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ABSTRACT
Background
Cortical anchorage concepts have increasingly influenced implant dentistry, particularly in anatomically
compromised situations where conventional endosseous implant approaches are constrained. Despite this shift,
radiographic imaging strategies supporting implant planning remain largely grounded in paradigms developed for
trabecular bone—dependent implant placement.
Objective
This PRISMA 2020-guided critical review aimed to synthesize indexed literature related to orthopantomogram
(OPQG) and cone beam computed tomography (CBCT) in implant imaging, with particular emphasis on unresolved
conceptual, methodological, clinical, and ethical gaps relevant to cortical anchorage.
Materials and Methods
Electronic database searches were conducted in PubMed/MEDLINE, Scopus, and the Cochrane Library for
studies published between January 2000 and March 2026. Following systematic screening of 812 records and
removal of duplicates, 586 records underwent title and abstract screening. Full-text assessment was performed for
130 studies, of which 48 indexed studies met predefined eligibility criteria and were included in qualitative
synthesis.
Results
The review identified persistent absence of validated radiological definitions of cortical suitability, continued
empirical reliance on panoramic imaging without established thresholds, lack of standardized CBCT protocols
tailored to cortical engagement, weak and inconsistent correlations between imaging findings and clinical
outcomes, limited formal integration of oral and maxillofacial radiology expertise into implant decision-making,
and underdeveloped ethical frameworks addressing interpretive uncertainty and imaging justification.
Conclusions
Current OPG and CBCT protocols lack the standardization necessary to safely guide cortical anchorage.
Overcoming this relies on shifting from purely descriptive radiological reporting to outcome-validated, trajectory-
based frameworks that bridge the gap between initial radiographic interpretation and active surgical execution.
Keywords: Cortical Implants; Cone Beam Computed Tomography; Panoramic Radiography; Implant Imaging;
Oral Radiology; Ethics.
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resorption, sinus pneumatization, limited vertical

1. Introduction bone availability, compromised trabecular density,
Cortical anchorage in implant dentistry has evolved and anatomical restrictions often reduce the
primarily from clinical necessity rather than feasibility of conventional endosseous implant
theoretical preference. Severe alveolar ridge placement [1-5]. In such circumstances, implant
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stability increasingly depends upon engagement of
dense cortical and basal bone structures rather than
reliance on cancellous bone volume alone.

This shift fundamentally alters the radiological
requirements of implant planning. Conventional
implant imaging protocols were historically
designed around crestal implant placement concepts
emphasizing ridge height, ridge width, trabecular
bone  availability, delayed loading, and
osseointegration-dependent healing [1,2]. Cortical
anchorage strategies, however, frequently involve
oblique trajectories, Dbicortical stabilization,
engagement of remote cortical structures, immediate
or ecarly loading, and mechanical stabilization
beyond conventional crestal pathways [5,37,38].
Radiographic imaging is expected to reduce
uncertainty and facilitate safe surgical planning.
Panoramic radiography and cone beam computed
tomography (CBCT) currently constitute the
principal imaging modalities used in implant
dentistry [11-16]. Panoramic radiography continues
to be widely employed because of accessibility,
lower radiation exposure, and cost-effectiveness.
However, limitations related to magnification,
distortion, lack of buccolingual visualization, and
superimposition are well documented [11-13].
CBCT fundamentally improved implant planning by
providing accurate, three-dimensional assessments
of alveolar bone and adjacent vital structures [14—
18]. However, linear accuracy alone does not satisfy
the requirements of cortical anchorage. The
operating clinician must determine if the target
cortical bone is continuous, structurally sound, and
accessible along the intended trajectory of
mechanical engagement.

Despite this shift toward cortical reliance, most
CBCT protocols still reflect traditional crestal-
loading paradigms rather than targeted cortical
engagement strategies. Clinical reports frequently
rely on subjective descriptors—such as “adequate
cortical bone” or “dense cortical support”—yet fail
to provide validated, reproducible radiological
thresholds [8-10]. Consequently, the literature
exhibits a significant disconnect between pre-
operative imaging parameters and long-term clinical
success. While mechanical stability metrics like
insertion torque and resonance frequency analysis
are heavily documented [6,7], imaging-derived
cortical measurements are rarely tested as
independent, predictive variables.

