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Is there any predictive bone parameter for implant
stability in 2-dimensional and 3-dimensional radiologic
images?

Belde Arsan, DDS,” Giil Merve Yalcin-Ulker, DDS, PhD,” Deniz Gokce Meral, DDS, PhD, and
Tamer Liitfi Erdem, DDS, PhD*

Objectives. This ex vivo study aimed to compare radiomorphometric parameters between 2-dimensional (2-D) and 3-dimen-
sional (3-D) radiographs and evaluate the influence of preoperative radiologic bone parameters on the clinical outcomes of
implant stability.

Study Design. Implant recipient sites in fresh bovine blocks were evaluated on panoramic radiographs for gray value (GV), fractal
dimension (FD), number of connected trabeculae (Co), and density of connected trabeculae (CoD). Cone beam computed tomog-
raphy (CBCT) scans were evaluated for trabecular thickness (TbTh), cortical thickness (CTh), degree of anisotropy (DA), FD, and
Co. Insertion torque (IT) and implant stability quotient (ISQ) were measured.

Results. GV was significantly correlated with all parameters in 2-D and 3-D images except FD in 2-D and Co in 3-D, and with all
surgical parameters (P < .029). Co and CoD values on panoramic radiographs had significant correlation with TbTh, CTh, and
DA values on CBCT images (P < .001). All 2-D parameters and TbTh and CTh in the CBCT data were significantly correlated with
IT only (P < .047). Only GV was correlated with ISQ measurements (P < .029).

Conclusions. GV, Co, and CoD values on panoramic radiographs reflect the architecture of trabecular bone and the thickness of
cortical bone, and might help predict implant stability in clinical situations. (Oral Surg Oral Med Oral Pathol Oral Radiol

2021;131:371=379)

Currently, the most promising way to restore miss-
ing dental structures with high success and survival
rates is to place dental implants." Because dental
implant surgery is a routine operation in many clinics,
understanding the factors affecting implant success and
survival is critical to achieving excellence in clinical
practice. Esposito et al. stated that the long-term suc-
cess of implants depends primarily on good bone qual-
ity and quantity at the prospective surgical site and
avoidance of overload.” Clinical studies have also
shown that bone quality and bone quantity are major
factors influencing implant survival.”” The importance
of these parameters in the success of implant therapy
has created a need to understand the character of the
bony structures in the oral and maxillofacial region.

Bone quality is determined by the amount of and
topographic relationship between cortical and cancel-
lous bone.® Lekholm and Zarb’s classification of the
macrostructure of bone, which could be simplified as
the ratio of cortical and trabecular bone thicknesses, is
widely used for the assessment of bone quality
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(Figure 1).”'” Several approaches have been used for
the assessment of the implant recipient site, each hav-
ing advantages and disadvantages over others. Histo-
morphometry and the clinical measurements of
insertion torque (IT) and implant stability quotient
(ISQ) values are 3 such proposed techniques. Unlike
histomorphometry, which is invasive, IT and ISQ are
noninvasive methods to predict local bone quality dur-
ing and after implant insertion. It has been proposed
that IT scores could be correlated with bone density
and volume.'' IT can be measured during implant
insertion with a torquemeter or physiodispenser. Reso-
nance frequency (RF) analysis is another noninvasive
method that yields an electromagnetically expressed
value, the implant stability quotient (ISQ). The ISQ
value, an integer that is derived from RF analysis, can
be measured at any time during the osseointegration
process with a great degree of objectivity.'” All of
these methods initially require surgery, but it is crucial
to assess bone tissue before surgery for dental implant
placement to evaluate diagnostic, prognostic, and
optional factors.'”'* The only noninvasive preopera-
tive approach is through radiologic analysis of bone.

Statement of Clinical Relevance

Implant success depends on the quality and quantity
of alveolar bone. Bone quality may be related to
parameters on 2-dimensional and 3-dimensional
radiographs. The correlation of these parameters
with surgical parameters may enable prediction of
successful implant placement.
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Fig. 1. The specimen represented on the left has thick cortical bone with a relatively thin trabecular part. The specimen on the

right has rather thin cortical bone with thicker trabecular bone.

