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Abstract

Background:

There is a widespread use of dental digital photography in the current practice of dentistry as a means of diagnosing
and documenting, as well as communicating with the patient and conducting research. The developments and
advancements in the technologies of camera, Al, and digital workflows have increased their usage in various
specialities.

Aim:
This article is a review of the principles, equipment, protocols, ethical and future aspects of dental digital photography.

Methods:

A wide range of literature reviews has been done over the period of the last 25 years as given from 1997 to 2025, on
the basis of PubMed, Scopus, and Google Scholar. Critical evaluation was done of the articles on the principles,
equipment, clinical applications, and innovations of dental photography.

Findings:

Dental digital photography necessitates standard protocols: ideally, camera settings, lighting system and accessories
to obtain reproducible and high-quality dental digital images. Its uses are applied in the field of prosthodontics,
orthodontics, periodontics, forensic dentistry, and oral surgery. New technologies like smartphone imaging, artificial
intelligence, 3D photogrammetry and augmented reality are contributing to precision and patient-centred care. The
considerations of legal, ethical and consent are vital in clinical application.

Conclusion:

Digital photography in the dental practice is a built-in clinical process that is used to improve patient communication,
as well as bolster medico-legal healthcare records. With ongoing advances in Al and advances in imaging technology,
it is on the verge of changing dentistry through diagnosis, treatment planning and learning.
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INTRODUCTION
and other morphology, as well as monitoring the
progress of treatment (Versteeg et al., 1997)°.

Digital dentistry technologies have transformed the e Importance of Digital Photography in Modern
process of dental diagnostics and treatment planning Dental Practice

with higher precision and speed than those based on the
use of film (Gebhardt et al., 2025)". The combination of
Al and big data in the context of the overall digital
transformation of the dental realm promotes diagnostic
accuracy and treatment outcomes (Alauddin et al.,
2021)%. The high-resolution extraoral and intraoral
photos are essential when it comes to matching the shade

Evolution of Photography in Dentistry

The real-time process of checking an image and digitally
altering it is an essential feature of digital imaging,
which does not require an individual to perform a
chemical process and work in a darkroom (Alghauli et
al., 2025)*. Such digital images are capable of being
stored, retrieved, and transferred, which increases the
efficiency of communication and clinical workflow (Vij
& Reddy, 2020)°. The parameterisation of digital
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imaging, notably in radiography, can lead to the
provision of a more accurate diagnosis and treatment
planning, due to the higher quality of the images and
superior analytical value, which in turn leads to better
decision-making processes and consistent monitoring of
dental conditions (Witmer & Lebovitz, 2012)°.

Scope and Applications in Clinical, Academic, and
Research Settings

Digital photography is an effective documentation aid,
providing a high level of detail documentation of the
photographic evidence that can be used in academic
studies and medico-legal practice (lorgulescu et al.,
2020)’. It can be used not only to improve the process of
patient education but also to propagate collaboration
among different areas of expertise and refine clinical
guidelines (Gao et al., 2025)%. From an academic
perspective, the appropriate digital images of
multifaceted anatomies are valuable in demonstrating
comparative pathologies and treatments and are the
objects of research attention in the quantification
analysis of dental morphologies and treatment options
(Rakhshan, 2014)°. Further, enabling artificial
intelligence and machine learning on digital
photographic data improves predictive diagnostics and
allows the creation of personal treatment plans and the
evidence-based development of dentistry. The
synergistic effect of the foregoing integration enhances
workflows, harmonises a standard of care, and provides
the ability to execute interventions objectively, which in
turn facilitates the consistent and predictable outcome
(Alghauli et al., 2025)*.

Review and aim of review

Although there has been a proliferation of the
application of digital imaging in dentistry, the standard
to be used by many clinicians in relation to the
principles, selection of equipment and protocols that
could lead to highly reproducible results remains
elusive. Moreover, the latest innovation, including
smartphone integration, artificial intelligence, and 3D
photogrammetry, brings new opportunities and
challenges in question and needs to be discussed
critically.

Thus, the purpose of this review is to give a prospective
and comprehensive description of dental digital
photography in terms of basic principles, equipment
needed, standardised protocols, special techniques and
utilisation, legal and ethical, and future developments.
This review attempts to provide background knowledge
on how it can be synthesised in terms of to enhance
diagnostic accuracy, treatment outcomes, and even
academic research in present-day dental practice.

