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conventional impressions

for working time and patient discomfort: A systematic
review and meta-analysis
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Purpose: Intraoral scanning (I0S) is increasingly used as a digital alternative to conventional impressions, yet
reported benefits for chairside efficiency and patient experience vary across studies. This review quantified dif-
ferences in working time and patient-reported discomfort and explored effects by age and conventional impres-

sion material.

Materials and Methods: PubMed, the Cochrane Library, Google Scholar, and RISS were searched in accordance
i with PRISMA 2020 for randomized or prospective comparative studies. Random-effects meta-analyses pooled

mean differences (MD) for working time and Hedges’

g standardized mean differences (SMD) for discomfort on

visual analog scales. Prespecified subgroup analyses were conducted by age group and conventional impression

material.

Results: Fifteen studies were included. I0S shortened working time (MD -3.39 min; 95% CI -5.16 to -1.62), with
larger time savings versus polyvinyl siloxane and polyether than alginate. IOS also reduced discomfort (SMD -1.24;
95% CI -1.53 to -0.94), with consistent benefits across materials and across adult and pediatric populations.

Conclusion: I0S improves patient comfort and modestly reduces chairside time compared with conventional im-
pressions. These findings support I0S use in routine clinical practice and suggest that time reductions are more
pronounced when conventional impressions use polyvinyl siloxane or polyether rather than alginate (J Korean

Dent Assoc 2026; 64(7): 223-234)

Key words : Dental Impression Technique; Computer-Aided Design; Patient Satisfaction; Meta-Analysis

D

T

F 23t 2= 2782 CAD/CAM 712 it &4 HA]

Received Mar 3, 2026; Revised Jun 8, 2026; Accepted Jun 15, 2026

*Corresponding author: Dr. Jaechoon Cho

Edeun Union Dental Clinic, 403, 4F, M-Tower, 469-1, Yeonsan-dong, Yeonje-
gu, Busan 47569, Korea

Tel: +82-51-791-0002, E-mail: chojae716@naver.com

ISSN: 0376-4672
eISSN: 2713-7961

Copyright“2026 by Korean Dental Association

(https://creativecommons.org/licenses/by-nc-nd/4.0/).

A 9 8 25 Avo) A Z-8 B91E A&52 0 2 Srfisigitt.
T4 2 E 3 W 25 A EYote] 32k b AE §
Fe G5 5 QA obH, ol= At EFo]E AMEol=
HFAlof| A S 4= Q= B A VA SHAE Bdohe
A2 alginatett A= 7|9t
ASsta Febt g wirkA]
= 5434, ERlA B, 9 Gk
5 15} &= Qi o] st 3}
ofz}, @A YgolA

At AAS, A= ARE 57 2 aE Ast

T
o5
>~

rlo

o
5
i

(o]
-

z] ®
oF)

=]

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY-NC-ND) license

223


https://orcid.org/0009-0005-7883-6021
https://orcid.org/0009-0004-2430-8891

2 o]ojF 7ksAdo] U w74 A&
Fa3lSHAY A AT 2, SAO] 4 i]Zﬂ l"i—
oF 7kt M ZRESZ AST 4 Qs tFeE A4
=3 QJep.

& 270G AEA M A= B4 Hlwof Wit 7|
AIEL Aoy AL ¥ H3r 5 7]&d 2HS 24
O 2t Halko] grom = Wi 7t ?:VEV—*'_OE@%”J:
o 2o AnE Helve= ;ﬁo] ‘E’_}E—;ﬁ'
Fdole A AR, TR
(patient-reported outcome measures, PROMS)°1 osk
Ag Az} Z7)ska Olq.i)_ I8 o]gjsh el EF oAk
ol Alghe A3} Wdof 24 Uk 7497 wol, 23}
Ao Qlo] PHdo] FEsirhe A ]% 15‘:} E?l ﬂ?
A, A& 2% OV\}ZH—/]
3f o]&AJo] I, QA A& A
T2 ORAAY A A X0z H]J—l’-ﬂ;‘] LJ% 73—?—5 27] gkt

ofo] & A= 71E RN A71H ©
StaA}, 7 ANET A QU AE WA 7 AolE A
& A5 AR A EEo g AAE L o
o] 245 BHo] EAstarA) gttt 55, AAA £3 1L
Z 4 RS E5) T olA; vl JAMA EAS %
o2 Hweo M, it el
ARl 1 5

240 .

