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Introduction: There is a need to clarify the extent to which the most common diagnostic tool
in dentistry — two-dimensional panoramic tomography (2D-OPG) — is suitable for identifying
fatty degenerative osteolysis of jawbone (FDOJ).

Materials and methods: To obtain a qualitative assessment of edentulous jawbone sections,
the results from 2D-OPG with a defined X-ray density (XrDn), expression of the cytokine
RANTES (regulated on activation, normal T-cell expressed and secreted), and a transalveolar
ultrasound system for measuring jawbone density were compared.

Results: The difference in the XrDn of healthy jawbone and FDOJ are minimal, whereas
RANTES is up to 25-fold higher in FDOJ. In contrast to 2D-OPG, transalveolar ultrasound
showed coincidental findings in FDOJ areas.

Discussion: Comparisons of the data revealed a discrepancy between the XrDn of 2D-OPGs
and the medullary osteopathies in the jawbone like FDOJ.

Conclusion: The data suggest that there is a critical attitude toward the use of 2D-OPG as
a sole imaging diagnostic tool for assessing chronic inflammatory processes in the jawbone.
Specifically, 2D-OPG is objectively not suitable for depicting FDOJ.
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Introduction

All X-ray findings of the jawbone are obtained by means of an optical and visual assess-
ment by the observer. The risk of subjective distortion of the assessment is large, and it
generally diminishes with the establishment of reliable criteria of a scientifically objec-
tified procedure. Fatty degenerative osteolytic or chronically osteonecrotic changes
of jawbone (FDOJ) seem to present particular problems in dental X-ray diagnostics,
which is why they often go undetected in terms of etiology and pathogenesis.! Unde-
tected FDOJ might also be a problem for the long-term stability of dental implants.>
By comparing X-ray findings with the corresponding expression of proinflammatory
mediator regulated on activation, normal T-cell expressed and secreted (RANTES)/C-C
motifligand 5 (CCLS) in the same area of jawbone, this study tries to elucidate whether
important silent inflammation in the jawbone remains undetected.

Limitations of X-ray diagnostics in dentistry

The limitations of two-dimensional panoramic tomography (2D-OPG) have been suf-
ficiently proven scientifically: apical changes cannot be reliably assessed in 2D-OPG;
and 34% of these changes are not detected. One-third to one-half of all 2D-OPG
images are therefore not sufficiently informative for dental diagnostics.® In dentistry,
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the structure of the jawbone is often assessed by 2D-OPG
with reliable results if there is cortical damage. However,
significant limitations in the assessment of medullary bone
must be taken into account.>”

Imaging FDOJ with X-ray

A typical case of FDOJ shows little formation of new bone
and little sign of healing. In the area affected by FDOJ, there
are medullary cavities. The cortical bone is generally intact,
and during operation, a clear demarcation can be observed
between the cortical bone not involved and the medullary
bone eroded by the cavities. FDOJ often presents as fatty
clumps of tissue.® Figure 1 shows one such tissue sample
where the majority of the cancellous bone has been converted
into fat. FDOJ is characterized by the absence of typical signs
of inflammation and by typical fatty erosion and cavities in
the medullary jawbone.® FDOJ must not be confused with
classic osteomyelitis. For FDOJ, the etiology is still largely
unknown.” Radiographic symptoms can be so subtle that they
are almost impossible to identify without extensive diagnostic
experience.® The problem of X-ray imaging contributes to the
neglect of FDOJ as a pathological and pathogenetic change in
the jawbone. Other authors also pointed out a significant dis-
crepancy between X-ray findings and the structural abnormal-
ity of FDOJ.? To elucidate this problem, this study examines
the reliability of 2D-OPG and attempts to shed light on this
with the following questions: is dental 2D-OPG a reliable
parameter for identifying medullar changes in the context
of FDOJ? Or is it possible that changes in the metabolism
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Figure | Fatty degenerative osteolysis/osteonecrosis with typical fatty degenerative
changes.

of the jawbone may go undetected by 2D-OPG? Is FDOJ
eventually connected with systemic diseases?

Material and methods

This study was performed as a randomized controlled trial.
As we showed in an earlier publication,® the defining feature
of areas of FDOJ include overexpression of the proinflam-
matory messenger RANTES, which is in contrast to what
is seen in normal jawbone. In this study, we will compare
areas of FDOJ defined by high levels of RANTES with the
corresponding X-ray density (XrDn) in 2D-OPG. In addi-
tion, XrDn is compared with transalveolar ultrasound (TAU)
images. Research is based on data retrieved from patients
during normal dental surgery. All patients gave their written
informed consent.

