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Abstract: Objectives: Both Osteoradionecrosis (ORN) and Bisphosphonate associated osteonecrosis of the jaws
(BRONJ) present clinically as regions of exposed necrotic bone. The study aimed to demonstrate the histopathologi-
cal differences behind the observed clinical similarities. Study Design: Ten ORN specimens and ten BRONJ speci-
mens were used, as well as ten samples of normal mandibular bone as control. Two bone-specific stainings were
used, i.e. Sirius Red for the study of the relative presence of collagen types | and Il and toluidine blue for the study
the osteon density. Results: The Red Green Blue (RGB)-analysis of the specimens stained with Sirius Red identified
significant differences between the chromatic patterns observed in bone preparations of patients suffering from
ORN when compared to both BRONJ and control samples. Moreover, the osteon density of the BRONJ samples was
significantly lower when compared to ORN and normal bone samples. Conclusions: The demonstrated differences in
the bone architecture and in the bone collagen content between the two pathological conditions most likely reflect
underlying pathophysiological differences.

Keywords: Osteoradionecrosis, bisphosphonate-associated osteonecrosis, bone structure, collagen, toluidine
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Introduction

The clinicians that deal with the oral cavity
often come across patients that present with
exposed, apparently necrotic bone in the oral
cavity. This exposed bone constitutes a signifi-
cant health problem that needs to be dealt
with, since it has significant implications for the
quality of life and general health state of the
patient. Frequently, the observed bone area is
only the tip of the iceberg and might denote a
significant range of necrosis of the mandible or
the maxilla and radical therapeutic measures
are deemed necessary to help the patient [1-4].

Various pathological conditions have been
known to manifest in the form of exposed
necrotic bone in the oral cavity, with osteora-
dionecrosis of the jaws (ORN - radiation related
necrosis) and bisphosphonate-related osteone-
crosis of the jaws (BRONJ - jaw necrosis attrib-
uted to the treatment of the patient with

bisphosphonates) being among the common-
est [1-8].

Radiation therapy is a frequently used treat-
ment modality for head and neck cancer, either
as a stand-alone option or in combination with
surgery (adjuvant or neo-adjuvant radiotherapy)
and/or chemotherapy. One of the most well
documented complications of radiation therapy
in the head and neck region is osteoradionecro-
sis (ORN) [3, 9]. The first descriptions of this
entity date back to 1922 [9]and 1926 [10]. The
effect of ORN can be detrimental for the gener-
al well-being and the quality of life of affected
patients. ORN typically represents a slow-heal-
ing radiation-induced ischemic necrosis of vari-
able extent; tumour necrosis, recurrence or
metastatic disease should have been excluded
[3,9, 11, 12].

The clinical presentation of ORN is that of
necrotic bone exposed to the oral cavity [3, 8,
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9]. Marx defines ORN as “an area greater than
1 cm of exposed bone in a field of irradiation
that had failed to show any evidence of healing
for at least 6 months” [3, 13-15]. However, the
most commonly used definition of ORN limits
the time of presence of the lesion to 3 months
and reads as follows: ORN is a condition char-
acterized by irradiated bone that becomes devi-
talized and exposed through the overlying skin
or mucosa, without healing for 3 months and
when tumour recurrence has been ruled out [3,
9, 16-19]. ORN is not necessarily associated
with pain; however pain can occur when the
surrounding soft tissues are inflamed. Cellulitis,
fistulation, abscess formation or pathological
fractures can complicate the clinical presenta-
tion [3, 9, 12, 18-21].

Although a number of theories have been pro-
posed to explain the pathogenesis of ORN, it
seems that its pathophysiology can better be
explained if seen in the context of radiation
induced fibroatrophic process [22-25].

A relatively recently described clinical entity,
Bisphosphonate-Related Osteonecrosis of the
Jaws (BRONJ), has a clinical presentation quite
similar to ORN. BRONJ also presents with an
area of exposed bone in the maxillofacial region
that persists for more than eight weeks. For
establishment of a diagnosis of BRONJ two
important factors must be present: current or
recent exposure to bisphosphonates and no
history of radiation therapy to the jaws. The
above-mentioned complications can also
superimpose the clinical presentation of BRONJ
[4, 7, 26-35].

