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ABSTRACT

https://doi.org/10.51847/110Q5AHWfy

Dental care centers are increasingly encountering artificial intelligence applications for radiographic interpretation, disease
detection, treatment planning, patient communication, clinical documentation, triage, scheduling, and workflow
coordination. These technologies may extend professional capabilities by identifying patterns, prioritizing information,
and automating selected tasks. Their practical value, however, depends on how effectively they are embedded within
clinical and managerial processes. Technology availability alone does not establish readiness for safe or productive use.
In Saudi dental care centers, artificial intelligence adoption represents an organizational and healthcare-management
challenge as much as a technical development. Clinical value and operational improvement depend on infrastructure,
interoperable information systems, reliable data, workforce competence, leadership support, governance arrangements,
and adaptable workflows. Centers lacking these conditions may experience fragmented implementation, duplicated work,
unclear accountability, or new patient-safety risks. Readiness must therefore be assessed before artificial intelligence is
introduced at scale. This article develops a conceptual model explaining how artificial intelligence readiness may influence
clinical decision support and operational efficiency in dental care centers in Saudi Arabia. The model treats readiness as a
multidimensional organizational capability rather than a binary state of adoption. It links readiness domains with
implementation mechanisms, outcome pathways, contextual moderators, and boundary conditions. The conceptual
synthesis integrates scholarship on dental artificial intelligence, healthcare artificial intelligence readiness, clinical decision
support, operational performance, digital health adoption, organizational change, and Saudi healthcare transformation. It
distinguishes readiness inputs from the mechanisms through which artificial intelligence becomes clinically and
operationally useful. These mechanisms include workflow integration, data quality, staff competence, managerial support,
clinical governance, patient-safety safeguards, and change management. The model also recognizes that public and private
dental settings may differ in resources, infrastructure, governance capacity, and patient expectations. The proposed model
contributes an integrated explanation of how dental care centers can translate artificial intelligence capability into
responsible improvements in decision support and service delivery. It proposes that readiness may strengthen diagnostic
assistance, treatment-planning support, workflow coordination, resource utilization, and performance monitoring when
enabling conditions are present. It also explains why poorly governed adoption may generate inefficiency, unsafe reliance,
resistance, or fragmented care. The model provides a foundation for organizational assessment, implementation planning,
and future empirical evaluation in Saudi dental care settings.

Key words: Artificial intelligence readiness, Dental care centers, Clinical decision support, Operational efficiency, Saudi
Arabia, Digital dentistry.

Introduction

Artificial intelligence is increasingly applied in dentistry to
radiographic interpretation, disease detection, treatment
planning, documentation, triage, patient communication,
and digitally supported clinical workflows. These
applications may augment clinicians by recognizing
patterns, organizing diagnostic information, and supporting
more consistent decisions [1]. Nevertheless, dental artificial
intelligence presents technical, professional, ethical, and
implementation challenges [2] that must be addressed
before benefits can be translated into routine care. Its
adoption therefore requires attention to both algorithmic
capability and the organizational environment in which the

technology is used.

Dental artificial intelligence has been examined across oral
radiology, cariology, periodontology, orthodontics,
prosthodontics, endodontics, oral pathology, and related
specialties. The reviewed evidence demonstrates
considerable breadth in potential applications, but variations
in datasets, methods, validation practices, and performance
outcomes limit assumptions that every available system is
equally suitable for clinical adoption [2, 3]. A dental care
center may possess access to an artificial intelligence
product without having the data, infrastructure, governance,
or workforce capabilities required to use it responsibly.
Readiness is consequently distinct from simple exposure to
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or interest in artificial intelligence.

The development of digital dentistry has increased the
connectivity of imaging systems, electronic records,
chairside technologies, laboratory processes, and treatment-
planning platforms. Artificial intelligence may enhance this
environment by supporting information exchange,
individualized planning, and more timely clinical decisions
when it is integrated with existing digital processes [4, 5].
However, disconnected applications may produce additional

screens, duplicate documentation, conflicting
recommendations, or interruptions to established
workflows. The organizational capacity to integrate

technologies is therefore central to their clinical usefulness.

