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Abstract

Background: The accuracy of implant impressions is critical for achieving passive fitness and preventing
biological and mechanical complications. Digital intraoral scanners have emerged as an alternative to
conventional elastomeric impressions, but their comparative three-dimensional accuracy in partially
and completely edentulous patients remains unclear. Materials and Methods: An electronic search
of PubMed, Scopus, and Web of Science was performed. Clinical human studies directly comparing
digital and conventional implant impressions in partially or completely edentulous patients were
included. Distance- and angular-deviation were pooled. Results: Eight clinical studies were included.
In the prespecified random-effects analysis, no significant difference was found between digital and
conventional impressions for distance deviation (MD = 1.14 mm; 95% CI, -1.88 to 4.16; 12 = 98.7%)
or angular deviation (MD = 0.12 degrees; 95% CI, -3.43 to 3.67; 12 = 97.5%). Fixed-effect estimates
were calculated only as exploratory sensitivity analyses because heterogeneity was extreme. Subgroup
findings, including lower distance and angular deviation with digital impressions in single-implant cases,
should be interpreted cautiously because they were based on few studies and, for angular deviation,
a single study. Conclusions: Digital and conventional impressions showed comparable overall three-
dimensional accuracy under random-effects models; however, the certainty and generalizability of the
pooled estimates are limited by extreme heterogeneity, sparse clinical evidence, and subgroup analyses
with limited data. Digital workflows may be clinically useful for single-implant and short-span cases,
whereas multi-implant and full-arch cases require individualized technique selection according to arch
length, implant distribution, operator experience, and available verification methods.
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Introduction

mplant-supported prostheses have become

a predictable option for restoring function
and aesthetics in partially and completely
edentulous patients, but their long-term suc-
cess depends heavily on the accuracy of the
implant impression. Any misfit at the im-
plant-abutment or framework—implant inter-
face can translate into biological and mechan-
ical complications, including screw loosen-
ing, component fracture, and bone loss [1, 2].
Conventional impression techniques, typical-
ly based on elastomeric materials and open- or
closed-tray procedures, have long been con-
sidered the reference standard. However, they
are technique-sensitive and subject to dimen-
sional changes related to tray rigidity, material
shrinkage, and stone expansion, all of which
may compromise the passive fit of the final
restoration [3, 4].
Digital intraoral impression systems have
been introduced as an alternative that may
overcome some of these limitations by direct-
ly capturing the three-dimensional position of
scan bodies and eliminating several laborato-
ry steps. Beyond the promise of improved pa-
tient comfort and streamlined workflows, dig-
ital impressions might reduce distortion as-
sociated with impression materials and casts,
particularly in single-unit and short-span im-
plant restorations [5, 6]. Nevertheless, there is
still debate regarding their accuracy in more
complex clinical situations, such as multiple
implants, long-span prostheses, and full-arch
reconstructions. Experimental and clinical
studies have reported conflicting findings, and
the influence of factors such as edentulous sta-
tus, the number of implants, and the extent of
tooth loss on the relative performance of dig-
ital versus conventional impressions remains
unclear [7-9]. Thus, the present study aimed
to compare the three-dimensional accuracy of
digital and conventional implant impressions
in patients with partial or complete edentu-
lism, using distance deviation and angular de-
viation as primary outcomes.

Search Strategies and Data Synthesis

The review protocol was not prospectively
registered in PROSPERO or another system-
atic-review registry. The search was limited
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to peer-reviewed articles indexed in PubMed,
Scopus, and Web of Science. Grey literature,
dissertations, and conference abstracts were
not systematically searched. Study screening
and eligibility assessment were performed in-
dependently by two reviewers, and disagree-
ments were resolved through discussion with
a third reviewer.

Systematic Search

A comprehensive search was conducted in
electronic databases, including Web of Sci-
ence, Scopus, and PubMed, encompassing all
relevant clinical studies up to January 2025.
The search employed Medical Subject Head-
ings (MeSH) and free-text keywords tailored
to implant impressions and edentulism, using
combinations of terms such as: (“dental im-
plant*” OR “implant-supported” OR *“im-
plant”) AND (“digital impression” OR “intra-
oral scan*”) AND (“conventional impression”
OR “analog impression” OR “elastomeric im-
pression”) AND (“accuracy” OR “trueness”
OR “precision” OR “distance deviation” OR
“angular deviation”).

