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The aim of this study was to systematically review the literature about the capability of CBCT
images to identify individuals with low bone mineral density (BMD). As the literature is
scarce regarding this topic, the purpose of this systematic review is also to guide future
research in this area. A detailed search was performed in five databases without restrictions of
time or languages. Additionally, a grey literature search was conducted. The Quality
Assessment Tool for Diagnostic Accuracy Studies-2 was applied to evaluate the
methodological design of selected studies. With the inclusion of only six studies, the evidence
is limited to endorse the use of CBCT assertively as a diagnostic tool for low BMD. All of the
three studies that analyzed radiomorphometric indices found that the linear measurements of
the mandibular inferior cortex were lower in osteoporotic individuals. CBCT-derived
radiographic density vertebral and mandibular measurements were also capable for
differentiating individuals with osteoporosis from individuals with normal BMD. The
analysis of the cervical vertebrae showed high accuracy measurements. This systematic review
indicates a scarcity of studies regarding the potential of CBCT for screening individuals with
low BMD. However, the studies indicate that radiomorphometric indices and CBCT-derived
radiographic density should be promising tools for differentiating individuals with
osteoporosis from individuals with normal BMD.
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Introduction

Osteoporosis is a common skeletal disease charac-
terized by a decreased bone strength predisposing to
an increased risk of fractures. Bone strength reflects
the integration of two main features: bone mineral
density (BMD) and bone quality.! Osteoporosis is
considered a silent disease that entails significant so-
cial and economic burdens.” Measurements of BMD
at the proximal femur and lumbar spine by dual-
energy X-ray absorptiometry (DXA) have been
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considered the reference standard for the diagnosis of
low BMD.? According to the World Health Organi-
zation criteria, BMD values are divided into the fol-
lowing diagnostic guidelines: normal (T-score =
—1.0), osteopenia (T-score between —1.0 and —2.5)
and osteoporosis (T-score = —2.5).* Although DXA
is the reference standard for BMD assessment, the
availabilitgf is limited for routine use for population
screening.”*® Therefore, some alternative methods to
screening the condition could provide an appropriate
and more cost-effective use of DXA in post-
menopausal females. One of these investigated
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methods is based on the evaluation of mandibular
changes on dental imaging modalities.

Several previous studies have verified correlations
between cortical and trabecular mandibular changes
on two-dimensional 1mag1ng modalities and DXA mea-
surements at the lumbar spine and proximal femur.” "
However, only few studies have proposed the use of dif-
ferent CBCT measurements to discriminate individuals
with normal skeletal BMD from individuals with
osteoporosis 419 In the aforementioned studies, CBCT
images were evaluated using mandibular cortical w1dth
measurements,'*'%1° mandibular cortlcal integrity, !
CBCT- denved radiographic  density,'™ histogram
analysis'® and trabecular bone structure analysis.'®!%!”

CBCT is a widely applied imaging method in den-
tistry which provides a three-dimensional representation
of the maxillofacial skeleton with minimal distortion
and improved image sharpness.”’ Furthermore, the ex-
amination has a relatively low cost and low dose com-
pared with other CT techniques.?’

Larger numbers of osteoporotic patients are attend-
ing dental clinics as a result of higher life expectancies.
Many of these patients are partially or totally edentu-
lous and usually 2gerform CBCT scans for implant
planning purpose. Bone characteristics may in-
fluence the stablllty of the 1mplant and have an im-
portant role in its success rate. 2629 However, BMD
rehab1ht2y based on CBCT scans has been little
studied.” ' Considering the increasing availability of
CBCT scans before implant planning therapy, it would
be of a great clinical value if the dental practitioner
could use this imaging modality to identify patients with
low BMD and refer them for further medical in-
vestigation. Few studies have 1nvest1gated the apE)11ca-
bility of different indices on CT images.' 31,32
Therefore, the main aim of this systematic review was to
answer a focused question: “Does CBCT have the ca-
pability to identify patients with low BMD?” As the
literature is scarce regarding this topic, the purpose of
this systematic review was also to guide future research
in this area.

Methods and materials

This systematic review was reported according to the
Preferred Reporting Items for Systematlc Reviews and
Meta-Analysis (PRISMA) statement.** The review
protocol was registered at the International Prospective
Register of Systematic Reviews (PROSPERO) under
number CRD42015029474.

Study design

A systematic review of human studies was undertaken
to evaluate the diagnostic capability of CBCT imaging
for detecting low BMD. The CBCT measurements from
osteoporotic individuals were compared from individ-
uals with normal BMD according to DXA of the
lumbar spine or the femoral neck.
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Inclusion criteria

Diagnostic studies in which the primary objective was to
evaluate the diagnostic capability of CBCT imaging in
assessing adults with low BMD were included. The
reference standard imaging was DXA of the proximal
femur or DXA of the lumbar spine. No language or
time restrictions were applied.

