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Abstract

INTRODUCTION. Workflows in prosthodontics have been revolutionized by digital technologies, such as com-
puter-aided design/computer-aided manufacturing (CAD /CAM), intraoral scanners, and three-dimensional
printing (3D). However, a persistent gap between awareness and adoption persists primarily because of fi-
nancial and educational barriers. Evidence on digital prosthodontics is scarce in the Southern region of Saudi
Arabia, where digital health is a national priority under Vision 2030.

PURPOSE. This study assessed the knowledge, awareness, and practices (KAP) of digital prosthodontics in
dental professionals in Saudi Arabia and compared general dentists and specialists in terms of their adoption
of these technologies.

MATERIALS AND METHODS. A cross-sectional online survey was conducted from May to August 2025 with
a validated self-administered questionnaire. Eligible participants included interns, general dentists, specia-
lists, and faculty members across public, private, and academic sectors in the Southern region of Saudi Ara-
bia. Data were analyzed using descriptive statistics and Pearson’s chi-square test, and associations between
professional level and KAP outcomes were assessed. A p-value of <0.05 was considered significant.
RESULTS. A total of 204 dental professionals participated; most were younger than 25 years (51.0%) and affili-
ated with universities or academic institutions (79.9%). Awareness of specific digital technologies was high for
CBCT-based implant planning (89.7%), CAD/CAM systems (88.2%), and intraoral scanners (88.2%). However,
knowledge of integrated workflows was moderate, with 54.4% reporting some knowledge and 55.4% unable
to identify complete workflow components. Clinical adoption remained limited, with only 25.5% reporting use
of digital prosthodontic technologies in practice. The main barriers were high initial cost (65.7%) and lack of
training or skills (56.9%). Specialists demonstrated significantly higher awareness, knowledge, confidence,
and adoption than general dentists (p<0.001 for key comparisons). Most participants expressed interest in
structured training (79.9%) and supported curricular integration (72.1%).

CONCLUSION. Dental professionals in the Southern Region of Saudi Arabia showed high awareness of com-
mon digital prosthodontic technologies but only moderate workflow knowledge, with adoption remaining
limited and specialist-driven. High costs and insufficient training were the main barriers, highlighting the
need for competency-based education, accessible continuing professional development, and institutional
support to strengthen digital readiness, expand implementation, and align prosthodontic practice with na-
tional digital health priorities and international standards.

CLINICAL SIGNIFICANCE. Addressing the gap between awareness and clinical adoption of digital prostho-
dontics is essential for modernizing prosthodontic practice. Expanding competency-based training, im-
proving access to digital technologies, and reducing cost-related barriers may enhance workflow efficiency,
patient-centered care, and equitable access to digital prosthodontic services beyond specialist settings.
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3HaHuA, 0CBeAO0OM/IEHHOCTb M NpPaKTUKA NpUMeHeHUA
UMPPOBbLIX TEXHONIOMMA B OpTONEeAUYECKOM CTOMATO/1I0rMm
cpeau cromartosoroB l0XHoro permoHa CayaoBckon ApaBum

X.A.C. Anbxengun <

YHuBepcutet Hagxpana, r. Hagxpan, CaynoBckas Apasus
D kdalhendi@nu.edu.sa

PesioMe

BBELEHMVE. LlndpoBbie TEXHONOIMN, Takue Kak CUCTEMbI aBTOMATU3NPOBAHHOIO NPOEKTUPOBAHUS 1 aBTO-
MaTmnanpoBaHHoOro narotosneHus (CAD /CAM), nHTpaopanbHble ckaHepbl 1 3D-nevyaTb, NPOU3BENN PEBOJIO-
umio B paboumx npoLeccax optoneanyeckolt cromaronorum. OaHako COXPaHSAETCH 3HAYUTENbHbIN Pa3pbiB
Mexay OCBEeAOMJIEHHOCTbIO O LMMPOBLIX TEXHONMOMMSAX N UX NPAKTUYECKUM BHEOPEHNEM, HYTO NMPenmMyLLe-
CTBEHHO 00YyCnoBneHo GUHAHCOBLIMU U 06pa3oBaTesibHbIMU Gapbepamu. [JaHHble O NPUMEHEHUN LUdpPOo-
BbIX TEXHONOIMIA B OpTONEANYEeCKon ctTomaTtonorum B KOxxHom pernoHe CaygoBckoii ApaBum OrpaHnYyeHsbl, He-
CMOTPS Ha TO 4TO UMPPOBOE 34PaBOOXPAHEHME ABASETCH OAHUM N3 HALMOHANbHbBIX MPUOPUTETOB B PaMKax
nporpammbl Vision 2030.

LLEJIb. Llenbto HacToALWEero nccneaoBaHns aBnsnachb OLEHKa 3HaHNM, OCBEA0MJIEHHOCTU U NPaKTUKM NpUMe-
HeHns UMPPOBLIX TEXHONOIMIA B OPTONEANYECKON CTOMATONIONMN CPeaM CneLmnanmcToB CTOMaToIoOrM4ecko-
ro npoduna B Caynosckoit ApaBumn, a Takxke CpaBHEHWE Bpayein-cToMaTosioroB obLlein NnpakTukm 1 cneum-
aJINCTOB MO YPOBHIO BHEAPEHNSA AAHHbBIX TEXHOJIOTUIA.