An additional concern involves ethical and
interpretive uncertainty. Radiation justification and
dose optimization have received considerable
attention within CBCT guideline literature [22-33].
However, comparatively little attention has been
directed toward interpretive  responsibility,
uncertainty communication, or ethical implications
of radiological overconfidence in cortical implant
planning.
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Accordingly, this PRISMA 2020-guided critical
review aimed to evaluate whether contemporary
implant imaging literature genuinely supports
reproducible and ethically defensible cortical
anchorage planning or whether substantial
conceptual, methodological, and professional gaps
remain unresolved.

2. Methods

2.1 Protocol and Reporting Standard

This review was conducted and reported in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA
2020) statement.

A review protocol defining eligibility criteria, search
methodology, screening process, and qualitative
synthesis approach was established a priori.

The review protocol was not prospectively
registered in PROSPERO because the study was
designed as a qualitative, gap-oriented critical
synthesis without planned meta-analysis or patient-
level interventional outcome pooling.

2.2 Eligibility Criteria

Inclusion Criteria

Studies meeting the following criteria were
included:

Indexed and peer-reviewed publications

Human clinical studies, observational studies,
consensus statements, guideline documents, and
systematic reviews

Literature addressing orthopantomogram (OPG)
and/or cone beam computed tomography (CBCT) in
dental implant imaging

Studies evaluating cortical bone assessment, implant
stability, radiological reporting approaches,
imaging-based implant planning, or ethical
considerations in implant imaging
English-language publications

Exclusion Criteria

The following were excluded:

Non-indexed or non-peer-reviewed literature
Animal studies or in-vitro investigations lacking
direct clinical applicability

Case reports or case series without analytical
radiological interpretation

Surgical technique papers without imaging-based
decision analysis

Narrative reviews lacking specific relevance to
cortical anchorage imaging

Studies unrelated to implant imaging or cortical
assessment

2.3 Information Sources and Search Period
Electronic literature searches were conducted in the
following databases:

PubMed/MEDLINE

Scopus

Cochrane Library

The search period extended from January 2000 to
March 2026.
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Additional records were identified through manual
screening of reference lists from relevant reviews,
consensus statements, and guideline documents
[13,22,23].
2.4 Search Strategy
Search  strategies were  developed  using
combinations of Medical Subject Headings (MeSH)
terms and free-text keywords combined with
Boolean operators.
A representative PubMed search strategy was as
follows:
("cone beam computed tomography" OR CBCT OR
"panoramic radiography" OR orthopantomogram)
AND ("dental implant" OR implantology OR
"implant planning") AND (cortical OR corticobasal
OR basal OR "cortical anchorage") AND ("implant
stability" OR "bone quality" OR "oral radiology")
Additional keywords included:
“radiation justification”
“implant trajectory”
“cortical bone thickness”
“implant imaging”
“ethical considerations”
2.5 Study Selection
All retrieved records were exported into a reference
management system, and duplicate records were
removed.
Two independent reviewers performed title and
abstract screening according to predefined eligibility
criteria. Full-text assessment was subsequently
conducted for potentially eligible studies.
Disagreements during screening and eligibility
assessment were resolved through consensus
discussion.
The database search yielded 812 records.
PubMed/MEDLINE: 368 records
Scopus: 392 records
Cochrane Library: 52 records
Additional records identified through manual
search: 24 records
After removal of 226 duplicate records, 586 unique
records underwent title and abstract screening.
Subsequently:
456 records were excluded after title and abstract
screening
130 full-text articles were assessed for eligibility
82 studies were excluded after full-text assessment
48 studies met eligibility criteria and were included
in qualitative synthesis
The study selection process is illustrated in the
PRISMA 2020 flow diagram.

Fig: 1: PRISMA 2020 FLOW DIAGRAM
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PRISMA 2020 Flow Diagram: Study Selection for

A Review on Implant Imaging for Cortical Anchorage (OPG and CBCT)
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2.6 Quality Appraisal

Given the heterogeneity of included study designs,
formal meta-analysis was not feasible.
Methodological appraisal primarily focused on:
Imaging methodology transparency

Definition of cortical assessment parameters
Correlation between imaging findings and clinical
outcomes

Reproducibility of radiological interpretation
Ethical and reporting considerations

2.7 Data Extraction and Qualitative Synthesis
Extracted data included:

Imaging modality

Cortical assessment approach

Reporting parameters

Implant stability correlations

Imaging limitations

Ethical considerations

Outcome linkage

Due to substantial heterogeneity in study design,
imaging methodology, outcome variables, and
reporting standards, quantitative synthesis was not
appropriate. Therefore, a qualitative, gap-oriented
narrative synthesis was performed.3. Results

3.1 Study Selection

Following full-text assessment, 82 indexed articles
were excluded.