Exclusion criteria

The following exclusion criteria were applied: (1)
reviews, letters, personal opinions, book chapters and
conference abstracts; (2) studies that evaluated other
diagnostic methods such as quantitative CT and micro-
CT; (3) studies without the reference standard com-
parison (DXA); (4) studies with children mixed in the
sample; (5) experimental studies in vitro or in vivo ani-
mal models; and (6) a different target condition such as
evaluation of the relationship between BMD and
dimensions of the mandibular residual ridge in edentu-
lous individuals.

Information sources and search strategy

Detailed individual search strategies for each of the
following electronic database were performed:
LILACS, PubMed, Science Direct, Scopus and Web of
Science (Appendix A, Table Al). A partial grey litera-
ture was performed using Open Grey, Google Scholar
and ProQuest Dissertations & Theses Global. All
searches were conducted on 5 October 2016. Duplicate
references ere removed by reference manager software
(EndNote® X7; Thomson Reuters, Philadelphia, PA).
In addition to the electronic search a hand search and
consultations with experts were implemented and the
reference lists of the selected articles were screened.

Study selection

A two-phase selection of articles was conducted. In
Phase 1, two authors (FVB and FTA) reviewed the titles
and abstracts of all the references independently. These
authors selected articles that appeared to meet the in-
clusion criteria based on their titles and abstracts. In
Phase 2, the same authors (FVB and FTA) assessed the
full text of all selected articles and excluded studies that
did not meet the inclusion criteria. The disagreements
between these two authors were initially resolved by
consensus. When they did not reach a consensus, a third
author (CP-P) was involved in making a final decision.
The final selections were always based on the full text of
the publication.

Data items and collection process
One author (FVB) collected the key features of each
included article and a second author (FTA) cross-
checked all the collected data. Once again, disagree-
ments among them were solved by consensus and the
third author (ENSG) was involved, when required, to
make a final decision.

For all included studies, the following descriptive
characteristics were recorded: study characteristics
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(authors, year and country), sample characteristics (case
group, control group and mean age), intervention
characteristics (index test, reference standard and
methods) and outcome (main conclusions). If the re-
quired data were not complete, attempts were made to
contact the authors to retrieve the missing information.

Risk of bias in individual studies

The methodology quality of the selected studies was
evaluated using the Quality Assessment Tool for Di-
agnostic Accuracy Studies-2 (QUADAS-2).** Two
authors (FVB and FTA) independently evaluated the
quality of each included study and scored each item as
“yes,” “no” or “unclear”. The disagreements were re-
solved by a third reviewer (ENSG).

Summary measures

The capability of dental CBCT scans to identify low-
BMD patients based on cortical and trabecular bone
measurements was considered as the primary outcome.
Any type of outcome measurement was considered in
this review (categorical and continuous variables).

Synthesis of results

If the included studies in the review had enough data
and the data were considered homogeneous, a meta-
analysis would be performed.

Risk of bias across studies

Individuals with normal BMD were compared with
individuals with low BMD or osteoporosis. Clinical
heterogeneity (by comparing variability among the
participant’s characteristics and outcomes studied) and
methodological heterogeneity [by comparing the vari-
ability in study design and risk of bias (RoB)] were
considered.

Results

Study selection

A flow diagram detailing the process of identification,
inclusion and exclusion of the studies is shown in
Figure 1. A full-text review was conducted on the eight
articles retrieved from Phase 1 of the selection. This
process led to the exclusion of two studies presented in
Appendix B (Table A2). At the end, six articles were
retained for qualitative synthesis.'* !

Study characteristics
The six included studies were conducted in four different
countries: one in Republic of Korea'* three in Syrian
Arab Republic,'>!” one in Turkey,'® and one in Egypt."”
All studies were published within a 5-year period
(2011-16). All the studies were written in English.
Three studies have used the same sample composed by
38 post—menolsoausal females who performed CBCT
examinations.'>!” The aforementioned studies analyzed
separately the densitometric diagnosis of osteoporosis
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from the lumbar spine and the femoral neck. A summary
of the descriptive characteristics of the included articles is
provided in Table 1.

Risk of bias within studies

None of the studies fulfilled all of the methodological
quality criteria (Figure 2a,b). For every study, Item 1 of
the QUADAS-2 criteria was scored as “no” (Domain 1,
“Was a case—control design avoided?”’) because each
study recruited a group of post-menopausal healthy
BMD females and a group known to have post-
menopausal low-BMD females. Additionally, the RoB
of “index test” (Domain 2, “Could the conduct or in-
terpretation of the index test have introduced bias?”)
were scored “unclear” for all studies due to the lack of
information about blinding. On average, the selected
studies were considered as low RoB according to the
QUADAS-2 criteria (Appendix C, Table A3).