Computed tomography (CT), with its calculation of
Hounsfield units (HU) based on the attenuation of x-
rays in tissues, is a time-tested standard method of
bone quality measurement. The greater exposure dose
and lower spatial resolution of CT compared with cone
beam computed tomography (CBCT) limits its use in
the dental implantology field. However, CBCT does
not have a standardized system for numerically evalu-
ating bone quality.'”""”

The position paper of the American Academy of Oral
and Maxillofacial Radiology on the use of radiology in
implant treatment recommends panoramic radiography for
initial overall evaluation of patients receiving implants.'®
The guidelines also suggest that the choice of imaging
technique must be decided according to the internationally
recognized principle of radiation protection: keeping radia-
tion exposure to the patient “as low as reasonably
achievable” (ALARA)—that is, using the minimum radia-
tion exposure that results in optimal diagnostic quality.
Referral for CBCT is recommended when clinical exami-
nation indicates a need for bone augmentation or site
development, and it has been affirmed that cross-sectional
images provide the greatest diagnostic yield.'®

Research indicates that there is likely to be an inter-
connection between 2-D histomorphometry and 3-D
data as detected by the analysis of conventional radio-
graphs. With newly developing image analysis soft-
ware, the predictive power of both 2-D and 3-D
radiographs has increased.'”** Many radiomorphomet-
ric parameters can aid in the assessment of the strength
and architecture of cortical and trabecular bone, which
may correlate with clinical measurements and, there-
fore, allow better prediction of the prognosis of
implants. In previous studies, a gray value (GV) scale
ranging from 0 to 255 in an 8-bit digital image has
been defined as pixel intensity, which has been
shown to provide limited but effective information in

discriminating osteoporotic versus healthy bone.'”*!

Moreover, the mechanical strength of the bone also
depends on its adapted distribution, morphology, and
orientation of trabeculac—that is, the microarchitecture
of trabecular bone.'”** The components of microarchi-
tecture include the fractal dimension (FD), connectivity
(Co), connectivity density (CoD), trabecular thickness
(TbTh), cortical thickness (CTh), and the degree of
anisotropy (DA).”>%’

The objective of this investigation was to evaluate
the correlation of radiomorphometric indices as mea-
sured on panoramic radiographs and CBCT scans,
along with clinical measurements of bone quality. The
null hypothesis stated that there would be no statisti-
cally significant correlations between the indices and
bone quality.

MATERIALS AND METHODS
Standardized 7-cm bone blocks were prepared from
fresh bovine ribs after dissecting the overlying soft tis-
sue. The bone blocks contained different proportions
of cortical and cancellous bone, depending on the sites
on the rib. The blocks were randomly assigned for
implant placement. Implant sites were created at 10-
mm intervals and labeled with molten gutta percha as a
radiopaque reference indicator on the specimen before
scanning. The bone blocks were inserted into foam and
tilted mediolaterally to represent the jaw sides.
Preoperative panoramic radiographs (ProMax Plan-
meca, Helsinki, Finland) and CBCT images (ProMax 3-
D Mid, Planmeca, Helsinki, Finland) were acquired for
each specimen. Because of the operating principle of
panoramic radiography, the objects located between the
center of rotation and x-ray source can cast ghost
images. For this reason, each specimen was placed sepa-
rately with the prepared setting in the digital panoramic
device to avoid the formation of ghost images and
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exposed at standard imaging parameters of 66 kVp and
6.3 mA. For CBCT images, 2 specimens were scanned
simultaneously with a field of view (FOV) of
10 x 10 cm, 200 pum voxel size, and fixed exposure
parameters of 90 kVp and 8 mA. The acquired pan-
oramic images and CBCT volumes were extracted in
DICOM (Digital Imaging and Communications in Med-
icine) format by using the Romexis software v3.8.3.R
(Planmeca, Helsinki, Finland). The images and the vol-
umes were imported to the Fiji image processing pack-
age, bundled with 64-bit Java for Windows (Image]
v1.52 n; National Institutes of Health, Bethesda, MD).