P
o

i

o O
pe
9,
Rl

0 mo
%

Table 1. Inclusion and exclusion criteria (PICOS framework)

A 9 Py

2 A= AAE 2 1 9 weREs
and meta-analysis)2. &, Preferred Reporting Items for
Systematic Reviews and Meta-Analyses(PRISMA) 2020 7}
ol=gRlo] JAst] I}, ALY TREZS AP
“J9]= Population, Intervention, Comparison, Outcome,
Study Design(PICOS) A 2ko] whet £ =i},

o A8 20259 119 195E 20259 11€ 3097t
A] PubMed, Google Scholar, Cochrane Library, RISS &
o] =Hj€] glo[efH|o]AF o]-g-5to] XY=t 2 Ao
= T 2, HAE A, e UV, A ARE SR =
W7}, visual analogue scale(VAS) 5 MeSH 7]4t 8015 %
SHotol ALBI9lct A4 e ) 20 Aeke thent

t}. ("intraoral scanner” or “digital impression”) and ("con-

A(systematic review
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Inclusion criteria

Exclusion criteria

Population fixed prostheses

Intervention . h
direct data acquisition

Patients requiring dental impressions for diagnosis or
Digital impression using intraoral scanners (I0S) for

Conventional impression techniques using alginate,

In vitro models
Animal subjects

Extraoral scanning of dental stone casts

Comparisons between different digital scanners without
a conventional control group

1) Qualitative data only (e.g., preference surveys without
scores)

2) Insufficient data for statistical extraction

Comparison polyvinyl siloxane, polyether
1) Working time : Total chairside time required for
Outcome scanning or impression
2) Patient discomfort : Quantified data using visual
analogue scale (VAS)
Study design Randomized controlled trials (parallel/crossover) and

prospective controlled comparative clinical studies

Case reports, reviews, conference abstracts, and theses/
dissertations
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Identification of studies via databases and registers

)
Records searched from databases
s
2 (n=1149) Records removed before screening
g >
g
g
§ : PubMed (n = 549), Google Scholar (n =418) : Duplicate records removed (n=519)
Cochrane Library (n = 150), RISS (n = 32)
—
y
T
Records excluded
Records screened via title and abstract (n = 630) "
En : No relevance found (n = 497)
g
o
5 v
@
Records assessed by reading full text Reports excluded (n = 220)
>
(n=133)
—
: Qualitative data only (n = 19)
( B v
: Insufficient data for statistical extraction (n = 59)
k-]
o Records included in a meta-analysis
=
2 =15
&l (n=15) : Case reports,reviews(n = 40)

—

Fig. 1. PRISMA 2020 flow diagram depicts the study identification, screening, eligibility assess-
ment, and inclusion process for the systematic review and meta-analysis comparing intraoral
scanning with conventional impression techniques.
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Domains

D1: Bias due to randomization

D2: Bias due to deviations from intended intervention
D3: Bias due to missing data

D4: Bias due to outcome measurement

D5: Bias due to selection of reported result
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() Some concerns
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Fig. 2. Risk of bias (RoB 2.0) traffic-light plot for the included studies. Domain-level judgements are presented
for D1 (randomization process), D2 (deviations from intended interventions), D3 (missing outcome data), D4
(measurement of the outcome), and D5 (selection of the reported result), along with the overall RoB 2.0 judge-

ment for each study.

