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Abstract

A systematic review was undertaken to evaluate the validity of intra-arch
dimensional measurements made from laser-scanned digital dental models
in comparison with measurements directly obtained fromthe original plaster
casts (gold standard). Finally included articles were only those reporting stud-
ies that compared measurements from digital models produced from laser
scanning against their plaster models. Measurements from the original plas-
termodels should have been made using amanual or digital caliper (gold
standard). Articles that used scans from impressions or digital photographs
were discarded. Detailed individual search strategies for Cochrane,
EMBASE, MEDLINE, PubMed, and LILACS were developed. The references
cited inthe selected articles were also checked for any references that could
have beenmissed inthe electronic database searches. A partial gray litera-
ture search was undertaken using Google Scholar. The methodology of
selected studies was evaluated using the 14-item quality assessment tool for
diagnostic accuracy studies (QUADAS). Only 16 studies were finally included
forthe qualitative/quantitative synthesis. The selected studies consistently
agree thatthe validity of measurements obtained after using a laser scanner
from plaster models is similar to direct measurements. Any stated differences
would be unlikely clinically relevant. There is consistent scientific evidence to
support the validity of measurements from digital dental models in compari-
sonwith intra-arch dimensional measurements directly obtained from them.

Key words: digital model; laser scanning; plaster model; systematic
review; validity
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Introduction

In dentistry, plaster models play an important
role in pre-, during, and post-treatment evalua-
tion of occlusal relationships. Dental models act
as an auxiliary diagnostic tool for the clinician as
well as providing a record of treatment out-
comes (1). Additionally, study models are impor-
research  purposes,
assessment of treatment progress, and case doc-
umentation (2). The use of plaster models is
widespread but is linked to several problems,
mainly breakage, loss, and storage requirements
(1). The need to retain dental casts for legal doc-
umentation has created long-term storage prob-
lems among dentists (3).

The space required for storage of traditional
models for every one thousand patients is up to
17 m? (3). This storage requirement is associated
with a significant cost. A more convenient and
cost-effective means for recording and storing
while maintaining accurate records is needed
(4). This quest has encouraged research on alter-
native storage methods. These efforts include
photocopy, holography, stereophotogrammetry,
photography, digitized study models, and CT
scanning (1).

Digital storage eliminates inherent problems
related to physical storage of models (3). It is
especially important in orthodontic environ-
ments due to the volume of plaster models gen-
erated. The replacement of plaster orthodontic
models with virtual information has further
potential benefits including the following: (1)
instant accessibility of 3D information without
need for retrieval of plaster models from a stor-
age area; (2) the ability to perform electronically
accurate and simple diagnostic setups of various
extraction patterns; (3) virtual images may be
transferred to other formats for instant referral
or consultation; and (4) objective model grading
system analysis (5).

Previous systematic reviews (5, 6) have evalu-
ated the accuracy of digital models comparing
them to plaster models. As they included articles
that used scans from impressions or photo-
graphs of models, they did not specifically assess

tant for didactic and
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the validity of scans taken from plaster study
models. Furthermore, we have identified that
some potentially pertinent studies (1, 7-14) were
not included in these previous systematic
reviews.

The purpose of this systematic review was to
focus on the validity of measurements made from
laser-scanned digital models obtained from plas-
ter models in comparison with actual measure-
ments directly obtained from the same physical
dental casts (gold standard). This very focused
goal should be of clinical interest when a signifi-
cant number of plaster models are available from
cases already completed. In this scenario, directly
scanning the teeth in the mouth is not an option.
If this laser scanning demonstrates to be valid,
then the original casts could be disposed with the
concurrent saving in space and resources.

Methods

We conducted this systematic review adhering to
the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (15) Checklist.

Protocol registration

We did not register the systematic review proto-
col. No systematic review protocol was available.

Study design

We did a systematic review of studies that com-
pared the validity of digital dental models pro-
duced from laser scanning against measurements
from the original physical dental models.

Eligibility criteria

We retained only articles that compared digital
models produced from laser scanning of plaster
dental models (gold standard) with the original
plaster model. Measurements from the plaster
models should have been performed using a
manual or digital caliper. We discarded articles
that used scans from impressions or digital pho-
tographs. We considered studies from any lan-
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guage or peer-reviewed source. We did not
include reviews, letters, and personal opinions.