Panoramic images were converted to 8-bit format for
calculation of GVs and creation of binary images. Each
region of interest (ROI) size was selected as 2 mm
larger than the implant dimensions and placed at the
level of the gutta percha (Figure 2). GVs were mea-
sured and noted. For each ROI, binarization was per-
formed by using the Imagel software’s plugins. The
FD values, which reflect the irregularity and complex-
ity of bone tissue and the connectivity of the trabecular
network, were estimated by using the software with the
box-counting algorithm.”® Trabecular bone consists of
a network of numerous trabeculae in various types and
sizes; the trabeculae intersect, forming enclosed mar-
row cavities or ending as disconnected trabeculae,
demonstrating the connectivity of the trabeculae.”’ The
connectivity plugin yielded 2 subresults: Co corre-
sponded to the number of connected trabeculae,
whereas CoD expressed the number of connected tra-
beculae per unit volume. An illustration of Co on a 2-D
image with respect to 3-D volume is represented in
Figure 3.

The CBCT DICOM images were converted to 8-bit
format and each specimen was positioned such that all
implant sites were aligned on the same axis. ROIs of
the same length as the implant were selected in conse-
cutive images and were represented as a stack of
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Fig. 3. 2-dimensional (left) and 3-dimensional (right) repre-
sentations of the preimplant site. On the left, the connectivity
parameter is demonstrated with the identification of several
trabeculae on the cropped panoramic image. Note that there
is only one path that connects the number 1 to number 3 and
several paths exist between 1 and 2.

images comprising the volume of interest (VOI)
(Figure 4). The BonelJ plugin was used to measure the
thickness of the trabeculae (TbTh) and cortices (CTh),
the 3-D asymmetry within the bone volume (DA), and
the FD and Co in CBCT images.

For the evaluation of trabecular bone parameters, the
most important factor is the placement of the VOI.
VOIs were selected inside the cortical borders. After
each VOI was duplicated, the outside of the VOI was
cleared to obtain binary images. The trabecular bone
was isolated from the cortical bone by using a thresh-
olding process, and a binary image was obtained.
Afterward, the inversion of VOI trabecular bone was
represented. TbTh, DA, FD, and Co were measured on
inverted binary images (Figure 5).

For the measurement of CTh, another set of VOIs
was used. In this case, the VOIs were positioned to

Fig. 2. Preoperative selection of regions of interest (ROIs).
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Fig. 4. Alignment and selection of the volumes of interest (VOIs) (A) according to implant sites, scrolling from the superior to the
inferior aspect of the specimens (B—D).
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Fig. 5. A, Selection of a volume of interest (VOI). B, Clearing of areas outside the VOI. C, Binarization thresholding. D, Binary

image. E, Inversion. F, Trabecular thickness. Colors indicate the thickness of trabecular bone, with blue indicating the thinnest
and white indicating the thickest trabecular bone.
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Fig. 6. A, Selection of a volume of interest (VOI). B, Binary image. C, Cortical thickness. Colors indicate the thickness of corti-
cal bone, with blue indicating the thinnest and white indicating the thickest cortical bone.

reach beyond the cortical borders. The images were
then processed in the same way as for the measurement
of TbTh but without the inversion process (Figure 6).