226



S[eds anSo[eue [ensiA S/ ‘©OUSISJJIP UBSW PIZIPIBPUES :(JNS ‘90USISHIP Ueaw (TN ‘Porodarou RN ‘Tequmnu :N

"UBJS 91q « Suruueds Jamoj-Joddn — uondrosald qej/Anus aIreuuonsanb BUOIT Apnis [ea1ur
q I qel/ (uoig) pras edru] —
eiep juaned GO :@1q <« suolssardwll « uonedidde 2AISaYpE « UOII[aS pa1a1sTuTpe (4dSq W¢ ‘wnsardu) 19y1a4[o wedruuw Q) 9LTFLS1T /7T aaneIedwod Koymy, 5 N moavs m
£B1} ;[EUONUSAUO)) “(SPU0D3S) PapIodaI aWl MO[P{Iom apisieyd asimdalg  -J[@s 00T-0 SYA OTIAD 2A1102ds01] 19 N[S0ISEQEA
"911q XBM « UoIssardwl ATB[[IXEW « uoissaiduwt (AN S[E19p 2208 (edeys) [EL1] 19408501 (1200)
IB[NQIPUBW « UONIS[3S ABJ] [BUOHIUSAUOY) {UBIS D1I(| «— UBIS AIB[[IXBUI «— UBDS : (pewrayy ‘¢ wn3oIpAH) a1euIS[y 98'LFCL1T 6$/6€ g Aoy, .
TeNQIPUBW « UONENSISaI :g0] PaPI00aI aWN UONISIMbOE apisireyo asimdaig 91095 HIOJUIO SVA € SON.L paziiopuey (611832 ZBUWIL
‘3urjood swp-SuryIom spIsIfeyd 10§ S[qISI[3 10U 210JaIaY} {UOHBIND PapI0dal UBOSOWILI [+ .
-areajos/-yoremdols uey) Ioyiel urewop pasreorad-jusned e se A[uewid cEEEuMMH@B%vm N, &%Mﬂ&w JS—- snid d$ Al 16/18 EMM%MOMMG uredg ommom@ AMLM_M
passasse sem oWl :paniodal 10U Sem QWM SuR{Iom SPISIEYD 2ANIS(QO SYA W-001 (t Uz udoquQ) euEly JUSWIS[] OI3]} poropury 1°A- S
im SUIPUS ‘SAYDIE 10q) aIemIJOSs A PpIodal swn mS:ﬁ@.%ﬂMﬂWWMH% uossas (IN) reusy (eMH[EMON)  (Z1-8 : 28uer) cr/ct [EH 194085015 eIpu] (s207)
uossaxdwr 07 Surxiu jo uels woy yoremdols .“@m.Em_mv ._mcoucm\éou -150d 01-0 SYA i O] AN pazruopuey i wTe IR [Pred
‘3urjood swn-Supyiom apisireyd 1oy a[qiSi[s J0u Lrepuooss ouatna [e131 PeyjoxIu0D (5200)
2I0J2IaY} (SAINUIW 2Inpad0d /UoniSIboe SpISIEYD J0U) AISAI[ap Injusp 0} SYA Ww-00] apIXo ouIz 4 Aretunid ayeurS[y (2deySE) SONIL g9 05/0S mmN_Eo@cmm uredg e 10 108ey
a8e1s uoIssaIduwl WOIj SWI MO[PI0M [EDIULD [[I2A0 P1O3[JaT SWODINO SWIL], ot
Suryiom [eusiq ‘Sumes ae[dwod o1 Suipeo| LWMMMHWM&:MNMMM_MMM aareuuonsanb (euoxs 4dsiusq (US1Y) cree 0€/0¢ [BH3 194085015 VSN (2200) T8 10 991
' ol et 4 ' . ' g ‘ (<
[EUONIUSAUOY) 9WIT} 21NPa001d /UOHISMDIE SPISITEYD SE Paulfep Sl SUTIoN HOJWOd 00[-0 SYA  "oseydouojy ey [ISENbY) SA IS 03K poAtopury A
'saousnbas pauljapaid 0} uIpIodOE $10J08] (3dsd EL1 1940501 100)
:ouwbma,ma aq pue yore gursoddo snid eys jueidwr oyl jo UONISINDOE Pale[aI-20USIUSAUOD NG “eag umSaidu) 9qeA[0g (uS1y) 01311 $'6¢ 0z/02 ﬁ.o Zropuy PUBIZIIMS ¢ 38 Bpof
SULI2A0D ‘pOYIaW YOS 10§ JUBISISSE U AQ osimdals papIodal sl JIoM [El0], 10§ 00T-0 SVA \z
(OJwodsIp [BLI} 19A0SSO1D (8107)
suossaIdwl [BUOIIUSAUOD pUE GO 10§ astmdals papIodar awn Supeiado [elo], XeW=(0[) (431500814 OM} “d21S-3U0) GA ] AN AN 61/61 IO ey Sewua (] 2 19 IPEPPe]