Groups of patients examined

The cases examined consisted of two groups. FDOJ
was found in 31 patients. The age range of this group of
patients extended from 27-87 years, with an average age
of 57 years and a sex ratio (female/male) of 21/10. The
age range of the control group that consisted of 19 patients
without findings of FDOJ extended from 38-71 years, with
an average age of 54 years and a sex ratio (female/male) of
11/8. The research is based on data retrieved from patients
during normal dental surgery. All patients gave their written
informed consent. Samples of healthy jawbone were taken
from drill cores during normal dental implantation surgery.
Inclusion criteria for this group were: no radiologically
distinctive features on 2D-OPG; and inconspicuous TAU
measurements of bone density in the implantation range.
Bisphosphonate medication was the central exclusion criteria
for both groups. The mandatory inclusion criterion for all test
subjects was the availability of a 2D-OPG image, produced
with our own X-ray machine, in order to allow for reliable
comparisons. The existence of a 2D-OPG image produced by
a third party was an exclusion criterion. A further inclusion
criterion for the group who underwent surgery for FDOJ
was a measurement of the jawbone density by TAU. The use
of bisphosphonates and a clinical diagnosis of osteoporosis
were exclusion criteria.

Reliability of information on X-ray
density of the X-ray machine used
To obtain objectively based data when assessing 2D-OPGs,
we used the XrDn achieved by the Kodak 9000 Extraoral
Imaging System X-ray machine in combination with
the Kodak Dental Imaging software version 6.12.11.0
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(Eastman Kodak, Rochester, NY, USA) as a numerical
variable in definable areas of the jaw. Our paper only
compares XrDn values in 2D-OPG images obtained from
this machine taken in the author’s practice between 2010
and 2013. To verify the reliability and plausibility of this
function, we carried out measurements on six randomly
selected 2D-OPG reference values; XrDn was measured at
four different points in the 2D-OPG, with a calibrated 1 cm
rule length, thereby creating a guiding measurement scale of
different XrDns. Values of measurement are shown without
specific units (see the Reference values for validating X-ray
density section).

Preparation of necrotic tissue samples
Samples of FDOJ with a volume of up to 0.5 cm® were
spooned out and immediately added to a dry, sterile recep-
tacle (Sarstedt microtube; Sarstedt AG and Co, Niimbrecht,
Germany) and stored in a freezer at —20°C. At the examin-
ing Institute for Medical Diagnostics (Berlin, Germany),
as inspected by Deutsche Akkreditierungsstelle GmbH
(DAkks, Berlin, Germany; accredited to DIN EN ISO/IEC
17025:2005 and DIN EN ISO 15189:2007), FDOJ samples
were homogenized in 200 UL of protease buffer (cOmplete
Mini Protease Inhibitor Cocktail; Hoffman-La Roche Ltd,
Basel, Switzerland). The homogenate was centrifuged for 15
minutes at 13,400 rpm. The supernatant was then removed and
centrifuged at 13,400 rpm for a further 25 minutes. RANTES
was measured in the supernatant of the tissue homogenate
with the human cytokine/chemokine panel I (EMD Mil-
lipore, Billerica, MA, USA) and with the Luminex® 200™
analyzer and xPONENT® software (Luminex Corporation,
Austin, TX, USA).

Ultrasound measurement of bone

density — TAU measurement

TAU is a useful tool to establish FDOJ. TAU devices measure
reductions in the sound velocity when the “FDOJ bubble”
has been penetrated.'®!" Ultrasound is completely reflected
by the cortical bone; therefore, TAU uses a frequency range
of 2.5-2.75 MHz, which penetrates the cortical bone. An
ultrasound transmitter is placed over the jaw area and a
thumbnail-sized receiver is placed inside the mouth. The
transmitter and receiver sit opposite each other, with the
receiver containing 64 piezoelectric fields for registering
the sound waves, which are converted into a colored graph
of the bone density (Figure 2): green for healthy and solid
bone; yellow for ischemic metabolism; and orange and red
for FDOJ areas.

Key:

Green = hard matter

Yellow = ischemic process, preliminary stage
Orange = osteonecrotic area

Red = osteonecrosis/osteolysis Grade 4 Grade2  Grade 1
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Figure 2 Principle of transalveolar ultrasound measurement of bone density.
Note: Explanation of grading: green = hard matter, Grade |; yellow = ischemic
process, preliminary stage, Grade 2; orange = osteonecrotic area, Grade 3; Red =
osteonecrosis/osteolysis, Grade 4.

