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ABSTRACT:
Background: Marginal discrepancies in fixed partial dentures (FPDs) can lead to secondary caries,

Marginal discrepancy, periodontal issues, and compromised long-term success. Traditional impression methods, while widely
Fixed partial denture, practiced, may introduce errors due to material deformation, tray selection, and manual manipulation.

Intraoral scanner,

Digital impression techniques have emerged as an innovative solution for enhancing precision, reducing

Prosthetic accuracy clinical chair time, and improving patient comfort.

Methods: This review and descriptive study evaluated existing literature on digital impression
techniques and their impact on marginal accuracy of FPDs. Databases such as PubMed and Scopus were
systematically searched for relevant articles published between 1995 and 2023. Inclusion criteria
focused on clinical trials, in vitro studies, and systematic reviews discussing digital impression systems,
margin adaptations, and restoration fit. Exclusion criteria encompassed unrelated prosthetic treatments
and incomplete data on marginal discrepancies. Data were extracted and synthesized to compare the
differences between conventional and digital impressions in terms of gap sizes, patient outcomes, and
overall prosthetic longevity.

Results: Across multiple clinical and in vitro studies, digital impression systems demonstrated lower
mean marginal gap values compared to conventional impressions. These techniques provided better
visualization of preparation margins, minimized errors during data acquisition, and allowed immediate
digital processing. Several modern intraoral scanners improved fit, especially when employing
enhanced software algorithms for image stitching. Additionally, digital workflows consistently reduced
patient discomfort and shortened appointment durations, while maintaining comparable or superior
accuracy to conventional methods

Conclusion: Digital impression techniques have shown a promising capacity to minimize marginal
discrepancies in FPDs, potentially improving clinical outcomes and patient satisfaction. Future research
is warranted to refine scanning technologies, explore cost-effectiveness, and clarify long-term
performance..

INTRODUCTION

Marginal discrepancy of fixed partial dentures (FPDs)

is among the

most important determinants of prosthetic restoration I

ongevity and
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between tooth structure and dental prosthesis is well a

dapted, it canleadto predisposition of the region to
secondary caries, periodontal inflammation,
and esthetic compromise [2]. Traditional impression pr

. ocedures—most commonly using elastomeric
success [1]. Unless the margin y &
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materials—demand precise handling

to avoid inaccuracies. Aspects like tray choice, shrinka
ge ofmaterial, and operator competence levels
can really influence the fidelity of the end cast [3].
Digital dentistry
has become increasingly significant over the past two
decades, withits ~ growth  spurred by advances in
computer-aided design/computer-aided manufacturing
(CAD/CAM) and imaging technology [4]. Digital
impression systems utilize intraoral scanners
to take three-dimensional images of the prepared teeth,
eliminating the use of conventional impression trays or
materials. The risk of technique-sensitive errors such as
voids, tears, or distortion of elastomeric impressions
is significantly decreased as a
result [5]. Additionally, with digital

acquisition, practitioners can see and check the
preparation  margins in real-time and
time discrepancies if any [6].

A number of studies have directly compared the

correct real-

marginal gap of
FPDs prepared from traditional impressions against th
ose obtained from digital impressions [7].

The general understanding is that

restorations made using digital workflow tend to show
marginal fits equivalent to—or better than—those that
with the traditional
can translate into a

can be achieved
approach. Such an increased fit
rate for the restorations
by reducing plaque accumulation and recurrent caries
[8].

However, the use of digital impression methods has not
been without its problems. Cost factors, the learning

greater success

curve of scanning instruments, and differences in
software algorithms all play a role in varying scanning
accuracy [7]. Furthermore, the limitations of intraoral
scanners, including their capacity to record subgingiva
1 margins
saliva, remain active areas of research  [6]. In spite
of these limitations, the possible advantages of digital
impressions—improved patient

comfort, decreased clinical time,
and an efficient fabrication

or handle excessive

process—
highlight its increasing role in prosthetic dentistry [4].
The aim of this article is to present a critical analysis
of the impact of digital
impression methods on marginal  discrepancies  in
FPDs. Based ona review of the literature and a
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descriptive assessment of clinical results, this
paper will clarify the changing role of digital
impressions as a valid alternative
to traditional methods.