SVA W-00T paziwiop «1'T¢ 19 1PEPP
‘(Aereredas (pdeys)
pauodar swn :ozmummwav Ppapnour alom sayeWal (pasn sem A:ommbmwmmp (110Jw0dsIp Em:@& (HdST TEPUE) _ [e111 pa[jonu0d I~ (91027)
a1q + yore Sutsoddo + y1eay paredard) swn uorssarduwi ‘vosiredwod swn W OOT-0 SYA ¢ ‘eaud ] wnsaiduy) Joyla4[o ] CLd-pIepunss s1%95 17/l poziopuey poms T 19 ploapa(n
-Suryiom Iof -swn uoissaidwr pue swn uopeledaid ojur ids sem swi], SOMLL
"9)Iq XEM « UOIssardwt ATB[[IXEW « Uorssardur
IBQIPUBW « UOND3[s Ael) ((SAJ) [euOnUaAUO)) (UonE[osl/uoneue|dxs Xa[far 583 % 110Jwod (euoag (odeygse) (T1-L : eSuex) [11} 19A0SSOID ais (S207)
[EqaA SUIPNIOXa) ULDS 211q + UEJS AIE[[IXEW + ULDS JEnqIpue jo uonajdwod 10] 0T-0 SVA A[dsiua(g *Ann  3jog [isenby) SAJ % SOn4.L AN 0¢/0¢ paziwopuey ! o Te 10 [ewen
0} UOWENSISal JO 1BlS WOIj SWi SpISIEyd pamnsesw-ydoremdols :SO[
“Jodar pajdenXa oyl Ul pajoads 10U a1om SILIBPUNO] PUS/HIels W&Mﬂww H%%Mm I XeM + (JOBWIdYZ (odeygse) AN 95/97 [e113 pa[josuod e ¥2027)
JI01[dX (MO[J10M 4OBS 10§ pariodar swp Suryel-uolssardwi apisireyod [[e1oaQ E_B‘ alrEUTORSNY ‘o1qoydoIpAH 9sHOIPAH) SA] ¢ SONL paziwopuey (1T 19 TUT[ESI0D)
'suoissardwy Jenqpuew B Aprus [earur
+ Ar[ixew 219/dwWod pue SleUIS[E XIW 0] W SPISIEYD [EUONUSAUOY) SYA Ww-001 (4N) Sreutd[y _oﬁwamcm@ (61 = wetpau) 09/09 aaneredwod vsn - %HWMWE:
‘uonensiSal A + UBdS yInow-[nj jo[dwod 0} SWp SpISIeYd :SOI 100 SONIL AN aan0adsol R d
‘(erqeardde  (fanoiip Suryiealq
Se uopensI3ar alq Yim saydre yloq) [odolord pautjepard oyl Summofjoy - ‘xofjor Ses ‘ured SN, &MMM& H JOS— (odeyse) 0T¥88 ¥/ EMMHMOMMU Arey . Ammwag
‘dyeuIs[e sa GO 10§ papIodar uonemp ampadoid uorssaiduwl apISITEyd [BI0], “HOJWOd) -0 SYA (t Uz UHAOIIQ) AEUIEY € SOIL porIopuTy gl d
‘(dwn Sures Surpnoxe ‘gunsed Jajse[d + uoissarduwir papniour S prefawy :00L! BIT1 19A0SS01D
OLOW [EUONU2AUOD) A[areredas paliodar sem AN[Iqe[eae [9powl [HUN awn passasse 10N (20BNOYHQ XAE)) S1BUIS[Y WP F SONLL  (A91=) AN 0¢/0¢ I 5 M:bo e Auewag .meomwo
‘A[[euonippy aleuiS[e sa SOI J0] pamnseswWl SW[l UONISINbOE SpIsIEy) {UBOSOWILL] paropury ¢Iepod
‘(9[qeordde se 211q F) uolssaxduw AIe[[IXeW « uolssaidwl Jejnqipuett douaLadxa
<« UONORRS ABI) ;(3IBUIS[E) [EUONIUDAUOY) ‘UBDS 211] +— ULJS AIE[[IXEW « UBDS  sJudned Sunen[esd "o Mmmwm\s + eawwmuc% (odeyse) WIFEEL LOT/L0T EMMMMMOMMS ureds ‘Apeif . meoowvé
IB[NQIPUBW « UONENSISAI ;SO "PapIodal awn uonisinboe asimdais apisifey)) SYA Ww-00] el N LEVD) dreUts]y € SO portopury ol? 9 oy
BLISILID JUSWLINSEaW W SUBIopN PHAD [eLIa1BW UOISSaIdW] [BUONUSAUOY) Su widisks a8e ueay (leuonUAUCS/SOT) ugisap Apnig Anuno) Apnmig