In this experimental study, 2 implant systems were
used: NobelParallel (Nobel Biocare, Karlskoga, Swe-
den) and Mode (Mode Medikal, Istanbul, Turkey). The
diameters and lengths were 4.3 x 13 mm for Nobel
Biocare implants and 4.1 x 13 mm for Mode Implants.
For both the Nobel Biocare and Mode systems, 20 pas-
sive (non—self-drilling) implants were used. All
implant sites were prepared according to the man-
ufacturers’ instructions, using the manufacturers’ origi-
nal surgical kits, and inserted by the same surgeon.
Interimplant distance center to center was adjusted at
10 mm. During the insertion of the implants, the maxi-
mum IT value (newton-centimeters [N.cm]) for each
implant was measured by using a digital torquemeter.
Immediately after implant placement, ISQ values were
recorded by using an Osstells Mentor device (Integra-
tion Diagnostics, Goteborg, Sweden) at the buccal
(ISQ-B) and mesial (ISQ-M) sides of the implants.

The measurements were made by 2 dentomaxillofa-
cial radiologists, one with 4 years of experience and
the other with 24 years of experience. Images were
analyzed independently under quiet, dim-light condi-
tions. To calculate intraobserver agreement, 1 observer
processed the images and did the measurements twice
within a 1-week interval. For interobserver agreement,
the results of the 2 maxillofacial radiologists were
compared. Intraobserver agreement was measured by
calculating Cronbach’s alpha coefficient. Interobserver
agreement was measured by calculating the intraclass
correlation coefficient (ICC). The « values of intraob-
server agreement were classified as poor (0.50 < 0.60),
questionable (0.60 < 0.70), acceptable (0.70 < 0.80),
good (0.80 < 0.90), or excellent (> 0.90).”* The ICC
values of interobserver agreement were classified as

poor (< 0.40), fair (0.40 < 0.60), good (0.60 < 0.75),
or excellent (0.75 < 1).Y

The obtained data were transferred and analyzed by
using the Statistical Package for the Social Sciences
(SPSS) V21 program (IBM Corp., Armonk, NY). The
correlation between the variables was evaluated by
using Pearson’s correlation coefficient (r). Multiple
regression analysis was performed to determine the
interaction of bone parameters between the CBCT
images and the panoramic radiographs. The level of
significance was set at P < .05.

RESULTS

In total, 40 implant sites were evaluated. A good intra-
observer agreement was found (« = 0.86), and an excel-
lent interobserver agreement was found (ICC =0.78).
A large proportion of the measurements were within
the limits of agreement. Descriptive statistics of the
results are demonstrated in Table I. Correlations
between radiologic and surgical parameters are sum-
marized in Table II.

2-D parameters

2-D parameters were significantly correlated with each
other in panoramic images (P < .027) for all comparisons
except the correlation between GV and FD (r=—0.06;
P =.731). GVs were significantly correlated with all 3-D
parameters and surgical parameters (P < .029), except
Co of CBCT images (r=-—0.02; P=.907). Significant
correlations and linear relationships were found between
GVs and both TbTh and CTh in the CBCT scans
(r=—0.73 and r = 0.84, respectively; P < .002).

For panoramic radiographs, both Co and CoD values
showed significant correlation with GV in the negative
trend (r=—0.59; P < .001) and with FD in the positive
trend (r=0.37; P < .027). The Co and CoD values of
panoramic radiographs showed significant and linear
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Table I. Mean and standard deviation (SD) of evalu-
ated parameters with minimum (Min) and
maximum (Max) values*

Mean SD Min Max
2-D Parameters
GV 159.82 20.37 106 190
FD 1.45 0.1 1.16 1.62
Co 4.47 3.52 0.25 15.75
CoD 2.75 2.16 0.15 9.67
3-D Parameters
TbTh 14.8 3.68 11.5 27.5
CTh 16.88 3.71 4.5 22.62
DA 0.79 0.11 0.56 1
FD 2.27 0.11 2.06 2.53
Co 23.44 15.69 1.5 74.5
Surgical Parameters
IT 75.68 35.59 21 168
I1SQ-B 61.38 13.66 32 85
1ISQ-M 65.45 15.32 43 38

Co, connectivity is the number of connected trabeculae; CoD, connec-
tivity density is the number of connected trabeculae per unit volume;
CTh, cortical thickness; DA, degree of anisotropy is the measure of
asymmetry within a volume; FD, fractal dimension is the measure of
irregularity; GV, gray value; ISQ-B, implant stability quotient (buccal);
ISQ-M, implant stability quotient (mesial); /7, insertion torque, mea-
sured in newton-centimeters; 7bTh, trabecular thickness.