Inclusion and Eligibility Criteria

Study eligibility ~was structured us-
ing the PICO framework as follows:
Population (P): Partially or completely eden-
tulous patients receiving dental implants, re-
gardless of arch (maxilla or mandible), num-
ber of implants, or prosthesis type. Interven-
tion (1): Digital impression techniques using
intraoral scanners for the transfer of implant
position. Comparison (C): Conventional (an-
alog) implant impression techniques employ-
ing elastomeric materials (e.g., open-tray or
closed-tray methods). Outcome (O): Three-di-
mensional accuracy outcomes expressed as
distance deviation and angular deviation be-
tween the planned or reference implant posi-
tion and the position captured by the impres-
sion technique. We included clinical human
studies directly comparing digital and con-
ventional impressions and reporting guantita-
tive data for at least one of the predefined out-
comes. Studies were excluded if they were in
vitro or purely laboratory-based, case reports,
animal studies, reviews, or if they lacked clear
description of the impression technique, did
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not involve implant-supported restorations, or
did not provide extractable data on distance or
angular deviation.

Risk of Bias Assessment

wo reviewers independently assessed the
methodological quality and risk of bias of the
included studies. Randomized clinical trials
were evaluated using the revised Cochrane
risk-of-bias tool for randomized trials (RoB
,), and nonrandomized or observational clin-
ical studies were evaluated using ROBINS-I.
Disagreements were resolved by consensus or
consultation with a third reviewer. Judgments
were summarized at the study level and across
domains, and the results were presented in a
risk-of-bias table and figure. The influence of
study quality was considered when interpret-
ing pooled estimates, subgroup findings, and
the overall certainty of conclusions.

Data Extraction and Outcome Measures

Two independent reviewers extracted relevant
data using a standardized extraction form,
and any disagreements were resolved through
discussion with a third reviewer. Extracted
variables included first author’s name, year of
publication, study design, patient demograph-
ics, sample size, type of edentulism (partial
or complete), number and distribution of im-
plants, number of missing teeth, arch involved
(maxilla and/or mandible), details of the dig-
ital and conventional impression techniques,
reference method used to assess accuracy, and
quantitative outcomes for distance and angu-
lar deviation (means, standard deviations, and
sample sizes for each group).

Statistical Analysis and Data Synthesis

The pooled effects for distance deviation and
angular deviation between digital and conven-
tional impressions were calculated as mean
differences (MDs; digital minus conventional)
with corresponding 95% confidence intervals.
Given the expected clinical and methodologi-
cal variability among studies, random-effects
models were used as the primary approach to
account for between-study heterogeneity, and
fixed-effect models were calculated in paral-
lel for comparison. Statistical heterogeneity
was quantified using the I? statistic, with val-
ues greater than 50% considered indicative of

substantial heterogeneity. Forest plots were
generated to visually summarize individual
study effects and pooled estimates for each
outcome. Funnel plots were used to visually
explore potential publication bias. Predefined
subgroup analyses were performed according
to the number of implants (single vs multi-
ple), edentulous status (partial vs complete),
and extent of tooth loss (<10 vs >10 missing
teeth). Sensitivity analyses were conduct-
ed by sequentially omitting individual stud-
ies and by restricting the analyses to specif-
ic subgroups to assess the robustness of the
pooled results. All statistical analyses were
performed using the meta package in R (R
Foundation for Statistical Computing, Vien-
na, Austria) within the RStudio environment
(RStudio Inc., Boston, MA).