Results of individual studies

In three of the selected studies, radiomorphometric in-
dices were measured on the CBCT scans, which included
qualitative indices and linear measurements.'*'%!?

Koh and Kim'* evaluated four different CT indices
on CBCT images. Three of these indices were quanti-
tative measurements: CT mandibular index superior—
CTI(S), CT mandibular index inferior—CTI(I) and CT
mental index—CTMI. The other index was a qualita-
tive analysis: CT cortical index. The reference BMD of
the lumbar spine and femoral neck by DXA was cal-
culated. Although the osteoporotic group showed lower
mean values for all linear measurements, the differences
were statistically significant only for CTI(I) and CTI(S).
Furthermore, significant differences were found be-
tween osteoporotic and normal BMD females con-
cerning the qualitative index CT cortical index (CTCI),
as classification C3 was more frequent in the osteopo-
rotic group and classification C1 was more frequent in
the normal BMD 9group.

Mostafa et al'” evaluated one quantitative index
(CTMI) and one qualitative index (CTCI) in post-
menopausal females. The mandibular cortical width
evaluated by the CTMI was significantly lower in the
osteoporotic group than in the normal BMD group.

Giingor et al'® selected subjects aged over 30 years who
had undergone CBCT for several oral conditions and
then referred for DXA of the lumbar spine and proximal
femur. All CBCT linear measurements were significantly
lower in osteoporotic patients than in patients with nor-
mal BMD and in patients with osteopenia.

Fractal dimension (FD) analysis to assess the struc-
tural pattern of bone was verified in two studies.'®'? In
the former study,'® the mean FD values obtained from
the maxilla of osteoporotic patients were significantly
lower than those in the osteopenia and control groups.
The other study did not find significant differences be-
tween case and control groups for FD values; however,
the control group showed lower values than the osteo-
porotic group.'

birpublications.org/dmfr
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Figure 1 Flow diagram of literature search and selection criteria adapted from Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA)**. BMD, bone mineral density; DXA, dual-energy X-ray absorptiometry.

Two studies investigated the use of CBCT-derived
radiographic density (RD) for predicting osteoporosis in
post-menopausal females by using the reference stan-
dard of DXA at the lumbar spine and femoral neck.'>!”
They assessed CBCT-derived RD from the mandible
(body and ramus)'® and from the cervical vertebra.!’
The accuracy of the mandible evaluation was 75% and
78.4% and that of the cervical vertebra was 90.8% and
86.4% for the lumbar spine and femoral neck, re-
spectively. Both studies concluded that CBCT-derived
RD measurements of the mandible and cervical verte-
brae could predict osteoporosis.

Other authors evaluated CBCT-derived RD (named
in the study as CT values) and HA of the mandible and
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maxilla to observe differences in jaw bone tissues. The
CT and HA values of the maxilla and mandible from
osteoporosis patients were significantly lower than
measurements obtained from osteopenia and control
patients.'® Owing to these results, the authors concluded
that radiomorphometric indices, FD, CT and HA val-
ues could be used to evaluate and compare osteoporosis,
osteopenia and normal BMD patients.

The trabecular bone structure of jawbones and the
odontoid process in osteoporotic and normal females
using CBCT were evaluated in another study.'® They
concluded that the trabecular bone structure of jaws is
not affected in osteoporosis and the opposite was ob-
served for the odontoid process.
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Table 1 Summary of descriptive characteristics of studies in included articles (n = 6)