Information sources

We developed detailed individual search strate-
gies for each of the following bibliographic data-
bases: Cochrane, EMBASE, MEDLINE, PubMed,
and LILACS. References cited in the finally
selected articles for any references were also
hand searched for articles that could have been
missed during the electronic database searches.
We did a partial gray literature search using Go-
ogle Scholar. This search was limited to the first
100 most relevant articles.

Search

Appropriate truncation and word combinations
were selected and adapted for each database
search (Appendix S1). We managed all references
by reference manager software (RefWorks-COS,
ProQuest, LLC. Bethesda, MD, USA), and dupli-
cate hits were removed. The end search date
was December 11, 2013 and the update was May
7, 2014, across all databases.

Study selection

We completed the selection in two phases. In
phase 1, two reviewers independently reviewed
the titles and abstracts of all identified electronic
database citations. Studies that appeared not to
fulfill the inclusion criteria were discarded. In
phase 2, the same selection criteria were applied
to the full articles to confirm their eligibility. This
additional step was necessary as some abstracts
may have been misleading by representing study
details incorrectly or partially. The same two
reviewers independently participated in phase 2.
Any disagreement in either phase was discussed
by both reviewers. A third author was involved
when required to make a final decision.

Data collection process

Two authors collected the required information
from the selected articles, after which cross-

checking procedures ascertained the complete-
ness and precision of the retrieved information.

Data items

For the included studies, we recorded the follow-
ing information: author, year of publication,
country, sample size, study objectives, methods,
results, and conclusions pertaining to the com-
parison between digital dental models and phys-
ical dental models. If the required data were not
available in the article, attempts were made to
contact the authors to retrieve any missing infor-
mation.

Risk of bias in individual studies

The methodology of selected studies was evalu-
ated using the 14-item quality assessment tool
for diagnostic accuracy studies (QUADAS) (16).
Two reviewers scored each item as ‘yes,” ‘no,” or
‘unclear’ and assessed independently the quality
of each included study. Disagreement between
both reviewers was solved by a third reviewer.

Summary measures

We considered any type of outcome measure-
ment (continuous variables - mean difference,
range, ratio, and p value).

Synthesis of results

We planned a meta-analysis if the data from dif-
ferent studies were relatively homogeneous.

Results

Study selection

During the initial search, 569 citations across the
five electronic databases were identified. The
duplicates were removed and 292 citations
remained. After an evaluation of the information
provided from the abstracts, 260 were later
excluded. Therefore, only 34 abstracts were
finally selected for phase 2 assessments. In addi-
tion, five studies were selected from Google
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Scholar. (12-14, 17, 18) To complete the process,
we identified two additional studies (19, 20)
from reviewing the reference cited by these 39
studies available at this selection stage. Thus, we
reviewed the full text in 41 studies. Once full
copies of the articles of these abstracts were
obtained, 25 were later excluded. A list and rea-
sons for exclusion of those articles can be
obtained directly from the authors.

Finally, the selection criteria enabled retention
of only 16 studies (1, 4, 7-14, 17-22) for the
qualitative/quantitative synthesis. A flow chart of
the process of identification, inclusion, and
exclusion of studies is shown in Fig. 1.

Study characteristics

The selected studies were conducted in seven
different countries: Australia (19), Brazil (9, 11,
14, 20), Canada (13, 17), Israel (22), Japan (10,
12), United Kingdom (1, 4, 21), and USA (7, 8,

18). The sample size ranged from one to 112
plaster models. A summary of the study descrip-
tive characteristics can be found in Table 1. The
gold standard in all selected studies was through
the use of a digital caliper (precision = 0.01 mm)
measuring plaster models.

Risk of bias within studies

The overall percentage of the QUADAS criteria
for each study is provided in Appendix S2. The
QUADAS criteria ranged from 34% to 78%. The
main methodological limitations were related to
item ‘results interpreted without knowledge of
results of the reference standard’ and ‘reference
standard results interpreted without knowledge
of index” Two domains were unclear in all
selected studies (‘index test results interpreted
without knowledge of results of the reference
standard’ and ‘reference standard results inter-
preted without knowledge of index test’).