Quantitative pooling was retained because the
included studies addressed the same PICO
question, directly compared digital and con-
ventional impression techniques, and reported
comparable continuous accuracy outcomes.
Nevertheless, important clinical and meth-
odological diversity was expected because
studies differed in implant number, edentu-
lous status, arch, scanner system, scan body,
conventional impression technique, refer-
ence standard, and outcome-measurement
protocol. Therefore, random-effects models
were prespecified as the primary analysis.
Fixed-effect models were calculated only as
exploratory sensitivity analyses and were not
used as the basis for clinical conclusions when
heterogeneity was substantial or extreme.
Meta-regression was considered but was not
performed because the number of included
comparisons was too small to support reliable
covariate modelling. Publication bias was ex-
plored visually using funnel plots when fea-
sible. Formal small-study-effect testing, such
as Egger’s test, was not performed because
fewer than 10 comparisons were available for
each primary outcome, making such tests un-
derpowered and potentially misleading.

Results

Our initial search yielded 1,096 articles from
PubMed, Scopus, and Web of Science, from
which we eliminated 490 duplicates. After
reviewing the titles and abstracts of the re-
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maining 606 records, we retrieved 52 full-text
articles for further evaluation. Ultimately, 8
studies [10-17] met our eligibility criteria and
were included in the systematic review and
meta-analysis (Figure-1). Detailed character-
istics of the included studies are summarized
in Table-1.

Distance Deviation

A total of 8 clinical comparisons involving
171 digital and 179 conventional impressions
were included in the quantitative synthesis for
distance deviation. Under a fixed-effect model,
digital impressions demonstrated a small but
statistically significant reduction in distance
deviation compared with conventional im-
pressions (MD =—0.23 mm; 95% CI —0.46 to
—0.00; P = 0.0498). However, between-study
heterogeneity was extreme (1> = 18.64; I? =
99%), indicating substantial inconsistency
across studies. When a random-effects model
was applied to account for heterogeneity, the
difference between digital and conventional
impressions was no longer statistically signif-
icant (MD = 1.14 mm; 95% CI —1.88 to 4.16;
P=0.46). The wide confidence and prediction
intervals suggested considerable uncertainty
in the magnitude and direction of the true ef-
fect across clinical settings.

Angular Deviation

Five comparisons comprising 90 digital and
98 conventional impressions were included
for angular deviation. Using a fixed-effect
model, digital impressions were associated
with a significantly greater angular devia-
tion compared with conventional impres-
sions (MD = 3.89°; 95% CI 3.57 to 4.22; P
< 0.0001). Heterogeneity was again very high
(t*=15.66; I>=98%). Under a random-effects
model, the pooled estimate indicated no statis-
tically significant difference between impres-
sion techniques (MD = 0.12°; 95% CI —3.43
to 3.67; P = 0.95), with wide confidence and
prediction intervals reflecting marked vari-
ability among studies.

Subgroup Analyses

All subgroup analyses were exploratory be-
cause several subgroups included few com-
parisons and heterogeneity often remained
substantial. Therefore, subgroup estimates
were interpreted as hypothesis-generating
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rather than definitive evidence of superiority
for either impression technique.

Subgroup analysis revealed a statistically sig-
nificant interaction based on the number of
implants (P = 0.0177, random-effects). In sin-
gle-implant cases, digital impressions demon-
strated a significantly lower distance devia-
tion compared with conventional impressions
(MD = —0.63 mm; 95% CI —1.04 to —0.21).
In contrast, in multiple-implant cases, the
random-effects model indicated a significant-
ly greater distance deviation associated with
digital impressions (MD = 6.95 mm; 95% ClI
0.70 to 13.20), accompanied by substantial
heterogeneity.

A pronounced subgroup effect was also ob-
served for angular deviation (P = 0.0126,
random-effects). In multiple-implant rehabil-
itations, digital impressions were associated
with greater angular deviation compared with
conventional impressions (MD = 1.11°; 95%
CI —2.28 to 4.51), although this difference did
not reach statistical significance under ran-
dom-effects assumptions. Conversely, in sin-
gle-implant cases, digital impressions showed
a significantly lower angular deviation (MD
= —3.85° 95% CI =5.77 to —1.93), based on
a single included study. This single-implant
angular-deviation finding was based on one
study and should therefore be interpreted with
particular caution.