JUSWIAINSEIUW GYA

ueds [eusiq

siuedponied jo N

SOIPIIS PAPN[OUI JO SONSLIAIOBIRYD [BISUSD) 7 J[qB],

227



Bias arising from the
randomization process

Bias due to deviations from
intended interventions

Bias due to missing

outcome data

Bias in measurement of
outcome

Bias in selection of the
reported result

»
]

50% 75% 100%

Low risk I:‘ Some High risk
of bias concerns of bias

Fig. 3. Summary plot of Risk of bias (RoB 2.0) judgements shows the proportion of included studies rated as low RoB 2.0,
some concerns, or high risk of bias for each RoB 2.0 domain (D1-D5) and the overall judgement.

Experimental Control
Study Total Mean SD Total Mean SD MD 95%-CI Weight
Age = adults
Yuzbasioglu et al® (2014) 24 4.14 0.3900 24 10.09 0.3900 a 595 [-6.17; -5.73]  7.9%
Gielvold et al." (2016) 21 14.55 54500 21 20.70 5.7000 ——+ 615 [-9.52; -2.78]  6.1%
Lee et al.'9 (2022) 30 11.28 2.3000 30 14.16 1.6500 = -2.88 [-3.89; -1.87] 7.7%
Joda et al.* (2015) 20 14.80 2.2000 20 17.90 1.1000 L 3 -3.10 [-418; -2.02]  7.7%
Burzynski et al.® (2017) 60 8.60 2.5900 60  6.40 1.5800 = 220 [ 143; 2971 78%
Haddadi et al.** (2018) 19 502 0.6400 19 16.19 1.7600 W -11.17 [-12.01;-10.33]  7.8%
Bock et al.” (2023) 30 1.70 0.4800 30 2.03 0.1800 -0.33 [-0.51: -0.15] 7.9%
Corsalini et al.' (2024) 26 1.69 0.2400 46 6.04 0.2000 [+ § : -4.35 [-4.46: -4.24] T9%
Yilmaz et al.' (2021) 39 7.88 1.7600 39 8.43 2.2300 -0.55 [-144; 034] 7.7%
Random effects model 269 289 o -3.54 [-6.14; -0.94] 68.5%
Heterogeneity: I° = 99.7%, ©* = 15.4053, p =0
Age = children
Patel et al.'" (2025) 23 373 06100 23 6.85 0.2500 - | -3.12 [-3.39: -2.85] 7.9%
Bosoni et al.¥ (2023) 24 3.05 0.6300 24 5.02 0.5200 ‘| -1.97 [-230: -164]  7.9%
Aiuto et al.9 (2025) 107 2.13 0.3500 107 5.27 0.6800 | -3.14 [-3.28; -3.00] 7.9%
Gamal et al.' (2025) 30 3.56 0.3800 30 7.71 0.3600 . -4.15 [-4.34; -3.96] 7.9%
Random effects model 184 184 L 4 -3.10 [-3.97; -2.23] 31.5%
Heterogeneity: I° = 98%, v = 0.7711, p < 0.0001
Random effects model 453 473 - -3.39 [-5.16; -1.62] 100.0%
Prediction interval pr— [-10.67; 3.89]

