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Background: Cytokines, especially chemokines, are of increasing interest in immunology.
This study characterizes the little-known phenomenon of “bone marrow defects of the
jawbone” (BMDJ) with known overexpression of the chemokine RANTES/CCLS (R/C).
Purpose: Our investigation clarifies why BMDIJ and the intensity of local R/C overexpression
are challenging to detect, as examined in patients with seven different systemic immunological
diseases. Specifically, we investigate whether R/C overexpression is specific to certain disease
groups or if it represents a type of signal disruption found in all systemic immunological diseases.
Patients and Methods: In a total of 301 patients, BMDJ was surgically repaired during
clinical practice to reduce “silent inflammation” associated with the presence of jaw-related
pathologies. In each case of BMDJ, bone density was measured preoperatively (in Hounsfield
units [HU]), while R/C expression was measured postoperatively. Each of the 301 patients
suffered from allergies, atypical facial and trigeminal pain, or were diagnosed with neurodegen-
erative diseases, tumors, rheumatism, chronic fatigue syndrome, or parasympathetic disorders.
Results: In all BMDJ cases, strongly negative HU values indicated decreased bone density
or osteolysis. Consistently, all cases of BMDJ showed elevated R/C expression. These
findings were consistently observed in every disease group.

Discussion: BMDJ was confirmed in all patients, as verified by the HU measurements and
laboratory results related to R/C expression. The hypothesis that a specific subset of the
seven disease groups could be distinguished either based on the increased presence of BMDJ
and by the overexpression of R/C could not be confirmed. A brief literature review confirms
the importance of R/C in the etiology of each of the seven disease groups.

Conclusion: In this research, the crucial role played by BMDJ and the chemokine R/C in
inflammatory and immune diseases is discussed for seven groups of patients. Each specific immune
disease can be influenced or propelled by BMDIJ-derived R/C inflammatory signaling pathways.
Keywords: bone marrow defects, jawbone, RANTES/CCL5 inflammatory signaling

pathways, silent inflammation, systemic immune diseases

Background
There is no shortage of reports describing the association between circulating
cytokines and disease severity. When cytokine production is dysregulated,
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cytokines wreak havoc by causing the immune system to
turn against itself, resulting in autoimmune disease devel-
opment. If the cytokine genes are not switched off, their
products result in chronically activated cells within the
host, which now dominate an otherwise dormant immune
system.' Cytokines are soluble factors produced by one
cell. They act on another cell via the endocrine system to
alter the function of the target cell ultimately. In a sense,
cytokines can be thought of as “hormones” in immune and
inflammatory responses. More importantly, at a molecular
level, cytokines interfere with immunological signaling to
a greater extent than hormones.” The most impressive
cytokines are those from chemokine families.
Chemokines orchestrate cell migration from blood into
the tissues.”

Despite the highly statistically significant correlations
that are evident between cytokines and disease onset, one
crucial lesson in cytokine biology is that a specific cyto-
kine only plays a causal role in a given disease through the
specific activation of an associated receptor. The dual
functions of cytokines have emerged in recent years; one
of the two identified functions is that cytokines serve as an
extracellular molecule, usually referred to as a ligand, that
attacks a specific receptor on the cell surface. The receptor
is usually an integral membrane protein and is activated by
the ligand. A juxtacrine mechanism usually makes cell-to-
cell contact through the ligand.®> Many of these cytokine
effects

microenvironment.* In some cases, the cytokine receptor

are likely to take place within the cell’s

is primarily located on one cell type responsible for
a specific function.” In other cases, the receptor can be
found in nearly every cell. As a note, immunological
research has made significant advances in terms of identi-
fying these associated receptors.

In the search for potential cytokine mechanisms and
chronic inflammatory connections between so-called
“bone marrow defects” in the jawbone and other organs,
we were able to determine the local overexpression of the
chemokine RANTES/CCL5 (R/C) in old wound areas of
the jawbone.®” An alternate consideration for R/C expres-
sion is indicated, as each cytokine binds to a specific
receptor and triggers an intracellular cascade. What, then,
explains the many and varied properties of a single cyto-
kine? The key to answering this question lies within the
organs or cell types on which the R/C receptors (CCRS)
are located, interacting with the R/C ligand.® CCRS5 is
ubiquitously expressed on numerous immune cells: predo-
dendritic cells,

minantly on T cells, macrophages,

eosinophils, microglia, and a subpopulation of either
breast or prostate cancer cells.” The expression of CCR5
is selectively induced during the cancer transformation
process and is not expressed in normal breast or prostate
epithelial cells. Approximately 50% of human breast can-
cers express CCRS, primarily in cases of triple-negative
breast cancer.'” In contrast, systemic levels of cytokines
such as interleukin (IL)-6 or R/C levels serve as primary
markers of disease severity. Our research on BMDJ sug-
gests that persistently activated autoreactive T cells in
these areas of the body, as determined by R/C overexpres-
sion, cannot switch off by themselves. These areas require
surgical intervention to restore an interference-free state of
R/C signaling.

