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Abstract
Purpose: This review aimed to summarize the evidence on patient-reported outcomes
and clinical performance of digitally fabricated removable partial dentures (RPDs)
compared to traditionally fabricated dentures.
Methods: Three databases were systematically searched (PubMed, CENTRAL, and
Wiley online library) for clinical studies comparing digitally and conventionally
fabricated RPDs regardless of data acquisition methods used for fabrication. The
Cochrane Collaboration risk of bias assessment tool 2 and the Oxford Center for
Evidence-based Medicine tool were used to assess risk of bias, and level of evidence,
respectively. Descriptive narrative analysis was used to summarize data on patient-
reported outcomes, as there were inadequate studies to pool data in a meta-analysis.
A random-effects model was used to analyze the data of framework fit accuracy.
Results: Ten randomized controlled trials were included in the systematic review, and 4
were included in the meta-analysis. Two studies showed that digitally fabricated RPDs
are associated with higher patient satisfaction than conventionally fabricated RPDs
(with a mean difference of 12.5 mm on a 100-satisfaction scale, p = .008). The pooled
standardized mean difference for framework fit accuracy was 0.49 (p = 0.02) in favor
of conventionally fabricated RPDs, which showed that conventionally fabricated RPDs
have a quantitatively better fit compared to digitally fabricated RPDs. However, clinical
evaluation studies showed that both frameworks have clinically acceptable fit.
Conclusions: Current evidence shows that digitally fabricated RPDs are associated
with higher patient satisfaction compared to conventionally fabricated RPDs. How-
ever, the scarcity of literature here warrants the generalization of this conclusion. Both
digitally and conventionally fabricated metal RPD frameworks showed acceptable fit
clinically.

K E Y W O R D S
CAD-CAM, clinical performance, digital scanning, removable partial dentures, systematic review

The prevalence of partial edentulism ranges from 30% to
60% among Europeans over the age of 65.1 In the UK, it
is expected that approximately 96% of adults will be at least
partially dentate by 2028, with similar trends reported in other
parts of the world (Germany and Japan).2,3 Tooth loss has
been associated with several negative biological and psycho-
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logical sequelae.4,5 Several treatment options are available
nowadays to restore partial edentulism, including implant-
supported restorations, tooth-supported fixed partial dentures,
and removable partial dentures (RPDs).6 Despite the high
success rates reported for implant treatments,6 RPDs are still
the treatment of choice for many patients for a variety of

J. Prosthodont. 2023;1–11. wileyonlinelibrary.com/journal/jopr 1

https://orcid.org/0000-0002-9083-5671
https://orcid.org/0000-0002-2208-5039
https://orcid.org/0000-0002-4618-8374
mailto:fmarino@qu.edu.qa
http://creativecommons.org/licenses/by-nc/4.0/
https://wileyonlinelibrary.com/journal/jopr
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjopr.13786&domain=pdf&date_stamp=2023-11-20


2 ALMUFLEHA ET AL.

reasons such as patient health, patient preferences, socioeco-
nomic status, and accessibility to care.3,7–9 Indeed, as much
as 13% to 29% of adult European populations wear RPDs.9

RPDs are traditionally fabricated using the lost wax tech-
nique, which is a demanding technique that is prone to a wide
range of technical errors.3,10,11 Recently, digital technologies
were introduced to fabricate RPDs to save time, minimize
human errors, and reduce material waste.12,13 Additionally,
digital technologies have expanded the range of materials
available for RPD framework fabrication to include flexible
polymers, high-performance polymers (polyetheretherke-
tone, PEEK), and titanium.12,14 PEEK seems a promising
alternative due to its superior esthetics, high mechani-
cal properties, excellent biocompatibility, and stability.3,15,16

However, concerns remain over the difficulty of polishing the
frameworks, and adjustment of clasp retention.17

Several in vitro studies and case reports showed that digital
technologies were able to produce accurate frameworks.18–24

