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Abstract
Objective.To describe the histological features of bone tissue harvested from patients affected by jaw osteonecrosis associated
with bisphoshponates (BONJ) or with radiotherapy (ORN), in undecalcified ground sections. Materials and methods.
Sixteen bone tissue samples from 14 patients with BONJ and two patients with ORN were processed in order to obtain both
ground, undecalcified sections and decalcified sections. The sections underwent histometric and morphometric analysis.
Results. Bone tissue samples obtained from patients with BONJ or ORN of the jaws shared some histological characteristics.
Common histological features included the loss of bone architecture, the absence of a proper Haversian system and proper
marrow spaces, the presence of necrotic spots of non-mineralized tissue, areas of empty osteocytic lacunae next to areas of
hypercellularity, the presence of resorption pits with rare osteoclast-like cells and the presence of bacteria and of an
inflammatory infiltrate. A violet rib of tissue characterized by large resorption pits facing was frequently observed between
the mineralized bone and the inflammatory infiltrate. Conclusions. The histological features of BONJ and ORN are similar
and resemble those of osteomyelitis. Even though it is not clear whether infection is the cause or consequence of bone exposure,
inflammatory cells, bacteria or their products may have a massive, direct lytic effect on bone tissue challenged by
bisphosphonates.
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Introduction

Bisphosphonates are medications widely used in the
management of osteoporosis, Paget’s disease and to
prevent skeletal complications of multiple myeloma
and bone metastases from solid cancer [1]. They are
taken up in the skeleton at sites with increased bone
remodeling [2]. Bisphosphonates treatment rapidly
decreases bone resorption and progressively decreases
bone formation by inhibiting osteoclastic activity and
consequently affecting osteoclastic-induced osteo-
blastic activity. Bone turnover is therefore suppressed
[3,4]. Angiogenesis is reduced due to the depression
of the blood flow and a marked decrease in the
vascular endothelial growth factor [5]. Epithelial
keratinocytes are also inhibited due to the interference

of bisphosphonates with p63-positive progenitor cells
in the basal layer of the oral epithelium, resulting in a
delayed oral epithelial healing [3]. Overall, the bone
healing capacity is reduced [5]. A complication
observed following treatment with bisphosphonates
is osteonecrosis of the jaws (ONJ). According to the
American Association of Oral and Maxillo-Facial
Surgeons (AAOMS) [6], jaw osteonecrosis associated
with bisphoshponates (BONJ) is defined as ‘exposed
bone in the maxillofacial region that has persisted for
more than 8 weeks, with current or previous treatment
with a bisphosphonate and no history of radiation
therapy to the jaws’ [6]. Different stages of BONJ
are described, ranging from stage 0 (no bone
exposure) to stage 3 (bone exposure with pain and
infection, extra-oral fistula, exposed necrotic bone
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extending beyond the region of the alveolar bone,
pathological fracture, osteolysis extending to the infe-
rior border or oro-antral communication). BONJ is
usually treated in a conservative way unless mobile
sequestrum (stage 3) is present and prompts for
removal. The reasons behind bone exposure are
not completely clear, but dento-alveolar surgery
and extractions have been suggested as risk factors
for developing BONJ, even months after surgery,
suggesting that a lack of repair due to the suppression
of bone turnover plays an important role in the
pathogenesis of BONJ. From a microbiological point
of view, Actinomycetes species and Eikenella corro-
dens were isolated from such lesions [7–10]. Micro-
scopically, BONJ necrotic bone was described as
composed of non-viable bone trabeculae that have
empty lacunae often with ragged, scalloped borders.
Chronic or acute inflammatory cells, abscesses or
bacteria may be present [4]. A variant of BONJ
that does not manifest with necrotic bone exposure
or mucosal fenestration was recently described and
should be carefully considered in patients with per-
sistent jaw bone pain, bone enlargement, gingival
swelling or sinus tract in the absence of relevant dental
disease. Up to half of the patients with non-
exposed osteonecrosis may never progress to develop
frank bone exposure and up to one third would show
no obvious radiological abnormalities [11].
Jaw osteonecrosis associated with radiotherapy