The fact that an increasing number of patients
suffering with BRONJ are described every year
can be attributed to the expansion of the use of
bisphosphonates. Drugs of this class have
been extensively used intravenously for the
treatment of bone metastases of various can-
cer forms (lung, breast, prostate etc), the treat-
ment of multiple myeloma, the management of
tumour related hypercalcemia and severe
osteoporosis among others [36, 37]. The oral
administration of bisphosphonates for the
treatment of osteoporosis and the prevention
of pathological fractures is also widespread
[36, 37]. The incidence of BRONJ is significantly
higher in the group of patients that are receiv-
ing intravenous bisphosphonates [4, 7, 31].
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The pathophysiology of this clinical entity is not
clearly understood to this day [2, 28, 32,
38-41]. A number of theories have been pro-
posed, neither of which can provide an ade-
quate explanation of the pathophysiological
mechanism and the exclusivity of the presenta-
tion of this type of osteonecrosis to the jaws.
Initially BRONJ was perceived as a type of avas-
cular necrosis, something however that has not
been confirmed by pathological findings [2, 8].
Direct toxicity of the bisphosphonates to the
bone [2], reduction of bone turnover [2] and
more recently dissociation of the interaction
circuits between osteoblasts, osteoclasts,
fibroblasts, and keratinocytes during tissue
remodelling [2, 39, 40] have been identified as
possible explanations of the disease process.

Other authors favor the “outside to inside”
hypothesis and highlight the role of mucosal
injuries that allow infection of the bone with
oral bacteriasuchasactinomyces. Inflammation
and infection are seen as critical in this theory
[8, 32, 42]. The bisphosphonate toxicity to the
soft tissue should also be taken into account
[2].

Recently, BRONJ was associated with impair-
ment of the Msx-1-related osteoblast prolifera-
tion [40]. Msx-1 is a transcription factor that
induces proliferation and inhibits terminal dif-
ferentiation of osteoblasts [43] that plays an
important role in alveolar bone regeneration
[44, 45]. It has been demonstrated that Msx-1
is expressed permanently in the jaws, whereas
it is down-regulated in mesenchymal derived
bones after maturation and is activated only
during fracture healing [45-47].

It is often hypothesized that the similarities in
the clinical presentation also extend to the
microscopic level and denote similar patho-
physiological mechanisms. By comparing the
histopathological presentation of these two
entities we aimed, to demonstrate differences
on the microscopical level and thus potential
differences in the pathophysiology underlying
ORN and BRONJ, respectively.

Although such comparisons have also been
performed in the past, the differences identi-
fied so far were more of a qualitative nature. In
contrast, we focused on measurable parame-
ters that can be independently reproduced. To
do so we used two well-established staining
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techniques, i.e. Sirius Red stain and Toluidine
Blue stain.

Materials and methods
The choice of the used bone stains - Sirius red

Sirius Red staining was used to demonstrate
differences in collagen morphology; a new
methodology to quantify the results obtained
from this dying technique, based on the analy-
sis of the obtained electronic images was used.
At this point we would like to elaborate on the
properties of this particular stain and the way
that it was used in our study. The use of Sirius
red stain in combination with polarization
microscopy is a well-established method for
the histochemical study of collagen that was
first described by Junqueira in 1978 [48-59].

The term collagen is used to describe a family
of glycoproteins that are contained in a variety
of histological entities such as collagen fibres,
reticulin fibres, basement membranes etc. [50,
51, 56, 60, 61]. The concept of the Sirius red
staining technique in conjunction with polariza-
tion microscopy is based on the enhancement
of the natural birefringence that collagen mole-
cules display. This birefringence is explained by
the fact that the collagen structures (at least
the greatest amount of them) that can be
observed under the optical microscope are
composed of a number of collagen molecules
that are orderly disposed in a parallel orienta-
tion [44-52].