*TbTh and CTh values are in millimeters.

correlation with TbTh and CTh values on CBCT images
(r=0.69 and r = —0.60, respectively; P < .001).

March 2021

3-D parameters

TbTh had significant correlations with all 2-D parame-
ters (P < .013). Both CTh and DA showed significant
correlations with 2-D parameters (P < .003) except FD
(r=-0.20; P=.219 for CTh and r=0.08; P =.642 for
DA). CTh had significant correlations with 3-D param-
eters (P < .047), except Co (r=0.19; P=.33). DA was
significantly correlated with all other 3-D parameters
(P < .047), except Co (r=—0.27; P =.33). Co in the 3-
D data was significantly correlated only with FD in the
3-D data (r=0.33; P=.037).

Surgical parameters

IT values were significantly correlated with all 2-D
parameters and with TbTh and CTh in the CBCT data
(P < .047). Both ISQ measurements showed a signifi-
cant correlation only with GV in the panoramic images
(P < .029). Neither ISQ-B nor ISQ-M had strong or
significant correlations with FD values on panoramic
radiographs (r=0.19; P=.249 buccally; r=0.13;
P =432 mesially). No significant correlation was
observed between ISQ values and 3-D parameters.

A multiple linear regression was calculated to pre-
dict TbTh on CBCT images based on GV, FD, Co, and
CoD on panoramic images. A significant regression
equation was found with an R? of 0.69 (P < .001). GV,
FD, Co, and CoD were significant predictors of TbTh
(P < .047). Another multiple linear regression was cal-
culated to predict GV on panoramic images based on

Table II. Correlation coefficients between radiologic and surgical parameters.

Pearson’s correlation 2-D parameters

3-D parameters Surgical parameters

GV FD Co CoD TbTh CTh DA FD Co IT ISQ-B  ISQ- M
2-D Parameters
GV 1
FD —0.06 1
Co —0.59 0.37* 1
CoD —0.59 0.37* 1.00 1
3-D Parameters
TbTh -0.73 0.39 0.69' 0.69' 1
CTh 0.84 —0.20 —0.60 —0.60 —0.70 1
DA —0.55 0.08 045 0.45 051  —0.64 1
FD 0.41 —0.12 —0.26 —0.26 —0.19 0.3*  —0.52 1
Co —0.02 0.22 0.10 0.10 0.19 -0.16 —-0.27 0.33* 1
Surgical Parameters
IT 0.46 —-0.27% —-037* —037* —0.61 047 —024 0.18 —0.27 1
I1SQ-B 0.35% 0.19 —0.13 —0.13 —0.04 0.17 -0.24 0.18 024 —-0.22 1
ISQ-M 0.37* 0.13 -0.17 -0.17 —0.16 0.14 —-0.19 0.04 024 -0.25 092 1

Co, connectivity is the number of connected trabeculae; CoD, connectivity density is the number of connected trabeculae per unit volume; CTh,
cortical thickness; DA, degree of anisotropy is the measure of asymmetry within a volume; FD, fractal dimension is the measure of irregularity;
GV, gray value; ISQO-B, implant stability quotient (buccal); ISQ-M, implant stability quotient (mesial); /7, insertion torque, measured in newton-

centimeters; ThTh, trabecular thickness.
*Correlation significant at P < .05.
tCorrelation significant at P < .01.
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TbTh, CTh, and FD on CBCT images. A significant
regression equation was found with an R* of 0.78, (P <
.001). TbTh, CTh, and FD were significant predictors
of GV (P < .011; P=.001, and P = .026, respectively).