Results

Reference values for validating

X-ray density

Four areas with defined different densities in the 2D-OPG
(that do not correspond to the Hounsfield units in computed
tomography) provide a guiding scale: 1) six metal crowns
evince an average of 245; 2) six measurements directly on
the oblique line of the mandibular ramus show an average of
161; 3) six measurements directly in the nerve canal of the
lower jaw produced an average of 127; and 4) six measure-
ments in the toothless area of area 38/48 and the retromolar
areas of the ascending mandibular ramus — referred to in short
as “region 39” and “region 49” here — revealed an average
of 134. Figure 3 shows the method used and the display in
the X-ray machine. These reference values can be plausibly
compared and are used by us further in this study.

Immune messengers and X-ray
density of healthy jawbone

Nineteen samples of healthy jawbone were taken from
drilled implants in normal jawbone and — as described in the
Preparation of necrotic tissue samples section — they were
also examined for seven immune mediators. XrDn of the
same area in 2D-OPG before implantation was measured.
Figure 4 shows the mean fibroblast growth factor-2 at 27.6
pg/mL (median =9.52 pg/mL; standard deviation [SD]
=36.02 pg/mL), interleukin (IL)-1 receptor antagonist at
196.5 pg/mL (median =9.29 pg/mL; SD =569.3 pg/mL), IL-6
at 101.0 pg/mL (median =26.0 pg/mL; SD =81.69 pg/mL), IL-8
at 7.5 pg/mL (median =4.5 pg/mL; SD =3.9 pg/mL), monocyte
chemoattractant protein-1 at 20.3 pg/mL (median=18.6 pg/mL;
SD =20.5 pg/mL), tumor necrosis factor-o. at 11.5 pg/mL
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Figure 3 Procedure for measuring X-ray density in four defined areas.
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Note: Numbers in each box describe X-ray density without units according to Kodak Dental Imaging software version 6.12.11.0 (Eastman Kodak, Rochester, NY, USA).

(median =11.45 pg/mL; SD =3.19 pg/mL), and RANTES at
149.9 pg/mL (median=119.9 pg/mL; SD =130.5 pg/mL). The
mean of the corresponding XrDn in 19 healthy jawbone areas is
125 pg/mL (median =125.08 pg/mL; SD =23.35 pg/mL). Val-
ues <3.2 were recorded as 3.2. There was a correlation between
fibroblast growth factor-2 and RANTES in neuralgia-inducing
cavitational osteonecrosis tissue (P<<0.01; Spearman’s rho
coefficient 0.607), but not between the other mediators.

250.0
200.0 196.5

150.0

m Ctrl cytokines
mean (n=19)
100.0

m Ctrl XrDn mean
(n=19)
50.0

Cytokine expression (pg/mL)

X = Cytokines/XrDn

Figure 4 Distribution of seven cytokines and X-ray density in healthy controls (n=19).
Abbreviations: FGF-2, fibroblast growth factor 2; IL-1ra, interleukin | receptor
antagonist; IL, interleukin; MCP-1, monocyte chemoattractant protein |; TNFo., tumor
necrosis factor alpha; RANTES, regulated upon activation, normal T-cell expressed
and secreted chemokine (C-C motif) ligand 5; XrDn norm, X-ray density in the group
of healthy jawbone; n, number; Ctrl cytokines, cytokine expression in the control
group; Ctrl XrDn mean, mean values of the X-ray density in healthy jawbone.

Hyperactivated chemokine

RANTES in FDOJ

In previous studies,® we found a 21-fold overexpression of
chemokine RANTES in 31 samples of FDOJ compared
to normal jawbone (Figure 5). Since we are exploring the
suitability of 2D-OPG for diagnosing FDOJ, Figure 5 also
shows the mean preoperative XrDn in these 31 FDOJ areas;
130.1 pg/mL (median =137.6 pg/mL; SD =21.64 pg/mL).