By observing the different colors and intensi-
ties of birefringence with the existing knowl-
edge for the biochemical distribution of colla-
gens |, Il and Il Junqueira et al [48-50] pro-
posed back in 1978 a scheme that different
collagen types could be distinguished by using
Sirius Red stain and polarization microscopy.
According to their observations, collagen type |
presents typically as thick, strongly birefrin-
gent, yellow or red fibres, while collagen lll pres-
ents as thin, weakly birefringent, greenish
fibres [48-56]. The difference in color and bire-
fringence can be explained by the different pat-
terns of physical aggregation of collagen fibres
[48-56]. Collagen type | assembles in closely
packed thick fibres [48-56, 60, 61], while the
fibres of Collagen type Il are made up of loosely
packed thin fibrils. Collagen Il, which does not
form fibres, displays a weak birefringence of a
varying color [48-56, 60, 61].
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We used this method to detect the presence of
Collagen type | and Collagen type lll in the
aforementioned specimens. Similar methods
have been used in the literature in the study of
the collagen content of the wall of cystic lesions,
vesicular lesions and bone remodeling [57-59].
Although there have been several studies that
used picrosirius red in the study of collagen the
method was used mainly in a qualitative man-
ner. The presence or prevalence of Collagen
type | or of Collagen type lll was determined by
grossly identifying the predominant color or
subjectively grading the specimen [57-59].

In our study we attempted to quantify this
method so that we can obtain objective and
reproducible results. To do so, pictures of our
specimens under polarization microscopy were
appropriately obtained and digitalized and final-
ly analyzed with an appropriate software pro-
gramme (the process is described in more
details in the Methods section).

The sample analysis was based on the Red
Green Blue (RGB) concept, on which the repro-
duction of color in digital monitors is based [62,
63]. According to this concept, the apparent
color of every pixel is created by the combina-
tion of three basic colors (red, green and blue)
[58, 59]. The intensity of each basic color in
every pixel is expressed in a scale from O to
255. In this system the coordinates of black
(absence of color) would be 0, 0, O while the
coordinates of white would be 255, 255, 255
[62, 63].

There are many ways to estimate the bright-
ness of a pixel; the easiest way and most widely
used way to do so is by calculating the value of
the arithmetic mean of the intensity grade of
the three basic colors (RGB=R+G+B, where
RGB is the pixel RGB value, R the intensity of
red, G the intensity of green and B the intensity
of blue). This unique RGB value corresponds to
the brightness [62, 63] of the pixel. There is
also the possibility to calculate a “weighted”
RGB (RGB’) value that corresponds to the per-
ceived luminance of the pixel using the formula
RGB’=0.299*R+0.587*G+0.114*B [62, 63]. In
our study we used the concept of brightness by
calculating the RGB value.

By using image analysis software, such as
Image J (National Institutes of Health) it is pos-
sible to obtain an RGB analysis for a selected
Region of Interest (ROI). The programme typi-
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cally provides histograms for the three basic
colors and a cumulative histogram for the RGB
value. From the histograms the mean value of
R, G, B and RGB for the ROI, as well as the sta-
tistical deviation of these values can be
calculated.

The RGB values of a digitalized image are of
course influenced from the light and contrast
circumstances that characterize the actual
photography. A more lucid image would have
higher RGB values in comparison with the pho-
tography of the same image under darker cir-
cumstances. The absolute maintenance of
lighting circumstances stability is not techni-
cally possible; moreover, such a prerequisite
would make comparison of digital images
obtained by different laboratories impossible.

To overcome this problem we propose to use
for comparison not the mean R, G, B, values
themselves, but the analogy of these values to
the arithmetic mean RGB value (which is a
measure of the image’s brightness). The mean
RGB is a parameter that is sensitive to lighting
conditions (for example a more lighted image
would have a greater RGB value) and therefore
can be used to alleviate the differences
between various experimental settings. The
chromatic pattern that will be documented in
this way can be used to draw conclusions
regarding the presence of Type I and Type Il col-
lagen fibres.

Toluidine blue

Toluidine blue (otherwise known as Tolonium
Chloride) is a stain that is widely used in the
study of bone biology [64-66]. It is one of the
standard osseous stains that provide an ade-
quate view of the bone architecture and its cel-
lular composition. Toluidine Blue is a blue cat-
ionic stain. Its use is quite common for staining
semi-thin (0.5 to 1 pm) sections of resin-
embedded tissue [64]. An alkaline solution with
a pH as high as 10 is used and this binds to the
nucleic acids and all proteins of the specimen,
enabling for the observation of its structural
details [64].

