 
observation of changes in periapical lesion size. 
The mean age of the participants (19 females and 20 males) was 40 years 
and ranged from 19 to 86 years. There were 19 females and 20 males. The 
teeth were randomly divided into two treatment groups, every second 
patient was assigned to group 2. Group 1 teeth (n=21) were treated in one 
visit, group 2 teeth (n=18) were treated in two visits with intracanal disin
fection by calcium hydroxide for four weeks. The size of the periapical 
lesions was determined from the pre-operative radiograph on a light box by 
measuring the largest diameter in millimetres with a ruler. 

Microbial procedure 

All canals were cultured at the start of treatment (S1, n=39), after instru
mentation (S2, n=39), after removal of calcium hydroxide (S3, n = 18) and 
before obturation with gutta-percha (S4, n=18) as decribed previously 
(Peters etat. 2001). After cleaning the tooth with pumice and isolation with 
rubber dam, the crown and surrounding rubber dam were disinfected 
with 80% ethanol for 2 min. An access cavity was prepared with sterile 
high-speed diamond burs under irrigation with sterile saline. Before 
entering the pulp chamber, the access cavity was disinfected again for 
two minutes with 80% ethanol. Sterility was checked by sampling with a 
cotton swab over the cavity surface and streaked on blood agar plates. All 
subsequent procedures were performed aseptically. The pulp chamber 
was accessed with burs and rinsed with Reduced Transport Fluid (RTF) 
(Syed & Loesche 1972) which was aspirated with suction tips. RTF was 
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then introduced in the root canal by a syringe with a 27-gauge needle. Care 
was taken not to overfill the canal. The canal was enlarged to a size 20 
Hedström file to the estimated working length as calculated from the 
preoperative radiograph. Five sterile paper points were consecutively 
placed in the canal and left for 10 seconds (sample 1, S1) and then placed 
in sterile tubes containing 1mL RTF and transferred to the laboratory 
within 1 5 minutes for microbiological processing. 
Tenfold serial dilutions of the samples were prepared and 100uL of each 
dilution was inoculated on blood agar plates supplemented with 5% horse 
blood, 5 mgL"1 haemin and 1 mgL"1 menadione. Plates were incubated 
anaerobically (80%N2, 10%H2, 10%CO2) at 37°C for 7 days. After incu
bation, the total colony forming units (CFU) and the different colony types 
were counted with the use of a stereomicroscope at 16x magnification 
(Zeiss, Oberkochen, Germany). 
All colony types were streaked to purity and incubated aerobically in air with 
5% C02 (BBL Gaspak C02 systems, Becton Dickinson & Co., Cockeysville, 
MD, USA) as well as anaerobically to determine strict anaerobic and facul
tative anaerobic growth. Identification of the isolates was made on the basis 
of Gram stain, catalase activity and a commercially available identification 
kit, ATB rapid ID32A (Biomerieux SA, Lyon, France), for strict anaerobes and 
ATB rapid ID32Strep for facultative anaerobic cocci (Biomerieux SA). 
In order to allow slow growing species to develop the blood agar plates with 
the total samples were kept under anaerobic conditions up to 14 days. 
Newly emerging colonies were also streaked to purity and identified. 

Root canal procedure 

All procedures were performed by one endodontist. The working length 
(1mm from the radiographic apex) was checked with a radiograph after 
inserting a size15 K-file (Dentsply Maillefer, Ballaigues, Switzerland) in 
the canal to the estimated working length, or shorter if the attached elec
tronic apex locator (Apit, Osada, Japan) indicated that the apical foramen 
had been reached. After the first microbiologic sample (S1), the canal was 
enlarged using Flexofiles (Dentsply Maillefer) with the modified double 
flare technique (Saunders & Saunders 1992), to a master apical file of at 
least size 35 (range 35-60). Each file was followed by irrigation of the 
canal with 2mL sodium hypochlorite (2%) in a syringe with a 27-gauge 
needle. After preparation, the canal was irrigated with 5mL sodium 
hypochlorite (2%). Then, inactivation of the sodium hypochlorite was 
accomplished with 5mL sterile sodium thiosulphate, before a second micro
biological sample (S2) was taken from the root canal in the same manner as 
the first sample. 
After drying the canal with paper points, the teeth in group 1 (n=21) were 
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obturated using the warm-lateral compaction technique with gutta-percha 
and AH-26 sealer (Dentsply, Konstanz, Germany). At the end of the first visit 
all these teeth were restored. Teeth that did not receive a permanent 
restoration were restored with a temporary filling of two layers of Cavit 
(ESPE, Seefeld, Germany) and a glass ionomer restoration (Fuji-ll, GC 
Corporation, Tokyo, Japan). 
After drying the canal, the teeth in group 2 (n=18) were dressed with a thick 
mix of calcium hydroxide (Merck, Darmstadt, Germany) in sterile saline. The 
calcium hydroxide slurry was inserted in the canal with a size 30 lentulo 
spiral (Dentsply Maillefer) and packed with the blunted end of a paper point. 
The access cavities in group 2 were filled with two layers of Cavit and a glass 
ionomer restoration. In the mandibular molars, the entrance of the distal 
canal was isolated with Cavit from the remaining pulp chamber in order to 
prevent contamination by microorganisms from the mesial canals (that 
had been instrumented but were not included in the study). A radiograph 
was taken to ensure proper placement of the calcium hydroxide in the 
canal. 

The patients in group 2 returned after 4 weeks. The canal was aseptically ac
cessed under rubber dam isolation and the calcium hydroxide was removed 
with RTF and careful filing of the canal with the master apical file. Removal 
of calcium hydroxide from the canal was checked with an operating micro
scope at 16x (Zeiss, Oberkochen, Germany). A third bacteriological sample 
(S3) was taken as described previously. After sampling, the canal was 
rinsed with 5mL of sodium hypochlorite (2%) and gently instrumented 
with the master apical file. After inactivation of the sodium hypochlorite 
with sodium thiosulphate, a fourth sample (S4) was taken from the root 
canal. The canal was dried and obturated with gutta-percha and AH-26 
sealer using the warm-lateral compaction technique. After obturation of the 
canal, the tooth was restored in the same manner as the teeth in group 1. 
A final radiograph was taken using the paralleling technique with the aid of 
a beam guiding device (X-Act, Oral Diagnostic Systems, Amsterdam, the 
Netherlands), followed by control radiographs at 3,6, 1 2 and 24 months. 
If complete healing had not taken place at 24 months the patients returned 
anually up to 41 /2 years. At the first follow-up appointment all temporary 
restorations were replaced by a permanent restoration. 

Evaluation 

Clinically all patient were free of symptoms and periodontal disease. The 
coronal restorations were of good quality during the entire follow-up 
period. 
Three experienced endodontists that had not been involved in the treatment 
or follow-up appointments were asked to analyse the radiographs. Thirty 
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radiographs (not included in the study) were used for calibration of the eval-
uators. 

One set of radiographs consisted of 4 to 6 radiographs f rom one patient 
taken at di f ferent fo l low-up appointments and projected in an at-random 
sequence. Each radiograph only showed the root and apical bone structure, 
the rest of the radiograph was masked. The 39 sets (one set of radio
graphs per patient) were projected on a screen in a dark room. The evalu-
ators were asked to indicate the largest periapical radiolucency and the 
smallest periapical radiolucency of the set that was projected. Both images 
were given a periapical score f rom 1 to 5 (table 1) (Reit & Gröndahl 1983). 
The evaluators also indicated a score for t reatment outcome according 
to the criteria presented in table 1 (A, B or C). After each evaluator had 
given his individual periapical scores and treatment outcome, a jo int eval
uation was made to reach a consensus. 