In clinical settings, a framework fit is considered accu-
rate when upon clinical examinations and pressing test the
framework remains stable, and all rests are fully seated
in their prepared tooth surfaces, with minimal gaps if any
could be identified between rests and prepared tooth sur-
faces. Also, all clasp parts and lingual plating parts that
should contact tooth surfaces are contacting with no space in
between upon tactile examination with an explorer.25,26 Pre-
vious systematic reviews concluded that both digitally and
conventionally fabricated RPDs showed acceptable fit in the
patient’s mouth.15,27–30 They also pointed out the scarcity
of published clinical studies on this topic and had therefore
pooled data from in vitro studies, yielding weak evidence
to support clinical decisions.15,27–29 More clinical studies
have been published since then,25,31,32 which could answer
pending questions on the effectiveness of these new tech-
nologies with higher levels of evidence. Additionally, none
of these reviews summarized the evidence of the clinical
performance of these dentures in terms of patient-reported
outcomes, which is paramount to evaluating the effective-
ness of any restorative treatment.33,34 Patient satisfaction is
the ultimate objective of therapeutic interventions for chronic
conditions like partial edentulism, and therefore this and
other patient-reported outcomes are used to assess treatment
effectiveness.33,34

The aim of this systematic review and meta-analysis was
to summarize the evidence on the patient-reported outcomes
and framework fit accuracy of digitally fabricated RPDs in
comparison to traditionally fabricated dentures. The primary
outcomes were patient-reported outcomes including patient
satisfaction and oral-health-related quality of life (OHRQoL).
A secondary outcome was framework fit accuracy.

METHODS

This systematic review was conducted to answer the follow-
ing clinical question, highlighting the four essential elements
(P: Population, I: intervention, C: comparison, O: outcome):

in partially edentulous patients (population) is there a differ-
ence in patient-reported outcomes and framework fit accuracy
(outcome) between digitally (intervention) and traditionally
(comparison) fabricated removable partial dentures?

The intervention considered in this review was RPDs
fabricated by digital manufacturing methods, regardless of
data acquisition methods (digital or conventional). Further
sub-analysis was done to assess the effect of different data
acquisition methods of digitally fabricated RPDs on the
targeted outcomes.

The systematic review was conducted following
Cochrane guidelines for conducting systematic reviews
of interventions,35 and was reported following the updated
Preferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA 2020) guidelines.36 A protocol for this
review was written and followed during the review. This
review protocol was not registered or published.

Systematic search

Three databases were searched for relevant studies: PubMed,
Cochrane Library, and Cochrane Central Register of Con-
trolled Trials (CENTRAL), and Wiley Online Library. A
systematic search strategy was developed for the PubMed
database using a combination of Medical subject head-
ings and keywords for the terms of the population and the
intervention combined with Boolean operator “AND”. The
strategy was further modified and used for the other two
databases Wiley Online Library and CENTRAL databases
(Table 1). A search was run in the three databases on Decem-
ber 21, 2022, with limits set on publication dates from 1980
to date. No language restrictions were set. Additionally, the
references of the relevant reviews retrieved, and included pri-
mary studies were manually searched for eligible studies. For
Grey literature, the first 100 hits on Google Scholar search
were screened for eligibility. All resulting publications were
saved in one Endnote library, and duplicates were removed.

Eligibility criteria

Clinical studies including randomized clinical trials, prospec-
tive, retrospective, and cross-sectional studies were included.
Case reports, case series, in vitro studies, reviews, editorials,
and conference abstracts were excluded.

Only studies directly comparing between an intervention
(digitally fabricated RPD) and a comparison (conventionally
fabricated RPD) within the same study, and reporting results
for each group separately were included. Only studies on
conventional clasp-retained RPDs (both metal and nonmetal)
were included, while studies on implant-supported, telescopic
crown-retained, double crown-retained, attachment-retained
RPD or removable partial overdentures were excluded. Only
English studies were included. Studies that assessed or
reported results for one type of fabrication technique only
and studies with inadequate information on the fabrication
process were excluded.
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DIGITALLY DESIGNED SECTIONAL CUSTOM TRAY 3

TA B L E 1 Systematic review search strategy in all databases.