(ORN) is characterized by persisting bone exposure
and may become evident long after therapy, although
recovery of bone-regenerative properties has been
proven 1-year after radiation. Radiated tissue is hypo-
vascular, hypocellular and hypoxic [4,12]. ORN
occurs more frequently in the mandible and the
risk of developing it is increased by increasing radi-
ation dose, tumor’s close proximity to bone, poor oral
health and the type of treatment the patient under-
goes. ORN shares similar features with BONJ.
Necrotic bone is exposed with little or no symptoms
at the beginning. Pain, abscess and fistula formation
might occur with time. Therapy includes the use of
antibiotics and hyperbaric oxygen therapy (HBO) [4].
According to the outcome of HBO therapy, ORN can
be classified as stage 1 (exposed bone), stage 2 (no
response to HBO therapy) or stage 3 (pathological
fracture), oro-cutaneous fistula or osteolysis to path-
ological fracture, oro-cutaneous fistula or osteolysis to
the inferior border of the mandible) [4]. Microbio-
logical studies have shown the presence of Actino-
mycetes species in biopsy specimens from ORN
[13,14] that were associated with an increased risk
of treatment failure or the need for prolonged treat-
ment. Other studies performed in deep bony lesions
showed anaerobic bacteria with a predominance
of Porphyromonas gingivalis, as well as Actinomy-
cetes species, Prevotella species and Fusobacterium
nucleatum [15].

Despite the many papers published on different
features of BONJ in the last decade, the puzzle of
its pathogenesis is still incomplete. Some reports
describe the histological characteristics of bone tissue
affected by BONJ and ORN, mainly on decalcified
sections. The aim of this study was to characterize the
histological features of bone tissue obtained by
patients affected by BONJ and ORN on bone samples
processed for ground sectioning, as ground sections
preserve the mineral component and may, therefore,
be suitable to study conditions affecting the bone.

Materials and methods

For this purpose, 14 bone tissue samples were
obtained from 14 patients in treatment with bispho-
sphonates with BONJ and two samples from two
patients with ORN referred to a specialist for case
management. The centers involved in the present
study were the Unit of Maxillo-Facial Surgery,
Department of Medicine, Surgery and Dentistry,
A.O. San Paolo, Università degli Studi di Milano
and the Unit of Maxillo-Facial Surgery, Department
of Neurosciences and Biomedical Technologies,
Università degli Studi di Milano-Bicocca, Ospedale
San Gerardo di Monza.
Biologic material and data were treated according

to the Helsinki declaration. No additional proce-
dure to routine standard care was carried out in
the patients. The study received ethical approval
by the Department of Human Morphology and Bio-
medical Sciences ‘Città Studi’, Università degli Studi
di Milano, Milan, Italy. All participants signed an
informed consent form concerning the treatment
protocol.
The characteristics of the patients are described

in Table I. All patients on bisphosphonates showed
stage 3 BONJ and needed, therefore, surgical
debridement of the lesion. One week before surgery,
the patients received professional oral hygiene (scaling
and root planning) and were instructed to mouthrinse
with 0.2% chlorhexidine twice a day for 2 weeks.
Further, they were given amoxicillin 1 g 3-times daily
for 14 days, starting 4 days before surgery [6]. The
surgical procedure was performed under local or
general anesthesia. Briefly, when necessary a flap
was raised to expose the affected area, the sequestrum
or mobile necrotic bone were removed, bone curet-
tage was carried out, the area was flushed with saline
solution and the flap was sutured.
The two patients with ORN had bone exposure that

did not heal with antibiotics and HBO therapy and
were, therefore, scheduled for surgery. The surgical
protocol was similar to the one for BONJ patients,
except for the fact that bone was removed until
‘normal’ bleeding was observed from the margins.
The tissue samples were immediately placed in

formalin and processed for ground sectioning at the
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Department of Human Morphology and Biomedical
Sciences ‘Città Studi’, Università degli Studi di
Milano and for paraffin sectioning at the Division
of Pathology of the Department of Medicine, Surgery
and Dentistry, Università degli Studi di Milano.