MATEPUAJBbI N METObI. C masa no aBryct 2025 r. 661710 NPOBEAEHO NOMNEPEYHOE OHNANH-UCccnenoBaHne
C MUCMOJIb30BaHNEM BaIMANPOBAHHOIO BOMNPOCHMKA A1 CAMOCTOATENLHOrO 3anofiHeHus. B nccneposanuve
BKJIO4ANIM Bpayel-uHTEPHOB, Bpayel-CTOMaToIoroB obLuen NpakTUKK, CMeLNaIncToB U NpenogasaTenei,
paboTalLmx B rocygapCTBEHHbLIX M YAaCTHbIX YYPEXOEHMUSX, a TakXe B akagemmyeckom cektope HOxHoro
pervoHa CaynoBsckor Apasun. AHanmM3 AaHHbIX NPOBOAMAN C UCMOb30BaHNEM METOA0B ONMcaTeNbHOM CcTa-
TUCTUKN N KpuTEpUa X2 NMpCoHa; OuEHMBANM B3aUMOCBA3M MexXay NpodeCcCcuoHasibHbiM YPOBHEM Yy4acT-
HMKOB 1 NoKa3aTtensaiMn 3HaHUM, OCBEAOMJIEHHOCTU U NPaKTUYECKOro NPUMEHEHUS ULNGPOBbLIX TEXHONOTUA.
CTaTncTnyeckm saHa4MmMbIMn cumnTanm pasnnumnsa npm p<0,05.

PE3YJIbTATbI. B nccnepoBanum npuHsanm ysactne 204 cneymanmcra CToMaToornyeckoro npoduns; 60b-
LUIMHCTBO Y4YacTHUKOB Obin monoxe 25 net (51,0%) v npeacTaBnsiinm yHMBEPCUTETbLI MW akageMn4eckne
yupexaeHns (79,9 %). Bolcoknii ypoBeHb OCBEA0MIIEHHOCTM Oblf1 OTMEYEH B OTHOLLEHUWN OTAESNbHbIX LNPPO-
BbIX TEXHOJIOTMIA, BKJIIOYAS NJAHUPOBAHNE MMMIAHTALMM HA OCHOBE KOHYCHO-/Ty4EBOM KOMMbIOTEPHOWN TO-
morpadun (89,7 %), cuctemol CAD/CAM (88,2 %) n nHtpaopanbHbie ckaHepsbl (88,2 %). BmecTe ¢ TeM 3HaHUA
006 MHTErpmMpoBaHHbIX LMPPOBLIX paboymx npoueccax Obn yMmepeHHbIMu: 54,4 % y4aCcTHUKOB COOOLLMAM
0 HanM4YMKn onpegeneHHblx 3HaHun, a 55,4 % He cMornu onpeaenTb KOMMOHEHTbI MOMHOIO LM@POBOro pa-
6o4ero npouecca. NpakTnyeckoe npumMeHeHne UMPPOBLIX TEXHONOMNIA B OpTONeaAnYeckon cToMaTonormm
OCTaBasfIoCb OrPaHUYEHHbIM: TONIbKO 25,5% y4yacTHMKOB cOOOLLMAM 06 UX UCNOb30BaHUM B KIIMHUYECKOM
npakTuke. OCHOBHbIMU MPENATCTBUSAMUN ABASSIUCH BbICOKAsi NepBoHavasibHas CTOMMOCTb 060pyaoBaHUSA
1 nporpaMmmHoro obecneyenus (65,7 %), a Takxe HegoCcTaToK 0Oy4eHMa U NPaKTUYECKNX HaBbIKOB (56,9 %).
CneumanucTbl NPOAEMOHCTPUPOBANN CTAaTUCTMYECKMN 3HAYMMO 60Jiee BbICOKUI YPOBEHb OCBELOMIIEHHO-
CTW, 3HAHWNI, YBEPEHHOCTUN N NPAKTUYECKOrO NPUMEHEHUS LNMPPOBLIX TEXHONOM NN MO CPABHEHMUIO C Bpadyamu
obLer npakTkun (ANns kno4vesbix cpaBHeHnin p<0,001). BONbLUMHCTBO Y4aCTHMKOB BbIPA3NIN 3aUHTEPECO-
BAHHOCTb B CTPYKTYPMPOBAHHbIX NporpammMax obydeHus (79,9 %) n nogaepxann MHTeErpaumio um@poBbIx
TexHonoru B obpasoBaTtesibHble nporpamMmmsl (72,1 %).