The most frequent reasons for exclusion included:
Case reports or case series lacking analytical
radiological frameworks
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Animal or in-vitro study designs without clinical

CBCT applicability

Surgical technique papers without imaging-based

decision analysis

Imaging studies unrelated to implant planning or

cortical assessment

Narrative reviews lacking cortical anchorage-

specific focus

Representative excluded studies and reasons for

exclusion are summarized in Supplementary Table

S1.

Supplementary Table S1. Representative Excluded
Studies and Reasons for Exclusion

analysi
8

Trisi P

20
09

Int)J
Oral
Maxillof
ac
Implants

Bone—
implant
contact
studies

Anima
1 study
lackin
g
direct
clinica
1
CBCT
applic
ability

Reaso
Study n for

Focus | Exclus
ion

First Y
Autho | ea | Journal
r r

S z~nu

Case
series;
imagin

g

descri

IntJ Immed tive
Oral iate I())nly
7 | Balshi | 201\ iior | 19292 | imou
TJ 01 ac in t
Implants malr; dib analyti

cal
radiolo
gical
frame
work

Seong
Wi

20
09

Clin
Oral
Implants
Res

Implan
t
stabilit
y in
bone
blocks

In-
vitro
design
withou
t
clinica
1
radiolo
gical
interpr
etation

Surgic
al—
prosth
etic
focus;

Clin imagin
Implant All-on- gn%)t
Malo | 20 4
2 P 05 Dent protoco analyz

Relat 1 ed as

Res indepe
ndent
decisio

n
variabl
e

Ihde S

20
10

Implant
Dent

Cortico
basal
implant
concep
ts

Techni
que-
driven
narrati
ve
withou
t
analyti
cal
imagin
g
metho
dology

Imagin
g used
illustra
. . tively
Krekm Clin ATllted withou
20 Oral implant
3 | anov t
00 | Implants | placem .
cortica
Res ent Lor

traject
ory-
based

Scorte
cci G

19
99

J Oral
Implant
ol

Basal
implant
techniq

ues

Surgic
al
techni
que
paper
withou
t
radiolo
gical
decisio
n
analysi
S

Ludlo
w JB

20
06

Dentom
axillofac
Radiol

CBCT
dosime
try

Radiat
ion
physic
s focus
unrelat
edto
implan
t
decisio
n_

1IJDDT, Volume 16 Issue 60s, 2026

Page: 68 6




Implant Imaging for Cortical Anchorage: A PRISMA-Guided Critical Review of OPG and CBCT

Literature
makin anchor
g age
Gener not
al specifi
imagin cally
SOrfl g addres
Ol;agl overvi sed
Med CBCT | €W not Risk
9 Farma | 20 Oral e specifi discus
nAG | 08 ra prncip cto sion
Pathol les imol 1
Oral fmplan Mental | 0¥
. t withou
Radiol . Green J forame
cortica 1 . 20 . t
Endod stein Periodo n .
1 4 06 cortica
G ntol anatom
assess 1
ment y implan
Broad t
descri frame
ptive work
review Outco
Imagin lackin me-
Bornst Periodo gin g focuse
1 . 20 . cortica d
0 ein 17 ntol implant | Coch Implan .
MM 2000 | dentistr ochran t review
anchor . e . withou
y 1 | Esposi | 20 surviva
age— Databas t
. 5] toM | 14 1 . .
specifi e Syst imagin
outcom
c Rev g
. es
analysi param
S eter
Descri analysi
ptive S
review Biolog
withou ical
Clin CBCT t focus;
1 | Jacobs | 20 in outco . J Clin Peri- | imagin
1 R 18 Inger:esltli dentistr me- é Llen‘?h (2)2 Periodo | implant | gnot
J y linked ntol disease | evalua
cortica ted
1 analyti
frame cally
work Gener
Anato al
Oral mical review
Surg study CBCT | lackin
Oral | Mandi | withou 7/ | Dawo | 20 | BrDent | . g
7 | Naitoh | 20 Med bular t 7| odA | 09 7 clinical | cortica
P M 10 Oral canal | implan practic 1
Pathol morph t e traject
Oral ology | planni ory
Radiol ng analysi
Endod correla S
tion Guidel
Imagin CBCT ine-
Mandi g Dentom | princip | focuse
1 | Chan | 20 PeriJo do bular descri é Hroge (2)(9) axillofac | les and d
3 HL 10 ntol anatom | ptive; Radiol | guideli | discus
y cortica nes sion
1 withou