Artificial intelligence should also be understood as a cross-
specialty capability rather than a single diagnostic
application. Its functions can include image segmentation,
classification, prediction, risk assessment, prosthetic design,
orthodontic analysis, treatment monitoring, and decision
support across multiple areas of dental practice [6]. This
breadth creates opportunities for coordinated clinical and
operational improvement, but it also increases requirements
for governance, interoperability, professional oversight, and
role clarity. An integrated readiness model is needed to
explain how these requirements interact within dental care
centers.

Saudi Arabia’s healthcare transformation has increased
attention to digital maturity, information exchange,
analytics, workforce capability, patient experience, and
technology-enabled quality improvement. Evidence from
Saudi healthcare organizations indicates that digital
capability can vary across governance, interoperability,
workforce  preparedness, analytical capacity, and
implementation maturity [7]. These differences are relevant
to dental care centers because they can moderate whether
artificial intelligence strengthens clinical decisions and
operational performance. This article therefore develops a
conceptual model linking artificial intelligence readiness
with clinical decision support and operational efficiency
through organizational, technological, data, workforce,
managerial, governance, and contextual mechanisms.

Artificial intelligence readiness in dental care centers

Artificial intelligence readiness in dental care centers can be
defined as the organizational capacity to evaluate, adopt,
integrate, govern, and sustain artificial intelligence-enabled
tools within clinical and operational workflows. Healthcare
organizations require more than positive attitudes toward

innovation because readiness involves decision structures,
resource allocation, implementation capability, clinical
participation, and institutional support [8]. General
organizational research similarly identifies strategy,
knowledge, resources, culture, and data as interacting
components of artificial intelligence readiness [9]. In dental
care centers, these elements determine whether artificial
intelligence can move from experimental availability to
controlled and meaningful use.

The readiness construct includes technological
infrastructure, human expertise, financial resources,
organizational routines, and managerial capabilities [10].
Artificial intelligence capability is strengthened when
technical resources, skilled personnel, and intangible
organizational assets are coordinated rather than acquired
independently [11]. A center with advanced imaging
equipment may remain unprepared when its records are
fragmented, staff lack training, or leadership has not defined
implementation goals. Readiness must therefore be assessed
as an integrated capability configuration rather than as a
checklist of purchased technologies.

Technological and data readiness concern the availability,
reliability, interoperability, security, and maintainability of
systems required to support artificial intelligence. Health-
system deployment of predictive models depends on
computational architecture, data pipelines, model
integration, maintenance responsibilities, and clearly
assigned operational ownership [12]. Within dental care
centers, these requirements extend to radiographic systems,
electronic dental records, laboratory interfaces, scheduling
platforms, cybersecurity controls, and procedures for
monitoring model performance. Data must also be
sufficiently complete, representative, standardized, and
clinically interpretable for the intended use.

Workforce and managerial readiness determine whether
artificial intelligence is accepted, understood, and used

consistently within daily practice [13]. Healthcare
professionals may require structured education to
understand system capabilities, recognize limitations,

interpret outputs, and maintain responsibility for patient care
[14]. Managers must align investment decisions with
clinical priorities, establish change-management processes,
protect patient privacy, and involve dentists and support
staff in workflow redesign [13]. Figure 1 illustrates the Al
readiness domains required for dental care centers in Saudi
Arabia.
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Saudi Healthcare-Context Alignment

National healthcare transformation and sector conditions influence all readiness domains.
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Organizational Readiness

Technological Readiness

Strategic alignment, resources,
implementation capacity

Infrastructure, interoperability,
cybersecurity, maintainability

Data Readiness

Data quality, standardization,
representativeness, provenance

Workforce Readiness

Al literacy, professional
competence, appropriate
interpretation

Managerial Readiness

Governance Readiness

Leadership support, investment
alignment, workflow redesign,
change management

l

Clinical accountability, privacy,
patient safety, oversight
and monitoring

Integrated Al Readiness in Dental Care Centers

Multidimensional readiness converges here to enable safe, effective, and equitable

Al adoption; weakness in any domain may constrain the whole system.

Figure 1. Al Readiness Domains for Dental Care Centers in Saudi Arabia
Alt-text: A layered conceptual diagram showing Al readiness for Saudi dental care centers as a combination of
organizational, technological, data, workforce, managerial, governance, and contextual readiness domains.