Table 1 Definitions of periapical scores and treatment outcome 

Periapical score 
1 =Periapical destruction of bone definitely not present 
2 =Periapical destruction of bone probably not present 
3 =Unsure 
4 =Periapical destruction of bone probably present 
5 =Periapical destruction of bone definitely present 

Treatment outcome 

A. Succes The width and contour of the periodontal ligament is normal, 
or there is a slight radiolucent zone around excess filling material. 

B. Uncertain The radiolucency is clearly decreased but additional follow-up 
is not available. 

C. Failure There is an unchanged, increased or new periradicular radiolucency. 

Statistics 

A t-test for independent samples or chi-square test (when appropriate) was 
performed for differences between patient groups related to gender, age 
and the clinical parameters too th type, size of radiolucency, preparation 
length, master apical file size and apical extent of the root canal f i l l ing. 
Differences among evaluators and consensus for periapical scores and 
treatment outcome were tested using the Friedman test for ordinal data. 
The indicated largest and smallest per iapical consensus scores were 
compared using the Wilcoxon-signed-ranks-test to indicate if there was a 

74 



Periapical healing of endodontically treated teeth in one and two visits 

significant reduction of the periapical bone lesions over time. 
The time needed by each tooth included in the study to be assigned to the 
'success' group was of interest. An analysis of event times that also 
accounts for the observation period of teeth associated with 'failure' was 
applied as described by Weiger et al. (1998). This approach also considers 
the individual time span within which the tooth under observation that is 
scored as B may show complete healing (A), although this time is cut off 
before the event occurs. The distribution of the event times for both treat
ment groups were separately calculated on the basis of the Kaplan-Meier 
method (Kaplan & Meier 1958) and presented as step functions. The log 
rank test was applied for comparison of the two treatment groups. 
A chi-squared test with Yates' correction was performed for healing results 
of canals that showed bacterial growth at the time of obturation and 
canals that showed a negative culture. 
For all tests p-values < 0.05 were considered statistically significant. 
When no differences were found power statistics (power set at 80%) were 
conducted to determine the numbers required to find significant differences 
(p=0.05) between healing of teeth obturated with a positive canal culture 
and teeth obturated with a negative canal culture as well as differences in 
healing results of teeth treated in one and two visits. 

RESULTS 

During the follow-up period of 41 /2 years, none of the patients had any 
discomfort and all teeth were functional. One series of radiographs was 
excluded because of imperfections of radiographic technique. All patients 
returned for follow-up. 
There were no significant differences between patient groups related to 
gender, age and (the clinical parameters) tooth type, size of radiolucency, 
preparation length, master apical file size and the apical extent of the 
root canal filling (p>0.05). 
Kappa scores between observers were 0.7-0.9. The agreement between 
treatment outcome scores of the individual observers and consensus score 
was at least 94% with kappa scores of 0.8-0.9. 
The consensus on periapical scores and treatment outcome are presented 
in tables 2 and 3. Before treatment, all teeth had a periapical score 4 or 5. 
At the end of the follow-up period 18% still had a radiolucency (peri
apical score 4 and 5), in 82% a clear radiolucency was not present (peri
apical score 1 and 2). The periapical scores after the follow-up period 
were significantly lower (p<0.05) than the scores before the start of treat
ment, indicating that the lesions had reduced significantly over time. 
Consensus treatment outcome A or B was assigned in 97% of the cases. 
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One case was judged as a failure (table 3). Upon extraction a vertical root 
fracture was diagnosed in this case. 
Of the 21 teeth treated in one visit (group 1), seventeen showed complete 
radiographic healing (score A, 81 %) and 4 teeth a reduction in lesion size 
(score B, 19%). In group 2 twelve teeth showed complete radiographic 
healing (score A, 71%), 4 had a reduction of the lesion size (score B, 
23%) while one tooth had failed (score C, 6%) (table 4). 
The time necessary to complete periapical healing used as basis for calcu
lation ranged from 7 to 55 months. The individual observation times varied 
between 12 and 35 months for those teeth associated with incomplete 
healing or failure. The probability that complete healing occurred within a 
certain time span increased continuously with the length of the observation 
period (table 5, fig. 1) The log rank test did not reveal any significant 
difference between the one and two visit treatment groups (p>0.05). 
Power statistics showed that the presented differences (91% vs 94%) 
between one and two visit root canal treatment could be significant if 
one experimental group would comprise of 1275 patients (power set at 
80%). 
Prior to final obturation, there were eight teeth (7 in group 1, 1 in group 2) 
with a positive root canal culture (table 6). Six positive root canals contained 
<102 CFLJ/ml, one canal contained 2.103 and one canal harboured 8.104 

CFU/ml. The latter case scored a treatment outcome B. Of all thirty cases 
that were filled with a negative culture prior to obturation twenty-two 
(74%) healed (11 from group 1 and 11 from group 2) whereas this was the 
case for 7 out of 8 cases (6 from group 1 and 1 from group 2) with a posi
tive root canal culture prior to obturation (87.5%). Chi-squared analysis 
showed no significant difference in healing whether cultivable bacteria were 
present or not prior to filling. Power statistics showed that the presented 
differences (74 vs 87%) between negative and positive cultures at the 
time of obturation can be significant if one experimental group would 
comprise of 160 patients (power set at 80%, p<0.05). 

Table 2 Consensus periapical score 

periapical score* largest radiolucency smallest radiolucency 

1 0 22(58%) 

2 0 9(24%) 

3 0 0 

4 4(10.5%) 2(5%) 

5 34(89.5%) 5(13%)  

total 38(100%) 38(100%) 

* score 1-5 see table 1 
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Table 3 Consensus treatment outcome 

A* 29(76%) 

B 8(21%) 

C 1(3%) 

total 38(100%) 

* score A, B, C see table 1 

Table 4 Treatment outcome scores related to one and two visit endodontic treatment 

score A* score B score C 

one visit group (n=21) 

two visit group (n=17) 

17(81%) 

12(71%) 

4(19%) 

4 (23%) 

0 

1 (1%) 
total (n=38) 29 (76%) 8(21%) 1 (3%) 

* score A, B, C see table 1 

Table 5 Probability of success (95% confidence interval) 

year 2 years 3 years 4 years 

one visit group (n=21) 0.14(0-0.29) 0.48(0.27-0.69) 0.91(0.77-1.00) 

two visit group (n=17) 0.12(0-0.27) 0.47(0.23-0.71) 0.77(0.57-0.97) 0.94(0.83-1.00) 

Table 6 Positive and negative root canal cultures related to treatment outco me 

9rouP 1 (A) group 1 (B) group 2 (A) group 2 (B) 
positive culture (n=8) 6 1 ] Q 

negative culture (n=30) 11 3 11 4 
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Figure 
followi 

1 Estimation of the fraction of teeth ( p(t) ) that are successful 
ng one or two visit root canal treatment within 4 years.. 

-one 
visit 

two 
visit 

DISCUSSION 

The presence of bacteria in the root canal results in the development of 
apical periodontitis. In the present study no correlation was seen between 
the healing of endodontic lesions and the presence or absence of a positive 
canal culture after proper cleaning and shaping and no correlation was seen 
between healing of endodontic lesions and treatment in one visit or two 
visits with intracanal dressing of calcium hydroxide. It is widely accepted 
that inclusion of calcium hydroxide renders the canal sterile and ready for 
obturation (Tronstad 1991, Friedman 1998). However, studies have shown 
that calcium hydroxide does not live up to this expectation and that its 
action is unreliable (Reit & Dahlén 1988, 0rstavik et al. 1991, Yared & Bou 
Daghar 1994, Peters et al. 2001). Comparisons of the success rate between 
two visit endodontics with calcium hydroxide as an intracanal interap-
pomtment dressing and one visit endodontic treatment of teeth with 
necrotic pulps in this and other prospective studies do not show significant 
differences (Friedman et al. 1995, Trope et al. 1999, Weiger ef al. 2000) 
Other studies evaluating healing of teeth with necrotic pulps after either one 
visit or two visits report success rates between 75-90% for both treatment 
options (BystrOm et al. 1987, Murphy et al. 1991 Jurcak et al 1993 
Caliskan & Sen 1996). 