R/C appears to be a suitable inflammatory marker that
can be used to explore the possible links between BMDJ
and systemic immunological diseases. In this research, the
role of chemokine R/C in inflammatory and immune dis-
eases is discussed.

Research Questions

The following research questions are examined in this
study: To what extent the R/C signal transductions that
arise from BMDJ related to specific diseases are? Are the
R/C chemokine signals chronically and locally expressed
from the BMDIJ to such an extent that their inflammatory
or degenerative effects are nonspecific and can be asso-
ciated with various systemic diseases?

Patients and Methods

Patient Population
A total of 301 patients, comprising seven disease groups,
were selected for this study. Each patient expressed an
interest in determining whether low levels of inflammation
in the jaw were present and associated with the diagnosis
of a chronic immunological disorder or a painful systemic
disease. The presence of BMDJ was verified preopera-
tively for each patient by measuring digital volume tomo-
graphy (DVT)-Hounsfield units (HU). Postoperatively, the
preoperative diagnosis, along with the local R/C expres-
sion profile, was further identified to determine whether it
was specific to BMDJ. We thus compared the preoperative
DVD-HU values in 301 patients with the postoperative
laboratory results related to R/C expression in the corre-
sponding jaw areas.

The present study of 301 patients was carried out as
a retrospective case-control study and was classified as
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such by the forensically accredited institute, IMD-Berlin,
according to DIN EN 15198/DIN EN 17025. The study
was conducted in accordance with the Declaration of
Helsinki. All patients provided their written informed con-
sent (as outlined in the PLOS consent form) to participate
in this study. The study presented here is patient-centered;
the samples and data were obtained directly during routine
clinical practice and normal medical care of the patients
and evaluated retrospectively. Institutional approval was
not required to publish the case details. Medication used to
alleviate any sensitivities was not stopped. The use of
medications to treat systemic diseases was not considered
an exclusion criterion. The exclusion criteria included the
use of cortisone and bisphosphonates due to their effects
on bone metabolism.

The study cohort of 301 patients with suspected BMDJ
comprised the following seven disease groups, as diag-
nosed by a specialist: allergies (including food allergies,
chronic rhinitis, and weakened immune systems; n=29);
atypical facial and trigeminal pain (n=47); neurodegenera-
tive diseases (including migraine, tinnitus, multiple sclero-
sis, and amyotrophic lateral sclerosis; n=57); tumors
(breast, prostate, pancreatic, and colon cancers; n=16);
rheumatism (fibromyalgia and Lyme diseases; n=51);
chronic fatigue syndrome (n=56); and parasympathetic
disorders (ie, disorders related to blood pressure, dizziness,
and anxiety; n=49). The patients’ mean age was 54.05
years (range: 23—75 years). The ratio of women to men
was 89:225. All data were collected during normal oral
surgery. All patients sought to determine the cause of their
respective immune system disorders, which may have
taken on the form of a “silent inflammation,” possibly
induced by BMDIJ. Following the clinically necessary
excision of BMDJ, each abnormal tissue sample was ana-
lyzed to determine its chemokine R/C content.

Preoperative Measurement of Bone
Density with OPG

A two-dimensional (2D) orthopantomogram (OPG) was
carried out for each patient. Given the known limitations
associated with OPG measurements concerning BMDJ,

these results were not included in the analysis.'""'?

Preoperative Measurement of Bone
Density with DVT-HU

In each of the 301 patients, bone density was determined
using DVT. Modern X-ray methods, which include DVTs

and cone-beam computed tomograms (CBCT), enable the
clinician to perform a three-dimensional (3D) assessment of
the jawbone once the X-ray attenuation coefficients have been
determined and as expressed in HU. In X-ray technology, the
Hounsfield scale (HU) is generally recognized as a scientific
assessment tool for bone density.'> HU are used in computed
tomography (CT) to describe and display X-ray attenuation in
grayscale images. These values are assigned to physical struc-
tures and tissues. The HU scale starts at —1000 for the attenua-
tion coefficient of air, while it is —120 for fat, ranges from
+300 to +400 for healthy cancellous bone, and from +1800 to
+1900 for cortical bone. Water has a value of 0 HU.