Database Search strategy

PubMed accessed December 21, 2022 #1: (Jaw, Edentulous, Partially [MeSH]) OR (partial* adj5 (dentition* or dentate* or
edentul*)) OR (Dental Clasps [MeSH]) OR (Denture, Partial, Removable [MeSH]) OR
(removabl* adj3 partial* adj5 (denture* or dent* or prosth*)) OR (RPD) OR ((Kennedy or
aramany) adj1 class*) OR (Denture Bases [MeSH]) OR (Denture Design [MeSH])

#2: (Computer-Aided Design [MeSH]) OR (printing, three-Dimensional [MeSH]) OR
(stereolithography [MeSH]) OR (CAD CAM) OR (Computer Aided Design denture) OR
(Computer Aided Manufacturing denture) OR (digital denture*) OR (digital* fabricat*
partial* denture*) OR (Milling CAD CAM) OR (3D print*) OR (Milled denture) OR
(subtractive fabrication) OR (three dimensional print*) OR (Stereolithography) OR (SLA
denture) OR (additive fabrication) OR (rapid prototyping) OR (DMLS) OR (Direct metal
laser sintering) OR (SLS) OR (selective laser sintering) OR (resin printing) OR (selective
laser melting)

#3: #1 AND #2

Wiley Online Library accessed December 21, 2022 (“removable partial denture” OR “partial edentulous” OR “partial removable dental
prosthesis” OR “RPD”) AND (“CAD CAM” OR “digital” OR " milled" OR “printed” OR
“computer aided design” OR “computer aided manufacture” OR “laser sintered”)

CENTRAL accessed December 21, 2022 ((mh (denture partial removable)) OR (mh (jaw edentulous partially)) OR (RPD) OR
(removable partial denture) OR (removable partial prosthesis)) in All Text AND ((CAD
CAM) OR (milled) OR (printed) OR (digital) OR (computer aided) OR (rapid prototyping)
OR (additive technology) OR (laser sintered))

For this review, patient-reported outcomes including
patient satisfaction, and oral health-related quality of life
assessed using validated surveys, were considered for pri-
mary outcome. Framework fit accuracy was considered for
the secondary outcome.

Screening

Initial screening of studies was made by two authors inde-
pendently by title and abstract. Potentially eligible articles
were then screened for full text to determine eligibility.
Any conflict between the two reviewers was resolved by
agreement.

Data collection, risk of bias assessment, and
level of evidence

Data collection, risk of bias assessment, and level of evi-
dence were assessed by two reviewers independently. Any
conflict was resolved by agreement. The following data were
collected from each included study: author names, year of
publication, study design, study setting, number of recruited
participants, female percentage, mean age or age range,
follow-up time, number of drop outs, outcomes assessed,
and measurement methods. Also, the following framework
fabrication details: data acquisition technique, RPD design
software, fabrication technique, and framework material with
brand names, were recorded. Results data of framework fit
accuracy presented in mean gaps and standard deviation was
collected and used in the analysis.

The Cochrane Collaboration risk of bias assessment tool
RoB 2 (version August 22, 2019) was used for parallel-

groups randomized controlled trials.37 Domains of this tool
were adapted and used to assess risk of bias in randomized
controlled trials with within-person study design. RoB 2 tool
for crossover studies (version March 18, 2021) was used
for crossover randomized clinical trials. Level of evidence
was assessed using the Oxford center for evidence-based
medicine level of evidence tool.38

Data synthesis

Standardized mean difference (SMD) was used to compare
digitally and conventionally fabricated RPDs on framework
fit accuracy. Inverse-variance statistical method in a random
effects model was used to account for interstudy variations.35

Heterogeneity among the pooled studies was tested using
Cochran Q test and I2 statistic. I2 statistic of more than 50%
was considered an indicator of heterogeneity of outcomes. A
p < 0.05 was considered significant. A forest plot was used
to present the results of the meta-analysis.

Funnel plots of studies included in the meta-analysis were
used to assess potential publication bias. Tests of funnel
plot asymmetry were not performed as less than ten stud-
ies were included in the meta-analysis. All analyses were
conducted by a specific software program (Review Man-
ager 5.3 software: Cochrane Collaboration, Copenhagen,
Denmark).