Research Gap

Various reviews in digital imaging in dentistry have also
been published; however, they tend to be narrowly
focused either on radiographic modalities, shade
matching, or application to a speciality. Few have gone
deep into a cross-functional overview which links the

principles of clinical photography, selection of
equipment, standardisation protocols, advanced imaging
techniques, ethical considerations and emerging
technologies such as Al and 3D photogrammetry,
together in a single framework. Moreover, as
smartphone-based imaging and artificial intelligence
integration have rapidly developed over the last few
years (2020-2025), the literature has yet to fully explore
the effects thereof upon clinical reproducibility, the
medico-legal implications of accountability, and
interdisciplinary communication. Thus, this issue urges
the necessity of a new integrated review that summarises
the major principles of innovations as well as critically
assesses the contemporary developments and their
impact on future clinical practice.

The Kistory
of Photography

JOSEPH NIEPCE ACHIVES
FIRST PHOTOGRAPHIC

f £
1 GEORGE EASTMAN
IMAGE USING A CAMERA PATENS KODAK
OBSCURA ROLL-FILM CAMERA

GENERAL ELECTRIC
INVENTS THE MODERN
FLASH BUILD.

1814 1837 1888 1927

5th - 4th 1851 1900

CENTURIES B.C. & FIRST MASS-MARKETED

CCAMERA, CALLED THE
CHINESE AND GREEK BROWNIE,GOES ON SALE
PHILOSOPHERS DESCRIBE
FREDERICK SCOTT ARCHER INVENTED THE
COLLODION PROCESS, WHICH REDUCED

THEBASIC PRINCIPLES OF
OPTICS AND THE CAMERA.
LIGHT EXPOSURE TIME TO JUST 2-3 SECONDS

1984 1978 1963 1948

CANON POLAROID EDWIN LAND
DEMONSTRATES INTRODUCES THE  LAUNCHES THE
FIRST DIGITAL INSTANTCOLOR ~ POLAROID CAMERA

ELECTRONIC STILL FILM.

Figure 1 — Timeline of the evolution of photography
in dentistry

CAanon roncanTrobuces THe
FIRSTPOINT-AND-SHOOT
AUTOFOCUS CAMERA.

This figure indicates the photography shift, as it relates
to dental practice, from film-based photography to
digital and Artificial Intelligence-assisted imaging and
how each innovation has increased diagnostic accuracy,
better treatment planning, and documentation in dental
clinical practice.

2. Fundamentals of Dental Digital Photography
Principles of Photography

Knowledge of core light concepts, image sensors, focal
length, depth of field, etc., is imperative for high-quality
dental photography. In essence, one controls light with
specialised flash systems for shadow-free illumination
and controls focal length and aperture to get sharp focus
on the entire dentition. Standardised protocols for
camera settings, patient position, and environmental
conditions are needed to obtain reproducible and
consistent images (Hexsel et al., 2017)'°.

Exposure, Aperture, Shutter Speed, ISO
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Ideal exposure, brought upon by three different controls,
is paramount for attaining true detail and colour
reproduction in dental images. Aperture controls the
depth of field, either placing or keeping everything in
focus on the dentition. Shutter speed determines
exposure to light and covers or fails to capture its
motion. ISO sensitivity determines its responsiveness to
light. We will want to keep the ISO as low as possible to
avoid digital noise, giving it clarity; however, it may be
increased in low-light conditions if the increased noise
is deemed acceptable in terms of image quality (Igual,
2019)!L. Intraoral images will also require a greater
depth of field with a recommended use of /22 and
above. This means that the full arch and posterior teeth
are sharply in focus- an imperative requirement to
document orthodontic and prosthodontic cases
accurately. Shutter speed of 1/125-200 sec. Prevents any
motion blur and is synchronised to flash systems.
Portraits must be shot with wide apertures to isolate the
subject in bokeh. For outside shots, keep ISO between
100 and 400 to have clean shots; however, in difficult
intraoral schools, an ISO elevation might be necessary.
Correct calibration will provide consistent and reliable
images for diagnosis and communication (Shin, 2020)!2.