4,500

4,000 3,810.9

3,500
= FDOJ (n=31)
3,000
2,500
u Ctrl (n=19)

2,000

1,500 # X-ray density FDOJ

Cytokine expression (pg/mL)

preop (n=31)
1,000
7316
536
500 343.1
42.
276 9SS Im % 22 130
0 - X = Cytokines/XrDn
FGF2  IL-lra L6 IL-8 MCP-1  TNFo RANTES  XrDn

FDOJ
preop
(n=31)
Figure 5 Distribution of seven cytokines in 3| FDO)J samples and 19 healthy controls.
Note: The right green column is the mean XrDn in FDOJ cases (n=31).
Abbreviations: FGF-2, fibroblast growth factor 2; IL-1ra, interleukin | receptor
antagonist; IL, interleukin; MCP-1, monocyte chemoattractant protein |; TNFo., tumor
necrosis factor alpha; RANTES, regulated upon activation, normal T-cell expressed
and secreted chemokine (C-C motif) ligand 5; XrDn FDO)J preop, X-ray density in
areas of fatty degenerative osteonecrosis of jawbone before operation; n, number;
FDOQ), fatty degenerative osteolysis of jawbone; Ctrl, control; XrDn, X-ray density.
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RANTES/CCL-5 is a proinflammatory chemokine. The
significance of RANTES for the development of diseases
seems to be enormous — RANTES interferes with immune
responses on a number of levels and therefore plays a crucial
role in pathological states.!? The chemotactic properties of
RANTES send T-cells, dendritic cells, eosinophils, natural
killer cells, mast cells, and basophils to the sites of inflam-
mation and infection.!* RANTES is also an effective activa-
tor of leukocytes, which play a key role in a wide range of
inflammatory disorders' (ie, in rheumatoid arthritis,'* and
in diseases of the central nervous system such as multiple
sclerosis'®). In Morbus Hodgkin, malignant Reed—Sternberg
cells (Hodgkin Reed—Sternberg cells) produce RANTES,
which provokes the chemotactic migration of mast cells
into the tumor tissue. Hodgkin lymphoma cell lines mainly
express RANTES in vivo."”” RANTES has also been asso-
ciated with the induction or promotion of cancer.'® The
development of breast cancer is the potential ability of
RANTES to act directly on the tumor cells, and to promote
progression of the tumor.!” RANTES levels were markedly
elevated in the primary tumor and in metastatic lesions
from all patients with breast and cervical cancer. This study
suggests an as-yet-undefined but important role played by
RANTES in carcinogenesis.?

Measurement of jawbone
density with TAU

TAU was developed to measure bone density objectively
in the areas of FDOJ.?'*> For objective grading, we divided
TAU into four stages of FDOJ, ranging from grade 1, with
a majority of green/healthy bone, to grade 4, with orange/
osteonecrotic parts and red/cavities and hollow areas. It
should be noted that the higher the grade, the lower the bone
density, and the greater the suspicion of FDOJ. Figure 6 shows
a mean preoperative TAU of 1.2 for 19 healthy controls and
the corresponding RANTES expression, and the mean TAU
of 3.5 for 31 FDOJ areas and the corresponding RANTES
expression in pg/mL.

Discussion
Comparison of XrDn and RANTES

expression in healthy jawbone and FDOJ

The reference XrDn gained in the Reference values for X-ray
density section seem plausible and reliable. In Figure 4, we
compared XrDn, TAU, and RANTES expression in FDOJ and
healthy controls, and we defined XrDn in healthy jawbone as
125 pg/mL (number [n]=19). Figure 7 compares RANTES
expression in 31 FDOJ samples and healthy controls with the

4,500.0

4,000.0

3,500.0

= FDOJ (n=31)
3,000.0

= Ctrl (n=19)
2,500.0

2,000.0

1,500.0

Cytokine expression (pg/mL)

1,000.0

500.0

149.9 120

0.0 X = Cytokines/XrDn

RANTES (pg/mL) TAU values of bone density x100

Figure 6 Comparison of RANTES expression and TAU in FDOJ (n=31) and healthy
controls (n=19).

Abbreviations: RANTES, regulated upon activation, normal T-cell expressed and
secreted chemokine (C-C motif) ligand 5; TAU, transalveolar ultrasonography;
FDQJ, fatty degenerative osteonecrosis of jawbone; n, number; Ctrl, control.

XrDn from the reference jawbone (n=6; see the Reference
values for X-ray density section), XrDn in healthy controls
(n=19), and XrDn in FDOJ samples (n=31). RANTES expres-
sion in FDOJ is 25-fold higher than in controls, although
this is not evident in XrDn; the FDOJ cohort showed 130,
the controls showed 125, and the reference showed 134 in
terms of XrDn. The mean XrDn in control is even lower than
that in the FDOIJ cohort. In contrast, significantly hyperac-
tivated RANTES in FDOJ in Figure 7 is not reflected in the
2D-OPG X-rays.