Descriptive narrative analysis was used to summarize data
on patient satisfaction, and OHRQoL as there were inad-
equate studies to pool data in a meta-analysis. A narrative
sub-analysis of data was used to assess the effectiveness
of intraoral digital scans compared to extraoral scans and
traditional impressions on framework fit accuracy in the
included studies.
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4 ALMUFLEHA ET AL.

F I G U R E 1 Search results illustrated in PRISMA
flowchart.

RESULTS

Out of the 2234 studies retrieved from the combined
databases, 2087 were screened for title and abstract. A total
of 2021 reports were excluded, and 66 reports were screened
for full text. Out of these, 10 studies were included in
this review. Search results are illustrated in the PRISMA
flowchart (Figure 1).

All of the included studies were clinical randomized stud-
ies; four were crossover studies,39–42 one was a randomized
parallel groups clinical trial,31 and five studies used within
subject study design.25,32,43–45 The earliest study was pub-
lished in 2017,45 and the latest in 2022.25,31 Populations of
all studies were patients attending prosthodontic clinics of
dental schools. Half of the studies used a single time mea-
surement, with no follow-up,25,32,43–45 and the other half
followed up the patients for 4 weeks,42 3 months,39,40 and 1
year.31,41 Sample size ranged from 7,43 to 32 patients.25 Stud-
ies were conducted in different geographic locations; three
in Egypt,39,40,43 two in Canada,31,42 one in China,45 one in
Singapore,25 one in the USA,44 one in Portugal,32 and one in
the UK41 (Table 2).

Six studies assessed the accuracy of framework fit
before tooth set-up and denture processing,25,31,32,43–45 one
study assessed processed denture retention,39 two studies
assessed patient satisfaction,40,42 and 1 study evaluated oral
health-related quality of life (OHRQoL)41 (Table 2).

Risk of bias assessment

Risk of bias assessment showed that half of these studies
have a high overall risk of bias.32,39–41,43 Poor reporting
and execution of randomization and blinding, and inade-

quate standardization of outcome assessment (training and
calibration of assessors were not reported, also reliability of
assessors data was not calculated) accounted for the high risk
of bias in 3 studies.39,40,43 The other two studies lacked suffi-
cient statistical power to test the difference between digitally
and conventionally fabricated RPD as it was a secondary
outcome in one of them,41 while the other did not report a
priori sample size calculation, which raised doubts about the
power of the study especially given that the results turned out
negative32 (Figure 2, Figure S1).46

Other issues noticed in general in these studies were
related to the lack of standardization of framework fabrica-
tion in the different workflows (conventional and digital).
Most of the studies used two different impressions and
casts for each workflow.25,31,41,44,45 Among the 10 included
studies, only three studies used the same impression and cast
for both workflows,32,42,43 and only three studies reported
that one technician fabricated both frameworks which stan-
dardized the lab procedures too.32,42,44 Only two studies41,42

reported a registered protocol for the clinical trial, which led
to some concerns regarding selective reporting risk of bias
assessment. Also, most of the studies used within subject
comparisons, but statistical tests selected in some studies
ignored the correlated nature of data39,40,43,44 (Figure 2,
Figure S1).46

A major issue was identified in the studies of framework
accuracy which is related to the lack of standardization of
finishing and polishing procedures performed on frameworks
of both workflows,25,31,43,45 which can affect the framework
fit accuracy, especially for the studies that assessed fit accu-
racy before any clinical adjustments.31,43,44 Only one study
reported finishing and polishing procedures in detail,32 and
two studies reported that these procedures were performed
by one technician for both workflows.32,44
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TA B L E 2 Characteristics of included studies in the systematic review.

First author,
location, date of
study Study design

Sample size**
Pt/dentures

Age
Mean±SD
(range) years Female % Outcome measured Follow-up time

Drop-out
(n)

Tregerman, USA,
2019

Within subject
RCT

9/27 (3 dentures/Pt) NR NR Framework fit accuracy No follow-up -

Ye, China, 2017 ‘’ 15/30 (2 dentures/Pt) (41-79) 60 “ “ -

Conceição,
Portugal, 2021

“ 15/40 (2 dentures/Pt) NR NR ‘ “ -

Chia, Singapore,
2022

“ 29/58 (2 dentures/Pt) NR NR “ “ -

Saad, Egypt,
2019

“ 7/14 (2 dentures/Pt) NR NR “ “ -

Pelletier, Canada,
2022

Parallel-group
RCT

18/24 (C* = 9/13; D*
= 9/11)