1IJDDT, Volume 16 Issue 60s, 2026

Page: 687




Implant Imaging for Cortical Anchorage: A PRISMA-Guided Critical Review of OPG and CBCT

t
cortica
1
anchor
age
frame
work

~

Guerre
ro ME

20
14

Clin
Oral
Implants
Res

CBCT
risk
assess
ment

Conve
ntional
implan
t
planni
ng
focus
withou
t
cortica
1
engage
ment
analysi
S

Loube
leM

20
08

Dentom
axillofac
Radiol

Linear
measur
ement
accurac

y

Techni
cal
validat
ion
study
withou
t
cortica
1
planni
ng
implic
ations

N

Chan
HL

20
14

Implant
Dent

Implan
t
compli
cations

Imagin
g
second
ary to
surgic
al
outco
me
discus
sion

Hassa
nB

20
10

Clin
Oral
Investig

CBCT
linear
accurac
y

Techni
cal
measu
rement
study
lackin
g
implan
t
stabilit
y
correla
tion

~

Tynda
11 DA

20
08

Dent
Clin
North
Am

CBCT
applica
tions

Broad
CBCT
applic
ations
review
withou
t
cortica
1
implan
t
specifi
city

)

Pauwe
IsR

20
13

Dentom
axillofac
Radiol

CBCT

grey
values

Techni
cal
densit
Yy
variabi
lity
analysi
S
withou
t
cortica
1
anchor
age
outco
me
assess
ment

Scarfe
WwC

20
06

J Can
Dent
Assoc

Clinica
1
applica
tions of
CBCT

Gener
al
radiolo
&
review
withou
t
implan
t
outco
me
linkag
e

Nacka
erts O

20
11

Clin
Oral
Implants
Res

Intensit
y
variabil
ity in
CBCT

Techni
cal
imagin
g
study
withou
t
clinica
1
cortica
1
planni
ng
frame
work

1IJDDT, Volume 16 Issue 60s, 2026

Page: 68 8




Implant Imaging for Cortical Anchorage: A PRISMA-Guided Critical Review of OPG and CBCT

radiolo
gical
frame
work

w

Casset
taM

20
12

Implant
Dent

Surgica

1 guide

accurac
y

Navig
ation-
focuse
d
study
withou
t
cortica
1
assess
ment
param
eters

“w

Vercru
yssen

20
14

Clin
Oral
Implants
Res

Guided

surgery

accurac
y

Surgic
al
naviga
tion
study
unrelat
ed to
cortica
1
suitabi
lity
definit
ions

Dula

20
14

Dentom
axillofac
Radiol

CBCT
indicati
ons

Guidel
ine
paper
withou
t
implan
1-
specifi
c
cortica
1
analysi
S

Densit
y
evalua
tion
ItI ) petiabi | Study
Oral . withou
2 | Nomu | 20 Maxillof lity of :
7| raY |13 voxel | .
ac lues implan
Implants va t
traject
ory
analysi
S
Anato
mical
review
Implan | withou
Green J t. . t.
2 . 20 . surgica | imagin
stein Periodo
8 G 08 ntol ! £
anatom | based
y cortica
1
assess
ment
Narrati
ve
discus
Bone sion
2 | Misch | 20 Dent density | withou
9 CE 08 | Today | concep t
ts radiolo
gical
metho
dology
Primar
ily
surgic
Zygom al
atic discus
and sion
3 Beflr ° 120 Implant | remote | withou
0| 31 Dent anchor t
E
age structu
concep red
ts imagin
g
analysi
S
Prosth
etic—
Clin 4 Tilted | surgic
. Implant implant al
3 | Aparic | 20 sand | empha
1 ioC 14 Dent immedi sis
Relat .
Res ate; withou
loading t
analyti
cal

w

Benic
GI

20
13

Int]J
Oral
Maxillof
ac
Implants

Dimen
sional
accurac
y of
CBCT

Techni
cal
imagin
g
validat
ion
lackin
g
outco
me-
oriente
d
cortica
1
analysi
S

1IJDDT, Volume 16 Issue 60s, 2026

Page: 689




Implant Imaging for Cortical Anchorage: A PRISMA-Guided Critical Review of OPG and CBCT