Correct colour rendition is necessary for shade matching
and the detection of pathological changes, thus its white
balance needs correct calibration. Metamerism arises as
a problem in rendition, thus necessitating the use of
standard light sources with adequate intensity (Ajaj,
2015), 3. Cross-polarised filters allow for cross-
polarisation; this removal of specular reflections
exposes the actual underlying colour, which is then
subjected to shade analysis (Zahid & Natto, 2023; Mahn
et al., 2020)!*15, Digital cameras allow for the shade
selection to be made more objective (Jarad et al.,
2005)'¢, and with precise calibration, the settings could
be used for colour evaluation with certain reliability
(Soldo et al., 2020)!"". The management of colours
correctly becomes crucial for the optimal
communication between the clinician and the laboratory,
resulting in an outcome that is superior aesthetically
(Douglas et al., 2007; Newell, 1998; Thoma et al.,
2016)18’19’20.

High shutter speeds (1/125-1/200 sec) eliminate the
possible effects of motion blur in intraoral photography,
where patient motion is inevitable, whereas low shutter
speeds increase those effects and decrease their
diagnostic quality.

1SO 200 f/22

1/200 sec.

FULL SUN CLOUDY/DUSK EVENING/ DARK
INDOOR

1S0 1S0 1SO 1SO 1SO 1SO 1SO 1S0 1S0
100 200 400 800 1600 3200 6400 12800 25600

LESS SENSITIVE TO LIGHT

MORE SENSITIVE TO LIGHT

Figure 2. ISO sensitivity and lighting conditions in
dental photography.

The diagram explains the role of ISO settings in image
clarity: low ISO (100, 200) provides the sharp, grain-
free clarity most desirable in extraoral portraits, but may
be needed in intraoral photography under low-light
conditions but subject to graininess

f/1.4 f/2.8 /5.6 f/11 f/22

very large large medium small very small
aperture aperture aperture aperture aperture

very small small medium large very large
depth of field depth of field depth of field depth of field depth of field

almost nothing little some much

almost everything
in focus. in focus in focus. in focus in focus

brightest bright

Figure 3. Effect of aperture on depth of field in
dental photography.

Narrow aperture (f/22) expands depth of field to enable
intraoral images that are more focused, whereas a
broad aperture (f/2.8) gives background blur, which is
very useful in extraoral portraits.
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Figure 4. Role of shutter speed in dental
photography.

darkest

Figure 5. Example of intraoral dental digital
photography.

An example of a close-up of anterior teeth to verify the
best aperture usage, shutter speed, and lighting to ensure
clear details where shade matching and treatment plan
commencement are outstanding.
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Image Resolution and File Formats (JPEG, TIFF, RAW)

High-image resolution is an utmost priority in dental
photography to make fine anatomical structures visible
and to identify any pathological changes at an early
stage. The selection of efficient formats between JPEG
and RAW is crucial in deciding image fidelity and the
utility of the image for diagnostic purposes. RAW
permits very high post-processing manipulations
without losing any data, which can be very relevant
while trying to analyse colour shades and subtle lesion
details. However, JPEG has smaller file sizes and is
convenient for storage and sharing, but irreversible data
loss does occur in some situations, and this can hamper
3. Essential Equipment

Digital Single-Lens Reflex (DSLR) vs. Mirrorless
Cameras for Dentistry

Mirrorless and Digital Single-Lens Reflex (DSLR)
cameras are widely used as dental capture devices, and
differences in their sensor size and autofocusing aspects
have a great impact on the workflow and on the
precision of the images. Traditionally, dentists tended to
prefer DSLR systems because of their durability and the
versatility of the available lenses used in a number of
clinical settings. Moreover, optical viewfinders in the
case of DSLR cameras have zero lag and show the
pictures being framed in real-time, which is especially
useful in the case of spontaneous framing, as it is
necessary during dental procedures (Ntovas &
Papazoglou, 2021), 2. Mirrorless cameras have become
popular in recent years and have the benefit of a smaller
design, superior autofocus capabilities, and the option to
see the image in real-time on an electronic viewfinder,
thus offering increased control in exposure and lighting
situations in clinical environments.

more technical diagnostic details in the image.
Consequently, some standards ought to be implemented
with regard to image quality, particularly in gross
specimen photos where invisible characters have a
diagnostic value (Choi et al., 2014; Lam et al., 2020)?!22,

While these photographic principles ensure image
quality, achieving them in practice requires the
appropriate selection of equipment. The following
section reviews the essential cameras, lenses, and
lighting systems used in dentistry.