Clinical decision support in dental practice

Clinical decision support represents the first major outcome
domain of artificial intelligence readiness. Deep-learning
systems have demonstrated the capacity to assist with
dental-caries detection and diagnosis using radiographic
information [15]. Comparable approaches have been
developed to support the radiographic identification of
periodontal bone loss, illustrating how artificial intelligence
can extend structured assessment beyond a single oral
disease [16]. These capabilities are most useful when their
outputs are presented as clinically interpretable assistance
rather than autonomous conclusions.

Decision-support performance must be evaluated in relation
to disease presentation, imaging quality, patient
characteristics, and intended clinical use. Research on caries
detection has shown that algorithmic performance may
differ according to the radiographic extension and visibility
of lesions [17]. Consequently, a system validated for one
diagnostic threshold, image source, or patient population
should not automatically be assumed to perform
equivalently in another environment. Data readiness and
local validation are therefore mechanisms connecting
organizational readiness with reliable clinical support.

Artificial intelligence can influence not only detection
performance but also how clinicians interpret information
and reach decisions. Randomized evaluation of artificial
intelligence-assisted caries detection indicates that decision-
support tools can affect clinicians’ diagnostic performance
in practical assessment settings [18]. This finding reinforces
the importance of interface design, trust calibration,
professional judgement, and clear responsibility for final
decisions. Artificial intelligence should support dentists by
drawing attention to relevant findings while preserving
clinician authority and accountability.

Clinical decision support may also improve the speed and
consistency of panoramic-image interpretation when
classification tools are accurate, usable, and properly
integrated. Deep-learning methods for tooth classification
have demonstrated potential to reduce interpretation time
and support clinical decision processes while maintaining
high classification performance [19]. Such gains remain
conditional on image quality, system reliability, clinician
competence, and patient-safety monitoring. Table 1
summarises Al readiness requirements for clinical decision
support in dental care centers.

Table 1. Al Readiness Requirements for Clinical Decision Support in Dental Care Centers: Data Quality, Diagnostic
Integration, Treatment Planning Support, Clinical Governance, Staff Competence, Patient Safety, and Decision
Accountability

Al readiness Operational definition Contribution to clinical Main implementation Required safeguard or
requirement in dental care centers decision support risk management response
Data quality Complete, accurate, Supports reliable Biased, incomplete, Data-quality audits,
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standardized,
representative, and
clinically interpretable
imaging and patient data

detection, classification,
prediction, and risk
assessment

mislabeled, or poor-
quality data may produce
unreliable outputs

validation protocols,
provenance controls, and
correction procedures

Connection of Al
outputs with

Places relevant

Stand-alone applications

Interface testing,

Diagnostic radiographic systems, recommendations within may interrupt workflow interoperability standards,
integration electronic dental records, the clinician’s normal or create duplicate workflow mapping, and
and clinical examination decision pathway interpretation tasks clinician-led integration
processes
Use of Al-generated May improve Automated I
. f - . . . - Mandatory clinician
Treatment- information to inform, information synthesis, recommendations may X .
. - - - review, documentation of
planning rather than determine, consistency, and be accepted without . .
L o g L rationale, and escalation
support individualized treatment recognition of clinically sufficient contextual
. procedures
options relevant patterns assessment
Defined oversight Establishes . Multidisciplinary
- Unclear ownership may -
- structures for approval, accountability for the governance committee,
Clinical AL g delay responses to errors . S
use, monitoring, incident clinical use of Al- assigned clinical owner,
governance or performance :
management, and system supported A and formal reporting
; - deterioration
retirement recommendations pathways
Ability of dentists and
support personnel to . Overreliance, underuse, Role-specific education,
. Enables calibrated use of - .
Staff interpret outputs, . - - or inconsistent competency assessment,
U Al information alongside . - . ; L
competence recognize limitations, - . interpretation may simulation, and continuing
professional judgement - -
and respond compromise care professional development
appropriately
Processes for detecting Lo
o - False reassurance, Prospective risk
errors, monitoring Ensures that decision - >
f - missed disease, assessment, human
Patient safety adv_erse effects, support improves care inappropriate escalation oversight, incident review
managing uncertainty, without introducing - . ' ' L ’
. g . or inequitable subgroup monitoring, and
and protecting unacceptable clinical risk -
- performance fail-safe procedures
vulnerable patients
Explicit assignment of . Responsibility may Cle_ar_ accoun_tabll_lty
I . Preserves professional . policies, audit trails,
. responsibility for final S become diffused -
Decision responsibility and informed consent