DISCUSSION

Although panoramic radiography has limitations in the
assessment of the buccolingual depth of alveolar bone
and the exact location of vital structures, it is recom-
mended for the initial assessment of dental implant
planning.'® Chugh et al. concluded that GVs on pan-
oramic radiographs were able to detect D4, D3, and D2
bone types, which are classified according to the ratio
of trabecular and cortical bone thicknesses, with certain
limitations.” Conversely, the GVs of CBCT images
were considered to be unreliable and variable because
of the use of different CBCT machines, exposure set-
tings, the position of the evaluated site in the FOV, and
the size of the FOV.*'" A clinical study showed that
simulated HUs were derived from GVs of different
CBCT devices by using each machine’s specific linear
attenuation coefficients.'® Therefore, even though the
viability of using attenuation coefficients is demon-
strated in the findings, the presence of inconsistencies
in GVs as a result of inherent deficiencies in flat panel
detectors in some CBCT devices, scattered photons,
and beam hardening artifacts will result in variations in
recalculated HUs.'°

The result of the present study showed that the thick
cortical layers and complex trabecular network of the
bone corresponded with lighter shades of gray (higher
GVs). In other words, as the FD values of the trabecu-
lar network increased, lighter gray shades (higher GV
numbers) were observed. Darker shades of gray (lower
GV numbers) correlated with higher Co and CoD val-
ues of the preoperative site on panoramic images and
increased TbTh in CBCT images. Considering all
VOlIs, there was a significant negative linear correla-
tion between TbTh and CTh. IT values also showed
correlation with Co and CoD on panoramic images, as
well as with CTh and TbTh, in the same direction as
GV. Therefore, a simple conclusion is drawn: Higher
GVs are correlated with relatively thinner trabecular
bone and higher CTh and IT values. Such results are
expected because of the greater attenuation of x-ray
photons in dense cortical bone, which reduces the num-
ber of x-ray photons reaching the detector, causing an
increase of signal with higher GVs.

Another parameter proven to be useful for the esti-
mation of the microarchitecture of the bone is FD. Tra-
becular and cortical bone are biologic fractals that have
similar properties in a limited range of scale and are
characterized by the fractal dimension.”” FD values
extracted from 2-D conventional radiographs have
been found to be descriptive of 3-D connectivity,
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porosity, trabecular number, and spacing.”***' Connec-
tivity is a measure of trabecular intersections in a 3-D
structure—commonly mistaken as trabecular number
and unable to be measured on 2-D sections.”’ In this
experimental study, Co and CoD values from binary
images of 2-D panoramic radiographs should be
highlighted despite the limitations of some perpendicu-
larly angled trabeculae, the edge problem of ROIs, and
superimpositions that conceal the 3-D orientation.
Both Co and CoD were significantly correlated with
TbTh and CTh. Furthermore, the results demonstrated
that TbTh could be predicted by GV, FD, and Co on
panoramic radiographs. In fact, descriptive 2-D radio-
logic parameters of the trabecular bone carry the same
information with different aspects. Co of 3-D data is
related to FD of CBCT, which signifies the dependence
of intersections of trabeculae with the complexity of
architecture. Co on the 2-D plane does not give the
actual 3-D morphology; however, it might be an indi-
cator of how highly the trabeculae are interconnected.
The positive significant correlation between FD, Co,
and CoD values might be an indicator of such rele-
vance. In addition, FD of 3-D data was found to be a
contributing factor for GVs on panoramic radiographs,
showing that the GVs of an implant site contained
more information than just CTh and TbTh.

In accordance with other studies, the present results
demonstrated that as TbTh increased, IT values
decreased significantly, and as CTh increased IT values
increased.'”*? Suer et al. found that the FD values of
implant sites on panoramic radiographs were signifi-
cantly correlated with IT and concluded that it might
add further information and increase the predictive
potential of panoramic radiographs.”” In our study, the
FD of panoramic radiographs had significant correla-
tions, but not as strong as with IT values.

