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Abstract: Background: Describe the presence of Actinomyces in bone biopsies and exudates from patients with 
ONJ and to determine the degree of inflammation caused by it, evaluating its relationship with clinical/pathological 
parameters and prognosis as regards evolution of the patient according to the antibiogram for the sample. Material 
and methods: 28 patients with ONJ were reviewed retrospectively. Wound exudate was submitted to microbiology 
analyses and antiobiogram. Bone sequestra biopsies were analyzed histopathologically to visualize the Actinomyces 
colonies. Results: 87.5% of biopsies showed the presence of Actinomyces. The inflammatory response was very 
variable, ranging from absent to intense but it increases with age (P=0.005). Aerobic bacteria were found almost 
exclusively in patients with grade I and II ONJ (85%). In contrast, anaerobic bacteria were present in 56% of patients 
for all three grades of ONJ. The combination of amoxicillin with clavulanic acid showed good sensitivity in the major-
ity of patients (82.6%). Conclusions: The degree of inflammation does not appear to be correlated to the density 
of Actinomyces colonies observed histologically. Elderly patients had greater inflammation and worse response to 
treatment. The combination of amoxicillin with clavulanic acid gave the best results. It is essential to prioritize both 
prevention and assessing the risk factors.
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Introduction

Osteonecrosis of the jaw (ONJ) is one of the 
worst complications for patients under bisphos-
phonate treatments or head and neck radio-
therapy. Its etiopathogenesis is unclear, but the 
presence of microflora in the oral cavity may be 
one of the factors responsible for initiating or 
promoting the osteonecrosis of the jaw (ONJ). 
Indeed, both biopsies and bone sequestra 
have shown the presence of bacteria such as 
Fusobacterium, Eikenella, Bacillus, Actinomy- 
ces, Staphylococcus and Streptococcus [1].

The role of Actinomyces has been recently 
debated, both in terms of when it begins and 
the progression of the pathology. Actinomyces 
are Gram-positive, non-spore forming and non-
acid/alcohol fast bacilli with a tendency to form 

filaments. Some species are strictly anaerobic 
whereas others are facultatively anaerobic. 
Numerous Actinomyces are opportunistic pa- 
thogens of the oral cavity and have been found 
in periodontal pockets, lesions caused by car-
ies and on the surface of the oral mucosa [1].

Although Actinomyces does not cause disease 
in the presence of intact mucosa, when muco-
sal integrity is lost as a result of trauma, surgery 
or infection, and it reaches the jaw bone it can 
behave as a pathogen and initiate a chro- 
nic inflammatory process that leads to tissue 
destruction and osteolysis [2, 3].

Oral/cervicofacial actinomycosis is the most 
common, accounting for up to 55% of cases in 
several series, with Actinomyces israelii being 
the most common pathogenic agent [4]. It can 
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appear as acute forms, with suppuration of the 
soft tissue, or as chronic forms in which indu-
rated inflammation with multiple fistulas or 
twisting trajectories are observed. The latter 
usually require antibiotic treatment over sever-
al months and prognosis is uncertain [4-6].

The presence of Actinomyces is related to 
bisphosphonate-associated osteonecrosis of 
the jaw and osteomyelitis, although it remains 
unclear whether it represents a key factor in 
the pathogenesis of these diseases [7, 8]. The 
aim of this study is to describe the presence of 
Actinomyces in bone biopsies and exudates 
from patients with ONJ and to determine the 
degree of inflammation caused by it, evaluat- 
ing its relationship with clinical/pathological 
parameters and prognosis as regards evolution 
of the patient according to the antibiogram for 
the sample.

Materials and methods

The medical records for 28 adult patients (16 
males and 12 females) with a mean age of 
71.96 years attended by the Oncology De- 
partment at the Complejo Hospitalario Uni- 
versitario de Santiago de Compostela (C.H.U.S.) 
were reviewed retrospectively. All patients were 
referred to the specialized Oral Surgery and 
Implantology Unit at the School of Medicine 
and Dentistry in Santiago de Compostela for 
dental assessment prior to treatment and fol-
low-up of possible complications resulting from 
such treatment. This is a retrospective study 
and is exempt of IRB approval.