Histological processing

The central portion of each sequestrumwas processed
for ground sectioning according to the method of
Donath and Breuner [16], in order to observe the
structure of the bone samples without removing the
mineral component. Briefly, the specimens were fixed
in 10% formalin, dehydrated by increasing ethanol
concentrations and embedded in Kulzer Technovit
7200 VLC� (Bio-Optica, Milano, Italy) resin. The
cores were sliced longitudinally and subsequently
reduced by micro-grinding and polishing to an even
thickness of 80 mm (Micromet & LS2�, Remet,
Bologna, Italy). The sections were stained with
Toluidine blue/Pyronin Y (Sigma-Aldrich, St. Louis,
MO). Such staining colors bone in varying shades of
blue according to the degree of bone mineralization.
Two central sections per specimen were used for
analysis.
Furthermore, 5 mm thick paraffin sections were

obtained by decalcifying the bone biopsies for 3 h in
Histo-Decal (Histo Line Laboratories, Milano, Italy).
The sections were stained with hematoxylin and eosin.
ThesectionswereobservedusingaNikonlightmicro-

scope (Eclipse E600�, Nikon, Tokyo, Japan) equipped
with a calibrated digital camera (DXM1200�, Nikon).
All aspects of each section were photomicrographed
at a magnification of 20� and merged by means of

image analysis software (RhinocerosNURBSmodeling
for Windows, version 3.0, McNeel, Seattle, WA) to
obtain thewhole image of the bone sample.Histometric
linear measurements were performed on the images in
order to estimate the percentage of the bone margin
characterized by resorption pits in the necrotic areas of
the samples. Morphometric measurements were per-
formed inorder toquantify the proportionof the sample
characterized by medullary spaces, cortical component
and blood vessels, using a point-counting procedure
with a 100 test point grid, at a magnification of 40�.
For each parameter, mean values and standard

deviations were calculated separately for three groups:
oral bisphosphonates, intravenous bisphosphonates
and ORN.

Results

Sixteen specimens from 16 patients were processed.
Four patients were on oral bisphosphonates treatment
for osteoporosis, 10 patients were on Zometa for
malignant tumors, while two patients had oral cancer
and had been treated with radiotherapy of the head
(Table I). At gross histological observation, the speci-
mens from oral and intravenous bisphosphonates as
well as those from ORN did not show relevant differ-
ences. Thirteen specimens were of mandibular origin
and three were of maxillary origin.
Overall, the microscopic architecture of bone and

soft tissue was damaged or even lost, although in the
ORN samples it seemed to be better preserved than
in the BONJ samples (Figure 1). Areas of mineralized
tissue were observed near areas of non-mineralized
tissue that could represent either residual marrow

Table I. Characteristics of the sample population.

Gender Age
Bisphosphonates
duration (months) Treatment Area of necrosis Pathology

1 F 59 72 Alendronate Mandible Osteoporosis

2 F 85 240 Alendronate Maxilla Osteoporosis

3 F 77 120 Alendronate Mandible Osteoporosis

4 F 50 110 Alendronate Maxilla Osteoporosis

5 F 57 41 Zoledronic acid Mandible Breast cancer

6 M 65 24 Zoledronic acid Mandible Multiple myeloma

7 M 59 17 Zoledronic acid Mandible non-Hodgkin Lymphoma

8 M 76 19 Zoledronic acid Mandible Prostatic cancer

9 M 58 41 Zoledronic acid Mandible Multiple myeloma

10 M 76 12 Zoledronic acid Mandible Kidney cancer

11 M 76 22 Zoledronic acid Mandible Prostatic cancer

12 F 73 180+10 Alendronate + Zoledronic acid Maxilla Multiple myeloma

13 M 61 9 Zoledronic acid Mandible Kidney cancer

14 F 66 38 Zoledronic acid Mandible Breast cancer

15 M 57 — Radiation therapy Mandible Oral cancer

16 M 65 — Radiation therapy Mandible Oral cancer
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spaces, necrotic bone or necrotic connective tissue
(Figure 2).
Concerning the mineralized component, the typical