Records identified through database search
(n=569)
E COCHRANE EMBASE MEDLINE PUBMED LILACS
"g (n=3) (n=74) (n=241) (n=249) (n=2)
b
E
3 ,
= Records after duplicates removed
(n=292)
Google Scholar
(n=100)
v
Records screened from database
o0 =34 Records screened from Google Scholar
= (n=34) (n=5)
= =
$
5 Additional studies identified from
] reference lists
(n=2)
Full-text articles assessed for eligibility
(n=41)
2
— Full articles excluded with reason
= (n=25)
= 1- No comparison between gold
= standard and scan (n =9)
2-Scan from impressions (n = 4)
3- Stereolythography (n=1)
— P
— 4- Lack of clear description about
criteria for measurement (n = 1)
O 5- No manual measurement with
caliper (n = 8)
-8 4 6- Full paper copy not available
g 4 (n=3)
o Studies included in qualitative ! Review (n=1) /
] synthesis

Fig. 1. Flow diagram of literature search and selection criteria. Adapted from PRISMA.

68 | Orthod Craniofac Res 2015;18:65-76



De Luca Canto et al. Laser-scanned dental models compared with plaster models

‘ueonubis Ajjeolulo
10U 8JaM soduBlBlIp
1Ng ‘sjuswainsesw
[eubip pue |enuew
useaMIaQ SeoUBIBYIP
ueoyubis NG
wioJj sjusWwaINsesw

xapul AleinBa.il

sjepow palosjes
AlWopuel Jo S18s (O} J0) Jore|

(VSN ‘PN ‘MaiAlieq “-ou| 1uspeD) SyeeM g Juswainsesw

NG uo
9S0U] YlIM |\ d Uo spew

INd 40

(6}) 8002 'le 10

PI[EA PUE 81BINO0Y 2/EM}OS pue BulUUBDS PEOOULQ puo2as ‘laujwexs a|buls sjuewelinsesw a.eduwlod o] S}es 0G  eledsny uspJemeuoon)
‘INQ pue (uoneoldde smopuipp)
INd Usamiaq jualayip ayns afewl Qg wealisjuiod Ajuspuadapu NG Uo
ueoyubis Ajreoluljo (3N ‘uopuoT ‘uomu|) painsesw 9S0Y} YIm |Nd uo spew Nd 40 () L002
10U 9JoM SJUBWIBINSESA| UB0g WeISAS UolBpUNO QESNIY sJaujWexs om] Sjuswalinsesw a./edwod o] SESN] SN ‘e 10 yunbsy
Algeebueyolajul pasn
8q pInoo 8say} Jey}
Buneoipul ‘spppows
8y} pue sjepow  “(YSN ‘uulpy ‘ussseyuey) ‘wbigosn)
POUUEDS [BNUIA BU} wielsAs |spows-sigpow [enbig $82IN0S SNOLIBA WO} PBUIE}GO
Usamiaq Panlasqo (vsSn ‘uual 1o1e| sy9em ¢ 0} € INA dg Jo sonsieloe/eyo
SeM UOfe[e.ll0d ‘UOSXIH ‘BJemijog MaIAUOIOIN) apew juswainseaul Buiyorew aoepns pue INd Jo (2) eLog
yorew aoepns Buolis v Jouueos Jase| g Bisu| oyuo pU0DSS ‘SIBUILEBXS OM] Aoeinooe olisoufelp ssesse 0] s1es 0g VSN ‘e 18 upEMyY
uens|al
A|[eo1ul[D 10U aiom INd PUE NQ
INQ WO} pue |Nd Wolj 2/eMos suonn|os [enbia NS3 awin e e WIoJj Usye) suolsuswip yole
uae) sjusuiainseaw (>prewusq ‘usbeyusdo) paInseaw s|spow O pue sdiysuolie|al [esn|o00 INd Jo (1) zLog
usamiaq seoualayia ‘wedeys-¢) Jeuueos 0Gzy ‘Joulwexe o|bulg JO sjuswalinseaw aJedwod o s1es gLl N ‘e 18 yapeziqy
uoISN|oUOD Ul 2JEM}JOS puUB 92IA8p UBDS poylaN SaAI08[q0 ozis o|dwesg  Aiuno) Jeak ‘Joyiny