Thus far, the measurement of bone quality and the assess-
ment of the degree of mineralization by HU were only made
possible using 3D representations of the skull, as obtained
through CT. However, CT is associated with relatively high
levels of radiation exposure. Methods that can determine HU
attenuation coefficients have recently become available,'
where actual HU values can be derived from DVTs.'* In
a prior study, SimpPlant software (3D Diagnostix, Boston,
MA, USA) measurements of BMDJ, as taken from the pos-
terior mandible, indicated that the mean CT score was 669.6
HU." Additional investigations classified cancellous jaw-
bone density into five categories, with the worst jawbone
density falling below 150 HU (class 5). The HU values
determined in our study (range: +150 to —680) thus indicate
the presence of osteolysis of the jawbone in class 5 cases.'* '

We have a DVT from Orangedental (PaX-i3D Duo),
which is a 3D multi-X-ray device. It has the software required
to evaluate the available HU to measure bone density.
According to DIN 6868-57,
a contrast setting of >40:1, a brightness of at least 120 cd/
m?, and a DICOM characteristic are needed. These were
combined with the Orangedental PaX-i3D Duo 3D multi-
X-ray device used in this validation study. The device showed

viewing monitors with

the mean value of the freely selected section measured; the
maximum and minimum values were presented as a curve

(Figure 1).

Postoperative Measurement of R/C

Expression in BM] Areas

The challenge with areas of osteolytic and osteodestructive
BMDJs is the postoperative detection of local “silent
inflammation.” In previous publications, we demonstrated
overexpression of the chemokine R/C that was specific to
BMDJ.'"'*

Journal of Inflammation Research 2021:14

1605

Dove:


http://www.dovepress.com
http://www.dovepress.com

Lechner et al

Dove

Area 18-19
HU: -363 to +328
MV: -17.5

Area 48-49
HU: -323 to +93
MV: -115

Figure | Example of a DVT-HU measurement of a BMD] following clinical evaluation. The HU attenuation coefficients are shown as a curve over the measured section. In

the present validation study, only the mean values (MV) are used.

Postoperative Multiplex Analysis of the Cytokine
Expression from BMD] Areas

The necrotic tissue samples with a volume up to 0.5 cm® were
stored in a dry, sterile, 2 mL collecting vial (Sarstedt,
Niimbrecht, Germany), closed airtight, and frozen at-20°C.
In the laboratory, the samples were homogenized using
mechanic force in 200 pL of cold protease inhibitor buffer
Protease Inhibitor Cocktail; Roche
Diagnostics GmbH, Penzberg, Germany). The homogenate

(Complete Mini

was centrifuged for 15 minutes at 13,400 rpm. Afterward, the
supernatant was collected and centrifuged for another 25
minutes at 13,400 rpm. In each supernatant of the tissue
homogenate, we measured R/C, fibroblast growth factor
(FGF)-2, IL-1 receptor antagonist (IL-1ra), IL-6, IL-8, mono-
cyte chemotactic protein-1 (MCP1), and tumor necrosis fac-
tor-alpha (TNF-a). The measurement was performed using
the Human Cytokine/Chemokine Panel I (MPXHCYTO-
60K; Millipore GmbH, Schwalbach, Germany), according
to the manufacturer’s instructions, and analyzed using the
Luminex® 200™ with xPonent®™ software (Luminex, Austin,

TX, USA). To measure R/C in the serum, samples were pre-

diluted to 1:100 in sample buffer according to the manufac-
turer’s instructions.

Patients without BMD and R/C Expression in the Jaw
To show that R/C overexpression was not present in the
healthy jawbone, we examined bone cores that were
obtained during implant placement. This healthy control
group consisted of 19 patients with no BMD findings. The
age range of this healthy control group was 38-71 years
(mean: 54 years), with a ratio of females to males of 11/8.
The mean R/C value was 149.9 pg/mL (SD +127 pg/mL).
Comparable values for healthy controls with normal jaw-
bone tissues were not available in the literature.®

Why is R/C Expression Used as a Parameter for
BMD)?