Therefore, it is more reliable to evaluate infection at the time of root 
filling. Studies byZeldow& Ingle (1963) and Engström et al. (1964) showed 
inferior results for teeth with a positive culture at the time of root filling On 
the other hand Seltzer et al. (1963) and Matsumoto etal. (1987) could not 
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find any significant differences in healing results. All these studies are 
limited in bacteriological technique since no strict anaerobic techniques 
were used and contamination can not be ruled out in some due to a lack of 
information about the treatment procedures. Sjogren et al. (1 997) using 
strict anaerobic techniques, related infection at the time of obturation 
and success. They showed inferior healing results for root canals with a posi
tive culture at the time of obturation. Our results do not indicate such differ
ences. It is stressed that, in both studies, the number of CFU left in the canal 
at the time of obturation was very low. In our study 6 out of 8 positive root 
canals contained <102 CFU/ml, one canal contained 2.103 and one canal 
harboured 8.104 CFU/ml. The latter case scored a treatment outcome B. In 
the study by Sjögren et al. (1997) twenty-two (40%) root canals contained 
bacteria at the time of obturation. In 8 cases bacteria could only be 
detected after enrichment growth in fluid media, nine samples contained 
102-103, 3 samples contained >104 CFU and for 2 samples no data were 
available. Of these 22 positive samples 7 failed. The authors did not relate 
the failed cases to the number of CFU found. If failures are related to 
higher numbers of CFU in the canal (>103) it could provide an explanation 
for the reason why cases with a positive culture appeared successful in both 
studies, 1 5/22 (Sjögren et al. 1997) and 7/8 in our study. Comments have 
been made previously about the uncertainty of the bacteriological sampling 
procedure immediately after removal of a calcium hydroxide dressing (Reit 
& Dahlen 1988). It has been suggested (Reit et al. 1999) that microbiological 
samples should be taken after filling the canal with a sampling fluid (after 
removal of the calcium hydroxide) for 7 days. However when the authors 
applied this procedure culture reversals were seen in both directions. Thus, 
Reit et al. (1999) reported 7 canals that turned from a negative to a positive 
culture after one week but also 7 canals that changed from a positive 
culture to a negative culture over the same period. It cannot be ruled out 
completely that some negative canals in the present study after calcium 
hydroxide removal (S3), may have become positive if evaluated one week 
later. The studies of Reit & Dahlen (1988) and Reit et al. (1999) demon
strated the limitations of microbiologic root canal sampling and this should 
be taken into account when evaluating all root canal procedures. Since it 
was found that removal of calcium hydroxide from the root canal with the 
aid of the operating microscope was enhanced and because it has been 
shown previously that a second culture taken 7 days later did not result in 
more reliable data (Reit & Dahlen 1 988, Molander et al. 1 990, Reit et al. 
1999), cultures were taken immediately after removal of the calcium 
hydroxide. This process was also less demanding for the patients as it 
reduced the number of appointments. 
Differences in healing can also be created because the size of the pre-oper-
ative radiolucency, between canals with detectable and non-detectable 
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microorganisms, is different in both groups. In the present study this 
differences was not found. 
Sjögren et al. (1 997) found 60% negative root canal samples after similar 
preparation of the root canals. The difference with our findings (79% 
negative) could be a result of the concentrations of sodium hypochlorite 
(0.5% vs. 2%) and different delivery systems used for irrigation. In addition, 
the sampling techniques and transport media used may have also created 
differences. 
A question that remains to be answered is the reason for failure in cases of 
root canals from which no bacteria could be cultured. In Sjogren's study two 
of those cases failed. In one of these bacteria were found, at the time of 
surgery in a lateral canal. This points to the inability of current cleaning and 
shaping techniques to reach microorganisms present in lateral canals and 
dentinal tubules (Peters et al. 2001). These bacteria do not show up in 
current endodontic sampling procedures and seem inaccessible to an intra-
canal disinfectant like calcium hydroxide (Siqueira & Lopes 1999). 
The number of patients available in our study as well as in most prospective 
studies is limited. Given the high success rates of both treatment options, 
the sample size per group required to detect a difference is very high! 
Weiger et al. (2000) showed that the probability for complete periapical 
repair over 5 years was 93% for two-visit root canal treatment and 92% for 
one-visit root canal treatment. When we calculate power statistics (power 
set at 80%) with these proportions the numbers per group would have to 
exceed 10.000. Trope ef al. (1999) calculated the need for a group size of 
354 (power set at 80%) to show significance for the differences he found 
(74 vs 64%) in comparing one versus two visit root canal treatment. 
However, the short observation period of 52 weeks in that study may lead 
to an underestimation of periapical healing over longer observation periods, 
as was shown by Weiger ef al. (1998). In the present study the probability 
for healing increased gradually to 91 and 94% over a period of 4 years, indi
cating the need for a group size of 1275 teeth to show significance at 
p=0.05. However, the cases that were selected in these studies all present 
a relatively simple anatomy resulting in high success rates. The numbers that 
are needed in a prospective study with more complex cases may be much 
lower because of lower success rates. 

CONCLUSIONS 

Within the limitations of this study, using teeth with a relatively simple 
anatomy, it is concluded that no significant differences in healing results 
occur whether small numbers of bacteria (CFU<102) can be cultured or not 
at the moment of obturation. Also there is no significant difference in 
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healing results after root canal t reatment in one visit and two visits (wi th 
interappointnnent calcium hydroxide dressing). In order to quantitate these 
types of effects of treatment on healing in a similar prospective study, a very 
large group size is needed for def ini te conclusions. 
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Chapter 7 

COMBINATIONS OF BACTERIAL SPECIES 
IN ENDODONTIC INFECTIONS1 

Abstract. - This study was undertaken to investigate associations of bacteria 
found in root canal infections of teeth with perapical bone destruction 
without clinical signs and symptoms. 
Endodontic samples from 58 root canals were cultured anaerobically and 
microorganisms were counted and identified. Eighty-one combinations of 
microorganisms were found and tested for a symbiotic relationship using the 
Fisher's exact test and odds ratio calculation. 
All samples contained microorganisms with a median CFU/ml of 8.104 / 
sample. Strict anaerobic species accounted for 87% of the microflora. 
The most prevalent bacteria were Prevotella intermedia, Peptostreptococ-
cus micros and Actinomyces odontolyticus, present in respectively 33%, 
29% and 19% of the cultured canals. A significant relationship (p<0.05) and 
an odds ratio >2 was found between P. intermedia and P. micros, P 
intermediate Prevotella oralis, A. odontolyticus and P. micros, Bifido
bacterium spp. and Veillonella spp. 
These results indicate that endodontic pathogens do not occur at random 
but are found in specific combinations. 

1 This chapter is submitted to the International Endodontic Journal as: Peters LB Wesselmk 
PR, van Winkelhoff AJ. Combinations of bacterial species in endodontic infections. 
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INTRODUCTION 

Bacteria that are found in an infected root canal with apical periodontitis 
form a selected group of the total oral microflora. When the pulp becomes 
necrotic an increase of strict anaerobic Gram negative and Gram positive 
species such as Fusobacterium spp., Prevotella spp., Porphyromonas 
spp., Peptostreptococcus spp., Eubacterium spp., and Actinomyces 
spp. occurs at the expense of facultative anaerobic species (Fabricius ef al. 
1982). Important ecological factors in this dynamic process are nutrition, pH, 
temperature, host resistance and microbial interactions. 
In the apical part of the root canal, where interaction with the periapical 
tissues takes place, proteolytic bacteria constitute the main proportion of 
the microflora. Because of the close contact with vital periapical tissues, 
supplying a higher oxygen tension, their growth could be inhibited. 
However, the small proportion of facultative anaerobic species present in the 
apical region may consume the available oxygen resulting in a low reduc
tion-oxidation potential favouring colonisation of strict anaerobic species 
(Slots &Taubman 1992). 

