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Periapical tissue from 58 cases requiring periapical 
surgery was examined histologically and cultured 
for the presence of microbes. Twenty-nine had a 
possible oral cavity communication and 29 did not. 
Approximately one-half of each biopsy was submit- 
ted for culture while the other portion was examined 
histologically. Cultures were positive for the pres- 
ence of bacteria in 51 of 58 cases while bacteria 
were seen histologically in only 8 of 58 cases. A 
total of 50 different species of bacteria were isolated 
from the 58 cultures of periapical tissue. Of 133 
isolates, 87 were strict anaerobes, 37 were faculta- 
tive anaerobes, and g were aerobes. Bacteroides 
species were found in 17 cultures, always with ad- 
ditional bacteria. Seventeen of 58 biopsies con- 
tained foreign particulate matter thought to be root 
canal sealer. Bacteria were found in periapical gran- 
ulomas, radicular cysts, and a periapical abscess. 
According to our data, bacteria, foreign material, 
missed canals, vertical root fractures, and periodon- 
tal disease may all contribute to the chronic, non- 
healing periradicular lesion. 

Through the years there has existed a difference of opinion 
regarding the presence of microorganisms in periapical tissue. 
Stewart (1), in 1947, and later Hedman (2), in 195 l, supported 
the concept that bacteria were present in periapical tissue. In 
Hedman's study (2), which was accomplished prior to present 
techniques for culturing anaerobic bacteria, bacteria were 
reported in 68% of 82 periapical lesions. In a study similar to 
Hedman's (2), Shindell (3) found that only 5% of 62 periapical 
lesions contained bhcteria. However, Winkler et al. (4), using 
a modified Gram stain for periapical tissue, were able to 
demonstrate the presence of bacteria in 87% or 13 of 15 cases 
examined under a light microscope. 

Sabiston et al. (5) and Brook et al. (6) isolated numerous 
facultative and anaerobic microorganisms from periapical 
abscesses. With advances in microbiological techniques, an- 
aerobic microorganisms can now be cultured. Earlier investi- 
gators could culture only aerobic microorganisms which did 
not thrive on tissues with reduced oxygen such as periapical 
tissue. Langeland et al. (7) could not consistently demonstrate 
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the presence of microorganisms in periapical granulomas. In 
their 1977 study, 35 specimens were examined histologically 
for the presence of bacterial colonies. Five of the 35 cases 
were observed to contain bacteria, but only one contained 
bacteria in the "disintegrating part of the root canal and 
periapical tissue." 

Quoting Kronfeld (8), Grossman stated that "a tooth with 
a granuloma may have an infected root canal, but sterile 
periapical tissue. In gram-stained sections through infected 
pulpless teeth in situ, bacteria were always found in abun- 
dance within the root canal, but granulation tissue and cysts 
attached to the apices of these teeth were often free from 
microorganisms," and that "a granuloma is not an area in 
which bacteria live, but in which they are destroyed." 

Recently, Tronstad et al. (9) investigated the presence of 
periapical microbial flora of eight cases which had not healed 
with nonsurgical endodontic treatment. In all eight cases 
bacterial growth was evident on culture. Three samples from 
each case were cultured and Tronstad et al. (9) state that "our 
study clearly showed that anaerobic bacteria are able to sur- 
vive and maintain an infectious disease process in periapical 
tissue." Five of the eight cases contained mixed flora but were 
dominated by anaerobes while two cases were found to con- 
tain anaerobes exclusively. Haapasalo et al. (10) treated a case 
in which nonsurgical endodontics, calcium hydroxide, sys- 
temic erythromycin, and, finally, a regimen of systemic met- 
ronidazole failed to resolve the draining fistula associated with 
a maxillary lateral incisor. Following periapical surgery, the 
lesion resolved. A mixed infection of anaerobic and facultative 
anaerobic microorganisms was cultured from the root canal 
and the periapical lesion. 