Publication Bias

Funnel plots for distance deviation and angu-
lar deviation are presented in Figure-8. Be-
cause fewer than 10 comparisons were avail-
able for each primary outcome, funnel-plot
asymmetry could not be interpreted reliably
and Egger’s test was not performed. There-
fore, no firm conclusion can be made regard-
ing publication bias or small-study effects.

In patients with partial edentulism, the
fixed-effect model showed a small but statis-
tically significant reduction in distance devi-
ation with digital impressions (MD = —0.23
mm; 95% CI —0.46 to —0.00), whereas the
random-effects model did not confirm this
finding (MD = 1.37 mm; 95% CI —1.88 to
4.63). In complete edentulism, no difference
between impression techniques was observed
(MD = 0.01 mm; 95% CI —2.44 to 2.46). No
statistically significant subgroup interaction
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Figure 1. PRISMA flow diagram of the included studies

Figure 2. Forest plot of distance deviation based on number of implants
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Figure 3. Forest plot of distance deviation based on full vs partial edentulism

Figure 4. Forest plot of distance deviation based on number of lost teeth
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Figure 5. Forest plot of Angular deviation based on number of implants

Figure 6. Forest plot of angular deviation based on full vs partial edentulism
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was detected (P = 0.51, random-effects).

For angular deviation, fixed-effect pooling
suggested a significantly greater angular de-
viation with digital impressions in partially
edentulous patients (MD = 3.96°; 95% ClI
3.63 to 4.29), while no significant difference
was observed in completely edentulous pa-
tients (MD = —0.21°; 95% CI —2.75 to 2.33).
However, under the random-effects model, no
significant subgroup difference was identified
(P =0.87), reflecting substantial heterogeneity
and limited data for complete edentulism.

Figure 7. Forest plot of angular deviation based on number of lost teeth

Among patients with fewer than 10 missing
teeth, fixed-effect analysis showed a signif-
icant reduction in distance deviation with
digital impressions (MD = —0.24 mm; 95%
CI —0.48 to —0.00). This effect was not main-
tained under the random-effects model (MD =
3.19 mm; 95% CI —1.04 to 7.42). In patients
with more than 10 missing teeth, no signifi-
cant difference between impression tech-
niques was observed. No statistically signif-
icant subgroup interaction was detected (P =
0.14, random-effects). For angular deviation,

Figure 8. The funnel plots regarding publication bias assessment. Distance Deviation; (B) Angular Deviation
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fixed-effect analysis demonstrated a signifi-
cantly greater angular deviation associated
with digital impressions in patients with fewer
than 10 missing teeth (MD = 4.20°; 95% CI
3.86 to 4.54), whereas no difference was ob-
served in patients with more than 10 missing
teeth. These subgroup effects were not con-
firmed under the random-effects model (P =
0.88), again reflecting high heterogeneity.

Discussion

This systematic review and meta-analysis
aimed to compare the 3-D accuracy of digital
and conventional implant impressions in par-
tially and completely edentulous patients, us-
ing distance and angular deviation as primary
outcomes and exploring three clinical modi-
fiers (single vs multiple implants, partial vs
complete edentulism, and <10 vs >10 missing
teeth). Overall, when high between-study het-
erogeneity was appropriately accounted for
with random-effects models, there was no sta-
tistically significant difference between digital
and conventional impressions for either dis-
tance or angular deviation, and most subgroup
effects based on edentulous status or extent of
tooth loss were not robust. The only consis-
tent pattern was observed in single-implant
situations, where digital impressions tended
to show smaller angular deviations (better ac-
curacy) than conventional impressions, while
in multiple-implant and more complex cases
the direction and magnitude of the effect var-
ied widely across studies, with some suggest-
ing greater deviation for digital techniques.
These findings suggest that, in clinical prac-
tice, digital impressions can achieve accuracy
comparable to conventional methods overall
and may offer a particular advantage in sin-
gle-implant scenarios, but the evidence re-
mains heterogeneous and context-dependent
for extensive, multi-implant reconstructions.