SAKJTIOHEHUME. CneumnanncTbl cTomatonormnyeckoro npodpuns KOxHoro permoHa Caygosckon Apasum npo-
OEMOHCTPUPOBAIN BbICOKNIA YPOBEHb OCBEOOMJIEHHOCTU O PACNPOCTPAHEHHbLIX LMPPOBLIX TEXHOOTUAX
B OpPTONeAMYeCcKO CTOMATONIOMMN, OAHAKO 3HaHWUS 06 MHTErpPMPOBAHHLIX PaboYMX NPoLLeccax 0CTaBanCh
YMEPEHHBIMU, @ NMPaKTUYECKOE BHELPEHME TEXHONOMNIM — OrPAHNYEHHBIM U NPENMYLLECTBEHHO XapakTep-
HbIM Ana cneumanmuctoB. OCHOBHbIMU H6apbepaMiu SIBASININCh BbICOKAs CTOMMOCTb U HeA0CTaToK 00y4yeHus,
4YTO NOJYEPKMBAET HEOOXOANMMOCTb KOMNETEHTHOCTHO-OPUEHTUPOBAHHONO 06Pa30BaHUS, AOCTYMHbIX MPO-
rpaMM HenpepbiBHOro NPodeCcCMOHaNbLHOr0 PasBUTUA U MHCTUTYLMOHANbLHOM noanepxku. Peannsauusa
3TMX MEP NMO3BOUT MOBLICUTL YPOBEHb LLMGPOBOI FOTOBHOCTW CNELMANUCTOB, PacLLUMPUTbL BHEAPEHME Und-
POBbIX TEXHONOrNA U 06ecneynTb COOTBETCTBME OPTONEAMHYECKON CTOMATONIOMMYECKOM NPaKTUKMA HaLMOo-
HasNbHBIM NPUOPUTETaM LNGPOBOro 34PaBOOXPAHEHUS N MEXAYHAPOAHbIM CTaHO4apTaMm.

KIIMHNYECKAA 3HAYMMOCTbD. YcTpaHeHne paspbiBa MexXay OCBEAOMIEHHOCTBIO M NPaKTUYECKUM BHE-
OpPeHVEM LMPPOBLIX TEXHOIOMMIA B OPTONEANYECKON CTOMATONIONMU MUMEET BaXXHOE 3HAYEHME OJ11 MOAEPHM-
3aLuK KIIMHNYECKOWN NpakTUKKN. PaclumpeHne KoMneTeHTHOCTHO-OPUEHTUPOBAHHOIO 06yYeHNs, NOBbILLEHWE
OOCTYMHOCTU LMPPOBLIX TEXHONMOMMA U CHUXEHUE DUHAHCOBLIX 6apbepOoB MOryT cNocoBCTBOBaTL MOBbI-
LweHno 3dpPEeKTUBHOCTU paboymx NPOLLECCOB, PAa3BUTUIO NALNEHT-OPUEHTMPOBAHHOIO Noaxoaa n obecne-
YyeHuto 6onee paBHOro goctyna K umMdpoBLIM yciyraMm B OpTONeanyeckor ctoMmaTosiornm, B TOM 41Mcne 3a
npeaenamuv cneumann3npoBaHHbIX YYPEXAEHNIA.

Knwuessble cnoBa: 6apbepbl BHeapeHus, CAD/CAM, ctomaTonorndyeckoe obpasoBaHue, undpoBas optone-
audeckas ctomartosnorusi, umdpoBsbie paboyre Npouecchl, MHTPaopasbHbIe CKaHepbl.

UHndopmauumsa o ctatbe: noctynuna — 20.07.2026; ncnpasneHa — 03.09.2026; npmHarta — 11.09.2026
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KoH$AUKT uHTepecoB: ABTOPLI coO0OLLa0T 06 OTCYTCTBUN KOHPNMKTA UHTEPECOB.

bnarogapHocTuK: CDVIHaHCVIDOBaHVIe nunHanemayanbHble 6J'Ial'0,£l,apHOCTVI ana neknapnpoBaHna OTCYTCTBYIOT.

Ana umtupoBanma: AnbxeHanm X.[.C. 3HaHNs, 0CBEAOMJIEHHOCTb M NPaKTUKa NPUMEHEHUS LMPPOBbLIX TEX-
HOJIOrMIN B OPTONEOMYECKO cToMaTonornm cpegn ctomatonoros KOxHoro pernoHa CaygoBckor Apasun.
SHaonoHTns Today. 2026;24(4):710-720. https://doi.org/10.36377/ET-0237

INTRODUCTION

Modern dental practice has been revolutionized
by digital technologies, which have altered the pro-
cesses of diagnosis, treatment planning, and restora-
tion fabrication [1]. Prosthodontics is a field focused
on restoring oral function, aesthetics, and health in
patients with missing or deficient teeth and maxillofa-
cial structures [2]. Advancements in prosthodontics
have considerably enhanced precision, efficiency, and
patient-centered outcomes, and digital workflows are
increasingly recognized as essential to contemporary
prosthodontic care [3].

Computer-aided design/computer-aided manufac-
turing (CAD/CAM), intraoral scanners (IOSs), cone-
beam computed tomography (CBCT), and three-dimen-
sional (38D) printing are among the digital tools that have
gradually replaced traditional analog methods. Col-
lectively, these technologies improve the accuracy and
reproducibility of fixed, removable, and implant pros-
thodontics. Additionally, applications such as virtual ar-
ticulators and digital occlusal analysis expand the diag-
nostic and treatment planning capabilities [4-7]. These
innovations are widely recognized for their ability to en-
hance workflow efficiency and patient outcomes [8; 9].