so|oIMe papn|oul Jo sofsialorIeyd aAnduosep Jo Alewwns ‘| a|qel

Orthod Craniofac Res 2015;18:65-76 | 69



De Luca Canto et al. Laser-scanned dental models compared with plaster models

INd 03

JejlwIs S| Jauueds Qe

e Buisn uomusp ay}

BuizAreue jo Aoeinooe

ay] ‘siuswainseawl

uolsuaswip

yoJe Jo yipim yioo}

ay1 Jo Aue Jo} aouslayip
1UBOLIUBIS [BDIUID ON

Yipim yiooy

Buluiwislep 1o} poylew

oleudoldde ue ale

sjuewainseaw [e1bIq

‘SjueWaINseaW [Enuew

pue [elbip usamiaqg
uole|a.1l0d Buohig

Juswainseawl

10 Aousiolle awn

pue ‘Aujigionpoldal

‘Aoeunooe

JO UOIBUIQWIOD 1580

8y} paplrold sjepoul

a|lwsaIng a8y} ‘palpnis

s|epow 8yl JO ‘INd

Uo UaXe} asoy} uey)

Jo1se) Ajlueoiiubis pue

s|qionpoidal siow aq

Wybiw pue se a1eindoe

se aq ued NG

uo slusuwainsesw

UIpIM 41001

(Ba8103| YInog ‘|noss

“ou| ABojouyoa] SNNI)

2Jemios 900z Wwio4pidey

‘(ealoy) ‘In0es

‘XIUOIINIOS) SQuBOXSY

wbipoan)

"(YSN ‘UUI ‘ussseyueyD

“diop whbigosn)

0°9 UOISIBA ‘[opONe

sawl 0| ‘Apuspuadepul Nd 01 patedwod NG

sieuIWEXe 99y 10 AoeInooe ssesse 0]

uoisioald pue ‘Aoeindoe ‘paads Jo
1SEO yoes uoleuIqwIo 1s8q a8y} BulpelA
10} sjusWaINSEAW JO Yipim yjool Jo} enbiuyosy

sles ¢ ‘Jsulwexs a|bulg JUsWaINseaW N 8yl Alnuspl o]

1o1e| Syeom ¢ INQ 1o sedAl ¢ uo usyel

po108jes Ajwopuel  SjuswaINsesW [BlUSp JO Aousiolje
S19S 9 Ul JUswiainsesw awi pue ‘Aljigronpoldal

pUODBS ‘SJBUIWEXD 881y | ‘Aoeinooe ssesse 0

INd o
1os |

Ad 40
s19s ¢¢

IAd 40
s19s 0g

(eb) eroe
uedep ‘[e 19 eieyeyy

(81) 0Loe
VSN ‘e 18 UOLIOH

(8) vLoe
YSN e 18 playuniy

UOISN|OUOD UIB|A|

9IEMIJOS pUB 82IA8D UBOS

pouiBN SElitel=] e]g)

o9zIs 9|dwes

Anunod Jeak ‘oyiny

(panunuoo) *1 sjqeL

70 | Orthod Craniofac Res 2015;18:65-76



De Luca Canto et al. Laser-scanned dental models compared with plaster models

‘uonnusp
pPapMOID B Ul SIsAleue
aoeds Bunenojeos
usym Aoeinooeul
[eoluljo asneo Aew
SjuaulaiNseaw Jeaul
'SISBO JO Juswainseaw
Jadied enuew
wloJ} Jayip 1ou seop
S|epow pauueds-gg Jo
sjuawaInsesw saue(d
[BUOI}08S-SS0JO JO
anbiuyosy Jo AoeIndoy
Buluued
JuBWIBa ] O1IUOPOYLIO
10} |Nd Se 9|geljal se

ale siseo [eluap [e1biq

Nd 01 paledwod
a1einooe Alybly ase

S|epoWl PauUUBOS-Jose]

suoneoldde uena9d o}
uBI14NS 8q Jou Aew
S|epow PaloNISU0dal
dd 10 |lElep

pue Aoeinooe oy

‘INd Jo uonejuasaidai

8lelndde ue ale |NJ d¢

9JeM}OS SpBW-UO0}SNO
1IN3A37191 de
(joeus| ‘weesnuepr ‘1ewndQ)

agoidouo)

(VSN ‘elossuuly
*diop whiposn)