Literature
Surgic implant d
al imagin | narrati
workfl g ve
ow lackin
Compu
ter- empha g gap-
v Clin st sis oriente
3 an 1o Oral aSSISEC | withou d
Assch d .
6 12 | Implants | . t cortica
eN implant .
Res . cortica 1
plannin .
1 analysi
& radiolo S
gical Techni
interpr cal
etation Oral artifact
Radiat Surg study
ion- Oral CBCT | withou
Oral focuse 4 | Tadina | 20 Med artifact t
Sur d 1| daA |15 Oral assess | cortica
Ora% study Pathol ment 1
Suoma CBCT | withou Oral implan
3 . 20 Med .. .
lainen radiatio t Radiol t
7 A 15 Oral 4 imol imoli
Pathol ndose | implan implic
Oral t ‘ atlons.
Radiol planni Techni
ng cal
analysi physic
S S
Gener Physic dlgcus
al Kaasal al ston
implan 4 ainen 20 Phys rinci withou
t 2 21| Med | PHECP 1y
. . T les of | .
imagin CBCT implan
Preope g t
Dentom | rative | review outco
3 | Guerre | 20 . . .
axillofac | implant | lackin me
8 | roME | 06 . . .
Radiol | imagin g correla
g cortica tion
1 Radiat
anchor ion
age dosim
specifi etry
city Radiati | [0°US
Surgic . withou
4 . 20 | Imaging | on dose
al LiG . . t
planni 3 13 | Sci Dent in cortica
ng CBCT 1
empha assess
Clin Compu sis ment
3 | Tahma | 20 Oral ter- withou analysi
9 | sebA | 14 | Implants | guided t S
Res surgery | cortica Guidel
1 ine-
trﬁjrect Dent Radiati orlznte
y 4 | O’Mal | 20 entom on .
frame 4| levL | 15 axillofac cotecti | TEVIEW
work Y Radiol | P on withou
4 Bornst 20 Periodo | Conte | Conse t
0 ein 19 ntol mporar | nsus- implan
MM 2000 y focuse t-

1IJDDT, Volume 16 Issue 60s, 2026

Page: 690




Implant Imaging for Cortical Anchorage: A PRISMA-Guided Critical Review of OPG and CBCT

Literature
specifi linkag
c e
cortica Radiat
1 ion
frame compa
work CBCT | rison
Broad versus | stud
ethical 4 | Loube | 20 Eur.J MSCT unreth
. 91 leM | 09 | Radiol ..
review radiatio | edto
Ethical wittlou n dose cori[ica
Berkh Dentom | *°P ects cortica planni
4 20 : of
5 out 15 ax1lquac dental | 1 ng
WE Radiol . implan Techn
radiolo
t ology-
&y planni focuse
ng d
specifi CBCT | review
pcity Dep t technol | lackin
Gener 5 | Scarfe | 20 Clin ogy o
0| WC |08 | North . ;
al overvie | cortica
. Am
radiolo w 1
gy anchor
cogniti age
AJR Am | Errors on frame
4 | Berlin | 20 J of paper work
6 L 05 | Roentge | omissi w1t110u
nol on implan 3.2 Absence of Radiological Definitions of
t Cortical Suitability
imagin Across included studies, cortical bone was
g repeatedly identified as a determinant of implant
specifi stability without operational radiological definition.
city Associations between cortical thickness and primary
Gener implant stability have been reported [6—10], yet no
al included study established validated radiological
diagno thresholds applicable across implant designs,
stic loading protocols, or anatomical regions.
reason Radiological descriptions frequently remained
Diagno ing qualitative, relying on terms such as “dense cortical
4 | Crosk | 20 Acad stic paper support” or “adequate cortical engagement” without
7 | erryP | 09 Med cogniti not reproducible measurement standards.
ve bias | specifi This absence of standardized definitions limits
cto interobserver reproducibility and contributes to
implan continued dependence on operator experience.
t Identified Gap
radiolo Absence of  validated, trajectory-specific
gy radiological definitions of cortical suitability.
Anato 3.3 Panoramic Radiography: Continued Use
Oral mical Without Validated Boundaries
Surg imagin Although panoramic radiography remains a routine
Oral Mandi g preliminary screening tool due to its accessibility
. Med bular study and low radiation dose [11,12], its diagnostic value
4 | Naitoh | 20 . . . .
8 M 10 Oral canal lackin for cortlgal apchorage 1S sever.ely restrlcted.‘lnherent
Pathol morph g geometric distortion, unpredictable magnification,
Oral ology | implan structural superimposition, and the complete
Radiol t absence of a buccolingual perspective compromise
Endod stabilit accurate trajectory planning [11-13]. While
y contemporary radiological guidelines advocate for