Light

DSLR Mirrorless

Figure 6. DSLR vs. mirrorless camera mechanisms
in dental photography.

DSLRs employ mirrors and optical viewfinders, making
available a wider selection of lenses, but also do not
naturally feature fast autofocus and live preview of
exposure well well-suited to clinical use.

Cost-benefit-wise, DSLR and mirrorless systems are
more costly upfront, but with better reproducibility and
durability, as well as high-quality images, publishing-
quality, it is a superior choice in institutional and
academic environments. But in individual cases, student
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clinicians, or resource-challenged settings, the
smartphone-based systems (with clip-on lens and ring-
light adaptors) can reach a more than adequate level of
patient communication, documentation of cases, and

access to basic learning representations-although,
perhaps not to the level needed to match a shade,
forensic usage, or publication requirements.

\rameter SLR irrorless nartphone
. ccellent (large sensors, kcellent oderate (limited by
lage Quality eh dynamic range) pmparable to nall sensor size)
SLR in many
pdels)
: ide range; specialised [reasing variety; [mited; relies on clip-
ns Options acro lenses available  pcro lenses macro lenses or Al
ailable but fewer |hancement
an DSLR
st, accurate, but Iperior real-time  priable; depends on
ptofocus & tical viewfinder only [tofocus with ftware algorithms
eed ectronic
ewfinder
. 1lky, heavy; requires  paller and lighter |ghly portable;
rtability ternal flash and an a DSLR; still  jnimal equipment
cessories quires accessories |eded
eep learning curve; Isier interface, ery easy; intuitive
se of Use quires training al-time preview  |ps, minimal training
Ips beginners
gh (camera + macro  |gh (camera + lens pw (330,000-80,000
st ns + ring/dual flash ~ flash ~%1.2-2.5  |th accessories)
.5-3 lakhs) khs)
. . ... pld standard for kcellent for jitable for patient
inical Suitability tailed documentation, [nical wuse and (ucation, quick
ade matching, pching; cords, and
search-quality images freasingly edentistry; limited for
placing DSLR blication-quality
brk
L. cavy, expensive, wer lens options mited image
mitations quires expertise an DSLR; battery solution for
ains faster blication; risk of non-
indardisation

Macro Lenses and Their Role in
Intraoral Imaging

Need-driven choice of the camera type to be used in
intraoral imaging balances the need to be portable and
fast in image acquisition. Given the increased
performance capabilities of mirrorless cameras and
advanced video capabilities, it can be expected that they
will respectively have superior performance and faster
burst speed, while DSLRs will have a greater variety in
relation to macro lenses, as they are critical for close-ups
and intraoral imagery. Macro-lenses are key to dental
photography as they allow reducing the distance
between the camera and the object, including the oral
structures (teeth, gums, etc.). This allows ensuring great
precision in taking pictures of clinical cases. Besides

normal dental photography, digital radiology
technologies like cone-beam computed tomography
(CBCT) or intraoral scanners have advanced

diagnostics. High-resolution 3D images are achievable

with less radiation, which can increase the diagnostic
accuracy and efficiency of workflow considerably (Safi
et al., 2022)*. Moreover, the development of image
processing systems to higher levels has led to better
diagnoses and treatment results, maximising clinicians'
capabilities in assessing and planning dental
interventions (Jain et al., 2019; Richert et al., 2017)?>%,

Flash Systems: Ring Flash vs. Dual Point Flash

In dental photography, the selection of the illumination
system contributes greatly to the quality of the photos in
terms of shadow formation, the texture of the surface,
and the lighting sense. A ring flash also provides a non-
shadowed light and is perfect for taking wide, intraoral
images that have a uniform light covering the mouth.
Comparatively, the use of dual-point flashes enables the
control of directional lighting with more control over
accentuating anatomical details and surface features, so
that they are valuable when assessing the restorative
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margin, as well as tooth morphology (Tordiglione et al.,
2016)*".