Patients with osteonecrosis of the jaws who 
had undergone oral or intravenous bisphospho-
nate treatments were included, as well as those 
subject to head and neck radiotherapy over an 
eight-year period (2006-2014). The diagnostic 
criteria of the ONJ in patients undergoing 
bisphosphonate therapy was described by The 
American Association of Oral and Maxillofacial 
Surgeons (AAOMS) [9]; while in the case of 
head and neck radiotherapy patients, only th- 
ose who had bone exposure of over eight weeks 
of evolution were considered [10].

The variables collected included underlying dis-
ease, clinical findings, type and duration of 
bisphosphonate therapy, histological and radio-
logical findings, bacteriological cultures and 
treatment. Osteonecrosis was classified on the 
basis of the degree of involvement according to 

Bagán [11] et al. Grade I: Asymptomatic, with 
exposed bone or intraoral fistula; grade II: 
Symptomatic, with exposed bone or intraoral 
fistula; grade III: Fracture, infection, dental 
involvement, osteolysis with involvement of the 
lower edge of the jaw or communication with 
the maxillary sinus.

Wound exudate samples from the region of 
exposed bone were submitted for Gram stain-
ing and cultured in liquid medium (thioglycolate 
broth) and solid media (blood agar and choco-
late agar for aerobic bacterial growth, Sabo- 
uread agar for yeast growth and Schaedler agar 
for anaerobic bacterial growth). Cultured plates 
were incubated for 48 hours at 37°C under a 
CO2 atmosphere and for 72 hours in anaerobio-
sis chambers. Microorganisms were identified 
using the Vitek 2 (Bio-Merieux, Marcy l’Etoile, 
France) and Microscam systems (Siemens, Erl- 
angen, Germany) in the case of aerobes and 
API-ANA (Biomeriex) in the case of anaerobes. 
The antimicrobial susceptibility tests were per-
formed using the e-test method (AB biodisk) 
and followed the interpretation criteria of the 
Clinical Laboratory Standards Institute (CLSI).

Bone sequestra biopsies were fixed in 10% 
buffered formalin and embedded in paraffin 
according to standard procedures. For evalua-
tion, they were stained with hematoxylin/eosin, 
PAS and methenamine silver to visualize the 
Actinomyces colonies. The presence of these 
colonies was evaluated semi-quantitatively as 
scarce (only isolated colonies), very abundant 
(present in every high power field) and moder-
ately abundant (for cases that do not fulfill  
the previous requirements). In addition, the 
presence of acute inflammation, estimated by 
the amount of polymorphonuclear neutrophils 
(PMN) present in the specimen, was also quan-
tified into three categories (mild when only a 
few PMNs were present, moderate, when they 
were present in small groups, and intense, 
when they were seen in every microscopic field 
in the histopathological study). Finally, chronic 
inflammation (indicated by the presence of  
lymphocytes and/or plasma cells) was also 
recorded.

All data obtained were analyzed using SPSS 
version 20.0 for Windows. The discontinuous or 
discrete quantitative variables were analyzed 
using descriptive statistics, with the results 
being expressed as mean, standard deviation, 
and as frequency tables and percentages for 
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qualitative variables. The chi-squared test, St- 
udent’s t-test, or a one-way ANOVA were used 
during intervariable relationship studies, dep- 
ending on the application conditions. P Values 
≤ 0.05 were considered to be statistically si- 
gnificant.

Results

Clinical findings

Of the 28 patients, 16 were men (57.1%) and 
12 were women (48.8%), with an average age 
of 71.96 years (SD 8.94). According to the reg-

istered systemic risk, 8 patients (28.5%) were 
diabetic, 15 (53.6%) were undergoing chemo-
therapy, four (14.3%) were smokers, 14 (50%) 
were hypertensive and nine (32.1%) were tak-
ing corticosteroids. The reason for bisphospho-
nate treatment was oral cancer (14.3%), breast 
cancer (25%), prostate cancer (39.2%), multiple 
myeloma (10.7%) and osteoporosis (10.7%).