Our findings of no overall statistically signif-
icant difference in distance or angular devia-
tion between digital and conventional implant
impressions, once heterogeneity is accounted
for, are broadly in line with several recent
reviews that describe comparable accuracy
between the two modalities in clinical set-
tings. Multiple systematic and umbrella re-
views have concluded that intraoral scanners

Digital vs Conventional Impression among Patients Receiving Dental Implants

generally achieve accuracy within clinical-
ly acceptable limits and are often similar, or
slightly superior, to conventional impressions
in single-unit and short-span restorations,
while results become more inconsistent for
full-arch rehabilitations [18]. In vitro synthe-
ses also frequently report a tendency for dig-
ital impressions to perform at least as well as
conventional techniques in terms of trueness,
precision, and angular deviation, although the
magnitude of benefit varies by scanner and ex-
perimental setup [19]. At the same time, other
reviews focusing on full-arch or highly com-
plex implant cases emphasize conflicting re-
sults and substantial heterogeneity, with some
evidence that conventional splinted open-tray
impressions or photogrammetry may still be
more reliable for extensive frameworks [20].
The pattern observed in our subgroup analy-
ses—digital impressions performing better in
single-implant conditions but not clearly su-
perior in multiple-implant or large edentulous
spans—mirrors the broader literature, which
consistently describes digital workflows as
predictable for simpler rehabilitations yet
more technique- and case-sensitive for long-
span and full-arch implant reconstructions
[21].

The lack of a strong overall difference be-
tween digital and conventional impressions in
our meta-analysis is plausible when the com-
plexity of the clinical reality is considered.
The studies included in our review differed
markedly in implant number and distribution,
arch (maxilla vs mandible), angulation, type
of connection, and reference standards used
to measure deviation. Previous methodologi-
cal reviews highlight that factors such as scan
body design, scanning strategy, arch length,
and implant angulation can substantially in-
fluence digital scan accuracy, especially in
multi-implant and full-arch situations [22].
In single-implant cases, the scanned area is
small, stitching errors are minimal, and the
main sources of error (impression material
shrinkage, tray distortion, plaster expansion)
are eliminated; this provides a rational expla-
nation for the more favorable angular accura-
cy of digital impressions observed in our sin-
gle-implant subgroup, a trend also reported in
experimental and clinical work [23]. In con-
trast, with multiple implants and particularly
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longer spans, digital scans rely on repeated
image stitching across a larger field, so any
minor inaccuracies accumulate and may re-
sult in larger distance or angular deviations;
simultaneously, conventional splinted tech-
niques also have their own sources of distor-
tion, leading to the highly heterogeneous and
sometimes contradictory outcomes seen both
in our analysis and in previous meta-analy-
ses [24]. Additional variation in scanner gen-
eration and software, operator experience,
and calibration protocols across the included
studies likely further amplified heterogeneity,
which explains why fixed-effect models some-
times suggested clear differences, whereas
random-effects models—more appropriate for
such diverse data—did not confirm a consis-
tent advantage for either impression technique
[25].

Even though our quantitative synthesis did
not show a universal superiority of digital im-
pressions in terms of linear or angular accura-
cy, the broader evidence demonstrates several
important advantages of digital workflows
that support their use in appropriate clinical
contexts. Digital impressions are repeatedly
associated with improved patient comfort, as
they avoid impression trays and materials that
can trigger gagging, nausea, or breathing dis-
comfort, and patients often express a prefer-
ence for intraoral scanning over conventional
impressions [26, 27]. Digital workflows can
reduce chairside time and streamline commu-
nication with the laboratory by enabling in-
stant data transfer, eliminating shipping, and
facilitating rapid design—manufacture cycles
[28, 29]. The ability to immediately visual-
ize the scan allows clinicians to detect voids,
scan-body misalignment, or missing areas
during the same appointment, potentially re-
ducing remakes and adjustments. Moreover,
digital data can be easily archived, duplicated,
and integrated with CBCT or facial scans, en-
abling prosthetically driven implant planning
and guided surgery [30, 31].