NR 50% “ 1 year 11

Maryood, Egypt,
2019

Crossover RCT 20/40 (2 dentures/Pt) 58.4 ± 8.3 55 Denture retention 3 months each denture 0

Almufleh,
Canada, 2018

“ 12/24 (2 dentures/Pt) 65.6 ±11.3 33.3 Pt satisfaction 4 weeks each denture 3

Mohamed, Egypt,
2019

“ 10/20 (2 dentures/Pt) (30-50) “ 3 months each denture NR

Ali, UK, 2020 “ 25/50 (2 dentures/Pt) (39- 85)64.8 ±
12.4

42.3 OHRQoL, Pt
satisfaction, denture
preference,
periodontal indices

1 year 6

NR: Not reported, C: Conventional RPD, D: Digital RPD, Pt: Patients, RCT: randomized controlled trials.

F I G U R E 2 Risk of bias assessment of individual included studies.

Level of evidence

Using the Oxford Center for Evidence-based Medicine level
of evidence tool, half of the studies were considered level
2,25,31,42,44,45 and the other half level 3.32,39–41,43

Patient-reported outcomes

Two studies assessed patient satisfaction as the primary
outcome,40,42 and one assessed it as a secondary outcome.41

One compared digitally fabricated metal RPD against con-
ventionally cast metal,42 and the other two compared
digitally fabricated PEEK RPD versus conventionally cast
metal.40,41 Two studies used the McGill denture satisfaction
questionnaire,41,42 and one used the Arabic version of the
OHIP-EDENT instrument.40 Two studies found that patients
were more satisfied with digitally fabricated RPDs com-
pared with conventionally fabricated (p<0.05),40,42 and the
third study found no difference between both treatments
(p>0.05).41 Meta-analysis of the results of these studies was
not possible as the material used for digital fabrication of
RPDs and the instrument used for outcome measurement
were different across studies (Table S1).

Only one study assessed OHRQoL and denture prefer-
ence, which was a crossover study. It compared PEEK RPD
with conventionally fabricated metal RPD at several follow-
up points after 4 weeks, 6 months, and 1 year.41 It showed
that patients had significant improvement in OHRQoL after
using both frameworks, however, there was no significant dif-
ference between both frameworks in OHRQoL. There was
also no difference in denture preference between PEEK and
conventionally fabricated RPD41 (Table S1).

Framework fit accuracy

Seven studies assessed framework fit. Six assessed
framework fit accuracy at the framework try-in session
only,25,31,32,43–45 and one study assessed the final processed
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6 ALMUFLEHA ET AL.

denture.39 Digitally fabricated RPD frameworks in the
seven studies were produced using additive prototyping
techniques. In five studies direct additive techniques were
used, which were selective laser melting,25,44,45 and selec-
tive laser sintering.31,32 In the last two studies, an indirect
additive technique was used, where the framework resin
pattern was 3D printed followed by conventional casting39,43

(Table 3).
Three studies assessed initial framework fit accuracy

before any clinical adjustment,31,43,44 and the other three
assessed final framework fit after clinical adjustments.25,32,45

All studies assessed framework fit under occlusal rests, but
three also assessed framework fit under the major connectors
and proximal plates.25,43,44

Methods of measurement of framework fit varied across
studies; one used a clinical evaluation to fill a yes/no survey
of seven framework-related parameters,44 another study used
visual examination of the framework sprayed with disclos-
ing agent to identify the points of interference,43 and four
studies used a silicone replica technique of the gap between
occlusal rests and rest seats, which were assessed by different
microscopies.25,31,32,45

Results of the four studies that used silicone replica mea-
surement technique found numerically smaller gaps for the
conventionally fabricated framework which means better fit
accuracy compared with digitally fabricated RPD, and that
difference was statistically significant in two studies,31,45 but
not statistically significant in the other two studies.25,32 The
pooled SMD was 0.49 (z = 2.35, 95% CI: 0.08, 0.91, p
= 0.02) in favor of conventionally fabricated RPD, which
showed that conventionally fabricated RPDs have signifi-
cantly smaller gaps, and hence better fit compared to digitally
fabricated RPDs. No statistical heterogeneity was found (I2=
34%, x2 = 4.55, df = 3, p = 0.210) (Figure 3). It should be
noted that 3 of the included studies in this meta-analysis used
within subject analysis,25,32,45 while 1 used between subject
analysis,31 and upon pooling, all data were treated as between
subject analysis, which usually provides a more conservative
result.