Iwu et al. (1 l) studied the bacterial content of 16 periapical 
granulomas obtained under as aseptic a technique as possible. 
These specimens were homogenized and cultured. Fourteen 
of the 16 cultures (88%) yielded positive growth. There were 
47 isolates of which 26 (55%) were facultative anaerobes and 
21 (45%) were strict anaerobes. Using an indirect immuno- 
fluoresence technique, Barnett et al. (12) also demonstrated 
the presence of Bacteroides intermedius in the tissue of a 
periapical granuloma. 

With current techniques to culture both facultative anaer- 
obes and obligate anaerobes, it appears that some periapical 
granulomas, cysts, and abscesses do indeed contain microor- 
ganisms. The periradicular tissues from 58 cases which had 
not resolved following conventional endodontic treatment 
were examined in order to identify the bacteria, to compare 
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the histological and microbiological findings, and to correlate 
the periapical microbiology with clinical signs and symptoms 
in these cases. 

MATERIALS AND METHODS 

Periradicular tissue from 58 consecutive surgical cases was 
submitted for histological diagnosis and microbiological cul- 
turing. The surgical procedures were performed by endodontic 
or general dentistry residents and the endodontic staff mem- 
bers. All teeth had previously been treated endodontically, yet 
the periradicular areas continued to show evidence of pa- 
thoses. 

Data, such as symptoms, presence of fistulous tracts, peri- 
odontal pockets greater than 3 mm, and size of the lesion 
radiographically, were recorded. 

Each patient was instructed to rinse twice daily with 1/2 oz 
of Peridex 0.12% Oral Rinse (Procter & Gamble, Cincinnati, 
OH) beginning 2 days before surgery. Following local anes- 
thesia of the surgical site, the area was isolated with sterile 
sponges and then lavaged with Betadine (Goldline Laborato- 
ries, Ft. Lauderdale, FL). This was followed by a sterile saline 
rinse immediately before surgery. The flap was reflected and 
cultures and biopsies were obtained as quickly as possible. 
Approximately one-half of the biopsy was placed in a Vacu- 
ruiner (Becton Dickson and Co., Rutherford, N J), an anaer- 
obic specimen carrier. The remaining portion was immedi- 
ately placed in 10% buffered formalin and submitted to the 
Department of Oral Pathology for histological diagnosis. 

Tissue sections for histological examination were obtained 
from paraffin-embedded tissue. The second specimen was 
submitted to the microbiology laboratory for culture to deter- 
mine the presence or absence of anaerobic and aerobic mi- 
crobes. All microbiology specimens were placed in a Vacutai- 
ner Anaerobic Specimen Collector as soon as they were 
collected. The specimens were delivered to the microbiology 
lab within 4 h of the time of collection. Once the specimen 
arrived at the Anaerobic Section, initial inoculation was per- 
formed in an anaerobic chamber (Anaerobe Systems, San 
Jose, CA) containing a gas mixture of 5% carbon dioxide, 
10% hydrogen, and 85% nitrogen. The anaerobic media 
included the following agar plates (13): CDC blood agar, 
phenylethyl alcohol, blood agar, Bacteroides bile esculin agar, 
and Kanamycin-vancomycin laked blood agar. The aerobic 
media included the following agar plates (13): CDC blood 
agar, phenylethyl alcohol blood agar, chocolate agar, Mac- 
Conkey agar, and trypticase soy agar with 5% sheep blood. A 
chopped meat broth (13) tube was also incubated as a backup 
culture. Both groups were incubated at 37°C in their respective 
atmospheric environments and read after 48 h. Colonies were 
then restreaked for isolation. Preliminary identification was 
derived from pure culture based on aerotolerance, Gram stain, 
and spot tests (catalase, indole, oxidase). Aerobic speciation 
was performed on the MicroScan Walkaway (Baxter Health- 
care Corp., West Sacramento, CA) or the AutoMicrobic Sys- 
tem (Vitek Systems Inc., Hazelwood, MO). Both of these 
instruments are automated bacterial identification systems. 
Anaerobic speciation was performed using the Rapid  ANA 
II system (Innovative Diagnostic Systems, Inc., Decatur, GA). 
This is a manual anaerobic bacterial identification system that 
utilizes conventional and chromogenic substrates. 
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RESULTS 