Heterogeneity: I° = 99.5%, v = 103519, p =0 f T ‘ 1
Test for subgroup differences: )-_f =0.10.df= 1 (p =0.7523) -10 -5 0 5 10
Favors Digital Favors Conventional
mean difference (Minutes)

Fig. 4. Forest plot of working time (minutes) comparing intraoral scanning (IOS) versus conventional
impression techniques, stratified by age group (adults vs children), using a random-effects model. Effect
sizes are presented as mean differences (MDs) with 95% confidence intervals (CIs); negative MDs values
favor IOS (shorter working time). Square sizes reflect study weights and diamonds indicate pooled esti-
mates (with a prediction interval where shown).
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Experimental Control

Study Total Mean SD Total Mean SD MD 95%-CI Weight
Material = Polyether

Yuzbasioglu et al.* (2014) 24 4.14 0.3%00 24 10.09 0.3900 [ - | -5.95 [-6.17; -5.73] 7.9%
Gjelvold et al.'™ (2016) 21 14.55 54500 21 20.70 5.7000 —— -6.15 [-9.52; -2.78] 6.1%
Joda et al.™ (2015) 20 14.80 2.2000 20 17.90 1.1000 " -3.10 [-4.18; -2.02] 7.7%
Random effects model 65 65 < -491 [-6.99; -2.82] 21.7%
Heterogeneity: I° = 92.2%. T = 2.6828. p < 0.0001 i

Material = Polyvinyl siloxane

Lee et al.' (2022) 30 11.28 23000 30 14.16 1.6500 t 3 -2.88 [-3.89; -1.87] 71.7%
Haddadi et al.*» (2018) 19 5.02 0.6400 19 16.19 1.7600 -11.17 [-12.01; -10.33] 7.8%
Corsalini et al.' (2024) 26 1.69 0.2400 46  6.04 0.2000 [+ ] -4.35 [-4.46; -4.24]  7.9%
Gamal et al.'v (2025) 30 3.56 03800 30 7.71 0.3600 B -4.15 [-4.34; -3.96] 7.9%
Random effects model 105 125 —ei—— -5.63 [-9.29; -1.98] 31.2%
Heterogeneity: I° = 98.9%. v = 13.7771. p < 0.0001

Material = Alginate

Burzynski et al.” (2017) 60 8.60 2.5900 60 6.40 1.5800 = 220 [ 1.43; 297 7.8%
Bock et al.” (2023) 30 1.70 0.4800 30 2.03 0.1800 - | 0.33 [-0.51; -0.15] 7.9%
Patel et al.' (2025) 23 373 06100 23 6.85 0.2500 [ - | 3.12 [-3.39; -2.85] 7.9%
Bosoni et al ® (2023) 24 305 06300 24 502 0.5200 ‘A -1.97 [-230; -1.64] 7.9%
Aiuto et al.® (2025) 107 213 0.3500 107 5.27 0.6800 . 3.14 [-3.28: -3.00] 7.9%
Yilmaz et al.'» (2021) 39 7.88 1.7600 39 843 2.2300 [ | 0.55 [-144; 034] 7.7%
Random effects model 283 283 i -1.17 [-2.80; 0.45] 47.1%
Heterogeneity: I = 99.3%, t* = 4.0396, p < 0.0001 !

Random effects model 453 473 - -3.39 [-5.16; -1.62] 100.0%
Prediction interval : : — | | [-10.67; 3.89]

Heterogeneity: I = 99.5%, ' = 103519, p = 0
Test for subgroup differences: ;t, =10.06. df = 2 (p = 0.0065)

-10 -5 0 5 10
Favors Digital Favors Conventional
mean difference (Minutes)

Fig. 5. Forest plot of working time (minutes) by conventional impression material (polyether, polyvi-
nyl siloxane, and alginate) comparing intraoral scanning (I0S) versus conventional impressions using
a random-effects model. Effect sizes are presented as mean differences (MDs) with 95% confidence
intervals (CIs); negative mean difference values favor IOS. Square sizes reflect study weights and dia-
monds represent pooled estimates (with a prediction interval where shown).
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Experimental Control