However, a persistent gap between awareness of
digital technologies and their integration into routine
clinical practice persists despite these advancements.
Surveys conducted across different countries consist-
ently indicate that despite the strong willingness of
most clinicians to adopt digital approaches, obstacles,
such as the high cost of equipment, steep learning
curves, and absence of standardized training continue
to exist [10-13]. These findings suggest that clinicians
are amenable to innovation. However, the likelihood
of widespread adoption is limited by educational and
systemic constraints. This challenge is especially per-
tinent in Saudi Arabia, where digital health has been
regarded as a strategic priority in the modernization of
healthcare delivery under Vision 2030 [14; 15].

However, the adoption of digital dentistry remains
limited, practitioners and faculty members responsi-
ble for clinical instruction have inequitable access to
advanced technologies and limited opportunities for
practical training [16; 17]. Collectively, these observa-
tions indicate that the integration of digital dentistry in
Saudi Arabia is hampered by persistent structural bar-
riers, such as insufficient institutional investment and
inadequate hands-on exposure.

Furthermore, existing Saudi studies frequently
conduct preliminary examination of digital dentistry
or focus on isolated technologies, such as CAD/CAM
or I0Ss, rather than assessing the integration of digi-
tal tools within prosthodontic workflows [18; 19]. This
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narrow scope results in a critical evidence gap: the
specific manner in which dental professionals in Saudi
Arabia interact with digital prosthodontics in the fixed,
removable, and implant subspecialties and the extent
towhich adoptionisinfluenced by role, experience, and
practice setting. Efforts to reform curricula, expand
professional training, and design supportive policies
are atrisk of being fragmented or poorly targeted in the
absence of such evidence.

Therefore, this study aimed to assess awareness,
knowledge, and practice related to digital prosthodon-
tics among dental professionals in the Southern Re-
gion of Saudi Arabia. It also compared general dentists
and specialists across these domains to identify diffe-
rences in familiarity, understanding, clinical adoption,
perceived barriers, and training needs.

MATERIALS AND METHODS

Study Design, Setting, and Ethical Approval

A structured self-administered online questionnaire
was employed in this cross-sectional analytical study to
assess the clinical practices, knowledge, and awareness
of digital prosthodontics in dental professionals in the
southern region of Saudi Arabia. The study adhered to
the STROBE guidelines for observational research [20].
All responses were password protected, anonymized,
and processed in accordance with the Declaration of
Helsinki [21]. The study protocol was reviewed and ap-
proved by the Institutional Research Ethics Committee
of the College of Dentistry, Najran University (R: 202602-
076-042752-093124) on 17 March 2026.

Eligible participants included interns, general den-
tists, prosthodontists, and other specialists across
public, private, and academic sectors. Undergraduate
students who had not yet commenced their internship
were excluded. Participation was voluntary, and elec-
tronic informed consent was obtained before access to
the survey.

Sample Size and Power Calculation

The Saudi Commission for Health Specialties repor-
ted that the number of dentists in the Southern region of
Saudi Arabia in 2023 was approximately 43,000 [22]. The
Raosoft calculator (Raosoft, Inc., Seattle, WA, USA), indi-
cated that a minimum sample size of 381 was required to
achieve a 95% confidence interval and 5% margin of er-
ror. A total of 228 responses were collected, and 24 were
excluded because of incompleteness or inconsistency,
yielding 204 valid responses. The margin of error was
6.85%. Although exceeding the standard 5%, it was
considered acceptable for exploratory cross-sectional
surveys in dentistry. The attained sample size offers ad-
equate statistical power to identify medium effect sizes.
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Participants and Recruitment

A non-probability convenience sampling method
was employed. The survey link was distributed through
professional dental networks, academic institutions,
and social media platforms (e.g., WhatsApp, Twitter/X,
Telegram, and Facebook) to ensure broad reach across
diverse practice settings. This approach has been
widely used in exploratory surveys of healthcare pro-
fessionals in the absence of a probability-based frame-
work [10; 19]. Data were collected anonymously from
May to August 2025 utilizing Google Forms.

Survey Instrument Development and Validation

The questionnaire was derived from previously
validated instruments on digital dentistry adop-
tion [10-13; 16; 18; 19] and tailored to emphasize pros-
thodontics. Content validity was evaluated by a pan-
el comprising two prosthodontics faculty members
and one health education specialist, who assessed
each item for clarity, relevance, and necessity using
a 4-point Likert scale. The recommended thre-
sholds for the Content Validity Index were achieved
(I-CVI > 0.78; S-CVI/Ave > 0.80) [23]. A pilot study
involving 30 dental practitioners, including interns,
general dentists, and specialists, was conducted to
assess questionnaire clarity, comprehensibility, flow,
and completion time. Minor modifications were made
based on participant feedback. The final instrument
demonstrated good internal consistency, with a Cron-
bach’s alpha of 0.8 [24]. Formal construct validity
testing was not performed because the questionnaire
was adapted from previously validated instruments
and intended for exploratory assessment.

Questionnaire Parts

To address the multicultural and diverse academic
backgrounds of Saudi Arabia’s dental workforce, the
structured questionnaire was developed in English and
comprised 26 items distributed across four domains.
The first domain included 6 demographic and pro-
fessional items covering age, gender, qualifications,
clinical experience, specialty, and practice setting.