There were 58 periapical lesions investigated in this study, 
submitted by seven practitioners. Of the 58 lesions, 29 had 
no detectable communication with the oral cavity. The re- 
maining 29 communicated with the oral cavity through either 
a vertical root fracture or fistula, or had periodontal pockets 
of 4 mm or greater. Seven of the 58 lesions demonstrated "no 
growth" on culture. In one of these cases, the patient had 
received antibiotic therapy for 1 wk before the surgery. 

Microbiological Findings 

In the 29 lesions with no detectable communication with 
the oral cavity, 24 (83%) demonstrated growth of microorga- 
nisms on culture. Of these 24 positive cultures, 9 contained 
obligate anaerobes, 6 had only facultative anaerobic bacteria, 
7 contained both anaerobic and facultative anaerobic bacteria, 
and 2 contained only aerobic bacteria. Five produced no 
growth. A single microorganism was grown in 13 cultures, 
the other 11 were polymicrobial with two to six microorga- 
nisms isolated. The average number of isolates per case was 
1.72. The five most commonly isolated microbes, in descend- 
ing order, were Staphylococcus epidermidis, Fusobacterium 
nucleatum, Propionibacteriurn acnes, Peptostreptococcus mi- 
cros, and Bacteroides gracilis (Table 1). 

In the remaining 29 lesions where there was a possible 
communication between the oral cavity and the periradicular 
lesion, there were 27 (93%) positive cultures containing one 
or more bacteria. Two had no growth. Eleven of 27 contained 
only anaerobic bacteria with 1 or more isolates, 5 had only 
facultative anaerobes, 10 grew both anaerobic and facultative 
anaerobic bacteria, and 1 contained aerobic microbes. Eight 
contained one microorganism and the remaining 19 were 
polymicrobial with two to eight isolates. The average number 
of isolates per case in this group was 2.86. Four of the five 
most commonly isolated bacteria were anaerobes (Table 1). 
Bacteroides spp. was cultured from 17 of the 58 cases, it was 
never a single isolate but always presented with one or more 
additional bacteria. 

Histological Findings 

Histologically, of the 58 biopsies submitted, 41 were diag- 
nosed as periapical granulomas, 16 were periapical cysts, and 
1 was a periapical abscess. Of the 58 cases which were treated 
surgically, the etiology of the nonhealing lesion was not de- 
termined at the time of surgery in 35 teeth. There were 23 
cases in which treatment irregularities or the location of the 
lesions may have contributed to the nonresolution following 
conventional endodontic care: seven teeth had vertical root 
fractures, six teeth had missed canals, four teeth were perfo- 
rated, two had the root apex and lesion perforating into the 
maxillary sinus, two contained failing silver points which were 
not retreatable, and two had severe periodontal disease. 

In the 58 cases for which both the microbiological specimen 
and the biopsy were submitted, bacteria were detected micro- 
biologically and histologically in only 8 cases or 14%, whereas 
51 cases had positive cultures for 88%. There were seven cases 
(12%) in which no bacteria were detected by either method. 

Particulate foreign material thought to be root canal sealer 
was detected in 17 of the 58 biopsies. 
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TABLE 1. Bacterial species recovered from periapical lesions 
with possible oral cavity communication (C) and with no obvious 

communication (N) 

Species 

Facultative 
Anaerobes Anaerobes Aerobes 

C N C N C N 

Gram-positive cocci 
Streptococcus salivarius 
S. mitis 
S. mutans 
S. constellatus 
S. M G intermedius 
S. intermedius 3 
S. anginosus constellatus 
S. milled 
S. sanguis II 
Group F/~-streptococcus 
Staphylococcus hominis 
S. auricularis 
S. epidermidis 
S. aureus 
S. capitis 
S. warneri 
Peptostreptococcus micros 10 4 
P. anaerobius 1 
P. magnus 1 
Gemella morbillorum 