From a clinical standpoint, our findings sup-
port the use of digital impressions as a first-
line option in single-implant and short-span
reconstructions, where both our results and
prior reviews indicate that intraoral scanners
can achieve accuracy comparable or superi-
or to conventional methods [32-34]. In these

indications, the additional benefits in work-
flow efficiency, patient experience, and digital
integration are likely to outweigh any small
differences in 3-D deviation. For multiple
implants and extensive edentulous spans, the
lack of a consistent advantage and the wide
prediction intervals in our meta-analysis sug-
gest that clinicians should adopt a more indi-
vidualized approach. In complex full-arch or
highly angulated cases, current evidence still
justifies the continued use of well-execut-
ed conventional splinted impressions, or the
combination of digital scans with verification
jigs or extraoral photogrammetry, until further
robust clinical data confirm that full-arch in-
traoral scans can reliably match conventional
accuracy [35, 36]. In everyday practice, this
means selecting the impression technique not
only based on technology availability but also
on arch length, implant distribution, and the
operator’s familiarity with digital protocols.
Clinical interpretation should distinguish sta-
tistical significance from clinical relevance.
No universally accepted threshold defines
an acceptable implant-impression error, and
reported passive-fit limits vary across stud-
ies and clinical contexts. Commonly cited
ranges for prosthetic misfit are approximate-
ly 60-150 micrometers, while some full-arch
digital-impression studies have used stringent
reference values around 100 micrometers and
0.4 degrees. In the present review, the wide
random-effects confidence intervals and pre-
diction intervals mean that statistically non-
significant pooled results may still include
clinically relevant differences, particularly in
long-span or full-arch implant rehabilitations.
Conversely, statistically significant fixed-ef-
fect estimates should not be overinterpreted
when heterogeneity is extreme. Clinical deci-
sions should therefore consider not only the
pooled mean difference but also prosthesis
span, implant number and angulation, verifi-
cation procedures, operator experience, and
the likelihood that the observed deviation
would affect passive fit or require chairside/
laboratory adjustment.

This meta-analysis has several limitations
that should be considered when interpreting
the findings. The number of available clinical
studies directly comparing digital and conven-
tional impressions for implants was limited,
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especially for completely edentulous full-arch
cases and for some subgroups, which reduces
the power of subgroup analyses and increases
the risk that estimates are influenced by single
studies. The included trials varied in design,
sample size, implant systems, arch location,
scan bodies, and measurement protocols,
contributing to the very high heterogeneity
observed and making it difficult to isolate the
effect of the impression technique from other
confounding factors. Different reference stan-
dards were used to quantify distance and an-
gular deviation, and cut-off values for clinical
acceptability were not uniform across studies.
Technological progress over time means that
older scanners and materials included in some
studies may not reflect the performance of
current systems, and operator learning curves
were rarely reported or controlled. Finally,
our review focused on accuracy outcomes
and did not pool patient-centered measures
such as comfort, preference, or time efficien-
cy, so the conclusions primarily address 3-D
deviation and may underestimate the broader
clinical advantages or disadvantages of each
impression approach. Additional limitations
include the absence of prospective protocol
registration, the lack of a systematic grey-lit-
erature search, and the limited ability to assess
publication bias because fewer than 10 stud-
ies were available for each primary outcome.
The risk-of-bias assessment also showed that
methodological quality varied across the in-
cluded studies, which may have influenced
both pooled and subgroup estimates.

Conclusion

Within the limitations of the available clini-
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cal evidence, digital and conventional implant
impressions showed broadly comparable
three-dimensional accuracy when random-ef-
fects models were used as the primary anal-
ysis. However, the pooled estimates must be
interpreted cautiously because heterogeneity
was extreme, the number of included studies
was small, and several subgroup findings were
based on sparse data. Digital impressions may
be a reasonable option for single-implant and
short-span restorations, especially when their
workflow and patient-comfort advantages are
valued. For multiple-implant, highly angulat-
ed, long-span, or full-arch cases, the current
evidence does not support a universal prefer-
ence for either technique; technique selection
should be individualized and supported by
appropriate verification procedures. Further
well-designed, adequately powered clinical
studies with standardized accuracy measures,
transparent risk-of-bias reporting, and clini-
cally meaningful thresholds are needed.
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