Pre-evaluation of the implant recipient site, which
determines whether the available bone has sufficient qual-
ity, could help predict the probability of failure or suc-
cess.'® Clinical studies have shown that implants inserted
into the mandible have higher success rates compared
with the posterior maxilla, and bone quality is thought to
be the underlying reason.’* Tt has been suggested that
there should be a minimum IT of implants to be loaded
immediately.”” The study of Pauwels et al. showed that
the local bone structure at the apical and coronal regions
may determine IT and ISQ values.™

There is controversy in the literature about the mini-
mum IT value required when loading implants immedi-
ately. An in vitro study on fresh bovine ribs showed
that there was higher micromotion of implants inserted
with different IT values in soft bone.”” There are also
clinical studies suggesting that lower IT values, such as
25 N.cm, could be sufficient for immediate restora-
tions, but these studies were mainly performed with
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single-tooth implants and immediate restorations.”**”

In a recent retrospective clinical study, Mal6 et al.
compared implants inserted with IT values less than
and greater than 30 N.cm in full-arch maxillary rehabil-
itation and concluded that implants inserted with less
than 30 N.cm of IT in an "All-on-4" arrangement had
similar short-term success and less marginal bone loss
compared with implants inserted with greater than
30 N.cm.” Finally, a study by Chrcanovic et al.
showed that low IT values could be a risk factor for
implant failures.”' In view of these controversial find-
ings, dentists should be cautious when deciding on
immediate loading of implants placed with low IT val-
ues into soft bone.

Furthermore, there are different implant treatment
options for prosthetic rehabilitation. With regard to treat-
ment modalities, immediate restoration and/or loading
from single-tooth implants to full-arch rehabilitations are
widely discussed topics in implant dentistry. Immediate
prosthetic rehabilitation or provisionalization of implants
provides many advantages to patients and dental practi-
tioners. Such immediate fixed provisional restorations
eliminate the need for and maintenance of a removable
provisional prosthesis and provide emotional benefits for
an edentulous patient. It has also been stated that immedi-
ate loading of dental implants could facilitate bone heal-
ing and improve soft tissue adaptation and contour before
final restoration.***’

These promising results highlight the information
that radiographic images may provide for dental practi-
tioners. In addition, the effect of overlying soft tissues
is eliminated because all the analyses were performed
on binary images, in line with previous studies.'””!
Bornstein et al. found that even in a specialty clinic,
40% of the implant surgeries are performed on the
basis of findings from clinical examination and 2-D
radiography.** Obtaining more information about bone
microarchitecture from radiographs before implant
placement may help inform a surgeon’s clinical deci-
sion about when to load the implants. If dental practi-
tioners have information about bone quality before
surgery, they can plan to modify the surgical tech-
nique—for example, to use underdrilling. Research
indicates that drilling protocols are modified according
to surgeons’ tactile sense, but this is a subjective
method.”” Measuring the behavior of the bone via
quantitative radiographic analysis could give dental
practitioners more objective and reliable data.

It should be kept in mind that this investigation was a
preliminary ex vivo study, and the problems of ghost
images, distortion, and superimposed bony anatomic struc-
tures that are inherent in panoramic radiography were not
considered. The influence of these factors may give false
results when an actual patient’s panoramic images are ana-
lyzed. The findings that lower GVs are associated with a
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deficient cortical layer and thicker trabecular bone may be
obscured by superimpositions of bony structures when
applied to clinical images. Further studies should be
designed with a similar surgical protocol and retrospective
implant site evaluation of actual patients with panoramic
and CBCT data.

CONCLUSIONS

The results of this study showed that GV, Co, and CoD
values on panoramic radiographs reflect the architecture of
trabecular bone and the thickness of cortical bone, and
might help predict implant stability in clinical situations.
IT values of an implant correlate not only with TbTh and
CTh but also with GV, FD, Co, and CoD values of 2-D
images. These 2-D parameters may guide clinicians when
considering implant treatment options.
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