IJIDDT, Volume 16 Issue 60s, 2026 Page: 69 1



Implant Imaging for Cortical Anchorage: A PRISMA-Guided Critical Review of OPG and CBCT
Literature

CBCT in anatomically complex scenarios
[13,22,23], the current literature fails to establish
strict diagnostic boundaries that define exactly when
panoramic imaging suffices and when three-
dimensional assessment becomes an absolute
requirement for cortical stabilization.

3.4 CBCT: Accuracy Without Cortical-Specific
Standardization

CBCT provides exceptional three-dimensional
spatial visualization [14-18,22-24]; however,
standard imaging protocols are optimized for
traditional endosseous placement rather than
targeted cortical engagement. Routine software
evaluations prioritize static orthogonal dimensions,
focusing on crest-to-canal distances or standardized
ridge widths. These traditional metrics are
insufficient for planning oblique trajectories,
verifying multi-cortical continuity, or assessing
remote basal stabilization. Compounding this issue
is the stark methodological inconsistency in how
cortical thickness is reported across studies, with
measurement sites varying arbitrarily between
crestal, mid-alveolar, and basal regions. This
heterogeneity severely limits the reproducibility of
trajectory-based cortical assessments.

3.5 CBCT Gray Values and the Persistent
Density Dilemma

The use of CBCT gray values to estimate bone
density remains controversial [19-21,23,24].
Because these values are highly susceptible to
device calibration, scatter radiation, varied voxel
sizes, and proprietary reconstruction algorithms,
they do not correlate reliably with true Hounsfield
Units. Nevertheless, subjective terminology—such
as "dense cortical bone" or "poor density"—
continues to dominate clinical imaging reports. This
reliance on non-standardized qualitative descriptors
introduces significant predictive uncertainty, as no
current studies have successfully established
universal gray-value thresholds capable of
guaranteeing cortical anchorage across different
implant systems.

3.6 Imaging—Outcome Disconnect

Although implant stability and survival outcomes
are extensively discussed in implant literature,
relatively few studies prospectively linked
predefined imaging parameters to long-term clinical
outcomes.

Measures such as insertion torque and resonance
frequency analysis are frequently employed [6,7].
However, imaging findings are often presented
descriptively rather than as independently testable
predictive variables.

Cortical thickness, cortical continuity, or trajectory
feasibility are rarely predefined as hypotheses to be
validated against stability or survival outcomes.
Consequently, imaging frequently functions as
explanatory background rather than predictive
evidence.

1IJDDT, Volume 16 Issue 60s, 2026

This  disconnect contributes to  continued
dependence on clinical intuition and operator
experience.

Identified Gap

Lack of prospective, outcome-oriented studies
validating imaging-derived cortical parameters as
predictors of implant stability and long-term
success.

3.7 Ethical and Professional Gaps Beyond
Radiation Dose

Radiation optimization and justification are
extensively addressed within CBCT guideline
literature [25-33].

However, ethical considerations in implant imaging
extend beyond radiation exposure alone.
Interpretation itself carries ethical and medico-legal
responsibility.

Across included studies, comparatively little
attention was directed toward:

Interpretive uncertainty

Confidence disclosure

Probabilistic reporting

Communication of imaging limitations

Ethical implications of radiological overconfidence
This issue becomes particularly relevant in cortical
implantology where imaging may be used to justify
unconventional implant trajectories, immediate
loading protocols, or engagement of remote cortical
structures.

When uncertainty is not explicitly acknowledged,
clinicians may overestimate the predictive capability
of imaging findings and patients may provide
consent under assumptions of certainty unsupported
by evidence.

Identified Gap

Underdeveloped ethical frameworks addressing
interpretive  uncertainty, responsibility, and
communication in implant imaging.

4. Discussion

This PRISMA-guided critical review demonstrates
that although implant imaging technology has
advanced substantially, conceptual and
methodological frameworks guiding its use in
cortical ~ implantology  remain  incompletely
developed.