Continuous LED Smartphone Macro ring

Flash ring lights :
ring lights (strobes) ring lights lights

figure 7- lights in dental photography

A comparison table of continuous LED, flash-based,
smartphone, and macro ring lights, using them to
provide uniform illumination to intraoral images and
minimise shadows to appear in clinical documentation.

To increase the quality of lighting and reduce distracting
highlights, custom diffusers and modifiers may be used
with light sources, maximising light distribution and
contributing to valid results of subsurface properties like
the tooth shade and material characteristics. Along with
conventional imaging, other developed imaging
technologies, such as panoramic imaging and micro-
computed tomography (micro-CT), provide panoramic
views of the maxillofacial area and obtain thin cuts of
dental structures, which can be used in a CAD/CAM
system to render a more accurate plan of handling
(Haghanifar et al., 2020; Yajvinder & Gulati, 2020)*%,

Accessories: Cheek Retractors, Intraoral Mirrors,
Contrastors

Each accessory in dental photography serves a specific
function to enhance image quality and facilitate accurate
diagnosis. Cheek retractors are essential for keeping soft
tissues away from the view, providing unobstructed
access to the oral cavity. Intraoral mirrors are invaluable
for capturing images of hard-to-reach areas and offering
indirect views, making them crucial for comprehensive
documentation. Contrastors, on the other hand, provide
a dark background to highlight the translucency of the
tooth, improving shade analysis and masking
background distractions for clearer aesthetic
documentation. In addition to the proper use of these
accessories, selecting the right camera and lighting setup
is vital for capturing detailed, high-quality images with
diagnostic value. These images are indispensable not

only for treatment planning but also for patient
education, ensuring clear communication of the dental
condition and the proposed treatment outcomes.

Figure 8. Accessories for dental digital photography.

Cheek retractors, intraoral mirrors, contrastors, and
callipers enhance viewing, alignment, and contrast,
making diagnosis and documentation of intraoral
images stable and accurate.

Beyond having the right equipment, consistency and
reproducibility in photography depend on standardised
protocols, which are described in the next section.

4. Standardisation in Dental Photography

The ADA and AACD suggested guidelines provide a set
of protocols comprising elements that can be followed
for uniform photographic documentation in clinical
practice-from consent through to camera setting
choices. Abiding by the suggested parameters would
guarantee the production of an uninterruptedly, recorded
file of image quality for further diagnosis, treatment
planning, and communication. A precise positioning of
the patient, standard angulation of the camera, and
lighting conditions are the basic elements of
photography, giving photographic reproducibility for
longitudinal assessment.

The colour calibration tools, including colour charts and
software, are essential to provide correct colours for
teeth and soft tissues for shade matching. It becomes
necessary with the intent to curb metamerism that may
otherwise arise and that may lead to colour changes
depending on the specimen and conditions of
illumination. Such calibration puts forth a reference that
can be clearly communicated not only with the
laboratory but also with the patient himself.

Once standardisation is established, these principles can
be applied in routine clinical photography, from
extraoral portraits to intraoral documentation, as
discussed below.

ew escription

inical Purpose

rontal Smile View
d during full smile.

tient in natural head position, lips at rest cords smile line, symmetry, tooth display,

d gingival contours.
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5. Clinical Photography Protocols

Standardised exterior photography is an important
factor in both beauty analysis and treatment planning
(smile design), where it can also be used as a guiding or
orientation tool in both areas (Rajan et al., 2020)°.
Intraoral photography is critical as well and records the
required information about the teeth and their
environments. The need to capture the incisal wear
necessitates the use of anterior views, posterior views
are needed to capture the occlusal contacts, and the
occlusal views to capture the arch form (Aswani et al.,
2020)*!. To achieve precise diagnosis and treatment
planning, intraoral images should show the presentation
of relevant abnormalities in detail, along with
periodontal condition and root morphology (Nazeer et
al., 2016; Shah, 2014)***. The sequential clinical
images obtained during treatment are wused as
documentation of the progress of a treatment, to validate
the treatment decision-making, and are invaluable
learning and medical-legal instruments. Not only do
these images supplement peer review, but they also
cultivate patient comprehension and appreciation of
their treatment process (Ong et al., 2016), 34, Also, there
is an opportunity to have quality control and
professional growth because the documentation of
clinical procedures enables clinicians to critically
evaluate their work and perfect the technique, thus
providing better care to patients (Rondon et al., 2014),
35