The interactions between different species can be beneficial to one or 
more microorganisms, while others can be antagonistic. Positive interactions 
e.g. co-adherence and nutrient supply have been described to occur in 
plaque (Grenier & Mayrand 1986, Hillman et al. 1985, Marsh 1989), the 
periodontal pocket (Dzink et al. 1988, Socransky ef al. 1988, van Winkeihoff 
et al. 1987, Ashimoto et al. 1996) and in the root canal (Sundqvist 1992, 
Gomes et al. 1994, Fabricius et al. 1982). 
Combinations of bacteria may be related to specific sign and symptoms of 
oral diseases. Socransky et al. (1988) related periodontal attachment loss 
and deepest pockets to specific clusters of bacteria. Gomes et al. (1996b) 
related pain of endodontic origin with combinations of Peptostreptococcus 
spp. and Prevotella spp., while Haapasalo (1989) found Porphyromonas 
endodontalis and Porphyromonas gingivalis to be related to acute symp
toms. Fabricius et al. (1982) showed that specific combinations of bacteria 
had the greatest potential to induce apical periodontitis. 
The first step in the investigation of microbial interactions in the root 
canal of teeth with apical periodontitis is to study the prevalence and the 
simultaneous isolation of bacterial species.The aim of this study was to 
investigate positive and negative associations of bacteria found in root canal 
infections of teeth with perapical bone destruction without clinical signs and 
symptoms. 
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1ATERIAL AND METHODS 

Patient material and microbiological sampling 

The content of fifty-eight root canals was sampled for microbial analysis. All 
selected teeth were asymptomatic, did not respond to sensitivity testing, had 
not received previous endodontic treatment and showed radiographic 
evidence of periapical bone loss. All patient were systemically healthy and 
had not used antibiotics 6 months prior to the study. 
After cleaning of the tooth with pumice and isolation with rubberdam, the 
crown and surrounding rubberdam were disinfected with 80% alcohol 
for 2 minutes. An access cavity was made with sterile high-speed diamond 
burs under irrigation with sterile saline. Before entering the pulp chamber, 
the access cavity was disinfected again for two minutes with 80% alcohol. 
A swab sample was taken from the surface and streaked on blood agar 
plates to check sterility. The pulp chamber was accessed with sterile burs 
and rinsed with reduced transport fluid (RTF, Syed & Loesche 1972) and 
suctioned with sterile tips. RTF was then introduced in the root canal by a 
syringe with a sterile 27-gauge needle. Care was taken not to overfill the 
canal. With sterile HedstrOm files the canal was enlarged to a size 20 file to 
the estimated working length as calculated from the preoperative radio
graph. Five sterile paper points were consecutively placed in the canal 
and left for 10 seconds and then placed in sterile tubes containing 1 ml RTF 
and transferred to the laboratory within 15 minutes for microbiological 
processing. 

Microbiological procedures 

Tenfold serial dilutions of the samples were prepared and 100uL of each 
dilution was inoculated on blood agar plates supplemented with 5% horse 
blood, 5 mg/L hemin and 1 mg/L menadione. Plates were anaerobically 
(80%N2, 10%H2, 10%CO2) incubated at 37°C for 7 days. After incubation, 
the total colony forming units (CFU) and the different colony morpho
types were counted with the use of a stereomicroscope at 1 6x magnifica
tion (Zeiss, Oberkochen, Germany). 
All colony morphotypes were streaked to purity, incubated in air and 5% 
CO2 ( BBL Gaspak C02 systems, Becton Dickinson and company, 
Cockeysville, MD, USA) and anaerobically to determine strict anaerobic and 
facultative anaerobic growth. Identification was made on the basis of 
Gram stain, catalase activity and a commercially available identification kit 
ATB rapid ID32A (Biomerieux SA, Lyon, France), for strict anaerobes and ATB 
rapid ID32Strep for facultative anaerobic cocci (Biomerieux SA, Lyon, 
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France). 
The blood agar plates with the total samples were kept incubated under the 
anaerobic conditions for up to 14 days to allow slow growing species to 
develop. Newly emerging colonies were also streaked to purity and iden
tified. 

Statistics 

Differences in prevalence of different species in the 58 root canal samples 
were tested with Cochran test for nominal nonparametric data (present vs 
not present). 
The Fisher's Exact test was applied to test the null hypothesis that there was 
no relationship between any of the species (p>0.05). When there was a 
significant difference, indicating that a relationship between species was 
present, the odds ratio was calculated. Positive associations were those with 
an odds ratio > 2 (the odds of detecting one organism was twice as likely 
with another organism present as with it absent) and negative associations 
were those with an odds ratio <0.5. 

RESULTS 

All fifty-eight samples contained cultivable microorganisms. The median 
number of CFU/ml was 8.104 per sample. The number of species per canal 
varied between 4 and 7. Of the isolated species 87% was strict anaerobic. 
The most prevalent bacterial species were P. intermedia, P. micros and A. 
odontolyticus, present in respectively 33%, 29% and 19% of the cultured 
canals (Table 1, Fig. 1). P. intermedia and P. micros were present in 
significantly more samples than any of the other species (p<0.05). A. 
odontolyticus was present in significantly more samples than most species 
except for F.nucleatum, P. intermedia, Capnocytophaga spp., Eubacterium 
lentum, Propionobacterium acnes and P. micros. 
A total of 81 combinations of bacterial species were tested with the 
Fisher's exact test. For four microbial combinations the null hypothesis 
had to be rejected and therefore indicated a positive association between 
two species. Table 2 shows all 4 combinations that had an odds ratio > 2, 
indicating a positive relationship. Negative relationships were not found! 

86 



Combinations of bacterial species in endodontic infections 

Table 1 Prevalence of bacterial species in 58 root canals 

Gram-negative rods prevalence (%) 

Fusobacterium nucleatum 7 (12) 

Fusobacterium varium 2 (3) 

Fusobacterium necrophorum 2 (3) 

Prevotella oralis 5 (9) 

Prevotella intermedia 19* (33) 

Prevotella buccae 4 (7) 

Prevotella melaninogenica 2 (3) 

Prevotella prevotii 3 (5) 

Bacteroides spp. 4 (7) 

Capnocytophaga spp. 8 (14) 

Gram-positive rods 

Eubactenum lentum 6 (10) 

Eubactehum limosum 3 (5) 

Actinomyces spp. 3 (5) 

Actinomyces odontolyticus 11 * (19) 

Actinomyces meyeri 6 (10) 

Bifidobacterium, spp. 4 (7) 

Propionibacterium acnes 8(14) 

Propionibacterium propionicum 2 (3) 

Gram-negative cocci 

Veillonella spp. 4 (7) 

Gram-positive cocci 

Peptostreptococcus micros 17* (29) 

Peptostreptococcus anaerobius 2 (3) 

Gemeila spp. 2 (3) 

Gemella morbillorom 4 (7) 

Staphylococcus spp. 3 (5) 

"Prevotella intermedia and Peptostreptococcus micros are significantly more present 
than all other species (p<0.05). 
Actinomyces odontolyticus was signifantly more present than all except Fusobacterium 
nucleatum, Prevotella intermedia, Capnocytophaga spp, Eubacterium lentum, Peptostrepto
coccus micros and Propionibacterium acnes (p<0.05) 
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Figure 1 Percentages of isolates from 58 root canals 
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Table 2 Combinations of microorganisr 

combinations of microorganisms p-value OR 95% CI 

P. intermedia- P. oralis 0.023 12 2-115 
P. intermedia- P. micros 0.004 6 2-20 
A. odontolyticus- P. micros 0.028 4.6 2-18 
Bifidobacterium spp.- Veillonella spp. 0.017 29 3-300 