Study Total Mean SD Total Mean SD SMD 95%-CI Weight
Age = adults i

Yuzbasioglu et al.*® (2014) 24 996 183700 24 41.00 37.7200 + -1.03 [-1.63; -0.42] 6.8%
Gijelvold et al.'» (2016) 21 6.50 5.8700 21 44.86 27.1300 —— -1.92 [-2.66; -1.18] 6.0%
Lee et al.™ (2022) 30 20.50 21.6000 30 60.10 31.7000 —— -1.44 [-2.01; -0.87] 7.0%
Joda et al.*¥ (2015) 20 21.40 14.0000 20 46.40 154000 —— -1.66 [-2.39;-0.94] 6.0%
Burzynski et al.® (2017) 60 26.25 28.8900 60 33.50 38.1500 - -0.21 [-0.57; 0.15] 8.4%
Haddadi et al.'» (2018) 19 567 5.6100 19 59.33 58.4700 —— -1.26 [-1.97; -0.56] 6.2%
Nagar et al.'® (2024) 50 1440 5.4000 50 27.70 7.5000 —— -2.02 [-2.50; -1.53] 7.6%
Corsalini et al.'» (2024) 26 148 1.4000 46 423 1.8400 —— -1.60 [-2.16; -1.05] 7.2%
Yilmaz et al.* (2021) 39 414 7.7500 39 13.19 16.4500 i -0.70 [-1.15:-0.24]  7.8%
Random effects model 289 309 S -1.29 [-1.70; -0.87] 62.9%
Heterogeneity: I” = 84.6%, © = 0.3110, p < 0.0001

Age = children

Patel et al.'? (2025) 23 357 1.4400 23 583 L3000 —— -1.62 [-2.29;-0.95] 6.4%
Bosoni et al.® (2023) 24 170 1.8000 24 3.40 2.7000 E -0.73 [-1.31;-0.14]  6.9%
Serrano-Velasco et al.'® (2024) 51 8.76 11.4100 51 18.37 19.2100 E = -0.60 [-1.00;-0.21] 8.1%
Aiuto et al.® (2025) 107 11.30 23.0000 107 43.50 23.0000 -.‘ -1.40 [-1.69; -1.10] 8.7%
Gamal et al.' (2025) 30 140 2.0600 30 420 1.4400 —— -1.55 [-2.14; -0.97] 7.0%
Random effects model 235 235 - -1.16 [-1.58;-0.74] 37.1%
Heterogeneity: I=743%.¢ = 0.1601, p = 0.0037

Random effects model 524 544 > -1.24 [-1.53; -0.94] 100.0%
Prediction interval — [-2.34; -0.13]
Heterogeneity: I° = 80.8%, < = 0.2398. p < 0.0001 ! ' ! '

Test for subgroup differences: Kf =0.17.df =1 (p = 0.6767) 2 -1 0 1 2

Favors Digital Favors Conventional
standardized mean difference (Discomfort)

Fig. 6. Forest plot of patient discomfort comparing intraoral scanning (IOS) versus conventional impres-
sion techniques, stratified by age group (adults vs children), using an inverse variance (IV) random-effects
model. Effect sizes are presented as standardized mean differences (SMDs) with 95% confidence intervals
(Cls); negative SMDs values favor IOS (lower discomfort). Square sizes reflect study weights and diamonds

indicate pooled estimates (with a prediction interval where shown).