Study
characteristics  Sample characteristics Intervention characteristics Outcomes
Author, year, Mean Reference
country Case group Control group age (SD) Index test standard ~ Methods Main conclusions
Koh and Postmenopausal ~ Postmenopausal  66.0(6.4)—K  CBCT (voxel DXA (LS The relationship CTMI measurements
Kim'* 2011, osteoporotic normal BMD 60.0(5.7—C  size: 0.15mm) and FN) between CBCT showed no
Republic females (n = 21) females (n = 21) —device measurements [CTI  significant difference
of Korea PSR-9000N™ (S), CTI(I), CTCI between the groups
Dental CT and CTMI] and (»p >0.05);
system (Asahi BMDs were assessed. CTI(S), CTI(I) and
Roentgen Ind. The intraobserver CTCI on CBCT
Co. Ltd, agreement was images can be used
Kyoto, Japan) determined to assess
osteoporosis
Barn%kgei Post-menopausal Post-menopausal Groups CBCT (FOV: DXA Three groups for FN Osteoporosis can be
et al'® 2014,  osteoporotic normal BMD according to 13X 15cm; (LS and LV were predicted with high
Syrian Arab  females regarding females + LV T-score:  voxel size: and FN)  assessed; accuracy (78.4% for
Republic LV T-score (n =  osteopenic normal BMD 0.25 mm)— RD from the body  the FN and 75% for
13) and FN females regarding 52.3 (3.5); device and ramus of the the LV) from the RD
T-score (n=10) LV T-score (n=  osteopenia Whitefox mandible was by using CBCT
25) and FN 59.1 (7.2); Imaging v. 3 evaluated
T-score (n=28) osteoporosis  (Acteon
60.9 (7.1); Group)
Groups
according to
FN T-score:
normal BMD
55.1 (4.6);
osteopenia
58.1 (8.8);
osteoporosis
62.6 (6.9)
Barngkgei Post-menopausal  Post-menopausal 57.9 (7.2)— CBCT (FOV: DXA (LS Three groups for FN Jawbone-derived
et al'® 2016,  osteoporotic normal BMD mean age of 13X 15cm; and FN) and LV were measurements did
Syrian Arab  females regarding females + total sample  voxel size: assessed; not differ
Republic LV T-score (n =  osteopenic 0.25 mm)— Cuboids from significantly between
13) and FN females regarding device jawbones were osteoporotic and
T-score (n=10) LV T-score (n = Whitefox extracted from non-osteoporotic
25) and FN Imaging v. 3 CBCT scans; females (p > 0.05);
T-score (n = 28) (Acteon HA using ImageJ; Dens-derived
Group) Tb.Th, Tb.Ts, BV/  measures showed
TV, BS/TV and high accuracy of
connectivity density — osteoporosis
calculated by BoneJ prediction (84.2% for
FN and 78.9%
for LV)
Barn%kgei Post-menopausal Post-menopausal Groups CBCT (FOV: DXA (LS RD values from the CBCT-derived RD
etal'’ 2015,  osteoporotic normal BMD according to 13 X 15cm; and FN) first and second of cervical vertebrae
Syrian Arab  females regarding females + LV T-score:  voxel size: vertebrae and showed highest
Republic LV T-score (n =  osteopenic normal BMD 0.25mm)— the dens sensitivity (76.9%,
13) and FN females regarding 52.3 (3.5); device 70%), specificity
T-score (n=10) LV T-score (n = osteopenia Whitefox (92%, 92.9%) and
and osteoporotic  25) and FN 59.1 (7.2); Imaging v. 3 accuracy (90.8%,
+ osteopenic T-score (n=28) osteoporosis  (Acteon 86.4%) in predicting
females regarding and normal 60.9 (7.1); Group) osteoporosis in the
LV T-score (n = BMD females Groups LV and FN,
28) and FN regarding LV according to respectively
T-score (n=21) T-score (n=10) FN T-score
and FN T-score normal BMD
(n=17) 55.1 (4.6);
osteopenia
58.1 (8.8);
osteoporosis
62.6 (6.9)
Giingor et al'®  Osteoporotic Normal BMD Osteoporotic  CBCT DXA (LS Radiomorphometric Changes in the jaw
2016, Turkey patients (n =26) patients (n = 31) group 58.5 (FOV: 13 X or hip) index measurements bone associated with
Osteopenic (5.9); 10 cm; [CTI(S), CTI(1), osteoporosis can be
patients (n = 33) Osteopenic voxel size: 0.3 CTMI]; CT values  defined by
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Table 1. Continued
Study
characteristics  Sample characteristics Intervention characteristics Outcomes
Author, year, Mean Reference
country Case group Control group age (SD) Index test standard ~ Methods Main conclusions
group 52.6 mm)—device for bone density; HA radiomorphometric
(8.6); i-CAT (vision; and FD analysis index measurements,
Normal BMD Imaging using ImageJ CT values, HA and
group Sciences FD analysis on
49.8 (10.4) International CBCT images
Inc.,
Hatfield, PA)
Mostafa Osteoporotic Normal BMD Age of total  CBCT (FOV: DXA Radiomorphometric Radiomorphometric
et al'’ females (n =25) females (n =25) sample 8 X 8cm; (LS) index measurements index measurements
2016, Egypt ranging from  voxel size: (CTCI, CTMI, CTI) by CBCT can be
55 to 0.2 mm) and FD analysis used as an adjuvant
70 years old  device using ImageJ tool to refer patients
Planmeca at risk of
ProMax® 3D osteoporosis. No
Classic, significant
Helsinki, differences were
Finland found between the

two groups for FD
values (p = 0.52)