Patients and tissue harvesting
Bone specimens of patients diagnosed with

BRONJ and osteoradionecrosis were com-
pared. A reference group of normal bone sam-
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ples was used as control. A number of ten sam-
ples were studied in each category. Two sepa-
rate analyses were performed. The specimens
were coloured with toluidine blue to study the
osteon density and with Sirius red to study the
collagen morphology. The specimens stained
with Sirius red were evaluated with polarization
microscopy.

Bone specimens from 30 patients were includ-
ed in this study. The ethical aspects of the study
were approved by the ethical committee of the
University of Erlangen-Nuremberg (Ref.-Nr.
4272) [39, 40, 42]. Ten specimens were
obtained from 10 consecutive patients with
clinically and histologically evident BRONJ that
underwent sequestrotomy. Each specimen that
was included was confirmed to exhibit histo-
pathologic aspects of BRONJ. In addition to the
histopathologic characteristics of BRONJ, the
inclusion criteria for specimens were: patients
that received intravenous application of either
pamidronate or zoledronate for at least 12
months for treating carcinoma, and patients
showed clinical evidence of an exposed jaw
bone for at least 8 weeks. Specimens from
patients who have formerly received radiother-
apy were excluded.

All specimens were obtained during routine
clinical procedures, where tissue was collected
for standard diagnostics. Thus, no surgical pro-
cedure specific to this study was performed,
and no additional material was collected from
patients.

Five of the included patients were female and
five male. The median age of the cohort was 64
years. Four of the male patients suffered from
prostate cancer and one from multiple myelo-
ma, while the underlying diagnosis in all the
female patients was breast cancer. The con-
trols comprised 10 bone specimens that were
collected during intraoral surgery procedures in
patients with no BP-history and no clinical signs
of intraoral inflammation or periodontitis.

The 10 control specimens were harvested from
the alveolar crest after a tooth extraction that
required the removal of sharp bone ridges. No
patient received any medication that could
affect the histopathological appearance of the
bone specimens. The gender and age of
patients were matched in the BRONJ and con-
trol groups.
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The osteoradionecrosis specimens (n=10) were
from patients that had been treated with radio-
therapy prior to surgery for oral squamous epi-
thelial carcinoma. These patients received a
mean total reference dose of 68 Gy in the lower
jaw region. The specimens used in this study
were collected after a mean interval of 36
months between radiotherapy and secondary
surgery. Tissue samples were obtained from
the soft tissue that surrounded the bone that
was exposed during a sequestrectomy of osteo-
radionecrosis-affected mandibular bone. The
osteoradionecrosis group consisted of 6 males
and 4 females with a median age of 57 years.

Analysis of collagen using Sirius red staining
and polarization microscopy

Our specimens were stained with Sirius red and
then observed under polarization microscopy
using a Zeiss light microscope (Axioskop, Zeiss,
Jena, Germany). The obtained images were dig-
italized with the help of a video camera and
stored in electronic form. For the analysis of the
image the Image-J software was used and the
observer was blinded to the specimen groups.
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Figure 1. A-C: Representative images of the 3 groups us-
ing Sirius red under polarization microscopy with a magni-
fication of 100x (A: BRONJ, B: ONJ, C: Normal bone). The
ONJ specimens are characterized by a relatively higher
representation of yellow and red colors.

One representative image of each specimen
group is demonstrated in Figure 1.

Three ROIs were randomly selected for each
specimen. By using the above-mentioned soft-
ware we were able to evaluate the R, G, and B
values, as well as the combined RGB value for
our ROIs and consequently evaluate the R/
RGB, G/RGB and B/RGB values of our speci-
mens. These values were compared with the
help of SPSS 21.0 software.

Study of the osseous histomorphometry using
the toluidine blue stain

The toluidine blue stained sections were ana-
lyzed using a Zeiss light microscope (Axioskop,
Zeiss, Jena, Germany) (Figure 2). The image
was digitalized using a video camera and stored
in an electronic form. For the analysis of the
image the Image-J software and was imple-
mented.

By using the above-mentioned software we
were able to evaluate the surface area of ran-
domly selected ROIs (3 for each specimen). In
the same areas the number of osteons was
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Table 1. Results of the RGB analysis for the three
specimen categories (n=10 patients per group)

Figure 2. A-C: Representative images of the 3 groups using
Toluidine Blue with a magnification of 100x (A: BRONJ, B:
ONJ, C: Normal bone). BRONJ specimens are character-
ized by a lower osteon density. The thickness of the indi-
vidual osteons is increased in the same specimens.