OR=odds ratio 

CI=confidence interval 

DISCUSSION 

Anaerobic species were dominant in all root canals and contr ibuted to 
8 7 % of the isolates. Sundqvist (1992) found 9 0 % strict anaerobes whi le 
Gomes ef al. (1994) accounted 6 4 % of the microflora to strict anaerobic 
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species. The most dominant species in our study were P. intermedia, P. 
micros and A. odontolyticus. These species are commonly found in root 
canal infections in most studies where comparable patient material and 
microbial techniques were used (Sundqvist 1992, Brauner & Conrads 1995, 
Gomes ef al. 1996a). The odds ratio calculation is a common method to 
measure associations between microorganisms in clinical samples. However, 
the odds ratio can be high, suggesting a relationship between species, while 
the sample size is very small. In these cases a wide 95% confidence interval 
can be present and therefore it is necessary to be very cautious about the 
interpretation of the finding. The Fisher's exact test offers a calculation to 
find a relationship between two samples with very small expected frequen
cies. In this study higher odds ratio's where found for many combinations 
of bacteria. The Fisher's exact test however, contradicted the existence of 
such relationships in most instances. When comparing the results of similar 
studies this shortcoming of simple odds ratio calculation without prior 
testing of any relationship or without presenting the 95% confidence 
interval has to be taken into account (Altman 1991). 
Positive correlations between P. intermedia and P. micros and Eubacterium 
were previously found in periodontal pockets by Lewis et al. (1988) and 
Socransky et al. (1988) as well as in endodontic infections of the root 
canal (Sundqvist 1992, Gomes ef a/,1994). Brook et al. 1991 found a 
consistent pattern of a combination of Bacteriodes spp. and 
Peptostreptococcus spp. in periapical abscesses. These findings are in 
accordance with our study where clear positive relations were found 
between P. intermedia and P. micros. P. intermedia and P. micros has 
been described as a pathogenic combination of bacterial species in exper
imental anaerobic infections in mice (Brook & Walker, 1983). 
Gomes et al. (1994) and Drucker et al. (1992) found P. oralis to be asso
ciated to Prevotella melaninogenica while in our study P. oralis was posi
tively associated with P. intermedia. The confidence interval in our study 
however was very wide while Gomes et al. (1994) do not state the 95% 
confidence interval associated with the odds ratio of 12. Drucker et al 
(1992) did not calculate the odds ratio but show a significant relationship 
between the species (p< 0.05). The positive relation between P. micros and 
A. odontolyticus was described previously by Sundqvist (1992) who found 
an odds ratio of 3 between P. micros and Actinomyces spp.. In our study 
a positive association was also found between Veillonella spp. and 
Bifidobacterium spp. Both isolates are not considered significant human 
pathogens (Slot & Taubman 1992). Veillonella parvula was described as 
having no or negative relations to other bacteria (Sundqvist 1992) and is 
associated with less active periodontal sites (Socransky et al. 1988, Dzink ef 
al. 1988). This discrepancy between results may be due to the small sample 
size and very wide confidence interval that was found in the present study. 
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Specific combinations of bacteria are found in the root canal and they 
may contribute to the population shifts in the flora as well as ecological 
factors like nutrition, pH and host resistance. 
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SUMMARY, CONCLUSIONS AND FUTURE DIRECTIONS 