The other two studies which used clinical evaluation and
visual examination found that a digitally fabricated RPD
framework has significantly better fit accuracy.43,44 However,
all six studies found that framework accuracy of both digitally
and conventionally fabricated frameworks at the framework
try-in stage was within clinically acceptable values (Table
S1).25,31,32,43–45

One crossover study on 20 patients, with a 3-month
follow-up, assessed the final processed denture fit and
retention intraorally using a digital force gauge device.39 It
compared conventionally cast RPDs with digitally fabricated
RPDs fabricated using 3D-printed resin patterns that were
then cast conventionally.39 Results showed that digitally fab-
ricated RPDs had significantly higher retention at insertion, 1
month, and 3 months follow-up compared to conventionally
cast RPD.39 However, this study had a very high risk of
bias.

Digital scanning intraoral or lab scanning

For data acquisition to fabricate digitally fabricated RPDs,
seven studies used lab scanning of the master cast poured
from conventional final impressions,25,31,32,40,42,43,45 one
used intraoral scanners with no physical impression,39 1
did not report the mechanism of data acquisition41 and
one compared lab scanners and intraoral scanners for data
acquisition.44 This last study assessed nine participants, four
were Kennedy class I, three were Kennedy class II, and two
were Kennedy class III. Framework fit accuracy was assessed
through a clinical evaluation to fill a yes/no survey of seven
framework-related parameters.44 It found that fully digital
workflow using intraoral scanners resulted in the best frame-
work fit accuracy, and digital fabrication using the lab scanner
of the stone master model resulted in the worst fit accuracy,
even significantly worse than the conventional cast group 44

(Table 3).

Publication bias

To assess publication bias in framework fit accuracy out-
comes, a funnel plot was constructed. The funnel plot was
visually asymmetrical, indicating the possibility of publi-
cation bias or a systematic difference between smaller and
larger studies “small study effect” (Figure 4).

DISCUSSION

The results of this review showed that digital fabrication has
heterogeneous effects on patient-reported outcomes. It was
associated with higher patient satisfaction in two studies, no
difference in OHRQoL, and no difference in denture pref-
erence. While conflicting results were observed regarding
framework fit accuracy, with some studies favoring conven-
tionally fabricated and others favoring digitally fabricated
RPDs, all reported results were within the clinically accept-
able range. However, the included studies varied in risk of
bias and evidence quality level, and this should be taken into
consideration when considering their conclusions.

Nowadays, the importance of considering patient-reported
outcomes to assess treatment effectiveness of therapeu-
tic interventions has been understood in the research
community.33,47 However, in this review only 3 out of the 10
included studies assessed patient-reported outcomes for digi-
tally fabricated RPDs,40–42 and two of them were pilot studies
and not full-scale clinical trials.41,42 These studies showed
that patients had significantly higher satisfaction wearing dig-
itally fabricated metal RPDs and more patients preferred the
digitally fabricated RPDs over the conventionally fabricated
metal RPDs at the end of the 4-week cross over study.42 Their
reasons for preference related to better fit and retention, and
that the framework feels lighter than the conventionally fab-
ricated RPD.42 These observations could be related to the
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F I G U R E 3 Forest plot results of framework fit accuracy.