Table 1. One-Way ANOVA was used to com-
pare the values among the three different

Mean R/RGB Mean G/RGB Mean B/RGB

specimen categories. Statistical analysis

demonstrated that the values of R/RGB

BRONJ 99.130 118.710 82.844
nd G/RGB val ignificantly (p<0.001
ONJ 153.489 161.121 85.390 and G/RGB valued significantly (p<0.001)
between our specimen Categorles.
Normal bone  93.394 119.781 86.825

counted. For an osteon to be counted, its
Haversian canal should be fully included in the
photographed area. Thus, we were able to cal-
culate the osteon density, i.e. osteon number/
surface area of our specimens. Finally, we com-
pared the respective values of the two patho-
logic conditions to each other and to the values
of the normal bone specimens. Statistical anal-
ysis was performed with the help of the SPSS
21.0 software.

Results
Results of the RGB-analysis

The respective mean values of R/RGB, G/RGB,
and B/RGB in our specimens are shown in
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After detection of this statistically signifi-

cant variation post-hoc tests were per-
formed to further elaborate the differences
between the three categories [Tukey, Scheffe,
Bonferroni, as well as Dunett 2-sided t-test
(with normal bone used for the base of com-
parison for this test)]. All these tests revealed
that the values R/RGB and G/RGB were signifi-
cantly (p<0.001) higher in the ORN specimens
in comparison to both normal bone and BRONJ
specimens. The box plot analysis for the above-
mentioned parameters (R/RGB, G/RGB and B/
RGB) are shown in Figures 3-5.

Results of the histomorphometrical analysis
using toluidin blue

A One-Way ANOVA test was used to compare
the osteon density among the three specimen
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Figure 3. Boxplot representation of the parameter R/RGB for our three spec-
imen groups. The value of the parameter varies significantly between BRONJ
and ORN specimens, as well as between ORN and normal bone specimens
(p<0.005).
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Figure 4. Boxplot representation of the parameter G/RGB for our three spec-
imen groups. The value of the parameter varies significantly between BRONJ
and ORN specimens, as well as between ORN and normal bone specimens
(p<0.005).

the normal bone specimens.
More specifically the analysis
that was performed in the
above-described fashion sho-
wed that the osteon density in
the BRONJ specimens was
significantly lower in compari-
son to the density measured
in both the normal bone speci-
mens (p<0.001) and ORN
specimens (p=0.001). The
osteon density in the ORN
specimens was relatively
lower in comparison to the
density measured for normal
bone, but the difference was
not statistically significant.
The box plot diagram that
presents the results of mea-
surement of the osteon den-
sity in the three groups is
shown in Figure 6.

Discussion

ORN and BRONJ have a very
similar clinical appearance [1,
5, 8, 15, 28], something that
makes the differential diagno-
sis sometimes very difficult. In
fact, the only significant differ-
ence that was observed in a
study that compared their
clinical presentation were
more lesions per patient in
patients suffering from BRONJ
compared with ORN patients
[5]. The authors also highlight-
ed the fact that while BRONJ
seems to affect both mandi-
ble and maxilla [5, 8], ORN
was almost exclusively devel-
oped in the mandible [17, 19,
671].

This similarity does not, how-
ever, extend to the histopatho-
logical presentation [8, 15,
28].In a comparison between
specimens of ORN and BRONJ

categories. The mean values of osteon density conducted by Hansen et al [8] a number of dif-
for these categories can be seen in Table 2. ferences were noted: ORN lesions were found
There is a statistically significant (p<0.001) dif- to be more homogenous and the necrosis was
ference between the BRONJ specimens and more extensive. BRONJ specimens had a
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tecture and organization and
(ii) ORN is a condition charac-
terized by increased fibrosis.

Architectural changes

The fact that the bone archi-

H tecture of BRONJ specimens

is altered has been described
in other clinical studies. Pa-
parella et al [69] compared
BRONJ specimens to infec-
tious osteomyelitis specimens
and identified a characteristic
Paget-like appearance of the
BRONJ specimens, with incr-
eased trabecular thickness
and decreased medullary spa-

T
BRONJ ORN
Group

normal bone ces. The authors hypothesize

that the structural alteration
leads to formation of isolated

Figure 5. Boxplot representation of the parameter B/RGB for our three speci-

men groups. No significant variation between the two groups was identified

for this parameter.