The region of the oral cavity most affected by 
osteonecrosis was the lower jaw (67.8%), fol-
lowed by the upper jaw (21.4%) and both jaws 
(10.7%).

Table 1. Relationship between the quantity of Actinomyces and the inflammatory response
Actinomyces Inflammation

Grade Null Mild Moderate Abundant Null Scarce Moderate Abundant Chronic
I 0 (0%) 0 (0%) 0 (0%) 2 (8.3%) 2 (8.3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
II 0 (0%) 2 (8.3%) 8 (33.3%) 7 (29.1%) 8 (33.3%) 1 (4.1%) 4 (16.6%) 2 (8.3%) 1 (4.1%)
III 1 (4.2%) 1 (4.2%) 3 (12.5%) 0 (0%) 3 (12.5%) 1 (4.1%) 1 (4.2%) 0 (0%) 1 (4.1%)
Total 1 (4.2%) 3 (12.5%) 11 (45.8%) 9 (37.5%) 13 (54.2%) 2 (8.3%) 5 (20.8%) 2 (8.3%) 2 (8.3%)

Figure 1. Histopathological examination revealed different combinations of Actinomyces and inflammatory re-
sponse. Some cases demonstrated abundant Actinomyces colonies but lacked any inflammatory infiltration (A), 
while in other examples; this microorganism was identified along with a dense infiltrate of PMNs (B). PMNs were also 
seen in some cases in absence of Actinomyces (C). Finally in some patients the only change consisted in fibrosis and 
scant inflammatory response composed mainly of lymphocytes (D).
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The degree of the lesions was variable, depend-
ing on the type of treatment administered. 
Patients receiving intravenous bisphosphonate 
treatment presented all grades of ONJ, where-
as those receiving oral bisphosphonates only 
presented grade II Patients treated with radio-
therapy exhibited more severe grade II (5%) and 
grade III (75%) lesions.

Histological findings

Histopathological study was performed in 24 of 
the 28 patients. Of these, 21 (87.5%) showed 
the presence of Actinomyces. The pathogen 
count was very abundant in grades I and II, 
whereas patients in grade III presented lower 
quantities of Actinomyces (Table 1).

Presence of Actinomyces was not associated 
with any sign of inflammation in 13 patients 
(54.2%) but it was found that the inflammatory 
response triggered by the presence of Acti- 

of bacterial species specific to the different 
grades of osteonecrosis did not differ signifi-
cantly. Only three bacteria exhibited statistical-
ly significant differences as regards the grades 
of ONJ (Table 3; Figure 2).

Antibiograms were also performed for each 
species detected in order to guide the subse-
quent antibiotic treatment for these patients. 
The six antibiotics most commonly used in 
standard practice were studied and a variable 
bacterial behavior was observed between ONJ 
patients.

Penicillin G did not exhibit complete sensitivity 
in any patient as regards all the bacteria isolat-
ed in the cultures. Indeed, this antibiotic exhib-
ited a marked inter-patient variability in terms 
of response (Figure 3).

The combination of amoxicillin with clavulanic 
acid showed good sensitivity in the majority of 

Table 2. Relationship between grade of ONJ and 
quantity of Actinomyces and the type and degree of 
inflammation

Inflammation
Actinomyces Null Mild Moderate Abundant Chronic
Null 0 0 1 0 0
Scarce 1 0 1 0 1
Moderate 8 1 1 0 1
Abundant 4 1 2 2 0

Table 3. Relationship between the types of bacte-
rium isolated and grade of ONJ

Grade 
I

Grade 
II

Grade 
III P value

Staphylococcus sp 0 1 1 0.372
Capnocytophaga sp 2 1 0 0.008
Morganella morganii 0 1 0 0.817
Enterobacter cloacae 0 1 2 0.037
Streptococcus sp 3 12 1 0.112
Eikenella corrodens 0 3 1 0.664
Neisseria sp 3 3 0 0.004
Proteus sp 0 1 0 0.074
Actinomyces sp 2 3 0 0.003
Veionella parvula 0 0 2 0.817
Peptoestreptococcus sp 0 3 0 0.515
Fusobacterium sp 0 1 1 0.372
Prevotella sp 0 4 1 0.648
Bacteoides sp 0 2 0 0.655

nomyces was very variable, ranging from ab- 
sent to intense (Figure 1A and 1B; Table 1).