accountability

diagnosis, treatment
selection, referral, and
documentation

supports transparent
clinical reasoning

between clinicians,
managers, and
technology vendors

processes, and
documented clinician
decisions

Operational efficiency in dental care delivery

Operational efficiency is the second major outcome domain
through which artificial intelligence readiness may create
value in dental care centers. Healthcare artificial intelligence
can  support administrative  automation, clinical
coordination, patient engagement, and the prioritization of
information-intensive tasks [20]. In dental settings, these
capabilities may contribute to appointment scheduling,
patient-flow management, documentation, triage, inventory
forecasting, chair utilization, and performance analytics.
Efficiency should nevertheless be defined as improved use
of time and resources without compromising clinical
quality, access, safety, or patient experience.

Operational gains depend on whether artificial intelligence
is incorporated into usable clinical decision-support and
information-management processes. Clinical decision-
support systems produce benefits when recommendations
are timely, relevant, understandable, appropriately
evaluated, and embedded within the user’s workflow [21].
A scheduling algorithm that operates separately from patient
records, staffing information, and treatment-duration data
may add coordination work rather than reduce it. Workflow

integration therefore mediates the relationship between
technological readiness and operational performance.

Efficiency must also be evaluated through a patient-safety
and lifecycle-management perspective. Responsible clinical
machine-learning deployment requires context-specific
validation, documentation, monitoring, and mechanisms for
responding to performance deterioration or unintended harm
[22]. Dental care centers should therefore monitor whether
automation changes waiting times, missed appointments,
chair turnover, documentation burden, referral delays,
diagnostic error, or inequitable access. Faster processing is
not an adequate efficiency outcome when it shifts hidden
work to clinicians or increases clinical risk.

The economic contribution of artificial intelligence is
similarly conditional rather than automatic. Dental evidence
indicates that cost-effectiveness can depend on diagnostic
performance, disease prevalence, downstream treatment
choices, and the consequences of false-positive and false-
negative findings [23]. Implementation research from
clinical imaging environments further shows that credible
evidence, professional trust, local champions, and deliberate
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workflow adaptation influence whether artificial
intelligence becomes operationally useful [24]. Poorly
integrated systems may therefore increase inefficiency
through duplicated tasks, resistance, interruptions,
maintenance demands, and unclear escalation procedures.

Organizational, technological, and workforce readiness
drivers

Organizational readiness provides the strategic and
structural foundation for artificial intelligence adoption.
Technical accuracy alone does not guarantee clinical impact
because systems must also undergo appropriate validation,
regulatory  assessment, workflow integration, and
professional acceptance [25]. Public healthcare experience
shows that artificial intelligence implementation can be
constrained by interconnected challenges involving
institutional coordination, data access, specialist skills,
procurement, and regulatory uncertainty [26]. Dental care
center leaders must consequently align artificial intelligence
initiatives with clinical priorities, quality objectives,
investment capacity, and measurable service needs.

Leadership commitment must be translated into practical
change-management processes rather than symbolic
endorsement. Research on intelligent technologies in
healthcare demonstrates that implementation can alter
professional roles, task allocation, communication routines,
and relationships between staff and technology [27]. Dental
care centers should involve dentists, hygienists, assistants,
radiographers, administrators, information-technology
personnel, and quality teams in workflow mapping and
redesign. Early participation can reveal implementation
risks that may not be visible to vendors or senior managers.

Workforce readiness includes knowledge, digital
competence, clinical confidence, appropriate skepticism,
and the ability to recognize when an artificial intelligence
output should be questioned. Clinician surveys indicate that
familiarity with artificial intelligence, perceived usefulness,
educational exposure, and expectations about professional
roles can shape acceptance [28]. Evidence from medical
education also suggests that limited formal preparation may
coexist with strong demand for artificial intelligence
training [29]. Dental organizations should therefore provide
role-specific  education  covering system  purpose,
limitations, uncertainty, privacy, bias, safety, and escalation
responsibilities.