Bacteria play an essential role in the development and persistence of 
endodontic disease. The aim of treatment of endodontic infections is 
focused on elimination of bacteria from the root canal system and on 
prevention of reinfection. A lot of attention has been focused on improving 
measures to definitively eliminate bacteria after cleaning and shaping of the 
root canal and also to the presence and role of bacteria in the root dentinal 
tubules. The low numbers of microorganisms in the canal and in the 
dentinal tubules after cleaning and shaping have been considered respon
sible for persistence and development of periapical disease. To eliminate 
bacteria from the root canal system (root canal proper and root dentinal 
tubules) the use of intracanal dressings such as calcium hydroxide, Chlorhex
idine, iodine potassium-iodine (IKI) and volatile drugs such as camphorated 
p-monochlorophenol (CMCP) are advocated widely in endodontic therapy. 
In this thesis the presence of bacteria in the root canal and root dentinal 
tubules is discussed and studied, and clinical measures necessary for erad
ication are evaluated. In chapter 2, the fate and role of microorganisms 
present in root dentinal tubules is reviewed. The relevance and consequen
ces of residual bacteria in the tubules of root dentine after cleaning and 
shaping of the root canal space is addressed. A second aim is to discuss the 
necessity of clinical interventions to eradicate those bacteria that are 
presumed to survive in the root dentine. It appeared that there is very 
little information on the presence of viable microorganisms in root dentinal 
tubules in necrotic infected pulps and the role they may play in lesions that 
are refractory to treatment. In-vitro research has shown that one important 
factor for microbial invasion of dentinal tubules is the availability of a 
nutrient source. Ingrowth or progress of bacteria is delayed or prevented by 
the presence of a smear layer and an intact root cementum and peri
odontal ligament. 
The available clinical and experimental evidence supports the use of 
antibacterial dressings in cases where the root canal space remains 
temporarily unobturated after removal of necrotic and infected pulp tissue. 
There seems no evidence however that special measures should be taken to 
kill the bacteria in the dentinal tubules. In the vast majority of cases, those 
bacteria seem not to jeopardise successful outcome of root canal treatment. 
In chapter 3, a test model is described to quantify penetration of bacteria 
into dentinal tubules in-vitro. The model consisted of two compartments 
separated by a bovine dentine specimen with a thickness of 1.5 to 3.1mm. 
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The root cementum was removed from the root surface and the speci
mens were oriented in the model with the pulpal side facing the inoculated 
chamber of the test model. One compartment contained the test organism 
(Enterococcus faecalis or Actinomyces israelii) whereas the other was 
filled with sterile broth. The depth of bacterial penetration was measured 
in the dentine with or without a smear layer using both a histological and 
a quantitative recovering grinding technique after 6 weeks of exposure to 
the microorganisms. E. faecalis penetrated the dentine significantly deeper 
than A. israelii. After removal of the smear layer with EDTA, E. faecalis 
penetrated significantly deeper than in the dentine pre-treated with saline 
only or with a combination of saline and sodium hypochlorite. 
Microorganisms were found in 89% of the cultured specimens and in 
80% of the specimens that were evaluated with light microscopy. Total 
penetration through the dentine specimen and infection of the broth in the 
test compartment of the model occurred in only two out of 72 specimens. 
With a longer exposure period, the number of specimens with total pene
tration could have been higher. The collection and immediate culturing of 
infected dentine dust and the counting of colony forming units (CFU) 
allowed an overview of the number of bacteria per sample. This tech
nique was more sensitive than light microscopy. 
In chapter 4, the presence of microorganisms in root dentinal tubules in-
vivo is evaluated. Two sets of teeth with apical periodontitis were collected 
at different geographic layers (Amsterdam and Glasgow) to study the 
identity and quantify the numbers of bacteria present in the root dentinal 
tubules. Teeth that could have been restored after endodontic treatment but 
were extracted on request of the patient were selected. Root dentine of 20 
of these teeth was cultured from three locations between pulp and 
cementum ( A, B and C). In addition, dentine from eight teeth was examined 
histologically. 
Using the culturing technique, bacteria were found in 77% of the dentine 
samples from set 1 (Amsterdam) and in 87.5% of the dentine samples 
from set 2 (Glasgow). At greater distance, in layer C, from the pulp bacteria 
were found in 62% (13 out of 21) of the dentine samples. Twenty-three 
percent (3 out of 13) of set 1 and 25% (2 out of 8) of set 2 contained more 
than 50.000 CFU/g of dentine in layer C. In layers closer to the pulp higher 
numbers of anaerobic bacteria and gram-positive rods were found as well 
as a larger number of bacterial species. 
Identification revealed that the most dominant species were: 
Prevotella intermedia, Prevotella prevotii, Prevotella buccae, Porphy-
romonas gingivalis, Porphyromonas asaccharolytica, Fusobacterium 
nucleatum, Fusobacterium necrogenes, Peptostreptococcus anaero-
bius, Peptostreptococcus micros, Actinomyces israelii, Actinomyces 
viscosus, Actinomyces naeslundii, Actinomyces odontolyticus, Strepto-
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coccus sanguis, Propionibacterium acnes, Bifidobacterium adolescentis, 
Lactobacilles acidophilus. 
Histologic sections showed bacterial penetration in dentinal tubules in 5 of 
8 teeth. In the other three teeth where the CFU/g recovered was <10.000, 
no histologic signs of tubule penetration was observed. 
In more than half of the infected roots, viable bacteria were present in the 
deep dentine close to the cementum. In addition, anaerobic culturing of 
dentine appeared more sensitive than histology to detect these bacteria. 
In chapter 5 the fate of microorganisms in the root canal of teeth with 
infected pulps and periapical bone lesions, after instrumentation and irri
gation only or after the subsequent application of calcium hydroxide as a 
dressing, is described. 
Endodontic samples were cultured and microorganisms were counted and 
identified in 43 teeth before (sample 1) and after (sample 2) instrumenta
tion and irrigation during the first visit and before (sample 3) and after 
(sample 4) treatment during the second visit. In the first visit, teeth were 
instrumented and half of the teeth were filled with a thick slurry of calcium 
hydroxide in sterile saline, the other teeth were obturated with gutta
percha and AH-26 sealer. After 4 weeks the teeth with calcium hydroxide 
were accessed again and after removal of the calcium hydroxide and 
microbiological sampling, they were obturated with gutta-percha and AH-
26 sealer. 
The mean total colony forming units (CFU) counts of positive samples 
dropped significantly as a result of canal preparation during the first visit 
from 1.0x106 to 1.8x103 (between samples 1 and 2) but increased to 
9.3x103 in the period of calciumhydroxide dressing between the two visits 
(sample 2 and 3). There was no difference in mean total CFU counts of posi
tive samples between the end of the first (sample 2) and the end of the 
second visit (sample 4). The most frequently isolated species were Prevotella 
intermedia, Capnocytophaga spp., Actinomyces odontolyticus, 
Propionibacterium acnes and Peptostreptococcus micros. 
Although a calcium hydroxide paste was placed in the prepared canals, the 
number of positive canals had increased in the period between visits. 
However, the number of microorganisms had only increased from 0.2 
(sample 2) to 1% (sample 3) of the original number of CFU (sample 1). It is 
concluded that a slurry of calcium hydroxide in sterile saline limits but 
does not prevent regrowth of endodontic bacteria. 
All cases described in chapter 5 were monitored. Evaluation of the healing 
of periapical lesions of teeth with positive and negative canal cultures at the 
time of obturation is described in chapter 6 together with the evaluation 
of periapical healing of teeth treated in one visit (without) or in two visits 
with an interappointment dressing of calcium hydroxide. Thirty-nine 
patients received endodontic treatment. In the first visit, teeth were instru-
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mented and 18 of these teeth were filled (after biological sampling) with 
calcium hydroxide in sterile saline. The other 21 teeth were obturated 
with gutta-percha and AH-26 sealer after microbiological sampling. Four 
weeks later, the teeth with calcium hydroxide were accessed again and after 
microbiological sampling, they were obturated with gutta-percha and AH-
26 sealer. Healing of periapical radiolucencies was recorded over a period 
up to 41 /2 years. 
In both treatment groups the size of the periapical lesions reduced signif
icantly during the follow-up period. Complete radiographic healing was 
observed in 81 % of the cases in the one-visit group and in 71 % of the cases 
in the two-visit group. The probability of success increased continuously over 
time for both treatment groups. Seven out of eight cases (87.5%) that 
showed a positive root canal culture at the time of obturation healed. 
The number of colony forming units (CFU) in 6 out of 8 positive canals was 
<102 CFU/ml. 
Within the limitations of this study no significant differences in healing of 
periapical radiolucencies was observed between teeth that were treated in 
one visit (without) and two-visits with inclusion of calcium hydroxide for four 
weeks. The presence of a positive bacterial culture (CFU < 102) at the 
time of filling did not influence the outcome of treatment. 
From the previous chapter it is clear that some bacteria survive clinical 
measures better than others do. Microorganisms that are found after 
treatment of the root canal are mainly strict anaerobic bacteria. An evalu
ation of specific combinations of bacteria in the root canal system is 
described in chapter 7. Eighty-one combinations of microorganisms were 
found and tested for a symbiotic relationship. Four of these combinations 
were considered to interact by stimulating each other's presence. Prevotella 
intermedia with Prevotella oralis and Peptostreptococcus micros, P. 
micros with Actinomyces odontolyticus -and Bifidobacterium spp. with 
Veillonella spp. The first three combinations consisted of microorganisms 
that were also found in high numbers in the root canal at all 4 stages of 
treatment (chapter 4) as well as in infected dentine (chapter 3). 
In the root canal with a necrotic pulp, these strict anaerobic bacteria are 
mainly found in the apical third. Eradication may be difficult because of the 
anatomical conditions in this part of the root canal. The use of calciumhy
droxide to eliminate these bacteria seems to be unpredictable. 
Alternative dressings with a more vaporising action may have more effect 
in the apical part of the root canal. However, it should be kept in mind that 
many of these dressings have a toxic side effect on the host. In general it 
should be emphasised that eliminating bacteria from the root canal system 
is mainly dependent on the instrumentation and irrigation techniques 
used and the amount of infected dentine that is removed from the inner part 
of the root canal. The use of sodium hypochlorite in copious amounts for 
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irrigation is undoubtedly still the most predictable tool to reduce the 
number of microorganisms. The low numbers that can be reached this 
way seem not to interfere with periapical healing. 

CONCLUSIONS 

• Viable microorganisms are found in root dentinal tubules in high numbers. 
• Instrumentation of the root canal system supported by irrigation with 
sodium hypochlorite results in a significant reduction of cultivable microor
ganisms. 
• Inclusion of calcium hydroxide limits but does not prevent regrowth of 
endodontic bacteria and does not further reduce the number of microor
ganisms. 
• Small numbers (< 102 CFU/ml) of microorganisms left in the root canal 
system after cleaning, shaping and irrigating seem not to jeopardise the 
outcome of endodontic treatment. 
• In the root canal bacteria may occur in certain clusters possibly resulting 
in pathogenic synergism 

FUTURE DIRECTIONS 

In the studies presented in this thesis microbial culturing of root dentine and 
the root canal content have been important tools to evaluate the extent and 
characteristics of endodontic infection. These techniques have limited 
sensitivity and are not able to detect low numbers of microorganisms 
resulting in false negative outcomes. This drawback can be bypassed by 
current polymerase-chain- reaction (PCR) techniques in which small amounts 
of bacterial DNA can be amplified and detected. The PCR is a highly sensi
tive and specific detection method for bacteria in biological samples. 
Especially quantitative PCR techniques will allow a more detailed insight in 
the microbial component of root canal infections and the influence of 
treatment modalities. Viability of microorganisms can only be established 
when RNA is demonstrated using PCR techniques. The shortcomings of 
culture and common PCR techniques can be overcome by the development 
of in-situ, intracellular fluorescent labels and probes that facilitate the 
rapid assessment of microbial physiology without cultivation to assess 
respiratory activity using 5-Cyano-2,3-ditolyltetrazolium (CTC) in endodontic 
biofilms. 
The influence of obturation techniques on bacteria that remain in the 
canal and root dentinal tubules after cleaning and shaping is of great 
interest and should be investigated further. Their fate and possible influence 
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on healing is still not completely understood. 
In this thesis, the healing rate has been evaluated by clinical symptoms and 
radiographic evaluation. It should be realised however that radiographic 
signs of inflammation can only be seen when the cortical bone is affected. 
Lesions that are restricted to the spongious bone will not be visible on radio
graphs taken in a conventional way. It would be interesting to conduct a 
prospective clinical trail where more sensitive radiographic techniques, 
like computertomography, can be used. These techniques may elucidate 
small differences between treatment modalities. Smaller numbers of 
patients might than be needed for statistical evaluation which will make a 
prospective clinical trial more feasible. 
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SAMENVATTING, CONCLUSIES EN AANBEVELINGEN 