3,810.9
-
E
=)
2 B FDOJ (n=31)
g m Ctrl normal jawbone (n=19)
g m XrDn reference (n=6)
<
o
X
o
o
£
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o
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149.9 130 125 134
[ —
RANTES (pg/mL) XrDn XrDn reference

Figure 7 Distribution of RANTES in 3| FDOJ cases and 19 samples of normal
jawbone in comparison to XrDn for both groups in the corresponding areas.
Abbreviations: RANTES, regulated upon activation, normal T-cell expressed
and secreted chemokine (C-C motif) ligand 5; XrDn, X-ray density; FDOJ, fatty
degenerative osteonecrosis of jawbone; n, number; Ctrl, control.
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using contrast agent

In order to document the noncoincidental representation of
FDOJ in 2D-OPG, as well as to determine the intramedul-
lary extent of FDOJ, we injected a contrast agent into the
FDOJ area after curetting the softened cancellous bone (see
Figure 8). Upper section of X-ray showed the preoperative
2D-OPG of the same retromolar area, which featured incon-
spicuous bony structures. Optical analysis of the 2D-OPG
diagnosed a “normal/healthy” jawbone. The right columns
compared the XrDn for these FDOJ areas with the XrDn
of normal jawbone (n=19) and the mean XrDn in 31 FDOJ
cases. Preoperative XrDn is higher than the XrDn for normal
jawbone, although there is massive osteolysis in region 48/49.
The lower section of X-ray in Figure 8 shows the dimension
of the contrast agent filling up the FDOJ postoperatively,
which is not adequately recorded by preoperative 2D-OPG.

Comparison of preoperative
and postoperative XrDn in FDO]J
with RANTES expression

Individual case comparing preoperative and postoperative
2D-OPG with RANTES expression in FDOJ: Figures 9 and 10

Contrast agent

compare the preoperative and postoperative 2D-OPG in area
38/39, with the corresponding fatty degenerated cancellous
bone typical of FDOJ in area 38/39 after removal of the
cortical bone, and the corresponding RANTES expression
at operation site 38/39 when compared to controls. The
noticeable feature of the multiplex analysis is the 50-fold
overexpressed RANTES levels in area 38/39 (7,523.1 pg/
mL). The absence of any difference between the preoperative
and postoperative 2D-OPG in the optical display, as well as
between the preoperative (140) and postoperative XrDn (138)
in the right two columns in Figure 10, is impressive.

Comparison of XrDn in controls with
preoperative/postoperative 2D-OPG,
with RANTES expression, and with TAU
In a group of 15 patients with preoperative and postopera-
tive 2D-OPG, we could compare the concurrent RANTES
expression from the curetted FDOJ areas. Figure 11 shows
the XrDn before and immediately after curettage and the
corresponding RANTES expression in FDOJ. As was
expected, the XrDn dropped postoperatively, but only by
8%. In contrast, RANTES was approximately 25-fold higher
(around 2,500%) than that of normal jawbone. The minor
differences in XrDn between preoperative and postoperative

134
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- 130.1
=1 130
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2 m Part 1 XrDn
g 128 area 48/49
‘®
8 m XrDn normal
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g 125
Py = XrDn FDOJ
£ (n=31)
=
[<]
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>
(8]
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120 &/ = =
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® eo‘@ L

Figure 8 Intraoperative documentation of the extension of FDOJ (B) in the right lower jawbone, area 48/49, by contrast agent (arrow) in contrast to normal XrDn (A).
Notes: Red column is mean preoperative XrDn in 31 FDOJ cases; blue column is XrDn in 15 normal jawbone cases; green column is XrDn in this specific FDOJ area 48/49

before operation, although contrast medium documents huge FDO] cavitational extent.

Abbreviations: XrDn, X-ray density; FDO], fatty degenerative osteolysis of jawbone; n, number.
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X-ray density area 38/39
preop =140

X-ray density area 38/39
postop =138

Figure 9 Comparison of 2D-OPG and the average preoperative and postoperative X-ray densities for area 38/39.
Notes: (A) X-ray density area 38/39; preoperative =140. (B) X-ray density area 38/39; postoperative =|38. Red circles indicate retromolar areas of X-ray diagnosis before

and after surgical debridement of FDOJ.
Abbreviation: 2D-OPG, two-dimensional panoramic tomography.