Experimental Control
Study Total Mean SD Total Mean SD SMD 95%-CI Weight
Material = Polyether
Yuzbasioglu et al.>» (2014) 24 9.96 18.3700 24 41.00 37.7200 -1.03 [-1.63;-0.42] 6.8%
Gielvold et al.' (2016) 21 650 5.8700 21 44.86 27.1300 -1.92 [-2.66;-1.18] 6.0%
Joda et al.' (2015) 20 2140 14.0000 20 46.40 15.4000 -1.66 [-2.39;-0.94] 6.0%

Random effects model 65 65
Heterogeneity: I’ = 46.1%, 7 = 0.1075, p=0.1563

Material = Polyvinyl siloxane

Lee et al.'» (2022) 30 20.50 21.6000 30 60.10 31.7000
Haddadi et al.*» (2018) 19 567 35.6100 19 59.33 584700
Corsalini et al.'® (2024) 26 148 14000 46 423 1.8400

Random effects model 105 125
Heterogeneity: P=0%, 7= 0. p =0.8885

Material = Alginate

150 [-2.04; -0.96] 18.8%

-1.44 [-2.01;-0.87]  7.0%
-1.26 [-1.97:-0.56]  6.2%
-1.60 [-2.16:-1.05]  7.2%

149 [-1.78;-1.19] 27.4%

1%

Burzynski et al.® (2017) 60 26.25 28.8900 60 33.50 38.1500 -0.21 [-0.57; 0.15] 8.4%
Nagar et al.'® (2024) 50 1440 54000 50 27.70 7.5000 -2.02 [-2.50;-1.53] 7.6%
Patel et al." (2025) 23 357 14400 23 583 1.3000 -1.62 [-2.29;-095] 64%
Bosoni et al.” (2023) 24 1.70 1.8000 24 3.40 2.7000 -0.73 [-1.31:-0.14]  6.9%
Serrano-Velasco et al.'® (2024) 51 8.76 11.4100 51 18.37 19.2100 -0.60 [-1.00;-0.21] 8

Aluto et al.” (2025) 107 11.30 23.0000 107 43.50 23.0000 -1.40 [-1.69:-1.10] 8.7%
Yilmaz et al.'" (2021) 39 414 7.7500 39 13.19 16.4500 -0.70 [-1.15;-0.24] 7.8%
Random effects model 354 354 -1.03 [-1.51;-0.54] 53.8%

Heterogeneity: I* = 88.4%, 7" = 0.3639, P <0.0001
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Gamal et al.*» (2025) 30 140 2.0600 30 420 1.4400 —.— -1.55 [-2.14;-0.97] 7.0%
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=
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-
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Random effects model 524 544 -1.24 [-1.53; -0.94] 100.0%
Prediction interval [-2.34; -0.13]
Heterogeneity: I* = 80.8%. ©* = 0.2398. p < 0.0001

Test for subgroup differences: 1; =277, df=2 (p = 0.2503) 2 - 0 1 2

Favors Digital Favors Conventional
standardized mean difference (Discomfort)

Fig. 7. Forest plot of patient discomfort by conventional impression material (polyether, polyvinyl
siloxane, and alginate) comparing intraoral scanning (IOS) versus conventional impressions using an
inverse variance (IV) random-effects model. Effect sizes are presented as standardized mean differ-
ences (SMDs) with 95% confidence intervals (CIs); negative SMD values favor IOS. Square sizes reflect
study weights and diamonds represent pooled estimates (with a prediction interval where shown).
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AA4 A, FFAIZR £ =037, df = 11, p = 0.7156, &
SR t=-149,df =12, p=0.163002 &+ Z7} =%
1 funnel plot2] B A-Z AAFol= SAIA A= ERlE]
funnel plot A|ZH4 7oA AJAZE 9 EH7 A HF Loret ot 23HE A+t 7t Algto| B & Sk 7t
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o Jus

tolr
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Fig. 8. Funnel plot assessing potential small-study effects/publication bias for the work-
ing time outcome comparing intraoral scanning with conventional impression tech-
niques. Each point represents an individual study plotted by effect size (mean difference,
minutes) against its standard error; the vertical line indicates the pooled effect estimate
and the dashed lines indicate pseudo 95% confidence limits.

0.07]

0.1

027

Standard error
.

037

-15 -1.0 -0.5

20
Standard mean difference (discomfort)

Fig. 9. Funnel plot assessing potential small-study effects/publication bias for the pa-
tient discomfort outcome comparing intraoral scanning with conventional impression
techniques. Each point represents an individual study plotted by effect size (standardized
mean difference) against its standard error; the vertical line indicates the pooled effect
estimate and the dashed lines indicate pseudo 95% confidence limits
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