Panoramic radiography continues to be used despite
recognized limitations and absence of validated
cortical planning thresholds [11-13].

CBCT provides accurate three-dimensional
anatomical  visualization [14-18]; however,
standardized cortical-specific assessment
frameworks remain lacking [22-24].

Importantly, the review identified a recurring
disconnect between imaging-derived parameters
and validated clinical outcomes.

Cortical parameters are frequently described but
rarely prospectively validated as predictors of
implant stability or long-term success.
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This contributes to persistent reliance on operator
experience rather than reproducible evidence-based
interpretation.

An important unresolved issue identified in this
review is the absence of trajectory-oriented
radiological frameworks specifically designed for
cortical anchorage.

Conventional implant imaging protocols primarily
rely on static orthogonal measurements, whereas
cortical implantology frequently depends on
dynamic multi-cortical engagement extending
beyond conventional crestal trajectories.

This discrepancy may partly explain why advanced
imaging technology has not entirely eliminated
interpretive uncertainty in cortical implant planning.
From a radiological perspective, this creates
professional ambiguity.

Radiologists are frequently expected to comment on
cortical suitability despite absence of universally
validated criteria [48]. Consequently, reporting
often remains cautious yet imprecise.

Surgeons, in turn, depend substantially on
experiential judgment to bridge evidentiary gaps.
Cognitive and Interpretive Considerations

The physical limitations of radiological hardware
are frequently compounded by cognitive biases
during image interpretation. Classic diagnostic
pitfalls—such as anchoring effects, heuristic
reasoning, and premature diagnostic closure—are
well-documented in the broader medical radiology
literature [41,42]. Within cortical implantology,
these cognitive vulnerabilities become pronounced
when clinicians attempt to mentally extrapolate
primary mechanical stability from static, two-
dimensional  radiological appearances.  This
subjective, experience-based reliance highlights the
urgent clinical need to transition toward objective,
standardized reporting frameworks that minimize
diagnostic heuristics.

4.1 Clinical Implications

The findings of this review suggest that
contemporary imaging practices support cortical
implant planning more through accumulated
experience than through structured predictive
evidence.

While this does not invalidate successful clinical
outcomes, it highlights vulnerability to variability,
inconsistency, and interpretive overconfidence.
Standardized CBCT  reporting frameworks
incorporating:

Trajectory analysis

Cortical continuity assessment

Confidence statements

Structured uncertainty disclosure

may improve reproducibility and interdisciplinary
communication.

4.2 Future Research Directions

1IJDDT, Volume 16 Issue 60s, 2026

Future research should prioritize clinically
translatable outcome-oriented frameworks rather
than purely descriptive imaging analysis.
Particularly important areas include:

Prospective studies correlating imaging-derived
cortical parameters with implant stability and
survival outcomes

Interobserver reliability studies focused on cortical
assessment reproducibility

Trajectory-oriented cortical mapping methodologies
Ethical analyses addressing uncertainty
communication and interpretive responsibility
Al-assisted predictive modeling integrating CBCT-
derived cortical parameters

Trajectory-based cortical continuity mapping and
probabilistic risk estimation may represent
promising future directions for improving predictive
implant imaging.. Limitations

This review has several limitations.

First, included studies demonstrated substantial
heterogeneity regarding imaging methodology,
anatomical assessment criteria, implant systems, and
clinical endpoints.

Second, randomized controlled trials specifically
addressing cortical implant imaging remain limited.
Third, because of methodological heterogeneity and
conceptual variability, quantitative synthesis and
meta-analysis were not feasible.

Finally, portions of cortical implantology literature
remain technique-driven and experience-based,
limiting availability of standardized radiological
evidence.

Nevertheless, qualitative critical synthesis remained
appropriate for identifying unresolved conceptual
and methodological gaps within implant imaging
literature.

6. Conclusions

While OPG and CBCT are indispensable for general
implant dentistry, the current literature lacks a
validated, standardized framework specific to
cortical anchorage planning. The persistent reliance
on subjective definitions of cortical suitability, the
absence of dynamic trajectory-based CBCT
protocols, and the weak correlation between
preoperative imaging and post-operative stability all
demand immediate research attention. Moving
forward, oral radiology must transition from
providing descriptive anatomical overviews to
developing objective, predictive measurement
protocols that directly inform and validate surgical
execution.
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