Table 2. Mean osteon density for the three speci-

men categories (n=10 patients per group)

Mean osteon density (osteons per mm?)

BRONJ 4,772
ONJ 9.034
Normal bone 9.035

patchy appearance, where multiple, partially
confluent areas of necrotic bone were mingled
with vital bone residues. These and many other
histopathological differences, such as the
increased trabecular thickness that is observed
in BRONJ [68, 69] underline the fact that differ-
ent pathophysiological mechanisms produce a
different microscopic appearance, which how-
ever results in similar clinical manifestations.

Marx and Turson [15] also reported results of a
comparison that was performed among histo-
pathological specimens of BRONJ, ORN as well
as osteomyelitis. The authors pointed out to a
number of differences, i.e. an increased pres-
ence of collagen in ORN; BRONJ is described as
a non-inflammatory necrosis, characterized by
the suppression of bone renewal.

The results of our study allow two basic obser-
vations: (i). BRONJ is a disorder that is charac-
terized by disruption of the normal bone archi-
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bone sectors with no contact
with the marrow and hence no
source of nutrition. In other
words they describe BRONJ as
a form of avascular necrosis, where the lack of
blood supply is attributed to extreme compart-
mentalization because of an abnormal process
of bone remodelling.

Favia et al [68] also described a reduced
Haversian canal density in BRONJ patients
compared to normal bone, as well as morpho-
logical changes of the Haversian canal, such as
maximal and minimal canal diameter. Our study
confirmed this finding and also demonstrated
that there is a significant difference in osteon
density between ORN and BRONJ samples.

On the other hand no changes in the bone
architecture per se are described in cases of
ORN; the hallmark of the disease is the
decrease in the numbers of osteoblasts, mani-
fested as empty lacunae [3, 13-15]. This was
corroborated from our measurements, since no
statistically significant difference in the osteon
density was found between ORN specimens
and normal bone specimens. There was a ten-
dency to lower osteon density in the ORN speci-
mens, but the difference was not statistically
significant.

The collagen

The RGB-analysis of our specimens that were
coloured with Sirius Red demonstrated that the

Int J Clin Exp Pathol 2014;7(2):496-508
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areas. Since overrepresenta-
tion of yellow areas would be
consisted with increased pre-
sence of collagen Type | and
overrepresentation of green
areas consisted with incre-
ased presence of collagen
Type lll, the increase in G/RGB
value speaks for increased
collagen presence; however,
safe conclusions for the rela-
tive representation of Type |
and Type lll collagen cannot
be extrapolated from only this
value.

In other words we were able to
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Figure 6. Boxplot representation of the osteon density for the three speci-
men groups. The value of the parameter varies significantly between BRONJ

and normal bone specimens (p<0.005).

chromatic patterns of the bone preparations
from the patients suffering from ORN varied
significantly from the respective bone prepara-
tions from patients suffering from BRONJ as,
well as from our control samples. There was no
significant difference noted between BRONJ
and control samples. More specifically the
mean value of R/RGB and G/RGB were consid-
erably increased in the ORN specimens.

In a digitally stored image, areas that are per-
ceived as red color are characterized by pre-
dominantly increased R/RGB value, while those
perceived as yellow are typically characterized
by an increase in both R/RGB and G/RGB val-
ues. Green coloured areas are typically charac-
terized by a medium to high value of G/RGB
with medium values of R/RGB. A statistically
significant increased R/RGB value was found in
the analysis of ORN specimens. Since a high R/
RGB value is obtained in red as well as yellow
coloured areas, it is safe to conclude that these
areas are overrepresented in the ORN speci-
mens. Overrepresentation of red and yellow
areas is consisted with an increased presence
of Type | collagen fibres.

The G/RGB value has also been found to be
statistically significantly increased. An incre-
ased G/RGB value would be expected to be
found in yellow as well as in green coloured
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S g demonstrate an overrepre-

sentation of collagen type |
and quite possibly an increase
in collagen type Il in ORN
patients in comparison to
BRONJ patients and our con-
trol group. The analogy of the
increase of collagen | to colla-
gen Il could not be determined from the used
method, since further standardization of this
technique by performing RGB analysis in sam-
ples with known concentration of collagen | and
Il would be necessary for this purpose.