2D-OPGs do not reflect the severely derailed RANTES
expression (3,788 pg/mL). The comparison of healthy con-
trol XrDn (n=19) at 125 with preoperative XrDn at 135.5,
with the postoperative XrDn (n=15) at 125 and with the
concurrently significantly elevated RANTES profile, also
demonstrates that FDOJ is not evident when assessing the
preoperative XrDn. TAU showed a similar difference in the

8,000.0

right columns. The bone density of the mean grade of 3.5
in FDOJ is lower by a factor of three when compared to
controls (a mean grade of 1.2). If we apply the same factor
(three) to XrDn, the XrDn in the FDOJ area would have to be
reduced to 41 (125/3 =41.6). In fact, the postoperative XrDn
in the curetted FDOJ areas was still 125 and had therefore
remained unchanged at the level of controls, even though the

7,523.1

7,000.0
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c = Ctrl (n=19)
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307.2
m W8 00, 00 T35 o0 140 138
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FGF-2 IL-1ra IL-6 IL-8 MCP-1  TNFo RANTES

Figure 10 Seven cytokines in FDOJ in region 38/39 in comparison with control and preop and postop XrDn.

Abbreviations: FGF-2, fibroblast growth factor 2; IL-1ra, interleukin | receptor antagonist; IL, interleukin; MCP-1, monocyte chemoattractant protein |; TNFo, tumor
necrosis factor alpha; RANTES, regulated upon activation, normal T-cell expressed and secreted chemokine (C-C motif) ligand 5; Pat LN, patient LN; Ctrl, control; n, number;
preop XrDn, X-ray density before the operation; postop XrDn, X-ray density after the operation; FDO), fatty degenerative osteolysis of jawbone; XrDn, X-ray density.
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®FDOJ (n=15)
“FDOJ XrDn
postop (n=15)
350
. 149.!
125 135.5 125 9.9 120 ”
| |
XrDn ctrl XrDn preop XrDn postop RANTES TAU grade
(n=19) (n=15) (n=15) preop (x100)

Figure Il Comparison of XrDn in healthy Ctrl (n=19), XrDn preop and postop
with RANTES (pg/mL) in FDOJ (n=15), and in normal jawbone (n=19).
Abbreviations: XrDn Ctrl, X-ray density control group; n, number; XrDn preop,
X-ray density before the operation; XrDn postop, X-ray density after the operation;
RANTES, regulated upon activation, normal T-cell expressed and secreted chemokine
(C-C motif) ligand 5; TAU grade preop, transalveolar ultrasonography before the
operation; Ctrl, control; FDOJ, fatty degenerative osteonecrosis of jawbone;
FDOJ XrDn, X-ray density in areas of fatty degenerative osteonecrosis of jawbone;
XrDn, X-ray density.

bony medullary volume had been changed considerably by
curetting FDOJ (see the section Comparison of XrDn and
FDOJ using contrasting agent).

Conclusion

Despite the natural ranges in the data collected, our study dem-
onstrates that 2D-OPG is inadequate for reproducing silent
inflammation in the jawbone, as well as for reproducing the
concomitant cytokine overexpression. This is demonstrated
by the strong structural deviations in areas of FDOJ with a
contrast agent. When comparing preoperative and postopera-
tive XrDn in the corresponding areas, we find no noticeable
differences from the control group’s XrDn at the FDOJ
operation sites, in spite of concurrently high overexpressed
proinflammatory RANTES levels. This is proven in a single
case where XrDn did not correlate with the derailed RANTES
level. The Comparison of preoperative and postoperative
XrDn in FDOJ with RANTES expression section confirms
this by directly comparing XrDn with positive TAU findings;
the corresponding 2D-OPG findings are unsuspicious.
Although XrDn in FDOJ — which is significantly marked by
hyperactivated RANTES signaling pathways — is identical
to that of controls, TAU grades for diminished bone den-
sity in FDOJ are more than threefold higher than those of
controls. A large number of false-negative findings — based on
2D-OPG — have set the course for the further neglect of FDOJ
in dentistry and medicine. Additional examination methods to
improve the diagnosis of FDOJ (like TAU) would therefore

seem necessary. The 2D-OPG used to identify osteopathies of
the jawbone does not show FDOJ areas, with possible negative
impacts to systemic health and to the long-life survival of
dental implants. To our knowledge, this is the first study to
investigate the significance of dental 2D-OPGs in relation to
FDOJ with TAU of jawbone density, and with an analysis
of inflammatory immune messengers. Further validations of
the questions and conclusions presented in this research are
required by multicentric studies.
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