F I G U R E 4 Publication funnel plot of included studies in the
meta-analysis.

improved mechanical properties of digitally fabricated alloys
compared to conventional alloys.12,30,48,49

Regarding PEEK RPDs, patients were significantly more
satisfied with PEEK RPDs compared to conventionally fabri-
cated metal RPDs, and this was related to esthetics, retention,
and stability as reported in one study.40 In the other study,
there was no significant difference in patient satisfaction,
oral health-related quality of life, and denture preference
between PEEK and conventional metal RPD.41 However, this
study showed that both RPDs resulted in positive improve-
ment in OHRQoL over the follow-up period, which came in
agreement with previous systematic reviews.6,50

There are several methods available to evaluate frame-
work fit accuracy in a research setting, one of them is
clinical physical examination in the patient’s mouth which
is the standard clinical procedure to evaluate framework fit
in everyday clinical practice. This could be considered a
subjective qualitative method of outcome assessment and
could be less accurate in identifying small misfits.29 How-
ever, the results of this method, if performed by calibrated
experienced blinded operators with a high level of inter and
intra-examiner reliability, can be easily translated to clinical
practice as it shows whether a framework is clinically accept-
able or not, and it represents the overall framework fit. Four of
the included studies used this method for assessment,25,43–45

examination was performed by blinded assessors in three
studies,25,44,45 with high inter-examiner reliability reported in
two studies.25,44

Other more objective and quantitative methods of mea-
surement are assessment of gaps between the framework and
corresponding tooth surfaces using silicone replica registra-
tion of the gap, and measuring the thickness of this replica
under different microscopes with the aid of special measuring
software.25 This method has several drawbacks, as it is tech-
nique sensitive to handle the thin silicone material, which can
be easily torn or distorted upon removal from the tooth sur-
face or upon fixation for assessment under the microscope.25

Additionally, thickness measurements are made on different
spots but none of these spots represent the overall framework
fit. This technique was used in four of the included studies
in this review, and the gap assessed was the gap between
occlusal rest and rest seats.25,31,32,45

All included studies in this review compared framework
fit accuracy between digitally and conventionally fabricated
cobalt chromium frameworks. Results of the two studies
that used clinical evaluation and visual inspection of the
framework as the assessment method, found that digitally
fabricated RPD frameworks had significantly better fit accu-
racy compared to conventional frameworks.41,42 It should be
noted that these two studies assessed framework fit accuracy
before any clinical adjustments, which might not be criti-
cal for clinical success as most frameworks need clinical
adjustment to exhibit acceptable fit.26

The other four studies that assessed framework fit accu-
racy using the silicone replica technique showed that digitally
fabricated RPDs present larger gaps than conventionally fab-
ricated RPDs, and the pooled standardized mean difference
showed that conventionally fabricated RPDs had significantly
smaller gaps and hence fewer misfits compared to digitally
fabricated RPDs.25,31,32,45 It should be noted that these stud-
ies were limited to the assessment of gaps between rests and
rest seats. These findings cannot be extrapolated into the over-
all framework fit accuracy without considering other areas of
the framework, framework stability, and rotation.

The results of this review are in agreement with previ-
ous systematic reviews.27–30 However, these reviews included
only one or two clinical comparative studies, most of the
included studies were in vitro studies and case reports.27–29

The results of this review confirmed previous results with
six included comparative clinical studies of a higher level of
evidence.

While Saad et al, and Tregerman et al concluded that
digitally fabricated RPD frameworks showed significantly
better fit accuracy than conventionally fabricated using visual
examination assessment methods,43,44 these results are in
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contradiction to the quantitative results of silicone replica
gap measurements studies. A possible explanation could be
related to the differences in the measurement methods, or to
the lack of standardization of finishing and polishing proce-
dures which could bias the results. Different finishing and
polishing procedures of frameworks could result in different
amounts of metal material loss, which could affect framework
fit accuracy differently.25 More standardized procedures are
recommended in upcoming clinical trials to provide clearer
evidence in this regard.