Acute inflammation was present in 37.5%  
of patients and was quantified as mild (2 
patients), moderate (5 patients) and abun-
dant (2 patients), with the latter two being 
present in patients with grade II osteonecro-
sis only. In the remaining cases the intensity 
of inflammation was found to increase with 
age, with the mean age for absence of inflam-
mation (65.31; SD: 7.91) being lower than 
that for abundant inflammation (81.00; SD: 
2.83) (Figure 1B and 1C). These differen- 
ces were statistically significant (F=5.270, 
P=0.005). Finally, there were only two cases 
of chronic inflammation, one in a patient with 
grade II ONJ and the other in a patient with 
grade III ONJ (Table 2).

Microbiological findings

All bacteria isolated in cultures were recorded 
(Table 3). Aerobic bacteria were found almost 
exclusively in patients with grade I and II ONJ 
(85%), with this value being statistically sig-
nificant. In contrast, anaerobic bacteria were 
present in 56% of patients for all three grades 
of ONJ. Although all cases with grade III ONJ 
presented anaerobic bacteria, this finding 
was not statistically significant.

Except for Streptococcus sp., which was high-
ly abundant in grade II ONJ, the families  
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centage of patients with Acti- 
nomyces was intermediate be- 
tween the values reported by 
Anavi-Lev et al. [18], who found 
100% of patients with Actino- 
myces, and the 86% reported by 
Schipmann et al. [17]. In con-
trast, the degree of inflammation 
does not appear to be correlated 
to the density of Actinomyces 
colonies observed histologically, 
and in some cases their pres-
ence does not trigger any type  
of appreciable inflammatory res- 
ponse. This suggests that Acti- 
nomyces is simply one amongst 

Figure 2. Families of bacterial species specific to the different grades of 
osteonecrosis.

patients (82.6%), although this finding was not 
statistically significant (Figure 4).

Clindamycin was effective in 40% of patients 
and resistant in 14.5%, with 28% of patient 
showing a variable response to this antibiotic. 
Azithromycin was effective in very few patients 
(38%) and, moreover, the response was highly 
variable, with complete sensitivity against the 
bacteria isolated not being demonstrated (Fi- 
gure 5).

Levofloxacin was effective in 42.8% of patients, 
the majority of whom showed a good sensitivity 
(88.8%). Finally, another antibiotic that tends to 
be used much less in daily practice, namely 
gentamicin, showed good sensitivity despite 
being effective in only a few patients (38%).

Discussion

Osteonecrosis of the jaw is currently one of  
the most important complications in patients 
receiving bisphosphonate treatment or radio-
therapy of the head and neck. However, despite 
the extensive literature on this subject, there is 
still no agreement regarding its etiology and 
treatment. Of the different risk factors de- 
scribed, the presence of microflora in the oral 
cavity has been recently considered as a poten-
tial trigger or stimulating factor in the progress 
of ONJ. Nevertheless, this view is strongly ques-
tioned by other authors. Biopsies and cultures 
of ONJ lesions have demonstrated the pres-
ence of different bacterial species such as 
Fusobacterium, Eikenella, Bacillus, Actinomy- 
ces, Staphylococcus and Streptococcus [12-
15]. Although some of these bacteria were con-

sidered to be biofilm colonisers rather than 
invasive pathogens, no study has yet confirmed 
the importance of oral microflora in the context 
of ONJ.

Only one study has evaluated the importance of 
bacterial flora in the beginning and develop-
ment of ONJ. Mawardi et al. showed that mice 
infected with Fusobacterium after tooth extrac-
tion exhibited a higher incidence of bone expo-
sure and infection and, moreover, were more 
resistant to antibiotherapy [16].