Bacteriën spelen een cruciale rol in het ontstaan van endodontische 
aandoeningen. Het doel van de wortelkanaalbehandeling is de verwij
dering van deze micro-organismen en het voorkomen van herinfectie van 
het wortelkanaal. 
De lage aantallen bacteriën die achterblijven (in het wortelkanaal en in het 
worteldentine) na reiniging en vormgeving worden verantwoordelijk 
gehouden voor mislukkingen. Om ook deze bacteriën uit het wortelkanaal 
en de dentinetubuli te verwijderen wordt het gebruik van wortelka-
naaldesinfectantia zoals calciumhydroxide, chloorhexidine, IKI en een 
vluchtig desinfectans als CMCP aangeraden. 
In dit proefschrift wordt de aanwezigheid van bacteriën in het wortelkanaal 
en de dentinetubuli besproken en bestudeerd. De klinische handelingen die 
gericht zijn op het verwijderen van deze micro-organismen worden hierin 
geëvalueerd. 
In hoofdstuk 2 wordt een overzicht gegeven van bacteriën in de tubuli van 
het worteldentine. De relevantie van bacteriën die hier achterblijven na de 
reiniging en de vormgeving van het wortelkanaal wordt hier besproken. 
Bovendien wordt aandacht besteed aan de klinische consequenties. 
Er blijkt erg weinig informatie te zijn over de aanwezigheid en betekenis van 
levensvatbare bacteriën in worteldentine. 
Uit experimenteel onderzoek is duidelijk geworden dat de aanwezigheid van 
substraat belangrijk is voor de invasie van het worteldentine. De afwezigheid 
van een smeerlaag, wortelcement en een parodontaal ligament vereen
voudigen het doordringen van bacteriën. 
De klinische en experimentele onderzoeksgegevens rechtvaardigen het 
gebruik van een desinfectans in die gevallen waarbij het wortelkanaal, na 
de reiniging en de vormgeving, tijdelijk ongevuld wordt gelaten. 
Aanvullende handelingen die enkel gericht zijn op het verwijderen van 
bacteriën uit het worteldentine lijken niet gerechtvaardigd. In veruit de 
meeste gevallen lijkt de aanwezigheid van kleine aantallen bacteriën een 
succesvolle behandeling niet in de weg te staan. 
In hoofdstuk 3 is een in-vitro model ontwikkeld om de invasie van twee 
verschillende bacteriën in worteldentine met èn zonder smeerlaag te 
bepalen. Het model bestaat uit twee kamers die van elkaar gescheiden zijn 
door een schijfje runderdentine (waarvan het wortelcement is verwijderd) 
met een dikte van 1.5- 3.1 mm. De pulpale kant is in contact met de geïn
fecteerde kamer. Deze kamer bevat een testorganisme (Enterococcus 
faecalis of Actinomyces israelii), de andere kamer bevat steriele bouillon. 
Na de proefperiode van zes weken werd de penetratiediepte van het 
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testorganisme gemeten. Hiervoor zijn histologische en kwantitatieve 
kweektechnieken gebruikt. 
E. faecalis drong dieper door in het worteldentine dan A. israelii(p<0.00"\). 
Dit experiment bevestigt bovendien dat het verwijderen van de smeer-
laag een positief effect heeft op de penetratiediepte van de micro-orga
nismen (p<0.01). 
Micro-organismen werden gevonden in 89% van de gekweekte schijfjes. In 
80% van de histologische geëvalueerde schijfjes werden micro-organ
ismen aangetroffen. De infectie over de gehele dikte van een schijfje en 
daarmee infectie van de steriele kamer van het model vond plaats in twee 
van de 72 testschijfjes. 
Het kweken van dentineslijpsel geeft een goed overzicht van het aantal 
bacteriën per dentinemonster. Deze techniek blijkt ook gevoeliger dan 
histologie. 
De aanwezigheid van micro-organismen in dentineslijpsel van elementen 
met parodontitis apicalis is beschreven in hoofdstuk 4. Op twee verschil
lende locaties (Amsterdam en Glasgow) zijn elementen verzameld met 
een necrotische pulpa en een parodontitis apicalis. Hoewel deze elementen 
nog konden worden behandeld, werden zij op verzoek van de patiënt 
geëxtraheerd. 
Het worteldentine van 20 elementen is gekweekt in drie lagen (A, B, C) 
tussen het wortelkanaal (zijde A) en het wortelcement (zijde C). Het dentine 
van acht elementen onderging ook microscopische evaluatie. Het kweken 
van dentine leverde micro-organismen op in 77% van de dentinemon-
sters van set 1 (Amsterdam) en in 87.5% van de dentinemonsters van set 2 
(Glasgow). In de buitenste laag (C) waren 62% (13 van de 21) van de 
dentinemonsters geïnfecteerd. 
De grote aantallen bacteriën (>50.000 CFU/g) werden aangetroffen in 
23% (3 van de 13) van set 1 en 25% van set 2 (2 van de 8). Vlakbij het 
wortelkanaal werden meer strikt anaërobe micro-organismen, meer verschil
lende soorten bacteriën en meer gram-positieve staven gevonden. 
De meest voorkomende soorten waren: 
Prevotella intermedia, Prevotella prevotii, Prevotella buccae, Porphyro-
monas gingivalis, Porphyromonas asaccharolytica, Fusobacterium 
nucleatum, Fusobacterium necrogenes, Peptostreptococcus anaero-
bius, Peptostreptococcus micros, Actinomyces israelii, Actinomyces 
viscosus, Actinomyces naeslundii, Actinomyces odontolyticus, Strepto
coccus sanguis, Propionibacterium acnes, Bifidobacterium adolescentis 
en Lactobacilles acidophilus. 
Met histologische technieken kon in 5 van de 8 elementen bacteriën 
worden waargenomen. In de drie elementen die histologisch negatief 
waren, was het aantal CFU/g worteldentine <10.000. 
Uit dit onderzoek blijkt dat in meer dan de helft van de gevallen levens-
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vatbare bacteriën aanwezig zijn en diep in het worteldentine zijn doorge
drongen. Het kweken van dentine blijkt ook hier een gevoelige methode. 
Hoofdstuk 5 beschrijft de microbiologische aspecten van wortelkanaal-
infecties en de invloed van endodontische behandeling. 
Het wortelkanaal van 43 elementen werd gekweekt vóór de aanvang van de 
endodontische behandeling (kweek 1) en na de reiniging en de vormgeving 
van het wortelkanaal (kweek 2). De helft van de elementen werd voorzien 
van een definitieve kanaalvulling. De andere helft werd voorzien van calci
umhydroxide pasta. Vier weken later is, na verwijdering van de calci
umhydroxide, opnieuw een kweek (kweek 3) van deze kanalen genomen. 
Voordat een definitieve kanaalvulling werd aangebracht, is een laatste 
kweek (kweek 4) genomen. 
In de eerste zitting bleek het aantal CFU/mL significant te dalen door de 
reiniging en vormgeving van het wortelkanaal. Een daling van 1.0x1 O6 