The second domain consisted of 3 awareness
items, defined as participants’ recognition of digi-
tal prosthodontics and familiarity with specific digital
technologies. Questions assessed awareness of digi-
tal prosthodontics, familiarity with digital technologies,
and sources of information. The third domain included
8 knowledge items, defined as participants’ under-
standing of digital prosthodontic workflows, clinical ap-
plications, and benefits. Questions addressed workflow
components, CAD/CAM-fabricable prostheses, advan-
tages of intraoral scanners, applications of 3D print-
ing, implant planning tools, digital denture workflows,
and virtual articulators. The fourth domain comprised
9 practice items, defined as the self-reported clinical
use and implementation of digital prosthodontic tech-
nologies. Questions evaluated technology utilization,
clinical indications, duration of use, confidence levels,
perceived barriers, training preferences, and opinions
regarding curricular integration.
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Data Management and Statistical Analysis

All collected data were coded, entered into Micro-
soft Excel, and analyzed using IBM SPSS Statistics
(version 25.0; IBM Corp., Armonk, NY, USA). Descriptive
statistics, including frequencies, percentages, means,
and standard deviations, were used to summarize de-
mographic and professional characteristics, as well as
responses related to knowledge, awareness, and prac-
tice of digital prosthodontics. For comparative analysis,
dental students were grouped with general dentists
under the “general dentistry” category. Associations
between categorical variables (e.g., professional level
and knowledge, awareness, and practice parameters)
were assessed using Pearson’s Chi-square (x?) test.
For questions allowing multiple responses, Chi-square
analysis was not performed. A p<0.05 was considered
statistically significant, while p<0.001 were regarded
as highly significant. All graphical representations were
generated using Microsoft Excel to ensure clarity of
data presentation.

RESULTS

The survey included 204 dental professionals and
students from diverse academic and clinical back-
grounds. The findings are presented according to
awareness, knowledge, and practice of digital pros-
thodontics and their associations with professional
level. Percentages describe response distributions,
and statistically significant associations (p<0.05) are
highlighted. The study population was predominantly
young (<25 years, 51.0%), with a higher proportion of
females (53.4%) than males. Nearly half of the partici-
pants reported less than one year of clinical experi-
ence (47.5%), reflecting the inclusion of undergraduate
students, while early-career practitioners were rep-
resented in the 1-5-year category. Over half (52.0%)
held a basic dental degree (BDS/DDS), and specia-
lists constituted 40.7% of the sample. Universities and
academic institutions were the most common practice
settings (79.9%) (Table 1).

More than half of the participants (57.8%) were
aware of the term digital prosthodontics. Awareness
of specific digital technologies was generally high,
particularly CBCT-based implant planning (89.7%),
CAD/CAM systems (88.2%), and intraoral scanners
(88.2%). Awareness was lower for guided surgery
systems (64.2%), 3D printing/additive manufacturing
(56.9%), digital dentures (51.5%), virtual articulators
(49.0%), and digital occlusal analysis (36.3%). Know-
ledge was most commonly acquired through under-
graduate training (24.5%), self-study or colleagues
(22.5%), online courses and social media (17.2%),
and continuing education activities (16.7%) (Table 1).
Specialists were significantly more likely than general
practitioners to report awareness of digital prostho-
dontics (91.6% vs. 34.7%, p<0.001). In addition, spe-
cialists more frequently identified postgraduate stu-
dies and continuing education activities as their prima-
ry sources of knowledge, whereas general practitio-
ners more commonly reported undergraduate training
and self-directed learning (p < 0.001) (Table 2).
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Table 1. Demographic and professional
characteristics of study participants (n = 204)

Characteristics Variable n %
Age <25 104 | 51.0
25-34 24 11.8
35-44 54 26.5
45-54 18 8.8
55 4 2.0
Gender Male 95 46.6
Female 109 | 53.4
Clinical Experience |<1year 97 47.5
1-5years 24 11.8
6-10years 31 15.2
11-15years 34 16.7
>15years 18 8.8
Highest qualification | Student 10 4.9
BDS/DDS 106 | 52.0
Master’s 9 4.4
Board-certified specialist 59 28.9
PhD 20 9.8
Practice Settings Government clinic 41 201
(Multiple Choices)" [\ cital dental unit 31 | 15.2
Private practice 63 30.9
University /academic 163 | 79.9
institution
Specialty Student 10 4.9
General Dentist 111 54.4
Specialist 83 40.7

Note. T Multiple-response question, so the total percentages
may exceed 100%.