Professional judgement remains central even when artificial
intelligence systems achieve high technical performance.
Human-artificial intelligence complementarity offers a
more appropriate model than autonomous substitution
because clinicians contribute contextual reasoning,
communication, ethical responsibility, and patient-specific
interpretation [30]. Workforce readiness should therefore be
assessed by the quality of collaboration between
professionals and systems rather than by the degree of
automation alone. Trust should be calibrated through

evidence, experience,
accountability.

transparency, monitoring, and

Saudi dental care context and implementation barriers
Artificial intelligence readiness in Saudi dental care centers
is shaped by the broader transformation of healthcare
delivery, digital infrastructure, quality management, and
patient services. Saudi dentists have reported both growing
use of digital technologies and practical challenges
involving cost, training, technical support, and accessibility
[31]. These conditions may differ across public institutions,
private chains, specialist centers, teaching facilities, and
smaller independent clinics. A context-sensitive readiness
assessment should therefore avoid assuming uniform
infrastructure or managerial capacity across the dental
sector.

Workforce development is a particularly important
contextual condition. National evidence from Saudi dental
education indicates variability in digital dentistry
curriculum  coverage, faculty  expertise, training
opportunities, and access to relevant technologies [32].
Dentists’ knowledge, perceptions, and attitudes toward
artificial intelligence and robotics also influence whether
new tools are approached with informed confidence,

excessive optimism, or resistance [33]. Continuing
professional development should therefore connect
technical education with clinical governance, patient

communication, and responsible implementation.

Readiness may also vary across career stages, regions,
institutions, and professional training environments.
Evidence concerning artificial intelligence readiness among
Saudi healthcare students suggests that exposure,
educational opportunity, and digital competence can
influence preparedness to work with artificial intelligence-
enabled systems [34]. Dental care centers may consequently
need differentiated training pathways for experienced
clinicians, recent graduates, managers, support staff, and
technical specialists. Workforce planning should also
address the availability of interdisciplinary expertise in
dental informatics, cybersecurity, data governance, clinical
engineering, and quality improvement.

Patient-centered readiness requires attention to accessibility,
cultural expectations, trust, privacy, communication, and
differences in care needs. Saudi dental research concerning
artificial intelligence and robotics in the care of persons with
disabilities highlights the importance of considering
inclusive implementation rather than evaluating adoption
only through general efficiency indicators [35]. Dental
organizations should examine whether artificial intelligence
systems perform appropriately across patient groups and
whether digitally mediated processes create new barriers.
Table 2 compares readiness drivers, implementation
barriers, and operational-efficiency pathways for Al
adoption in Saudi dental care centers.
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Table 2. Readiness Drivers, Implementation Barriers, and Operational-Efficiency Pathways for Al Adoption in Saudi
Dental Care Centers: Organizational Capability, Technology Infrastructure, Workforce Skills, Workflow Integration,
Regulatory Alignment, and Performance Outcomes

Readiness . . . . Common_ Operational-efficiency  Suggested performance
. . Main readiness drivers implementation g
dimension barriers pathway indicators

Organizational
capability

Strategic alignment,
leadership commitment,
innovation culture,
financial planning,
quality-improvement
orientation

Fragmented ownership,
unclear objectives,
limited investment, weak
change management

Coordinates
implementation
priorities and reduces
duplication across
clinical and
administrative units

Implementation
milestones, budget
adherence, staff
participation, project
completion, service-level
improvement

Technology
infrastructure

Reliable networks,
integrated imaging
systems, electronic dental
records, secure
computing, vendor
support

Legacy systems,
downtime, incompatible
platforms, limited
technical support

Enables timely data
exchange, automated
task execution, and
coordinated clinical
operations

System availability,
integration failures,
processing time, support-
response time, user-
reported interruptions

Data readiness

Standardized records,
complete datasets, data
provenance, quality
controls, interoperability

Missing data,
inconsistent coding,
fragmented records,

limited
representativeness

Improves the reliability
of analytics,
scheduling, prediction,
and decision-support
outputs

Data completeness,
coding consistency, error
rates, rejected records,
model-performance
stability

Workforce skills

Digital competence,
clinical Al literacy,
interdisciplinary
teamwork, continuing
education

Limited training,
resistance, overreliance,
uncertainty about
professional roles

Reduces interpretation
errors, workarounds,
and implementation

delays

Training completion,
competency scores,
adoption rates, override
patterns, user-confidence
measures

Managerial
readiness

Clinical-administrative
coordination,
procurement oversight,
workflow redesign,
resource allocation