naar 1.8x1 O3 tussen kweek 1 en 2. Echter na verwijdering van de calci
umhydroxide bleek er een significante stijging van het aantal CFU/mL naar 
9.3x103 (kweek 3) ten opzichte van kweek 2. Er bleek geen significant 
verschil aanwezig te zijn tussen de kweken aan het einde van de eerste 
zitting (kweek 2) en de kweken aan het einde van de tweede zitting (kweek 
4). 
Frequente isolaten waren: 
Prevotella intermedia, Capnocytophaga spp., Actinomyces odontolyticus, 
Propionibacterium acnes and Peptostreptococcus micros. 
Ondanks het vullen van de wortelkanalen met calciumhydroxide tussen de 
eerste en tweede zitting bleek het aantal positieve kanaalkweken te zijn 
gestegen. Het aantal bacteriën dat in kweek 3 werd gevonden was echter 
niet meer dan 1 % van de oorspronkelijke flora (kweek 1). Geconcludeerd 
kan worden dat calciumhydroxide in steriel fysiologisch zout de terug-
groei van facultatief anaërobe bacteriën tegengaat, maar niet voorkomt. 
De genezing van 39 periapicale laesies is gedurende 4.5 jaar radiologisch 
gevolgd. In hoofdstuk 6 is het genezingsproces beschreven. Er is een 
onderscheid gemaakt tussen de kanaalbehandelingen die uitgevoerd zijn in 
één zitting of in twee zittingen (met insluiting van calciumhydroxide). 
Eenentwintig kanalen werden na één zitting afgesloten met een definitieve 
kanaalvulling en 18 werden na de tweede zitting voorzien van een defini
tieve kanaalvulling. 
In zowel de één- als de tweezittinggroep werd een significante reductie van 
de periapicale laesie waargenomen. In 81 % van de éénzitting groep en 71 % 
van de tweezittinggroep waren de laesies volledig genezen. De kans op 
succes nam gedurende de controleperiode voor beide groepen toe. 
Er is ook een onderscheid gemaakt tussen wortelkanalen die definitief 
gevuld werden terwijl er bacteriën in het wortelkanaal aangetoond waren 
en kanalen waarbij dat niet het geval was. 
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Er werden acht kanaalvullingen aangebracht in kanalen met een positieve 
kanaalkweek. Hiervan genazen er 7 (87.5%). In zes van de acht positieve 
kanalen was het aantal CFU/ml < 102. 
De beperkingen van de beschreven studie in ogenschouw nemend werden 
er geen significante verschillen in genezing waargenomen tussen elementen 
die in één of twee zittingen werden behandeld. De aanwezigheid van 
kleine aantallen bacteriën (CFU/ml < 102) leek geen invloed op de genezing 
te hebben. 
Uit de voorgaande hoofdstukken is duidelijk dat sommige micro-organismen 
lastiger zijn te verwijderen dan andere. Zowel vóór als nâ de reiniging en de 
vormgeving van het wortelkanaal worden, voornamelijk, strikt anaërobe 
micro-organismen aangetroffen. 
Mogelijke specifieke combinaties van soorten bacteriën in het wortelkanaal 
zijn geëvalueerd (hoofdstuk 7). 81 combinaties die gevonden zijn in 58 
wortelkanalen zijn onderzocht. Zes verschillende species bleken vaker 
samen voor te komen dan andere. Vier verschillende combinaties zijn 
hierin te onderscheiden: Prevotella intermedia met zowel Prevotella oralis 
als Peptostreptococcus micros, P. micros met Actinomyces odontolyticus 
en Bifidobacterium spp. met Veillonella spp. De eerste drie combinaties 
worden in alle stadia van behandeling in het wortelkanaal gevonden 
(hoofdstuk 5) en bovendien in geïnfecteerd worteldentine (hoofdstuk 4). 

Indien het wortelkanaal necrotisch is, worden deze soorten voornamelijk in 
het apicale deel van het wortelkanaal gevonden. Door de ingewikkelde 
anatomie van het wortelkanaal in het apicale derde deel is de verwijdering 
van deze bacteriën zeer lastig. De werking van calciumhydroxide om deze 
bacteriën in dit deel van het wortelkanaal onschadelijk te maken lijkt 
onvoorspelbaar. Andere desinfectantia met een vluchtiger karakter kunnen 
mogelijk meer effect hebben, maar de toxische bijwerkingen van deze 
desinfectantia zijn van invloed op de periapicale weefsels en daarom af te 
raden. 
Het verwijderen van micro-organismen uit het wortelkanaalstelsel is voor
namelijk afhankelijk van de gebruikte instrumentatie- en irrigatiemethode 
en de hoeveelheid geïnfecteerd dentine die verwijderd wordt. 
Het gebruik van grote hoeveelheden natriumhypochloriet is zonder twijfel 
nog steeds de meest voorspelbare methode om grote aantallen bacteriën 
onschadelijk te maken. 
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CONCLUSIES 

• Hoge aantallen levensvatbare micro-organismen zijn aanwezig in de 
tubuli van het worteldentine. 
• De reiniging en de vormgeving van het wortelkanaal ondersteund door irri
gatie met natriumhypochloriet reduceert het aantal kweekbare micro
organismen significant. 
• Insluiten van calciumhydroxide in het wortelkanaal na de reiniging en de 
vormgeving beperkt teruggroei van micro-organismen. Een verdere reductie 
wordt met calciumhydroxide niet bereikt. 
• Kleine aantallen bacteriën (<102 CFU/mL) die achterblijven in het wortelka
naal na reiniging en vormgeving lijken geen invloed te hebben op de 
uitkomst van de behandeling. 
• In het wortelkanaal kunnen sommige bacteriën in groepen voorkomen. 
Mogelijk is hier sprake van pathogeen synergisme. 

AANBEVELINGEN 

In dit proefschrift is het kweken van microbiologisch materiaal de belang
rijkste techniek om de infectie van het wortelkanaal en het worteldentine 
te bepalen. Deze techniek heeft een beperkte gevoeligheid die ertoe leidt 
dat kleine aantallen bacteriën niet gevonden kunnen worden. Daarom 
kunnen vals-negatieve kweken niet worden uitgesloten. 
Deze tekortkoming kan ten dele worden opgelost door gebruik te maken 
van de huidige polymerase-ketting-reactie (PCR) technieken. Bij deze tech
niek kunnen kleine hoeveelheden bacterieel DNA worden vermenigvuldigd 
en opgespoord. De PCR is zeer gevoelig en uiterst geschikt voor het 
opsporen van bacteriën in biologische monsters. In het bijzonder kwanti
tatieve PCR-technieken, die nu in ontwikkeling zijn, zullen een beter 
overzicht geven van wortelkanaalinfecties en de invloed van de verschillende 
behandelmethoden. De levensvatbaarheid van microorganismen kan met de 
PCR-techniek worden vastgesteld indien de aanwezigheid van RNA wordt 
aangetoond. 
De tekortkomingen van het kweken en de eenvoudigere PCR-technieken 
kunnen vermeden worden door te werken met in-situ, intracellulaire fluo
rescerende specifieke stoffen. Met behulp van 5-Cyano-2,3-ditolyltetra-
zolium (CTC) is het mogelijk zonder te kweken het metabolisme van 
bacteriën in endodontische biofilms te bestuderen. 
De aanwezigheid van kleine hoeveelheden micro-organismen in het 
wortelkanaal na de reiniging en de vormgeving is aangetoond. Het lot 
van deze achterblijvers na definitieve afsluiting van het wortelkanaal is 
onbekend. Dit verdient verdere aandacht. 
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In dit proefschrift is de genezing geëvalueerd aan de hand van klinische en 
radiologische gegevens. Een periapicale laesie is echter alleen zichtbaar op 
de röntgenfoto indien het corticale bot is aangetast. Laesies die zich 
beperken tot de spongiosa zijn met conventionele röntgenologische tech
nieken niet zichtbaar. Het gebruik van sensitieve radiologische technieken, 
zoals computertomografie, kunnen mogelijk kleine verschillen in genez
ingspatronen aan het licht brengen. Hierdoor kan misschien met kleinere 
aantallen proefpersonen worden volstaan om significante verschillen tussen 
behandelingsmethoden aan te tonen. 
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