Knowledge of digital prosthodontics was moderate,
with 54.4% of participants reporting some knowledge
of digital technologies. However, understanding of
complete digital workflows remained limited, as more
than half of the respondents (55.4%) were unable to
identify their components. Among workflow elements,
3D printing/milling machines (38.7%) and intraoral
scanners (38.2%) were the most frequently recognized.
Porcelain veneers (67.2%) and surgical guides (56.4%)
were the most commonly identified prostheses that
can be fabricated using CAD /CAM systems. Reduced
chairside time (46.6%) was the most frequently recog-
nized advantage of intraoral scanners, while fabrica-
tion of implant surgical guides (44.6%) was the most
commonly identified application of 3D printing. Know-
ledge of virtual articulators was limited, with 44.1% of
participants selecting “I don’t know”. Specialists were
significantly more likely than general practitioners to
report having knowledge of digital prosthodontic tech-
nologies (80.7% vs. 36.4%, p<0.001). Significant as-
sociations with professional level were also observed
for knowledge of the advantages of intraoral scanners,
applications of 3D printing, the role of virtual articula-
tors, implant planning tools, and the benefits of digital
denture workflows (all p<0.001) (Table 3).

Despite moderate awareness and knowledge, only
25.5% of participants reported using digital prosthodon-
tic technologies in clinical practice. Among the available
technologies, 3D printing (78.9%), CAD/CAM systems
(65.7%), CBCT-guided implant planning (58.8%), and
intraoral scanners (48.5%) were the most commonly re-
ported. Crown and bridge restorations (63.7%), surgical
guide fabrication (60.8%), and implant-supported pros-
theses (58.8%) were the principal clinical applications.

Table 2. Awareness of digital prosthodontics and sources of information by professional level (Chi-square Test)

Questions Answers n (%) Gentz;alqlzr;;istry S(r:,e:igg)s t X P
Are you aware of the term Yes 118 (57.8) 42 76
digital prosthodontics? NoO 86 (42.2) 79 7 65.3 | <0.001"
Which of the following Intraoral scanners (10S) 180 (88.2)
gt echnologes re oy | Gap Camsysems 120662
(Multiple Choices)T 3D printing/additive 116 (56.9)
manufacturing
Digital dentures 105 (51.5) Not calculated
Virtual articulators 100 (49.0)
CBCT-based implant planning 183 (89.7)
Guided surgery systems 131(64.2)
Digital occlusal analysis 74 (36.3)
Where did you gain most of | Undergraduate training 50 (24.5) 47 3
yourknowlegge aboutdigital Postgraduate studies 29(14.2) 5 24
prosthodontics?
Self-study/colleagues 46 (22.5) 41 5
Cvenanons, aotoronces) | 341187 : 20 | 0O
Online courses/social media 35(17.2) 13 22
| don’t have any knowledge 10 (4.9) 10 0

Note. T Multiple-response question, so the total percentages may exceed 100%; x2 not calculated; * Statistically significant.
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Most participants reported 1-3 years of experience
with digital tools (64.2%) and rated their confidence
as moderate (score 3; 50.0%). The most frequently
reported barriers were high initial cost (65.7%) and
lack of training or skills (56.9%). Nevertheless, most
participants expressed interest in structured training
(79.9%) and supported the integration of digital pros-
thodontics into dental curricula (72.1%). Significant as-
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sociations with professional level were observed for the
use of digital prosthodontic technologies, duration of
use, confidence in using digital tools, interest in struc-
tured training, and support for curricular integration
(all p<0.05). Specialists reported substantially grea-
ter adoption of digital prosthodontic technologies and
higher levels of confidence than general practitioners
(all p<0.001) (Table 4).

Table 3. Knowledge of digital prosthodontic workflows, applications, and benefits by professional level

(Chi-square test)

Questions Answers n (%) Gen(:'r,a:::r;;lstry sz,e:'ggft X2 P
Do you have any know- | Yes, | have some knowledge 111 (54.4) 44 67
ledge of digital prostho- 39.1 | <0.001*
dontic technologies? No, I don’t have knowledge 93 (45.6) 77 16
Which of the following Intraoral scanner (10S) 78 (38.2)
technologies are com-  [cap goftware 45(22.1)
ponents of a complete
digital prosthodontic 3D printing /milling machine 79 (38.7) Not calculated
workflow? (Multiple Articulating paper 15 (7.4)
Choices)t I don't know 113 (55.4)
Which of the following Complete dentures 88 (43.1)
prostheses can be fab- Metal- ) 7
ricated using CAD /CAM eta cgramm crowns 3(35.8)
systgms? (Multiple Porcelain veneers 137 (67.2) Not calculated
Choices)T Surgical guides 115 (56.4)
Space maintainers 13(6.4)
I don’t know 38 (18.6)
What are the main Improved patient comfort 36 (17.6) 4 32
advantages of using Improved soft tissue recording 14 (6.9) 9 5
intraoral scanners com-
pared to conventional Real-time visualization 21(10.3) 0 21 93.3 | <0.001*
impressions? Reduced chairside time 95 (46.6) 74 21
I don’t know 38 (18.6) 34 4
What are typical clinical | Fabrication of full metal crowns 5(2.5) 0
alpplllcatlons of 3D PriN- | Faprication of implant surgical guides | 91 (44.6) 47 44
ting in prosthodontics?
Printing custom trays 9(4.4) 0 9
Printing of diagnostic wax-ups 18 (8.8) 8 10 44.0 | <0.001*
Provisional restorations 14 (6.9) 14 0
Real-time occlusal correction 8(3.9) 3
I don’t know 59(28.9) 47 12
What is the role of virtual | Predicting occlusal interferences 32 (15.7) 15 17
artlcylators in prostho- Recording vertical dimension 5(2.5) 5 0
dontics? 16.7 | <0.001*
Simulating mandibular movements 77 (37.7) 36 41
I don’t know 90 (44.1) 65 25
Which digital tools are CBCT imaging 89 (43.6) 41 48
mqst Commonlyused Guided surgery software 10 (4.9) 0 10
in implant planning and 37.6 |<0.001*
placement workflows? | 1OS for scanning edentulous arches 90 (44.1) 65 25
I don’t know 15(7.4) 15 0
What are the main be- Accurate recording of soft tissues 47 (23.0) 34 13
nefits of digital denture | in function '
workflows compared 10 | geior reproducibility 40 (19.6) 25 15
conventional methods?
Fewer clinical visits 53(26.0) 31 22 16.3 | <0.001*
Fully automated occlusal design 5(2.5) 0
Real-time occlusion tracking 19(9.3) 14
I don’t know 40 (19.6) 21 19