BMD, bone mineral density; BS/TV, specific bone surface; BV/TV, bone volume fraction; C, control; CTCI, CT cortical index; CTI, CT
mandibular index; CTI(I), CT mandibular index (inferior); CTI(S), CT mandibular index (superior); CTMI, CT mental index; dens, odontoid
process; DXA, dual-energy X-ray absorptiometry; FD, fractal dimension; FN, femoral neck; FOV, field of view; HA, histomorphometric analysis;
K, case; LS, lumbar spine; LV, lumbar vertebrae; RD, radiographic density; Tb.Th, trabecular thickness; Tb.Ts, trabecular separation.
T-score measures the difference between the patient’s BMD and the mean BMD of the young normal population; group according T-score is
normal BMD (T-score = —1), osteopenia (—2.5 < T-score < —1) and osteoporosis (T-score < —2.5).

Synthesis of results

In total, 220 individuals were analyzed on CBCT
examinations. Of these examinations, 85 (38.6%) were
of osteoporotic individuals and 87 (39.6%) were of
individuals with normal BMD. 48 osteopenic individu-
als (21.8%) were analyzed only in 4 studies.”>'® All
studies, except 1 which did not state the gender of the 90
analyzed individuals,'® evaluated only post-menopausal
females.

Three studies verified that the mandibular cortical
measurements were lower in individuals with
osteoporosis.'*1%!” Some CBCT-derived variables such
as RD measured by gray values (GV) and bone struc-
tural analysis were assessed in four selected studies'> '®
with promising capability for differentiating osteopo-
rotic individuals from individuals with normal BMD.
Only one study reported excellent sensitivity and spec-
ificity values for clinical use of such variables.'” This
aforementioned study evaluated RD as GV from the
first (C1) and second vertebrae (C2) and the odontoid
process (dens). Cl1 and C2 analysis showed excellent
diagnostic test accuracy that was able to distinguish low
BMD individuals accurately from healthy individuals
concerning the lumbar vertebrae T-score.

Risk of bias across studies

The six selected studies were very heterogeneous which
precluded a meta-analysis. Some limitations of these
studies should be mentioned. The limited sample size and
the selection of the patients could lead to a publication
bias. The reproducibility of the bone measurements was
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not assessed in all the selected studies. Furthermore, the
division of the groups according to the DXA diagnosis
was different between the selected studies compromising
homogeneity of results. In two studies, patients with
osteopenia and with normal BMD were included in the
control group (named as “not osteoporotic group”) and
compared with patients with osteoporosis.'>'® In another
study, patients with osteoporosis and osteopenia were
grouped and compared with patients with normal
BMD.!'” All of the three aforementioned studies from the
same author analyzed separately the CBCT measure-
ments according to DXA at the lumbar spine and DXA
at the femoral neck. In one study, the osteoporosis di-
agnosis was based on the T-score value =—2.5 at both
the lumbar spine and the femoral neck.'* On the other
hand, in a recent study, the osteoporosis diagnosis was
based on the T-score value =—2.5 at the lumbar spine or
at the femoral neck.'® From the selected studies, this
study was the only one which did not characterize the
sample according to gender. All of the other selected
studies  were  performed in  post-menopausal
females.'"* '7!* Mostafa et al'” used only the DXA at
the lumbar spine as the reference standard for the di-
agnosis of osteoporosis. Therefore, some biases may be
related to these limiting factors.

Discussion

This systematic review investigated the limited available
evidence regarding the diagnostic accuracy of CBCT for
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Figure 2 (a) Risk of bias and applicability concerns graph: review authors’ judgements about each domain presented as percentages across
included studies. (b) Risk of bias and applicability concerns summary: review authors’ judgements about each domain for each included study.

osteoporosis screening, by discriminating individuals
with low BMD from those individuals with normal
BMD. Although six studies were found in our review,
some cortical and trabecular bone measurements were
able to differentiate individuals with osteoporosis from
individuals with normal BMD according to skeletal
DXA. Dentists increasingly use CBCT scans in dental
practice, especially for implant planning in edentulous
patients, a potential population for osteoporosis.*>-*®
Therefore, it would be clinically relevant to further in-
vestigate whether CBCT could serve as an adjuvant tool
for identifying low-BMD individuals. In addition, as
a silent disease, dentists could refer individuals poten-
tially affected by the disease early for further medical
investigation. Early diagnosis of the osteoporosis is
necessary to allow proper management of the disease, to
reduce the risk of fracture and to maximize bone mass
retention.”’

To the best of the authors’ knowledge, this is the first
systematic review concerning the capability of CBCT to

identify low-BMD patients. A previous systematic re-
view has summarized the use of dental panoramic
radiographs for the same purpose. However, the
authors have recognized the limitations of this two-
dimensional image, especially regarding the geometric
distortions and the magnification.