6. Advanced Imaging Techniques

Cross-Polarisation Photography for Eliminating
Surface Reflections
While using this method, one sets a polarising filter on
the light source and another polarising filter on the
camera lens, oriented perpendicular to one another. In
that manner, light that would be specularly reflected
from the tooth surface is suppressed, letting in the view
of the intrinsic colour and value so much relied on in

esthetic work (Kim et al., 2012; Segundo et al.,
2023)3637,

\ REHETED o @T
MNTRNS DoLA ST

Figure 9-polarising filler function in dental
photography

With the glare due to surface rendered ineffective by
cross-polarisation, a true intrinsic tooth colour can be
read without the help of a shade guide, and facilitates
improved planning and selection of the shade of
treatment.

Example-A patient who came to receive laminate veneer
treatment was characterised by strong specular
reflections on the enamel surface in normal flash
photography that masked the intrinsic tooth shade.
Adjusting the glare by fixing the cross-polarisation
filters on the flash and camera lens removed the glare,
thus enabling the clinician to see the actual enamel and
dentin colour and value. This aided in consistent
matching of veneer shade and helped enhance the dental
lab communication, resulting in an aesthetic restoration.

Fluorescence Photography for Caries and Composite
Detection

It is the method in which different tooth structures
fluoresce in the presence of certain wavelengths of light.
Sound tooth structure, carious lesions, and restorative
materials fluoresce differently, thus aiding in the
diagnosis of demineralisation and residual caries (Naik
etal., 2023)8
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NIR Fluorescence
3 B
' ‘

Clinical NIR Fluorescence
2 1 14

Fig 10-Comparison of Imaging Techniques in Dental
Photography

Clinical, near-infrared (NIR), and fluorescence imaging
visualise distinct diagnostic features- fluorescence
increases visibility of caries and composite margins,
whereas NIR increases visibility of enamel cracks above
that achieved with conventional photography.
Example-In a potential case of a recurrent carious lesion
under a composite filling on the distal aspect of a
maxillary premolar, a conventional camera was unable
to show a negative decisive indication of pathology. The
demineralised enamel under fluorescence photography
had a clear orange-red fluorescent feature, but the sound
enamel had green fluorescence. This comparison
facilitated early identification of secondary caries and
early initiation of minimum intervention with avoidance
of unnecessary removal of healthy tooth structure.
Photomicrography  for  Dental = Microscopy
Documentation

Higher magnification allows one to magnify more
worldly anatomical details than such machines usually
do. It is, therefore, an invaluable approach for diagnosis
and teaching impinged on marginal pathological
changes or restoration precision at the cellular level
(Maude et al., 2008)*°.

Example-In a mandibular molar during post-endodontic
examination, photomicrograph examination in the
dental operating microscope exhibited marginal
discrepancies along the top restoration, which were not
evident in standardised intraoral photographs. Capturing
of these micro-defects aided in the discussion of the
possibility of retreatment with the patient and served as
a good teaching point to medical students in
postgraduate studies.

Multi-Flash and Ambient Light Blending Techniques

In summary, such methods take images shot with
multiple flashes and with ambient light and mix them to
create a balanced exposure, emphasising internal tooth
attributes and surface textures for complete visual data.

Fig 10: "Lighting Setups in Dental Photography"

This capture shows us various flash lighting settings
and the light dispersion effects to attain favourable
dental photography lights. Example-In a case where
anterior composite build-ups were done, using
traditional single-flash photography gave images that
were flat and too bright to discern incisal halo effects
and surface texture. Multi-flash exposure and blending
with ambient light allowed this clinician to capture the
optical characteristics of the internal optical properties
of the natural teeth as well as the morphological surface
of the restoration. This intensified communication
between the lab and gave an accurate reference point to
reproduce natural aesthetics.