Note. T Multiple-response question, so the total percentages may exceed 100%; x2 not calculated; * Statistically significant.
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Table 4. Practice of digital prosthodontics and perceived barriers by professional level (Chi-square test)

Questions Answers n (%) Gen?’r'altzzr‘glstry sz,eglgg:t X P
Do you use any digital Yes 52 (25.5) 0 52
prosthodontic tech- 102 | <0.001*
nologies in your clinical '
practice? No 152 (74.5) 121 31
Which of these technol- | Intraoral scanner (I0S) 99 (48.5)
ogies do you currently CAD/CAM 134 (65.7)
use in your clinical prac- —
tice? (Multiple Choices)t | 3D printing 161(78.9)
CBCT-guided implant planning 120 (58.8) Not calculated
Digital denture workflows 34 (16.7)
Virtual articulator 46 (22.5)
Digital occlusal analysis 46 (22.5)
If using any digital tools, | Crown/bridge restorations 130 (63.7)
for which indications?
| 74 .
(Multiple Choices)t Complete dentures (36.3)
Implant-supported prostheses 120 (58.8)
Surgical guide fabrication 124 (60.8) Not calculated
Temporaries/provisional prostheses 112 (54.9)
Occlusal adjustments 53(26.0)
Endodontics (guided) 9(4.4)
How long have you been | 1-3 years 131(64.2) 88 43
using digital tools in 4-6 years 43 (21.1) 18 25 9.86 | 0.007*
your practice?
>6 years 30(14.7) 15 15
Please rate your con- 1 15(7.4) 5 10
fidence in using digital
tools in prosthodontics 2 18(8.8) 10 8
3 102 (50.0) 82 20 43.0 | <0.001*
4 64 (31.4) 24 40
5 5(2.5) 0 5
What are the main barri- | High initial cost 134 (65.7)
ers you face in adopting .. :
digital prosthodontics? Lack of training / skills 116 (56.9)
(Multiple Choices)’ Lack of institutional support 46 (22.5)
Lack of awareness about benefits 32 (15.7)
Resistance from colleagues 23(11.3)
Time constraints 39(19.1) Not calculated
Incompatibility with current workflows | 25 (12.3)
Technology is too complex 33(16.2)
No perceived advantage over
traditional methods 13(6.4)
I didn’tuse it 9(4.4)
Would you be interested | Yes 163 (79.9) 91 72
in receiving structured .
training in digital pros- No 629 6 0 6.18 0.046
thodontic tools? Not sure 35(17.2) 24 11
Preferred method of In-person workshops 87 (42.6) 47 40
training Industry training sessions 5(2.5) 5 0
Online courses 25(12.3) 15 10
: - - 6.12 0.295
Self-paced learning/video tutorials 19(9.3) 10 9
University-based CPD programs 49 (24.0) 33 16
None 19(9.3) 11 8
Do you believe digital Yes 147 (72.1) 75 72
prosthodontics should .
be fully integrated into No 5(29) 5 0 15.8 | <0.001
dental curricula®? Not sure 52 (25.5) 41 11

Note. T Multiple-response question, so the total percentages may exceed 100%; x2 not calculated; * Statistically significant.
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Overall, the findings indicate moderate aware-
ness and knowledge of digital prosthodontics among
participants, but limited clinical adoption. Specialists
consistently demonstrated higher levels of awareness,
knowledge, confidence, and utilization of digital tech-
nologies than general dentists, suggesting an impor-
tant role for postgraduate education and professional
training in facilitating adoption. High initial costs and
insufficient training were the most frequently reported
barriers, whereas strong interest in structured training
programs and broad support for curricular integration
highlight opportunities to enhance the implementation
of digital prosthodontics in dental education and clini-
cal practice.

DISCUSSION

This study provides regional evidence on aware-
ness, knowledge, and clinical adoption of digital pros-
thodontics among dental professionals in the Southern
Region of Saudi Arabia. The main finding was a clear
awareness-to-practice gap: participants demonstra-
ted high awareness of commonly used technologies,
particularly CBCT-based implant planning, CAD/CAM
systems, and intraoral scanners, yet clinical implemen-
tation remained limited. This pattern is consistent with
previous Saudi and international studies indicating that
digital transformation in dentistry depends not only on
recognition of digital tools, but also on workflow compe-
tence, access to equipment, confidence, training, and
institutional support [16-19; 25].

