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Chapter 4 

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. 
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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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