Haversian system with a central canal was seldom
observed and marrow spaces were virtually absent.
The bone was rather composed of fragmented osteons
surrounded by sparse reversal lines. Areas characte-
rized by empty lacunae were observed next to areas
with large hypercellularity. Very few vessels, some-
times with thick walls (Figure 3), were detected both
in the mineralized and non-mineralized tissue. Most
of the BONJ samples’ bone profile was irregular,
indented and characterized by resorption pits
rich in neutrophil granulocytes, while osteoblasts

and osteoclasts-like cells were seldom identified
(Figure 4). This feature was also observed in the
osteoradionecrotic bone, although to a lesser extent.
An inflammatory infiltrate was often observed at the
border between mineralized and non-mineralized
tissue, mainly characterized by granulocytes, plasma
cells and occasionally lymphocytes (Figure 5).
A violet rib of tissue, characterized by large resorption
pits with few osteoclast-like cells, was frequently
observed between the mineralized bone and the
inflammatory infiltrate front (Figure 5B). The aspect
of all specimens suggested bacterial infiltration
(Figure 6).
The non-mineralized component didn’t show the

typical characteristics of connective and marrow

A

B C

Figure 1. Panel of images representing three typologies of osteonecrosis. (A) Oral bisphosphonate; (B) intravenous bisphosphonates (Zometa);
(C) radiosteonecrosis. Undecalcified sections; original magnification 5�, Toluidine Blue and Pyronine Y staining.

Figure 2. Photomicrography showing the presence of areas of non-
mineralized tissue facing mineralized tissue. Bone and soft tissue
appear damaged and unorganized with an irregular profile. Unde-
calcified section; total magnification 100�, Toluidine Blue and
Pyronine Y staining.

Figure 3. Photomicrography representing a blood vessel with thick-
ened endothelial walls and activated endothelial cells (arrows).
Undecalcified section; total magnification 600�, Toluidine Blue
and Pyronine Y staining.

4 D. Carmagnola et al.
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spaces, as adipocytes were absent, few residual col-
lagen fibers were distributed irregularly and acellular
necrotic debris occupied most of the space.
Under polarized light (Figure 7), the mineralized

tissue showed different histological aspects advancing
from ‘normal’ to necrotic areas. In the necrotic
portions the bone architecture was lost while, where
the tissue was ‘normal’, a regular organization of the
fibers could be appreciated. Atrophic or hyperplasic

epithelial-like cells were sometimes observed, proba-
bly deriving from the disrupted epithelial tissue
surrounding the lesion.
Resorption pits occupied 83.7% ± 18.2% of the

bone margin in the necrotic portions of the intrave-
nous bisphosphonates samples. The corresponding
values for oral bisphosphonates were and 89.7% ±
16.5% and 42.5% ± 3.5% for the two ORN specimens
(Table II).
In the intravenous bisphosphonates group the

medullary spaces occupied 31% ± 10%, while the
cortical portion was 69% ± 10%. The corresponding
values for oral bisphosphonates were 46% ± 4% and
54% ± 4% and for ORN 29% ± 2% and 71% ± 2%
(Table II).
Blood vessels proportion was 2.1% ± 3.7% for oral

bisphosphonates, 3.0%±5.7% for intravenous bispho-
sphonates and 2.5% ± 5.0% for ORN (Table II).