Gram-negative cocci 
Viellonella parvula 1 3 
Moraxella osloensis 

Gram-positive rods 
Eubacterium lentum 3 
Actinomyces odontolyticus 2 1 
A. meyeri 1 
A. israeli 2 
Propionibecterium acnes 4 4 
Corynebacterium species 
C. pyogenes 
Lactobacillus ecidophilus 1 
L. casei 1 
Bacillus pumilus 
B. species 
Bifidobacterium 1 

Gram-negative rods 
Fusobacterium nucleatum 8 5 
F. necrophorum 2 
F. varium 1 
F. species 1 
Becteroides intermedius 6 
B. gracilis 4 3 
B. melaninogenicus 2 1 
B. buccae 4 
B. oris 1 
B. distasonis 1 
B. porphomonas gingivalis 1 
B. fragilis 1 
B. Ioesche# 1 
CDC Group M-S 1 
Pseudomonas aeruginosa 

Total 56 30 

1 
1 
1 
1 
1 

3 
1 1 
1 
2 1 

1 
5 7 
1 
1 2 
1 

1 1 

18 18 

4 1 
1 

1 1 

9 2 

The estimated area of  the periradicular rarefactions seen 
on the periapical radiographs ranged from 4 to 100 mm ~ for 
all but one case in which the estimated area was 300 mm 3. 
This particular lesion contained three anaerobes, root canal 
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sealer, and had no obvious communication with the oral 
cavity. 

DISCUSSION 

Many parameters were investigated in this study of 58 
periapical lesions which were refractory to nonsurgical endo- 
dontic treatment. Care was taken to prevent contamination 
of  the periapical specimens as described in "Materials and 
Methods." 

Our results corroborate the results of  Tronstad et al. (10), 
Iwu et al. (11), and Barnett et al. (12). In the periapical tissue 
of  the 29 cases in which there was no obvious communication 
with the oral cavity, 24, or 83%, contained microorganisms. 
There was a total of  50 microbial isolates cultured from these 
periapical lesions, of  which 30 were anaerobes, 18 were facul- 
tative anaerobes, and 2 were aerobes (Table 1). Of the 29 
cases with a possible communication with the oral cavity, 27, 
or 93% contained microorganisms. There was a total of 83 
microbial isolates. Fifty-six were anaerobes, 18 were faculta- 
tive anaerobes, and 9 were aerobes (Table 1). The possibility 
of contamination is a plausible explanation for the presence 
of aerobes. However, the fact that there were 7 samples of  the 
58 in which no growth occurred would seem to verify that 
the technique used was reliable and avoided contamination. 
The presence of  bacteria in these periapical lesions would 
provide an explanation for nonresolution of  some nonsurgical 
treatment cases. There was neither a preponderance of cocci 
nor rods with both being present. Neither were there many 
more Gram-positive microbes than Gram negative ones. 

Of the bacteria isolated from these lesions, most, if not all, 
have also been isolated from the root canal space. These 
microorganisms produce many products which are patho- 
genic. These microbial virulence factors destory many host 
resistance mechanisms, thus permitting the survival of  these 
microbes in the periapical area (14). 

Of interest is the frequency of  the genus Bacteroides. Griffee 
et al. 05 )  state that Bacteroides melaninogenicus actually 
refers to a group of  species which include Bacteroides gingi- 
valis and B. intermedius. In addition, Sundqvist et al. (16) 
have listed Bacteroides loescheii as a species formerly classi- 
fied B. melaninogenicus. In all instances, in our study in 
which a Bacteroides species was isolated, other microorga- 
nisms were also cultured. This supports their (16) thesis that 
other bacteria must be present in order for Bacteroides spp. 
to achieve their pathogenicity. Proteinases from these black- 
pigmented bacteria have also been shown to inactivate many 
factors in the body's defense system (t4). In our results, we 
found Bacteroides in only 17 of  these 58 lesions, which 
emphasizes that other bacteria may be as important as Bac- 
teroides in refractory periapical lesions. Although the number 
of  cases in our study was small, not all lesions with the 
Bacteroides spp. were symptomatic and a correlation between 
symptoms and the presence of this microbial species could 
not be made. 