Different linear and qualitative radiomorphometric
indices have been proposed as auxiliary diagnostic tools
for low BMD on dental imaging modalities.'*!'*!81?
These measurements were analyzed on CBCT scans in
few studies.'®!819:232931.38.39 However, in only three
studies these measurements were used to differentiate
individuals with osteoporosis from individuals with
normal BMD according to DXA.'"*!%!2 All of these
three aforementioned studies have verified that the lin-
ear measurements of the mandibular inferior cortex
were lower in osteoporotic individuals than in individ-
uals with normal BMD. Two of these studies'®'® have
also evaluated the qualitative index CTCI. Both studies
verified that classification C3, in which the cortex is

7 of 12

birpublications.org/dmfr

Dentomaxillofac Radiol, 46, 20160475


http://birpublications.org/dmfr

8 of 12

CBCT and skeletal hone mineral density: systematic review
Guerra ef a/

obviously porous with dense endosteal residues, was
more frequent in osteoporotic individuals. Based on the
results of the three aforementioned studies, the radio-
morphometric studies should be further investigated on
CBCT scans. They should be considered as promising
tools for identifying individuals with low BMD.

Four of the selected studies have analyzed radio-
graphic density vertebral and mandibular measure-
ments by using the software supplied by the CBCT
device manufacturer.'”> '® These structural bone mea-
surements are probably more related to the bone qual-
ity. Bone quality in CBCT has been described in the
literature related to the evaluation of the pre-implant
sites in the jaws.>*?® 240 These studies stated that the
calculation of the radiographic density as gray values
may be an inaccurate process, significantly depending
on the voxel size. Additionally, there are differences in
gray values between CBCT devices and trabecular bone
measurements. It should be emphasized that the selected
studies have used different CBCT devices and voxel
sizes, except the three studies performed by the same
group of authors.'> !’

In our review, CBCT-derived RD values of the dens
and the left part of the first cervical vertebra showed the
highest accuracy.'® These data suggest that vertebral
analysis could be an effective diagnostic test accurate
for screening low BMD. However, the evidence to as-
sert this possibility is weak since the three diagnostic test
studies found in our systematic review which presented
accuracy measurements were performed in the same
small sample of post-menopausal females.'”

Therefore, the few selected studies of our systematic
review revealed that the radiomorphometric analysis of
the mandibular inferior cortex on CBCT examinations
and the CBCT-derived radiographic density of the first
cervical vertebrae could differentiate individuals with
osteoporosis from normal BMD individuals. Some
authors have stated that cervical vertebrae frequently
appear in dental radio%raphs and could be used for
osteoporosis screening.'® However, it should be noted
that the C1 and C2 vertebrae only appear on mandib-
ular or full head CBCT scans. In CBCT devices with
limited field of view (FOV), the vertebral analysis might
not be performed, even in CBCT scans of post-
menopausal females, depending on the scanned area.
Nonetheless, during implant therapy, the dentists
should be aware that when using CBCT, as with other
diagnostic tools, their responsibility is not limited to the
area of interest being diagnosed or treated. Therefore,
when analyzing the CBCT examination, the vertebral
area and the mandibular inferior cortex should be
evaluated, no matter the initial purpose of the scanning.

The conclusions of the studies included in this review
are restricted. In three studies, the same authors have
analyzed a small sample size composed by 38 post-
menopausal females. Also, the same CBCT device was
used in these three studies (WhiteFox™; Acteon Group
Ltd., Milan, Italy), with identical FOV and voxel
sizes.">!” The analyses were performed by using the
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software supplied by the CBCT device manufacturer
(WhiteFox Imaging V3). Some authors have verified
that the trabecular bone measurements and, conse-
quently, the image quality are significantly affected by
technical parameters, such as the voxel size, the unit
itself, tube voltage and amperage, and FOV selec-
tion.*'*? Generally, the smaller the voxels, the higher
the spatial resolution and therefore the sharper the
images appear to be.”’ Further studies are necessary to
verify whether the results would be different by varying
the FOV and voxel size. In addition, the bone variables
were based on trabecular measurements. The measure-
ments were performed on CBCT scans from the same
device, by using similar FOV and voxel sizes.

This systematic review pointed out the need of further
standardized studies with larger sample sizes, concern-
ing the bone variable and the measured area, and also
focused on the cortical bone. Some trabecular bone
structural measurements that may be more related to
the bone quality should be further correlated with other
skeletal measurements, such as lumbar spine and hip
quantitative CT.