Our earlier investigations showed that R/C expression is
highly appropriate as an index of chronic inflammation
when investigating the jawbone.>”'*!7 As an example,
we compared a group of 21 patients with chronic fatigue
syndrome (CFS) to explore their inflammatory profile,” as
well as a group of 48 tumor cases to identify the extent of
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BMDJ."” The tumor cases were divided as follows: 62%
breast cancer, 15% ovarian cancer, 13% prostate cancer,
and 10% melanoma. (Figure 2) The green line in shows
a standard R/C value of 149.9 pg/mL (SD +127 pg/mL).

Morphology of Fatty Degenerative Osteonecrotic
BMD)] Samples

In the last few years, osteopathias of the jawbone are
subject to different definitions and classifications.
Concerning the conspicuous morphology of BMDJ we
proposed the term ‘“fatty—degenerative osteonecrosis/
osteolysis of jawbone” (FDOIJ) for this cavitational

osteonecrosis,® 720

reflecting the clinical state of
focal bone marrow defects (Figure 3). A total of 301
samples of fatty-degenerative osteonecrosis of the jaw-
bone (FDOJ), as determined by the morphological ana-
lysis of the intraoperatively exposed bone marrow
defects (BMDJ) (Figure 3), were examined. All 301
BMDJ/FDOJ samples were identified preoperatively
with DVT-HU and postoperatively with R/C determina-
tion. Due to the softening of the spongy bone, the
marrow space can be easily vacuumed and curetted.
There is a complete absence of trabecular cancellous
bone structures. Figure 3 shows an intraoperative tissue
sample with the predominantly fatty transformation of
the cancellous bone. The consistency of BMDIJ/FDOIJ

indicates the presence of metabolic disorders and local
hypoxic ischemia. Fatty-degenerative conditions prevent
even slight autonomic tendencies from healing.

Results
Statistical Analysis from a Group of 301

Patients

Statistical analysis was carried out with the statistical soft-
ware, R (version 3.5.1). To compare the measurement
distribution per disease group, the data distributions were
descriptively illustrated using scatterplots.

Comparison of Local DVT-HU Values and

R/C Overexpression in 301 Cases

The comparison of the DVT-HU and R/C expression
profile values for all 301 patients with one of the
seven selected systemic diseases and preoperative bone
density measurement is shown in Tables 1 and 2. The
medium value (MV) of the DVT-HU measurements of —
362.9 (>300) suggests that chronic BMDJ/FDOJ is evi-
dent in the examined jawbone areas in each patient. The
corresponding R/C values obtained for the postopera-
tively examined BMDJ/FDOJ samples showed an MV
of 2968 pg/mL, suggesting the presence of extensive,

7000,0
pg/mL
6000,0
5000,0
4000.0 -Median
Tumore
3000,0 (n=48)
-=-CFS
2000,0 (n:21)
1000,0
— Norm
- (n=19
% 2 © o] N > (o)
NG S R S A I X
&

&

Figure 2 Comparison of R/C expression and cytokine pattern in degenerative (tumors) and systemic inflammatory diseases (CFS).
Abbreviations: n, number; CFS, chronic fatigue syndrome; norm, healthy controls; FGF, fibroblast growth factor; IL, interleukin; MCP, monocyte chemotactic protein;

TNFa, tumor necrosis factor-alpha.
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Figure 3 Typical samples of BMD)/FDO) with complete dissolution of the bone
trabecula. Below the sample, the head of a ceramic drill with a 2 mm diameter is
shown to provide a size comparison.

chronic, inflammatory signaling from the operated jaw
areas (standard value: 149.9 pg/mL).

The statistical analysis results of the DVT-HU
values are shown in Table 1. The statistical analysis
results of the R/C expression levels are shown in
Table 2.

Breakdown of Local DVT-HU Values and
R/C Overexpression According to

Disease Group
Table 3 compares the DVT-HU values and R/C expression
levels in 301 patients with various systemic diseases who
had undergone surgery to address the BMDJ/FDOJ areas.
The corresponding boxplots, represented in Figures 4 and
5, show the distribution of the HU and R/C values for the
study cohort of 301 patients per chronic disease group.
Accordingly, the decreases in HU values are evident in the
areas of BMDJ/FDOJ, with values falling well below the
minimum value of 300 for healthy cancellous bone (as indi-
cated by the green line).'*'® Figure 5 shows that the same
patients also had significantly overexpressed R/C signaling
compared to the common value of 149.9 pg/mL for healthy
cancellous bone (also shown with a green line). Figure 4
illustrates how, regardless of disease group, negative DVT-
HU values (median:—440 HU; black horizontal bars in Figure
4) indicate lower bone density in all patients. Figure 5 shows
that osteolytic degeneration with pronounced R/C overex-
pression occurs in the corresponding marrow region. Figures
4 and 5 both show a normal distribution for the 301 HU and
R/C values that were obtained; further, increasing Gamma or
Poisson distribution for the R/C values is also evident.