The fact that radiation-related damages are
characterized by fibrosis (i.e. collagen overex-
pression) has been well documented in the lit-
erature [3, 66-69]. In fact the etiopathogenic
theories for ORN have gradually shifted to
include this concept [3, 9]. The initial percep-
tion for the etiology of ORN was proposed by
Meyer [70], who explained the condition with
the triad “radiation-trauma-infection”; more
specifically Meyer believed that a trauma in the
overlying mucosa provided the access to the
compromised from radiation bone. Other
authors like Titterington [71] also agreed with
this concept and for a decade ORN was viewed
as a special type of osteomyelitis [3, 9, 17].

That was until Marx [13, 14] demonstrated that
the isolated microorganisms in ORN did not
represent bacterial invasion, but rather super-
infection, a finding that challenged the central
role in ORN pathophysiology. Marx proposed
his own triad to replace Myer’s triad: Hypoxia-
Hypocellularity-Hypovascularity were caused by
the radiation and were viewed as the corner-
stone of the disease [3, 13, 14, 17]. This factor
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triad results according to Marx’s theory in tis-
sue breakdown that causes the observed non-
healing wounds. Based on this hypothesis Marx
suggested Hyper-Baric Oxygen (HBO) therapy
for the management of ORN [13]. The relatively
poor results of HBO [72, 73] in randomized con-
trol trials questioned the correctness of this
etiopathogenic theory [3, 17, 73].

In 2004 Assael [3, 74] challenged the above-
mentioned widely accepted perception by
pointing out that several of the observed radio-
genic effects on the bone cells precede the
vascular alterations. He considered the effect
of radiation on osteoclasts to be the most
important factor in ORN, since it interfered with
normal bone turnover and compromised the
bone healing capacity. Assael believed that
ORN has a similar pathophysiologic mechanism
to the one involved in BRONJ - since bisphos-
phonates mainly interfere with the function of
osteoclasts and osteoclast dysfunction is one
of the hallmarks of the disease [2, 4, 7]. The
fact, however, that bisphosphonates have in
fact been found to be advantageous in the
management of ORN by some investigators
[75] does not support this concept. What also
argues against Assael’s theory is the number of
histopathologic differences between BRONJ
and ORN [3, 8, 64-66]; our observations regard-
ing bone architecture and collagen also identi-
fied differences between BRONJ and ORN, thus
making a common pathophysiological mecha-
nism unlikely.

The cascade of Radiation Induced Fibroatrophic
Process (RIF) is observed in tissues after radia-
tion damage [22-25, 75-77]. A number of cyto-
kines is involved in this process, i.e. Interferon-3
(INF-RB), Platelet-derived Growth Factor (PDGF),
Epidermal Growth Factor (EGF), Fibroblast
Growth Factor (FGF), Connective tissue Growth
Factor (CTGF), Interleukins, Prostaglandins and
most importantly Transforming Growth Factor
31 (TGF-B1) [22-25, 75-7T7].

TGF-81 is a known pro-fibrotic factor and its
over-expression leads to increased collagen |
and lll expression and a reduced stimulation of
ECM components [22-25, 75-77]. Wehrhan et
al [35] compared the expression of TGF-R1 fac-
tor in soft tissue specimens of patients suffer-
ing from BRONJ and ORN and demonstrated
that the expression of TGF-81 is diminished in
the bisphosphonate specimens and increased
in the ORN specimens.
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Our study partially confirmed this finding. We
found an increased representation of collagen |
and possibly collagen Il in ORN - patients con-
sisted with an increased TGF-R31 expression. On
the other hand we failed to demonstrate any
difference in the collagen expression between
BRONJ patients and our control group.

Conclusion

In summary, the findings of our comparative
study further highlighted the pathophysiologi-
cal differences between these two common
forms of jaw necrosis. ORN is a condition that is
dominated by fibrosis and hyper-expression of
Collagen | whereas this was not seen in the
BRONJ specimens, which, on the other hand
were characterized by deviation from the nor-
mal bone architecture. The fact that these two
conditions have relatively similar clinical pre-
sentation underlines the fact that a resem-
blance in clinical presentation does not neces-
sary denote a similar pathophysiology.
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