Short-term procurement
focus, inadequate
consultation, weak

accountability

Aligns artificial
intelligence with
staffing, chair capacity,
patient demand, and
service priorities

Chair utilization, staff
productivity, waiting
time, appointment
capacity, workflow-cycle
time

Workflow
integration

User-centered interfaces,
mapped care pathways,
automated information

transfer, escalation
procedures

Duplicate entry, alert

burden, disconnected
applications, poorly
designed handoffs

Reduces administrative
burden and improves
patient-flow
coordination

Documentation time,
duplicate tasks, referral
delays, handoff errors,
appointment throughput

Governance and
regulatory
alignment

Privacy controls,
cybersecurity, clinical
accountability, incident
reporting, compliance
review

Unclear responsibility,
privacy concerns,
regulatory uncertainty,
weak auditability

Reduces disruption
from safety incidents,
legal uncertainty, and

unplanned system

suspension

Privacy incidents, audit
completion, adverse-
event reporting,
corrective-action time,
policy compliance

Patient-centered
implementation

Clear communication,
accessibility, informed
consent, culturally
appropriate processes,
equity monitoring

Low trust, digital
exclusion, inaccessible
interfaces, unclear use of
patient data

Supports engagement,

attendance, continuity,

and appropriate use of
digital services

Patient satisfaction, no-
show rates, complaint
patterns, accessibility

measures, subgroup
outcome differences

Continuous
performance
monitoring

Operational dashboards,
clinical audits, model
surveillance, feedback

loops

Limited baseline data,
poorly selected metrics,
failure to act on findings

Identifies inefficiencies
and enables iterative
process improvement

Waiting time, cost per
visit, diagnostic
turnaround, rework,
safety incidents, model
drift

Proposed Al readiness impact model

connecting technical oversight, clinical

The proposed model defines artificial intelligence readiness
as a higher-order organizational construct composed of
organizational, technological, data, workforce, managerial,
and governance readiness. Governance is not treated as an
external compliance activity but as an internal capability

responsibility,
ethical review, and regulatory alignment [36]. The domains
are mutually reinforcing because weaknesses in one area can
constrain otherwise strong capabilities in another. For
example, high-quality data may not improve care when
workflow integration or professional accountability is
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absent.

The model proposes that readiness domains influence
outcomes through identifiable mediating mechanisms. Data
quality, system interoperability, workflow integration, staff
competence, clinical governance, patient-safety safeguards,
and change management translate organizational capacity
into practical use. Privacy-preserving approaches such as
federated learning may support collaboration across
institutions when sensitive health information cannot
appropriately be centralized [37]. Such technologies do not
remove the need for data standards, security controls,
validation, or institutional agreements.

Clinical decision support is the first outcome pathway in the
model. Reliable information, usable interfaces, clinician
competence, and clear escalation processes may improve
diagnostic assistance, treatment-planning support, risk
assessment,  monitoring, and referral  decisions.
Explainability should not be treated as a substitute for
clinical validation, safety evidence, or accountable
professional review [38]. Responsible implementation also
requires fairness, transparency, privacy protection, human
oversight, and mechanisms for challenging inappropriate
outputs [39].

Operational efficiency is the second outcome pathway and
includes patient flow, appointment coordination, resource
utilization, documentation, chair-time management, quality
monitoring, and performance analytics. The model proposes
that operational improvements emerge when artificial
intelligence is integrated with care processes and supported
by governance throughout the system lifecycle [40]. Dental-
specific ethical guidance further indicates that privacy,
fairness, transparency, patient safety, and professional
responsibility must be incorporated into implementation
design [41]. Efficiency is therefore constrained when
automation transfers workload, increases cognitive burden,
fragments information, or weakens accountability.

The model includes the Saudi dental care and healthcare-
transformation context as a moderating band that can
strengthen or weaken readiness-to-outcome relationships.
Relevant contextual conditions include regulation,
infrastructure, digital health policy, workforce capacity,
patient expectations, organizational type, procurement
arrangements, and public—private differences. Bias, consent,
privacy, and accountability function as boundary conditions
because unresolved ethical problems can prevent technically
capable systems from producing acceptable clinical or
operational outcomes [42]. Figure 2 visualises the proposed
Al readiness impact model for Saudi dental care centers.