7. Digital Workflow and Image Management

An effective digital workflow includes uniform file-
naming systems, keyword assignment, and archiving
procedures that provide secure retention, the ability to
access the desired files easily, long-term storage and
conformity to data privacy policies. This will make the
process flow easily within the dental practice. Digital
photographs incorporated into CAD/GAM equipment
and patient management software provide an efficient
means of automating many of the processes and
producing prosthetic designs in real-time, planning
treatment options in direct conversations with the
patient, making the whole process highly visual and
patient-friendly. The combination not only streamlines
fabrication but also facilitates the creation of holistic
digital patient records with which to track patient
progress  longitudinally and encourage cross-
disciplinary care (Mounajjed et al., 2022)*. Ethical
codes that allow manipulation of the images must also
be followed, so that authenticity in the images must be
assured. Any modifications that are done must be clear
and reasonable, as they must consist of scientific and
legal validity, since the image must not distort the
situation or outcome of the patient. Moreover, the
software that helps in tooth numbering and diagnosing
by using artificial intelligence needs high-quality
unmanipulated images to be analysed and trained
(Prados-Privado et al., 2021)*. The problem of
integrating digital images with the electronic health
records and picture archiving and communication
systems (PACS) requires good management and
understanding of the sharing of patient data
(Ramamurthy et al., 2013), *2.

8. Applications in Specialised Fields

Prosthodontics: Shade Matching and Laboratory
Communication

Digital photography aids precise shade matching in
prosthodontics,  ensuring  restorations  integrate
seamlessly with natural dentition (Daher et al., 2022)%.

Orthodontics: Treatment Planning and Progress
Tracking

High-resolution images are vital for orthodontic
diagnosis, cephalometric analysis, and monitoring tooth
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movement (“New Approaches and Technologies in
Orthodontics,” 2024)*.

Periodontics:  Soft
Documentation
Digital photography is crucial for assessing gingival
health, documenting inflammatory conditions, and
evaluating surgical outcomes.

Tissue Evaluation and

Oral and Maxillofacial Surgery: Pre- and Post-
operative Documentation
Digital photographs aid pre-operative assessment,
surgical planning, and post-operative evaluation in oral
and maxillofacial surgery.

Forensic Dentistry: Identification
Documentation

Photographs provide visual evidence for victim
identification and bite mark analysis in forensic

dentistry (Chung et al., 2020), *°.
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9. Legal, Ethical, and Consent Considerations

Patient Consent
Compliance)

and Privacy (HIPAA/GDPR

Informed consent is a foundational ethical requirement
for capturing and utilizing patient images, necessitating
clear explanations of how photographs will be stored,
accessed, and used, particularly given the increasing
adoption of digital platforms and artificial intelligence

in healthcare, which introduce new data security
challenges (Alghauli et al., 2025; Georgievskaya, 2021;
Thornton et al., 2024)*4647,

Avoiding Misrepresentation Through Editing

Digital image manipulation, while offering aesthetic
enhancements, presents ethical dilemmas, as excessive
alteration can distort clinical reality and compromise
diagnostic integrity. Therefore, stringent guidelines are
imperative to differentiate between permissible
adjustments, such as cropping or brightness corrections,
and unethical alterations that could misrepresent clinical
conditions or treatment outcomes (Thornton et al.,
2024)*.

Copyright and Ownership of Clinical Images

Legal frameworks define the ownership of clinical
images, typically residing with the healthcare institution
or clinician, while patients retain rights over the privacy
and usage of their personal health information
(Cunningham et al., 2010)*.

10. Emerging Trends and Future Directions
Smartphone-Based Dental Photography:
Capabilities and Limitations

Smartphones have brought mainstream options of
readily available and portable extraoral and intraoral
image capture, but remain limited by optical quality and
standardisation, which poses issues for documentation
at the diagnostic grade (Alghauli et al., 2025)*
Extension lenses for smartphones, together with Al-
integrated image processing to enhance images, are
slowly beginning to fill these gaps; nevertheless, longer-
reliability-based changes and increases in special
equipment make better documentation and imaging-
based analyses for more complicated circumstances
(Kakti et al., 2022)*.