Discussion

Bone tissue samples obtained from patients with
BONJ or ORN shared similar histological characte-
ristics, like the absence of a proper Haversian system
and proper marrow spaces, the presence of necrotic
spots of non-mineralized tissue, areas of empty
osteocytic lacunae next to areas of hypercellularity,
the presence of resorption pits (to a larger extent in
BONJ samples) with rare osteoclast-like cells, the

A B

Figure 4. Panel showing the pattern of the bone profile with resorption pits (arrows). Undecalcified section; total magnification 600�,
Toluidine Blue and Pyronine Y staining.

A BA B

Figure 5. Photomicrographies showing an inflammatory infiltrate. In (A) granulocytes and plasmacells can be recognized in proximity of the
bone and connective tissue (arrows). In (B) the violet tissue (asterisk) between soft tissue and bone might be the result of a lytic process caused
by bacteria and cells. (A) Decalcified section; total magnification 1000�, Hematoxylin and Eosin staining. (B) Undecalcified section; total
magnification 200�, Toluidine Blue and Pyronine Y staining.

Figure 6. Photomicrography showing irregular trabecular bone and
soft tissue with bacteria stained in brown-orange (arrows). Unde-
calcified section; total magnification 100�, Toluidine Blue and
Pironine Y staining.

Histology of BONJ and ORN in humans 5
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presence of bacteria and of an inflammatory infiltrate.
It has to be underlined that the comparison included
only two osteradionecrosis cases vs 14 BONJ samples.
The reason is that in our centers ORN has become a
rare event, probably due to an improvement in the
administration of radiotherapy in the last years and,
therefore, only two cases occurred in the study time
span. Nevertheless, the histological similarities in
the two groups prompted us not to omit the ORN
specimens. In line with our findings, Almazrooa and
Woo [4] reported that necrotic bone, regardless of its
etiology, is microscopically composed of non-viable
trabeculae with empty lacunae and ragged, scalloped
borders associated with the presence of chronic or
acute inflammatory cells, abscesses or bacteria.
Bisphosphonates bone lesions are mainly confined
to the jawbones, anatomical sites frequently subjected
to trauma and manipulation for dental procedures
[17]. A disruption of the integrity of the oral mucosal
epithelium together with a reduced local bone
response to traumas could be crucial for the of devel-
opment infections like osteomyelitis [18] that share
common features with BONJ. Although it is not clear
whether infection is the cause or consequence of bone
exposure, bacterial contamination was detected in all
samples of the present study in proximity of the
mineralized tissue’s necrotic portion. In this respect,
it has to be underlined that all tissue samples included
in the present study came from patients with advanced
exposed osteonecrosis and, therefore, infection may
well have represented a consequence of long-term
exposure of necrotic bone. On the other hand, reports
exist that have identified bacterial species such as
Fusobacterium, Eikenella, Bacillus, Actinomyces,
Staphylococcus and Streptococcus in ORN [15,19]
and BONJ lesions, suggesting a direct role of biofilms
in BONJ onset and bone resorption [7,20–23].
Furthermore, it has been shown that several species

of bacteria produce mediators like lipopolysac-
charides that could cause alveolar bone destruction
[24]. Sedghizadeh et al. [25] observed a large number
of microbial pathogens in the resorption pits on the
bone surface of bone samples obtained from BONJ
lesions. The authors mentioned that the depth of
the pits varied with the amount of bacteria present
and that osteoclasts were not identified in or near the
resorption pits, suggesting a direct role for biofilms in
the resorption process. Hansen et al. [19] also found
Actinomyces colonies both in BONJ and ORN
samples, most commonly detected at the site of
necrotic bone exhibiting remarkable signs of erosion.
An interesting finding in the present study was the
frequent observation on the ground sections of a rib of
tissue between the mineralized bone and the inflam-
matory infiltrate front in BONJ samples. Considering
the above-reported findings, the violet rib of tissue
described in the present study may be the expression
of the lytic process of bacteria on the bone profile. The
common features among BONJ, ORN and osteomy-
elitis of the jaws may be summarized as follows: when
oral bacteria spread into a ‘vulnerable’ bone, i.e. a
tissue influenced by bisphosphonates or radiotherapy,
or in a compromised patient, the impact of micro-
organisms and their mediators may result in resorp-
tion pits and bone necrosis. In this picture, the violet
rib might represent the transition between bacterial
invasion and necrosis. Bacteria seem, therefore, to
play a crucial role, regardless of the cause of the bone
tissue weak response to infection.
In contrast to our findings, some authors have