There was some concern that the facultative anaerobes 
such as Staphylococcus epidermidis were contaminants in the 
noncommunicating group. However, these microbes have 
been isolated from the root canal space (14). In their study, 
Tronstad et al. (9) also isolated many of  these same microbes 
from nonhealing periapical lesions. Sabiston et al. (5) similarly 
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isolated facultative anaerobes from pyogenic dental infections 
in which aspirates were taken and cultured. 

The main difference between the 29 lesions communicating 
with the oral cavity and the 29 lesions with no obvious 
communication was the average number of microbes. The 
average number of microbial species isolated from the com- 
municating group was 2.86 compared with 1.72 species in 
those cases with no communication. Possible means of com- 
munication with the periapex in these cases were periodontal 
pockets greater than 4 mm, a fistulous tract, or a vertical root 
fracture. Salivary contamination would account for the 
greater number of microorganisms in these cases as well as 
their persistence in these periradicular lesions. Of these 29 
"communication cases," no microbes were cultured from two 
compared with five in those with "no communication." 

No growth could be due to small numbers of bacteria 
present in these lesions, an inadequate specimen, death of the 
anaerobic microorganisms, systemic antibiotics, or type of 
culture medium. A small number of bacteria would also be 
difficult to detect histologically. Prior to the advent of current 
anaerobic culturing techniques, Langeland et al. (7) were able 
to demonstrate bacterial colonies in only 5 of 35 cases in 
which periapical tissue was examined under a light micro- 
scope. In our study, there were 58 cases in which specimens 
for culture and histological examination were submitted. Of 
these 58 biopsies examined under a light microscope and 
stained with hematoxylin and eosin, bacteria were seen in 8, 
or 14%, while bacteria were grown in 51 (88%). It is apparent 
that the best way to determine the presence of microorganisms 
in periapical tissues is through culturing of these lesions. 

The presence of bacteria in 51 of 58 periapical lesions 
corresponds with the findings of Tronstad et al. (9) and Iwu 
et al. (l 1), both in the presence and types of microorganisms 
in these lesions. Our study also supports the earlier studies of 
Stewart (1) and Hedman (2), in which they reported finding 
bacteria in a significant percentage of periapical lesions. 

The presence of particulate foreign material, believed to be 
root canal sealer, in 17 of the 58 biopsies is of interest. This 
sealer may act as a foreign body and contribute to the persist- 
ent nature of many of these lesions. These sealer remnants 
are known to be resorbed in some cases (17) and this occurs 
through the phagocytosis of these particles by macrophages 
which are derived from tissue histiocytes and blood-born 
monocytes (18). 

This immune response to the sealer may contribute to the 
persistence of these lesions as well as the microbes which are 
there. Additionally, the cytotoxicity of freshly prepared root 
canal sealers has been demonstrated and may add to the 
problem of nonhealing (19). 

Although the number of lesions in this study is small in 
comparison to the study by Bhaskar (20), granulomas were 
also the most common periradicular lesion identified. Bhaskar 
(20) reported that 48% of his 2308 cases were granulomas 
and 42% were cysts. Our results indicate that of the 58 biopsies 
submitted, 41 (71%) were granulomas and 16 (27%) were 
cysts. 

In cases of nonhealing periradicular lesions, both aerobic 
and anaerobic bacteria and extruded sealer may contribute to 
the persistent pathosis. However, the results of this study 
demonstrate that the presence of bacteria and sealer in these 
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lesions is not the only cause for failure to heal. Twenty-three 
of 58 cases had irregularities in treatment or location which 
may have contributed to the nonhealing after root canal 
treatment: seven had vertical root fractures, six contained 
missed canals, four had been perforated, two had lesions 
penetrating into the maxillary sinus, and two had severe 
periodontal disease. Seventeen of the lesions contained ex- 
truded sealer. 
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