Proposed Al Readiness Impact Model for Clinical Decision Support and Operational Efficiency in Saudi Dental Care Centers.

Saudi Dental Care and Healthcare-Transformation Context

Regulation Infrastructure

Patient expectations

Workforce capacity

v

Digital health policy

v

Al Readiness Domains Implementation Mechanisms Clinical Decision Support
Y ® Diagnostic assistance
Organizational Technological Workflow Data — e T e
readiness readiness integration quality reatment-planning support
J ® Risk assessment and monitoring
( @ Referral and clinical decision support
Data | | Workforce — Staff Clinical
readiness readiness competence governance
R 3 @ Patient-flow and appointment coordination
Managerial Governance Patient-safety Change — Ao =
readiness readiness safeguards management ® Resource and chair-time utilization
® Documentation and workflow efficiency
~ 7 \ 7 @ Performance monitoring and analytics
- J
Ethical and Impl tation Boundary Conditions
Bias Consent Privacy Accountability

Figure 2. Proposed Al Readiness Impact Model for Clinical Decision Support and Operational Efficiency in Saudi
Dental Care Centers
Alt-text: A conceptual model showing Al readiness domains feeding into mediating mechanisms such as workflow
integration, data quality, staff competence, and governance, which then influence clinical decision support and operational

efficiency in Saudi dental care centers.

Practical implications and future research

Dental care center managers should conduct structured
readiness assessments before procurement or large-scale
deployment. These assessments should examine clinical
need, data availability, infrastructure, workflow fit, staff

competence, governance capacity, patient-safety risk,
privacy protection, and measurable service outcomes.
Dental ethics research indicates that practical guidance is
needed to translate high-level principles into routine
implementation and  evaluation  processes  [43].
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Multidisciplinary governance groups should include
clinical, managerial, information-technology, quality, legal,
privacy, and patient-representation perspectives.

Implementation should begin with clearly bounded use
cases, defined baseline measures, clinician-led workflow
design, and controlled pilot evaluation. The distribution of
dental artificial intelligence applications remains uneven
across specialties and functions, supporting the need to
evaluate readiness beyond established imaging tasks [44].
Future systems should also be assessed as integrated
components of personalized clinical and operational
workflows rather than isolated algorithms [45].
Procurement  criteria  should  therefore  address
interoperability, validation evidence, usability, auditability,
cybersecurity, vendor accountability, update management,
and post-deployment monitoring.

Future research should empirically test the proposed model
in Saudi public and private dental care centers. Surveys,
longitudinal case studies, implementation evaluations, and
comparative analyses should examine relationships among
readiness domains, mediating mechanisms, clinical
decision-support outcomes, operational indicators, patient
safety, and organizational context. Data scale, population
risk, uncertainty, and local cost structures should be
investigated because they may influence both clinical and
economic value [46]. Research should also determine
whether readiness requirements differ by specialty, center
size, ownership model, region, patient population, and level
of digital maturity.

Conclusion

This article presents a conceptual model explaining how
artificial intelligence readiness may influence clinical
decision support and operational efficiency in dental care
centers in Saudi Arabia. The model connects readiness
domains with implementation mechanisms, outcome
pathways, contextual moderators, and boundary conditions.
It positions readiness as the organizational foundation
through which artificial intelligence may become clinically
useful and operationally sustainable.

Artificial intelligence readiness is not a single technology
condition. It is a multidimensional organizational capability
involving infrastructure, data, workforce competence,
managerial commitment, governance, cybersecurity,
privacy, and workflow redesign. These capabilities must be
coordinated because isolated strengths cannot compensate
reliably for critical weaknesses elsewhere in the
implementation system.

Clinical decision support requires valid models, appropriate
data, usable interfaces, clinician oversight, patient-safety
safeguards, and integration with professional judgement.
Operational efficiency similarly depends on process
redesign, interoperability, staff acceptance, monitoring, and

accountable management. Artificial intelligence may
increase burden or risk when these enabling conditions are
absent.

Saudi dental care centers can use readiness assessment as a
practical basis for responsible digital transformation. By
aligning artificial intelligence initiatives with clinical
priorities, workforce development, governance
requirements, and measurable operational needs, centers
may improve care quality and organizational performance.
The proposed model offers a foundation for implementation
planning and empirical evaluation across diverse Saudi
dental care environments.
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