MATERIALS AND METHODS

Study Design and Search Strategy: A comprehensive
literature review and descriptive study design were
adopted. The search was performed using PubMed,
Scopus, and Google Scholar databases from January
1995 to December 2023. The following keywords were
used: “digital impression,” “marginal discrepancy,”
“FPDs,” “intraoral scanner,” and “prosthetic accuracy.”
Boolean operators (AND, OR) were applied to refine the
search. Titles and abstracts were screened for relevance,
followed by full-text assessment.

Inclusion and Exclusion Criteria: Studies were
included if they:

1. Investigated digital impression methods for
FPD fabrication.

2. Reported quantitative or qualitative data on
marginal discrepancies.

3. Were clinical trials, in vitro studies, or
systematic reviews.

Studies were excluded if they:

1. Focused on removable prostheses or implant
frameworks  without direct marginal accuracy
assessment.

2. Offered incomplete or unclear data on FPD fit
or margin adaptation.

3. Were not published in English.

Data Extraction and Analysis: Two independent
reviewers extracted data on sample size, study design,
type of impression technique (conventional vs. digital),
type of intraoral scanner, marginal gap measurement
methods, and key outcomes. Discrepancies between the
reviewers were resolved through discussion. Statistical
analyses included mean marginal gap values and
standard deviations where available. For narrative
synthesis, data were grouped based on impression
technique and then compared.

Ethical Considerations: Since this study involved a
literature review of publicly available data, no
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institutional ethical clearance was required. All extracted
data were used solely for the purpose of this descriptive
analysis.

RESULTS

Overview of Findings: A total of 42 articles met the
inclusion criteria after the initial screening of 275
potential sources. Of these, 25 articles investigated direct
comparisons of marginal discrepancies between
conventional and digital impression methods for FPDs,
while the remaining studies focused on technical or
clinical aspects of digital workflow.

In general, digital impressions demonstrated lower or
comparable mean marginal gap values than conventional
impressions, with several studies reporting ranges of 30—
70 um for digital impressions versus 40-100 um for
conventional methods. Notably, the precision was more
pronounced in cases where preparations had clear
margins above the gingival line, highlighting a need for
well-defined preparation designs to maximize digital
scanner accuracy.

The evaluation of patient-centered outcomes, such as
comfort and reduced chair time, also favored digital
scanning. Most patients reported a preference for the
digital workflow, citing less gag reflex stimulation and
shorter procedural durations. Clinicians noted efficient
workflows, particularly in terms of immediate data
acquisition and rapid file transfer to CAD/CAM units.

Detailed Observations

1. Marginal Fit Metrics: Several clinical trials reported
that restorations fabricated via digital impressions
achieved marginal gaps of <50 um in ideal conditions,
emphasizing the ability of modern intraoral scanners to
capture fine details. In contrast, conventional
impressions showed greater variability, likely due to
human and material factors.

2. Clinical Applicability: Many authors highlighted the
importance of scanning technique and operator skill.
Proper positioning of the scanning wand and maintaining
a dry field were found to be crucial for accurate digital
impressions. In addition, software updates that offer
improved ‘stitching’ algorithms resulted in fewer data
acquisition  errors,  further  reducing  marginal
discrepancies.

249

3. Cost-Benefit Considerations: Cost was identified as
an initial barrier to entry for small and medium-sized
dental practices. However, when factoring in reduced
material costs, fewer remakes, and the potential for long-
term efficiency gains, digital workflows often presented
a favorable return on investment.

Table 1. Summary Of Comparative Studies On
Marginal Gaps For Digital Vs. Conventional

Impressions
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Table 2. Operator-Related Factors Influencing
Marginal Accuracy

- Impact on
Impact on Digital .
Factor P . g Conventional
Impression .
Impression
. High: Shorter . .
Experience g . High: Requires
learning curve .
Level . manual dexterity
with updates
Time Longer due to
.. Generally shorter .g .
Efficiency setting time
. Improved patient | More invasive for
Ergonomics

comfort

patients

Table 3. Patient-Reported Outcomes In Digital Vs.
Conventional Impressions

Intraoral Scanner Workflow

Preparation & Positioning

Scanning Initiation

Real-time Image Processing

Data Reconstruction

Final 3D Model Generation

0.0 0.2 0.4 0.6 0.8
Process Flow

Figure 2. Clinical Photograph Of An Intraoral
Scanner In Use

Figure 3: Marginal Gaps - Digital vs. Conventional

Marginal Gap (im)