Numerous aerobic and anaerobic microorgan-
isms were isolated from the microbiological  
cultures of bone exposures taken from our 
patients. In this respect, it is important to high-
light the fact that we found significant differ-
ences as regards the type of bacteria present 
in ONJ samples depending on the grade of 
lesion. Thus, aerobic bacteria were more abun-
dant in milder (grade I and II) lesions, whereas 
anaerobic bacteria were isolated in the more 
advanced cases. This could explain the more 
difficult recovery of patients with grade III ONJ 
when following the same therapeutic regimen 
as in the initial stages. Nevertheless, when gen-
era are taken into account, only three families 
of bacteria were found to be specific with- 
in the different grades of ONJ. Thus, Capno- 
cytophaga sp, Neisseria sp and Actinomyces sp 
exhibited significant differences related to the 
degree of involvement of ONJ (Table 3).

In our series, 87.5% of patients with a bone 
sequestrum biopsy had a histological finding of 
Actinomyces in the bone, a figure coincidental 
with of previous reports [17, 18]. Thus, the per-
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Figure 3. Response of 
microbiota to Penicil-
lin G.

Figure 4. Response of 
microbiota to amoxicillin 
with clavulanic.
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many microorganisms in the microflora and 
that its role as an isolated pathogen remains 
unclear.

A fact clearly stated in the literature is the 
improvement of lesions with different antibiotic 
regimens. Thus, the study by Kaplan et al. [19] 
showed Actinomyces in lesions, which led the 
authors to recommend treatment with wide 
range antibiotics for long periods of time (be- 
tween 3 and 6 months). Biasotto et al. [20] 
showed that treatment for shorter periods led 
to relapse in patients. The retrospective study 
of Marx et al. [21] showed that 90% remained 
pain-free after receiving oral penicillin VK (500 
mg 4 times a day) and 0.12% chlorhexidine  
as a mouthwash for at least one year. Finally, 
the study by Naik et al. [22] coincides with the 
previous proposals by recommending a pro-
longed antibiotic regimen, in this case intrave-
nous for 2-6 weeks followed by oral treatment 
for 6-12 months in the most severe cases. 
Moreover, these authors recommend debriding 
the necrotic tissue and bone sequestra if 
possible.

In our series, despite that the antibiotic treat-
ment was variable, the majority of patients 

improved after antibiotic treatment for periods 
of 2-4 weeks along with antimicrobial treat-
ment (0.12% chlorhexidine). It should be noted, 
however, that the antibiograms showed resis-
tance to penicillin G and little activity with 
clindamycin, azithromycin and levofloxacin, and 
that the combination of amoxicillin with clavu-
lanic acid gave the best results.

Conclusions

The degree of inflammation does not appear to 
be correlated to the density of Actinomyces 
colonies observed histologically, and in some 
cases their presence does not trigger any type 
of appreciable inflammatory response. In light 
of the results obtained and taking into account 
the relationship between age and degree of 
inflammation, elderly patients had greater in- 
flammation and worse response to treatme- 
nt due to possible immunosuppression, con- 
ditioned by age and the pharmacological int- 
eractions typical to polymedicated patients. 
Although the different treatments proposed by 
the authors, the combination of amoxicillin with 
clavulanic acid gave the best results. A new 
option of treatment combining intravenous and 
oral antibiotic administration for longer periods 

Figure 5. Response of 
microbiota to clindami-
cin.
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of time has been proposed; further standard-
ized studies are still required. As the etiology of 
ONJ remains unknown, it is essential to priori-
tize both prevention, assessing the risk factors 
presence, and subsequent treatment of this 
disease. According to the literature, and in our 
experience, the bacterial component is a very 
important factor as regards the development 
and cure of ONJ; therefore we believe that anti-
biotic treatment can markedly improve the evo-
lution of these patients provided it is combined 
with strict local control using bactericidal anti-
septics such as chlorhexidine.
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