Although awareness of major digital technologies
was high, knowledge of integrated digital prosthodon-
tic workflows was only moderate. More than half of the
participants were unable to identify the components
of a complete digital workflow, and substantial uncer-
tainty persisted regarding virtual articulators and im-
plant-planning workflows. This distinction is important
because digital prosthodontics requires more than fa-
miliarity with individual devices; it depends on under-
standing how intraoral scanning, CAD software, CAM
or additive manufacturing, CBCT-based planning, vir-
tual articulation, laboratory communication, and clini-
cal verification are integrated into a complete treatment
pathway [4; 6; 7]. Similar knowledge gaps have been
reported in relation to advanced digital and computer-
assisted dental technologies, supporting the need for
structured training beyond basic exposure to digital
tools [26; 27].

Despite relatively favorable awareness and mode-
rate knowledge, only one-quarter of participants re-
ported using digital prosthodontic technologies in
clinical practice. This confirms that awareness alone is
insufficient to ensure adoption. The most frequently re-
ported barriers were high initial cost and lack of training
or skills, followed by institutional and workflow-related
limitations. These factors are interrelated: high equip-
ment costs restrict access in undergraduate clinics,
continuing education settings, and general practice
environments, while limited access reduces hands-on
exposure, clinical confidence, and readiness for imple-
mentation. Without structured educational pathways
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and institutional investment, digital prosthodontics may
remain concentrated in specialist, academic, or better-
resourced settings [14; 16; 18; 19; 28].

Specialists demonstrated significantly higher
awareness, knowledge, confidence, and adoption of
digital prosthodontics than general dentists. This pro-
fessional disparity likely reflects differences in post-
graduate education, exposure to complex prosthodon-
tic and implant cases, and access to advanced tech-
nologies. Specialists were more likely to understand
the clinical benefits of intraoral scanners, applications
of 3D printing, the role of virtual articulators, and digi-
tal implant-planning workflows, and they also reported
higher levels of clinical use and confidence. Similar
patterns have been reported in studies showing grea-
ter digital readiness and technology adoption among
specialists, postgraduate trainees, faculty members,
and clinicians working in more resource-supported
environments [14; 18; 29; 30]. Therefore, the observed
gap should be interpreted as a training and access dis-
parity rather than simply a difference in willingness to
adopt digital dentistry.

The strong interest in structured training and curric-
ular integration represents one of the most actionable
findings of this study. Most participants supported for-
mal training and the integration of digital prosthodon-
tics into dental curricula, indicating readiness for edu-
cational reform. Saudi dental education may therefore
benefit from a competency-based model in which foun-
dational skills in intraoral scanning, CAD/CAM prin-
ciples, CBCT-based planning, 3D printing concepts,
digital laboratory communication, and workflow design
are introduced at the undergraduate level, followed by
case-based training in guided implant planning, digital
dentures, virtual articulation, digital occlusal analysis,
and workflow troubleshooting during internship, post-
graduate training, and continuing professional deve-
lopment [31-34]. From a policy perspective, wider im-
plementation will require institutional strategies such as
shared digital laboratories, university-based simulation
centers, subsidized continuing education, and public-
private partnerships to reduce cost-related barriers and
expand access beyond specialist or tertiary-care set-
tings [15; 28; 34].

Clinically, limited adoption of digital prosthodontics
may restrict access to workflows that can improve ef-
ficiency, reproducibility, communication, and patient
experience. Digital impressions and CAD/CAM resto-
rations have demonstrated value in fixed prosthodon-
tics, while digital denture workflows may improve repro-
ducibility and reduce clinical adjustments [4; 8; 35-37].
Artificial intelligence represents an emerging extension
of these workflows, with applications increasingly being
explored in radiographic interpretation, implant plan-
ning, prosthesis design optimization, margin detec-
tion, shade selection, occlusal analysis, and workflow
automation [38]. Although Al adoption was not directly
assessed in this study, the observed gap between
awareness and implementation is relevant to future
Al integration. Dental curricula and continuing educa-
tion programs should therefore include foundational
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Al literacy, ethical considerations, data quality princi-
ples, and critical appraisal of Al-assisted decision-sup-
port systems to prevent Al from following the same pat-
tern observed with other digital technologies.

STRENGTHS, LIMITATIONS,
AND FUTURE DIRECTIONS

This study is among the early regional assessments
of awareness, knowledge, and practice related to digi-
tal prosthodontics in the Southern Region of Saudi
Arabia, with direct comparison between general den-
tists and specialists. The survey instrument was tested
and validated, confirming its reliability. However, seve-
ral limitations should be acknowledged. Convenience
sampling and voluntary participation may have intro-
duced selection bias, while reliance on self-reported
data may be affected by recall or social desirability
bias. The cross-sectional design also prevents causal
inference. In addition, the predominance of younger
participants and respondents affiliated with academic
institutions may limit the generalizability of the findings
to more experienced clinicians and those practicing
primarily in private settings. The relatively small number
of participants reporting clinical use of digital prostho-
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