Table | Statistical Analysis Results of the DVT-HU Values in Each Group

Total
N=301
HU N 283
N miss 18
Min-Max —877.0; 364.5
Mean (StDev) —370.3 (184.8)
Median —359.0
Allergy CFS MaCa Neuro Rheuma Trigeminus VegSys
N=29 N=56 N=9 N=46 N=50 N=56 N=45
HU N 28 53 8 38 48 54 44
N miss | 3 | 8 2 2 |
Min-Max —740.0; —73.5 | —845.0; —126.5 | —602.0; —145.0 | —877.0; —111.0 | —783.0; 206.5 —823.5; 364.5 —784.5; —33.5
Mean —376.4 (142.6) | —361.9 (164.8) | —397.9 (172.9) | 3963 (197.5) | —358.6 (184.7) | —339.3 (218.7) | —378.6 (184.2)
(StDev)
Median -391.0 —350.5 —353.0 —364.8 —349.0 -311.0 —383.3
1608 http: Journal of Inflammation Research 2021:14
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Table 2 Statistical Analysis Results of the R/C Expression Levels in Each Group

Total
N=301
RANTES (pg/mL) N 301
Min-Max 162.5; 27,375.0

Mean (StDev)

2968.4 (3488.8)

Median 1650.0

Allergy CFS MaCa Neuro Rheuma Trigeminus VegSys

N=29 N=56 N=9 N=46 N=50 N=56 N=45

RANTES (pg/mL) N 29 56 9 46 50 56 45

Min-Max 162.5; 432.5; 176.3; 392.5; 251.3; 270.0; 8875.0 3113
27,375.0 20,500.0 5350.0 9262.5 17,375.0 10,112.5

Mean 3431.1 4005.6 2131.9 2817.9 2888.1 2536.4 (2295.9) 2316.9
(StDev) (5405.4) (4635.0) (1930.0) (2331.0) (3277.1) (2251.6)

Median 1300.0 1668.8 13125 2106.3 1487.5 1806.3 1625.0

Table 3 This Table Shows the Mean Values of DVT-HU and R/C
Expression for Focal BMDJ/FDOJ for Each Chronic Disease
Group

Disease DVT-HU | RANTES/CCLS in n=
Mean Jawbone Mean
Allergy —364 3.445 29
CFS —343 3.951 56
Neuro —343 3.938 57
Rheuma -322 2.486 60
AtfP-TrigNeu —383 2222 | 47
Tumors —440 2.540 16
Parasymp dereg —383 2222 | 49

Abbreviations: Allergy, allergies; CFS, chronic fatigue syndrome; Neuro, neurode-
generative disorders; Rheuma, rheumatism; TrigNeur, atypical facial and trigeminal pain;
Tumor, tumors; Perasym dereg, parasympathetic disorders.

Discussion

Is there a relationship or correlation between the presence of
chronic diseases and negative DVT-HU values, providing
a reliable indicator of existing BMDJ, as determined by R/C
overexpression? What is the interaction between R/C sig-
naling pathways and systemic diseases? As all patients in
each disease group demonstrated R/C overexpression in the
BMDJ/FDOJ area, we can assume there may be a causal
connection between these diseases and R/C expression. This
R/C expression is unspecific, as it shows a possible connec-
tion with all seven disease symptoms. Our data could not
determine the presence of a specific disease. The system
networks of the chemokine R/C are presented in detail in
the literature. Given the multifactorial relationship that R/C

expression shares with other diseases, our findings confirm
this lack of specificity.

Our team carried out a short review of the existing
scientific publications indexed in PubMed to verify our
working hypothesis. We utilized the following search
terms: “RANTES CCLS5S AND Allergy”, which yielded
582 hits in PubMed. The following quote from the litera-
ture confirmed our working hypothesis:

... We compared patients with chronic spontaneous urti-
caria (CSU), who had a significantly higher concentration
of CCL5/RANTES when compared to the NHS
(p<0.0001), but not of CXCLS/IL-8. (the quote was
translated)*!