The use of a smartphone with an appendable lens and
stabilising rig will allow clear intraoral and extraoral
images, so it can serve as a cost-effective substitute to
meet the documentation and patient education needs

fig 11: Smartphone-based Dental Photography Setup

Artificial Intelligence and Automated Image
Analysis
Artificial intelligence is revolutionising dental

diagnostics and treatment planning by leveraging
advanced algorithms to analyse patient images from
large databases. This enables improved clinical
diagnosis accuracy, prediction of treatment outcomes,
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and the development of personalised care plans (Dhopte
& Bagde, 2023; Shan et al., 2020)3%3!,

3D Dental Photography and Photogrammetry

Newer innovations in 3D dental photography and
photogrammetry make it possible to create quite precise
3D models of oral-surgical structures, which are key in
surgical planning, prosthetic construction, and
orthodontic correction (Gao et al., 2025)%. When
combined with 3D imaging devices, Al applications
have the potential to change the face of dental practices
with automatic data interpretation of volumetric
insights. This integration will offer enhanced, efficient,
and accurate diagnosis and treatment procedures
(Dhopte and Bagde, 2023)%. As an example, Al may
evaluate anatomical differences and identify the
pathological status by analyzing the 3D scans, and Al-
driven dental robotics can help perform the surgical
procedure with a greater level of precision (Sharma et
al., 2024)%,

Virtual Reality and Augmented Reality in Dental
Imaging

These immersive technologies have reference to other
forms of immersive technology by integrating scientific
breakthroughs, enabling different means of studying the
complex anatomy of the body and the course of
treatment, producing new educational content that can
be used by practitioners, and producing more patient-
friendly communication opportunities. These facilitate
virtual simulations whereby some of these procedures
can be simulated on, providing dentists with the chance
to step in where complicated procedures are involved
and can foresee where the issues might occur; the
augmented reality, in its turn, provides a situation where
the dentist can be overlaid with digital details of the

patient anatomy during the process of the procedure, and

the real-time information further leads to a more
accurate procedure.

Comparative Analysis of Emerging Trends

While multiple innovations are shaping the future of
dental digital photography, their readiness for
widespread clinical use varies considerably:
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Limits and Obstacles to Adoption

Even though they are promising, there are a few
obstacles that hinder the respective adoption of these
emerging technologies:

Expense of Devices and Infrastructure- Top-notch
DSLR/mirrorless systems, 3D scanners, or AR
technologies are costly, and hence inaccessible in single
or small clinics.

Training and Learning Curve - Clinicians need to be
trained on the skills of photography, digital processes,
and Al-based applications to effectively utilise such
technologies.

Lack of Standardisation - Lack of widely agreed upon
standards on data collection (especially with
smartphones and AR) causes disparity in data and
complicates Al training.

Medico-Legal and Ethical Risks Medico-legal and
ethical risks are related to doctor accountability and
patient control via machine learning-based image
manipulation, use of Al in diagnostic protocols, and
sharing of digital data.

Clinical Workflow Integration - Most innovations are
time-consuming or technically demanding and thus not
integrated effectively into busy practices.

11. Common Errors and Troubleshooting
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Audience, obviously, this section discusses common
mistakes in dental photography along with some
technical issues and their probable solutions to achieve
good photographic quality or consistency. Some of the
common pitfalls are the use of bad lighting, incorrect
camera settings, mistakes in patient positioning, and

interference artefacts like glare and reflections. All can
lessen the diagnostic value of the photograph to a great
degree. Training the technicians, calibrating instruments
continually, and working to a fixed protocol all go some
way to mitigating some of these errors and making
digital dental imaging reliable.
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12. Conclusion

Applied in cities, these dental photographs hold
tremendous utility, granting enhanced conveniences in
diagnosis, treatment planning, patient communication,
and recording across the various specialisations present
in dentistry. The continuous improvement and also
based on Al and advanced modalities of imaging, further
promise to enhance the utility and change the onset of
oral healthcare (Dhopte & Bagde, 2023)°°. The
furtherance of AI in data curation and algorithmic
enhancement stands to overcome present barriers,

—_—

enabling wider and greater adoption in dental practice
(Shan et al.,, 2020)°!. While this technology is still
emerging, speedy growth is underway aimed at
addressing these challenges so that it may reap its
greatest benefits for dentistry (Katne et al., 2019), >3
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