Limitations

Some restrictions of this systematic review should be
considered. First, all of the studies presented a small
sample size and a large heterogeneity was observed in
the standard classification of the case and control
groups of the included studies (e.g. osteopenic females
were classified in the control group, and sometimes in
the case group together with females with osteoporosis).
Moreover, different mandibular and vertebral areas/
variables were tested for differentiate postmenopausal
females. Some bone areas may be influenced by local
factors, as occlusal forces and masseter muscle tensions
that influence the correlation with DXA.'64344

Finally, studies did not report the calibrating process
of the examiners to ensure accuracy and reproducibility.
Such inconsistencies collectively result in large varia-
tions in the diagnostic accuracy of CBCT for the
screening of patients with low BMD. It has serious
implications for diagnostic test accuracy studies because
the reference standard directly impacts the test perfor-
mance estimation.

Conclusions

Although this systematic review indicates a scarcity of
studies regarding the accuracy of CBCT as a screening
tool for low BMD, it suggests the potential of this im-
aging modality for this purpose. Linear measurements
of the inferior mandibular cortex were lower in osteo-
porotic individuals, indicating that radiomorphometric
indices on CBCT should be a promising tool for iden-
tifying individuals with low BMD. CBCT-derived ra-
diographic density using the CBCT-viewer software
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should also be promising for screening BMD in future
studies. In cases where CBCT is prescribed, dentists
could have an important role in identifying patients
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Appendix A

Table A1 Search strategies with appropriated key words and MeSH terms”

E. Assessment of mandibular buccal and lingual cortical bones in
postmenopausal women. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2007; 104: 545-50. doi: https://doi.org/10.1016/].
tripleo.2007.04.034

Database Search strategy”

LILACS CBCT or cone beam computed tomography or tomografia computadorizada por feixe conico or tomografia computadorizada
odontologica [Palavras] and osteoporose or densidade dssea or baixa densidade ossea or bisfosfonatos or densidade mandibular
or bone density or low bone density [Palavras]

PubMed #1 (((adult) OR adults) OR male) OR female

Science Direct

Scopus

#2 ((((((((((((((((((((((((((“Bone density”) OR “Bone mineral density”) OR “Bone mineral densities”) OR “Bone mineral mass”)
OR “Bone mineral quality”’) OR “Bone quality assessment”) OR “Alveolar bone mass”) OR “Alveolar bone loss”) OR
“Mandibular cortical bone”) OR “Mandibular bone quality”) OR “Mandibular bone mineral density””) OR “Jaws bone
density”) OR “Cortical bone mass”) OR “Trabecular bone mass”) OR “Trabecular mandibular bone”) OR “Low bone mass”)
OR “Low bone mineral mass”) OR “Low bone mineral densities”) OR “Loss of bone mass”) OR “Loss of bone mineral
density”) OR “Mandibular osteopenia”) OR “Metabolic bone loss”) OR “Osteoporosis”) OR “Oral bisphosphonates”) OR
“Mandibular cortical indices”) OR “Mandibular radiomorphometric indices”) OR “Bisphosphonates”

#3 ((((“CBCT”) OR “cone beam”) OR computed tomography) OR cone beam[MeSH Terms]) OR computer assisted

tomography) OR cone beam[MeSH Terms]

#4 ((((((((((Densitometry) OR densitometric*) OR “DXA”) OR “DEXA”) OR “dual energy X-ray”) OR “dual energy Xray”)
OR “dual energy X-ray”) OR “dual-energy X-ray”) OR “dual-energy Xray”) OR “dual-energy X-ray”) OR dxa scan[MeSH

Terms]) OR dxa scans[MeSH Terms]
#5 ((#1) AND#2) AND#3) AND#4

(Cone beam computed tomography OR Cone beam CT OR CBCT OR CBCT scans OR Cone beam technique or dental

computed tomography) and (Bone density OR Bone mineral density OR Bone mineral mass OR Mandibular cortical bone OR
Low bone mass OR Low bone mineral densities OR Loss of bone mass OR Osteoporosis OR Bisphosphonates) AND

LIMIT-TO(contenttype, “JL,BS”,“Journal”).