Using the search terms “RANTES CCL5 AND Trigeminal
Pain”, it was noted how there were 14 papers related to
neuralgic pain. Another quote reinforced our working
hypothesis:

Cytokines are now considered to be the pain mediators in
neurovascular inflammation. Furthermore, cytokines may be
a cause of the migraine pain: in fact, high levels of chemo-

kines could stimulate the activation of trigeminal nerves .. 2

Entering “RANTES CCLS5 AND Neurodegenerative
Diseases” resulted in 54 hits in PubMed. The following
quote also supported our working hypothesis:

The findings of the meta-analysis demonstrated higher

peripheral concentrations of IL-6, tumor necrosis factor,
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Figure 4 A significant reduction in HU values was observed in BMD areas, with
measured values falling well below the minimum value for healthy cancellous bone
(ie, 300), as represented by the green line.

IL-1pB, IL-2, IL-10, C-reactive protein, and RANTES in
patients with PD, strengthening the clinical evidence that

. . 3
an inflammatory response accompanies PD ...

Entering “RANTES CCL5 AND Tumors” yielded 1758
hits from the PubMed search, with the following quotation
identified, which again supports our working hypothesis:

The CCRS and the CCLS5 ligand have been detected in
some hematological malignancies, lymphomas, and a great
number of solid tumors, but extensive studies on the role
of the CCL5/CCR axis were performed only in a limited
number of cancers.?*

Using the terms “RANTES CCLS5 AND Rheumatoid
Arthritis” resulted in 10 hits in PubMed, by confirming our
working hypothesis with the following quotation:

The present study indicated that the ... understanding of

molecular mechanisms underlying the development of RA,

such as C-C motif chemokine 5 (CCLS), might have

a negative impact in the development of RA ...

Entering “RANTES and CFS” (chronic fatigue syndrome)/
neuroinflammation resulted in 94 hits. The following quote
confirmed our working hypothesis: “The protein levels of
the chemokine CCL5/RANTES were remarkably increased
in the astrocytes of rat injured spinal cord ... ”.*® Finally,
entering “RANTES CCL5 AND Blood Pressure/Anxiety”
resulted in 51 hits in PubMed, respectively. The following
quote was obtained, which further reinforced our working
hypothesis:

As powerful drivers of diapedesis, the chemokines CCL2 and
CCLS have long been implicated in hypertension, but experi-
mental data highlight divergent, context-specific effects of

these chemokines on blood pressure and tissue injury.?’

Summary

Our data showed several connections that have, until now,
gone unidentified. The evaluated BMDIJ/FDOIJ pathology
represents a chronic, osteoimmunological disturbance,

— o] o] o o]
o
-0
g4 . .
- o i ¢ © 3
]
) N : 8 ?
Lu ] -t
E S N i : D T3
< 27 : : : | -
o i I : : - 5
— ! | : | N !1
1 1 |
o ! 1
D —
o
N I
. ST S . —L
5 :
1 1 | | I I !
Al CFS Neuro Rheu Trig Tumor Veg

Disease

Figure 5 R/C signaling is overexpressed for all chronic disease groups compared to the common value of 149,9 pg/mL for healthy cancellous jawbone (shown by the green

line).
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which can be seen as an added burden in many immune
and inflammatory diseases.

The evaluation of the 301 patients in our study that
were grouped into one of seven different disease cate-
gories supported the conclusion that BMDJ/FDOJ is not
only present in specific clinical cases. Instead, local proin-
flammatory R/C chemokine expression seems to be
a common underlying factor in many immunologically
related conditions, including systemic diseases.?*

R/C expression appears to be an indicator for local
BMDJ/FDOJ. Simultaneously, it may also trigger systemic
diseases to develop in the immune system, which can take
on the form of “silent inflammation.” The seldom noticed
and largely ignored BMDJ/FDOJ should be given greater
attention in medicine and dentistry, as their presence may
represent a possible aggravating factor in systemic immu-
nological diseases. Further research is needed to validate
our findings.

Abbreviations

BMDJ, bone marrow defect in jawbone; CBVT, cone-beam
computed tomography; DVT, digital volume tomography;
DVT-HU, digital volume tomography-Hounsfield units;
FDOJ, fatty-degenerative osteolysis/osteonecrosis of the jaw-
bone; HU, Hounsfield units; OPG, orthopantomogram; R/C,
RANTES/CCLS; 2D, two three
dimensional.

dimensional; 3D,
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