However, regardless of whichever assessment method was
used, results of all included studies showed that both dig-
itally and conventionally fabricated RPD frameworks were
considered acceptable on clinical examination, and the small
recorded misfits remained within the clinically acceptable
limits reported in the literature.28,29,51,52 The average gap
thickness reported in these studies varied greatly. After clin-
ical adjustments of RPD frameworks, the gaps for digitally
fabricated RPDs ranged from 174 ± 117 µm,45 to 333.4
± 115.44 µm,32 while for conventionally fabricated frame-
works ranged from 108 ± 84 µm,45 to 309.8 ± 112.57
µm32 (Figure 3). Previous clinical studies identified frame-
works with misfits ranging from 69 to 828 µm, that were in
service, without any patient complaints or clinical complica-
tions, which could be referred to as a clinically acceptable
range of misfits.51,52

For digital fabrication of the RPD framework, two data
acquisition techniques are possible; intraoral scanning and
extraoral scanning. Intraoral scanning is associated with
higher patient comfort, and satisfaction, less material waste,
and elimination of possible errors introduced during the tra-
ditional pouring of conventional impressions.53–55 Intraoral
scanning is especially beneficial in difficult clinical cases
of severe gag reflex, or limited mouth opening.53 Currently,
there is promising evidence supporting the use of intrao-
ral scanners to produce various removable prostheses with
good clinical outcomes.53–55 Among all included studies,
only two studies used intraoral scanners for data acquisi-
tion, one tested the retention of RPD frameworks, and the
other tested framework fit accuracy.39,44 Both studies showed
that digitally fabricated RPDs, that were fabricated using IOS
data, were significantly better than conventionally fabricated
RPDs produced by conventional impressions.39,44

One of these studies compared the accuracy of frame-
works produced using different data acquisition methods for
digital workflows including conventional impressions and
lab scanners, and intraoral scanners, with conventionally
fabricated frameworks.44 This study found that complete
digital fabrication using an intraoral scanner resulted in the
best framework fit accuracy, and digital fabrication using a
lab scanner of the stone master model resulted in the worst fit
accuracy, even worse than the conventional cast group.44 This
was explained by the additional step of physical impression
and casting that may have introduced some errors. Data from
case reports showed that IOS can result in prostheses with
acceptable fitting and retention.53–55 In vitro studies showed

that trueness was better than conventional impressions and
lab scanners, but precision was less.56 Studies showed that
scanning procedures, head size, and distance between arch
and camera could play a role in the scanning accuracy.56

More efforts to develop evidence-based standardized scan-
ning protocols could help. Further clinical studies are needed
to evaluate the effectiveness of intraoral scanning on patient
satisfaction with prostheses, and other clinical outcomes.

One of the strengths of this review is the high quality
of evidence in the included studies. All included studies
were clinical randomized trials; four of them had a crossover
study design, and the other five utilized a within-subject
design in which treatment effect was estimated as the aver-
age of within-subject differences.57 These designs have many
advantages including that they require a smaller sample
size due to the smaller variance in within-subject read-
ings. On the other hand, several considerations should be
accounted for when planning these studies, like the period,
the sequence, and carryover effects, which require more com-
plex statistics.57 Additionally, this review, unlike previous
reviews, summarized the evidence on patient-reported out-
comes of digitally fabricated RPDs, and evaluated the risk of
bias in detail using the updated Cochrane risk of bias tools,
pointing out major issues in the studies which could help
researchers conduct future studies of higher quality.

This review has a few limitations; it included English-
only studies and could not reach conclusions in all outcomes
assessed due to the scarcity of published literature so far.
Although assessment of framework fit accuracy yielded
mixed results between studies using different measurement
methods, all the reported results were considered within
the clinically acceptable range. Also, the risk of publication
bias is a limitation that is known for any well-conducted
systematic review.

CONCLUSIONS

Based on the findings of this systematic review, current evi-
dence showed that digitally fabricated RPDs are associated
with higher patient satisfaction compared to conventionally
fabricated RPDs, but there was no difference in OHRQoL.
However, the scarcity of literature on this topic warrants
the generalization of this conclusion. Although convention-
ally fabricated RPD frameworks showed significantly smaller
misfits compared to digitally fabricated RPDs, both metal
frameworks showed clinically acceptable fit. Evidence of
these conclusions was taken from randomized controlled tri-
als with high level of evidence; however, half of these studies
have a high risk of bias and therefore, these conclusions
should be taken with care.

Insufficient evidence exists regarding the superiority of
IOS, however available evidence shows that the use of IOS is
associated with better framework accuracy and better denture
retention compared to conventional workflows, and digital
workflows with conventional impressions.
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