Digital Conventional
Parameter . .
Impression Impression
Comfort
. 45+0. 1+0.
(Likert 1-5) 505 3 06
Procedure 15-20 mins 25-30 mins
Time
Retakes
Needed Low Moderate

Digital Impression Workflow

Patient Scanning

Data Processing

verification

3D Model Generation |
Final Digital Impression |

0.0 0.2 0.4 0.6 0.8 1.0
Process Flow

Figure 1. Schematic Representation Of Digital
Impression Workflow:
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Digital Impression

Conventional Impression
Impression Method

Figure 3: Figure 3: Marginal Gaps - Digital Vs.

Conventional:

Figure 4: Time Efficiency of Digital vs. Conventional Impressions
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Figure 4: The Efficiency Of Digital Vs. Conventional

Impressions:

Figure 5: Patient Comfort in Digital vs. Conventional Impressions
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-

Comfort Rating (Likert Scale 1-5)

Digital Impression
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Impression Method

Figure 5: Patient Comfort In Digital Vs.
Conventional Impressions
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DISCUSSION

A number of groundbreaking

studies have illustrated the potential benefits of digital
impression methods compared to traditional
approaches, most notably with respect to marginal
accuracy and general clinical efficiency
[9,10]. Initial technological restraints, including poor r
esolution and difficult software interfaces,
have increasingly been overcome, resulting in more de
pendable scanning instruments [11]. In fact, sub-50 pm
marginal gaps have
been reported, supporting the feasibility of digital
impressions for high-accuracy restorations [12].
One of the main advantages of digital workflows is
the immediacy of visualizing the preparation and being
able to  make adjustments  in real-time of scanning
technique or tooth preparation when discrepancies
are recognized [13].

This cyclical feedback process differs from traditional
impressions, when flaws may not be detected until afte
rthe cast has been poured and inspected [14]. Thus,
digital methods are able to limit remakes
and resulting treatment postponements [15].

In spite of these advantages, there are
some limitations that need consideration. Subgingival
preparations are still challenging for most scanners, es
pecially in patients with compromised
periodontal status or bleeding [16]. In
addition, though digital  scanners have become
more friendly to use, clinicians still face a
learning process while switching from traditional tech
niques [17]. Proper training and calibration
are necessary to be able
to fully utilize the advantages of digital systems. It is
also interesting to note that cost factors—from the
initial hardware investment to recurrent software
licensing charges—can present obstacles to

broad adoption in smaller  practices [18].
Research remains to advance,
models utilizing advanced sensor technologies and
proprietary algorithms that hold
the promise of further increasing accuracy [19]. Moreo
ver, integration with cone-beam computed tomography

with newer scanner

(CBCT) may open new doors to full treatment
planning, combining restorative and surgical data sets
[20]. Future research must address long-term clinical
trials evaluating the longevity of
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restorations made through digital

workflows against their traditional counterparts. Longe
r follow-up

periods can provide significant information on survival
rates, biological performance, and patient satisfaction
[21].

In conclusion, the cumulative body of
evidence unequivocally supports the use of digital
impression methods in reducing marginal gaps in
FPDs, subject to proper training and
clinical standards [22,23]. As scanning
technologies advance further, such methods stand pois
ed to become an integral part of standard prosthetic
dentistry, improving patient comfort, longevity of
restorations, and clinical excellence as a whole [24,25].

CONCLUSION

Digital impression techniques are transforming the
practice of prosthetic dentistry by delivering consistently
accurate marginal fits, reducing chair time, and
improving patient comfort. Despite the learning curve
and cost considerations, the advantages of real-time
visualization and reduced distortion make digital
workflows a compelling alternative to conventional
methods. As new scanner technologies emerge and
become more cost-effective, digital impressions will
likely gain broader acceptance, ultimately raising the
standard of care and promoting better long-term
outcomes in fixed partial denture therapy.
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