ALL ((cone beam computed tomography OR cbct OR cone beam ct OR computed tomography AND bone density OR low

bone density OR osteoporosis OR radiomorphometric indices OR mandibular indices OR mandibular osteopenia OR

mandibular cortical bone))

Web of Science

TS=((Bone density OR Bone mineral density OR Bone mineral densities OR Bone mineral mass OR Bone mineral quality OR
Bone quality assessment OR Alveolar bone mass OR Alvelar bone loss OR Mandibular cortical bone OR Mandibular bone
quality OR Mandibular bone mineral density OR Jaws bone density OR Cortical bone mass OR Trabecular bone mass OR
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Database Search strategy”

Trabecular mandibular bone OR Low bone mass OR Low bone mineral mass OR Low bone mineral densities OR Loss of bone
mass OR Loss of bone mineral density OR Mandibular osteopenia OR Metabolic bone loss OR Osteoporosis OR Oral
bisphosphonates OR Postmenopausal women OR Postmenopausal or mandibular cortical indices or radiomorphometric indices
or bisphosphonates) AND (Cone beam computed tomography OR Cone-beam computed tomography OR Cone beam CT OR
Cone-beam CT OR CBCT OR CBCT scans OR Cone-beam technique OR Cone beam technique OR Cone beam computed
tomography scanners OR Cone-beam computerized tomographic scanning OR Computerized tomography for dental OR Dental
cone-beam CT OR Dental cone beam CT or cone beam computer tomography))

Google
Scholar

Cone beam AND computed tomography AND CT AND CBCT AND scans AND Cone beam AND technique AND Bone
AND density AND Bone mineral AND density AND Bone mineral AND mass AND Mandibular cortical AND bone AND

Low AND bone mass AND Low bone AND mineral densities

Open Grey Cone beam AND Bone density
ProQuest su(Cone beam ct) AND su(Bone density)

“Up to 5 October 2016.

Appendix B

Table A2 Excluded articles and reasons for exclusion

Author, year Reason for exclusion
Springe et al,*! 2014 6
Geibel et al,*> 2016 3

Reasons for exclusion:

(1) reviews, letters, personal opinions, book chapters
and conference abstracts (n = 0)

(2) studies that evaluated other diagnostic methods
such as quantitative CT and micro-CT (n = 0)

(3) studies without the reference standard comparison
(DXA) (n=1)

References

Al. Springe B, Slaidina A, Soboleva U, Lejnieks A. Bone mineral
density and mandibular residual ridge resorption. Int J Prosthodont
2014; 27: 270-76.

(4) studies with children in the sample (n = 0)

(5) experimental studies (in vitro or in vivo with ani-
mal models) (n = 0)

(6) a different target condition such as evaluation of
the relationship between BMD and dimensions of the
mandibular residual ridge in edentulous individuals

(n=1).

A2. Geibel MA, Loffler F, Kildal D. Osteoporosis detection using
cone-beam computed tomography. Orthopade. 2016 Sep 28. Epub
ahead of print.

11 of 12

birpublications.org/dmfr

Dentomaxillofac Radiol, 46, 20160475


http://birpublications.org/dmfr

CBCT and skeletal hone mineral density: systematic review
12 of 12 Guerra ef a/

Appendix C

Table A3 Risk of bias in individual studies. Quality Assessment Tool for Diagnostic Accuracy Studies-2 criteria fulfilled.

Koh and Barn]gkgei Barn[gkgei Barn]gkgei Giingor Mostafa
Item Kim'* 2011 et al” 2014 et al® 2016 etal”’ 2015 et al'® 2016 et al” 2016
Domain 1: patient Was a consecutive or Y Y Y Y Y Y
selection random sample of patients
enrolled?
Was a case—control design N N N N N
avoided?

=<

Did the study avoid

inappropriate exclusions?

Could the selection of H H H H H

patients have

introduced bias?

Concerns regarding L L L L L L

applicability: Is there

concern that the included

patients do not match the

review question?
Domain 2: Were the index test results U U U U U U
index test interpreted without

knowledge of the results of

the reference standard?

If a threshold was used, was U

it pre-specified?

Could the conduct or

interpretation of the index

test have introduced bias?

Concerns regarding L L L L L L

applicability: Is there

concern that the index test,

its conduct or interpretation

differ from the review

question?
Domain 3: Is the reference standard Y Y Y Y Y Y
reference standard  likely to correctly classify

the target condition?

Were the reference standard 'Y Y Y Y Y Y

results interpreted without

knowledge of the results of

the index test?

Could the reference L L L L L L

standard, its conduct or its

interpretation have

introduced bias?

Concerns regarding L L L L L L

applicability: Is there

concern that the target

condition as defined by the

reference standard does not

match the review question?

Domain 4: flow Was there an appropriate Y Y Y Y Y Y
and timing interval between index test
(s) and reference standard?
Did all patients receive Y Y Y Y Y Y
a reference standard?
Did patients receive the Y Y Y Y Y Y
same reference standard?
Were all patients included Y Y Y Y Y Y
in the analysis?
Could the patient flow have L L L L L L

introduced bias?

H, high risk; L, low risk; N, no; U, unclear; Y, yes.

Dentomaxillofac Radiol, 46, 20160475 birpublications.org/dmfr


http://birpublications.org/dmfr