observed numerous osteoclasts both in BONJ and
radionecrotic lesions, localized in close contact to
bone lacunae [19]. In a histological study on bone
samples from healthy patients with osteoporosis on
alendronate for up to 3 years, Weinstein et al. [26]
observed an increase in the number of osteoclasts,

Table II. Perimeter occupied by Howship-like lacunae (%) and tissue composition (% of medullary spaces and cortical bone) in the different
groups.

Oral bisphosphonates Intravenous bisphosphonates Osteoradionecrosis

Perimeter occupied by resorption pits (%) 89.7 ± 16.5 83.7 ± 18.2 42.5 ± 3.5

Medullary spaces (%) 46 ± 4 31 ± 10 29 ± 2

Cortical portion (%) 54 ± 4 69 ± 10 71 ± 2

Blood vessels (%) 2.1 ± 3.7 3.0 ± 5.7 2.5 ± 5.0

L R

Figure 7. Photomicrography. From right (R) to left (L), the image shows a progressive loss of birefraction, suggesting a reduction of bone
vitality. Polarized light. Undecalcified section; original magnification 5�.
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organized in giant cells undergoing protracted apo-
ptosis, compared to control patients under placebo.
Major differences between the present study and the
one by Weinstein et al. include the type of bispho-
sphonate, the fact that our patients were affected
by BONJ and that bone samples in the study by
Weinstein et al. were harvested from the iliac crest.
In the present study few irregular vessels, often with

thick walls, were observed both in the mineralized and
non-mineralized tissue of all samples. Radiated tissue
is hypovascular as vascular obliteration is the conse-
quence of radiation-induced endarteritis followed by
hyalinized narrowing of the vessels [27,28]. Concern-
ing bisphosphonates, according to some authors such
medications induce obliteration of the regional blood
vessels leading to avascular bone necrosis [29], have
anti-angiogenic effects and cause ischemia of the
jawbone [21,30] by inhibiting endothelial function
in vitro and in vivo [31] and decreasing the levels of
vascular endothelial growth factor in oncologic
patients [32]. On the contrary, other authors have
observed that the necrotic areas of BONJ lesions
harbor a normal vasculature [19,33]. In a study aimed
at comparing the histological characteristics of BONJ
and osteoradionecrotic lesions, Hansen et al. [19] did
not observe a significant reduction of the capillaries in
BONJ lesions and described an increased cellularity
both in the intima and media of segmental arteries. In
ORN lesions, the intima and media were hyalinized
and exhibited fewer cells. An interesting contribution
to the understanding of BONJ’s pathogenesis was
recently provided by Favia et al. [17]. In a histological
study on decalcified and non-decalcified sections of
human bone samples obtained from patients with
BONJ, the authors suggested that in bone treated
with bisphosphonates, appositional osteogenesis
occurs without concurrent remodeling or resorption,
resulting in a lack of the vascular compartment
expansion and depletion of marrow spaces. Such
events would lead to ischemic necrosis of the bone
tissue that, together with bacterial infection, would
eventually result in BONJ.
In conclusion, the pathogenesis of BONJ seems to

include multiple mechanisms that are still not
completely understood and histological studies may
contribute to complete the puzzle. We observed that
BONJ and ORN share similar features and resemble
common osteomyelitis. Even though it is not clear
whether infection is cause or consequence of bone
exposure, the rib of tissue that was observed in
the resorption areas of the necrotic bone samples in
the present study may be the expression of a massive,
direct lytic process of bacteria on the profile of bone
tissue challenged by bisphosphonates.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.
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