[opPone

(VSN ‘uus] ‘uosxiH
‘7 8J/BMIOS MBIAUONOIA)
Bisu| oyuo eyl
(vsn 'vo
‘BIOUB[BAOU| SWRISAS (E)
0¥/052-v1S
(eal0y| ‘|noeg
“ou| ABojouyoe] SNNI)
alemyos wio4pidey
(uedep ‘0AxoL
“"Oul BYOUIN) 006 AIAIA

pauodal 10N

1SBO yoes saull} 881y
‘Apuspuadapul

sJaujwexe 891y

Kep swes

“Jaujuexa o|bulg

Jede yeom | ‘sewil g

“Jaujwexs o|Bulg

INd WoJj siuswainsesu

INQ Jo Aoeinooe ssesse 0]

‘pre onsoubelp e se |Nd pue

NG 10 Aljigeles 81edwod o

sueos Juaned | Dgo pue

INd Wo1j paureigo asoy) ol
SUBOS JeSe| (Jg WO} Poulelqo
SJUBLLISINSEAL YoJB puB Yipim

yjo0} jo Aoeinooe asedwod o]

‘so|l} [enbIp Woi} PaloniIsuod \d

j0 Aoeinooe sjenjens o)
|lelep 8oelns Nd

pJ008J 0} BuluueDS JSSE|

[eondo Qg jo Aujigionpoudal

pue Aoeinooe 81enjens o]

UOISN|OUOD B

2JeM}OS pUB B0IASP UBOS

EIY

Selitel=](eTg)

(22) 8002

|oels| ‘e 18 yoljpey
(6) 2002

lizeig ‘e 18 BlIBAIO
(€4) v1oz

epeue) HERERIY
(12) 8002

N ‘e 1o Bupesy

Anunod Jeak ‘oyiny

(penunuod) *1 9IqeL

Orthod Craniofac Res 2015;18:65-76 | 71



De Luca Canto et al. Laser-scanned dental models compared with plaster models

Aljigronpoudai

pue Aoeinooe

10 sealbop Alojoejsies
Uim yoseasal o}

pue sasodind Bulols
1o} pasn aq ued |NQ
‘Aoeinooe

ubiy pemoys NG uo
yibus| pue yipim yore
JO SjusWaINses|

‘Nd 8yl

uo sjusuainseaw
Jadijeo 10811p

0} Jejiwis sem NQ

10 Aljigionpoudal ay |

Jose| yum pabew

JOU SBaJe N2Jspun Jo
UOIJEZ|[ENSIA POMO|[E 1D
‘'SUBOS Jose| 0} Jouajul
Aybis sem sabew

10 10 ABojoydiow ay |

‘Nd pue ANd Yiog

(vSn ‘ON

‘B||IASILOIA ‘DUl Dl1ewosn)

doipuley) ‘elemyos g

olpnis olewoar) Buisn

pazAreue sebewl g

(yrewuaq ‘usbeyuado) ‘edeyse
‘0Gz-Q) leuueds adeysg

(¥SN ‘uingopn ‘seibojouyos |

a|qysuag) dopiseq

INOLNVHd Pue 0'9A wio4es8.4

‘(uedep ‘exesQ ‘ejjoulln)

Jauueos Jose|

06 AIAIA PU®B 00Z AIAIA

(Auewien ‘yoluny

‘OV SUBWSIS) 9| [euoleSUSS
INOLVYINOS ‘1D [edl|ay 8211s-IINIA

(Iizeag ‘elueion

'Scefelpip) 8Jemjos PEO

sjuswainseaw
alell|Ioe) 0] sebewl

eubip jo uswoabieug

"SIBUILIEXS OM |

pauodal 10N

INd paledwoo NG wolj

Sjuswalinseaw yole [elusp

jo Aujigronpoudau pue (L1) eroe
Aoeinooe aulwlalep O Nd 02 lizelg ‘|e 18 BSNOS
Sjuswainsesaul ]Sed |ejusp
|BUOIIUBAUOD 10} Jauueds
Jase| pue | [eolpaw N4 8uo pue
90||s-ijNW Jo AoeIndoe  %00|g Plognod (o1) ¥002

pue [enualod suiwexs 0]  wnsdAB s dwig uedep ‘[e 18 BINWYOS
Buipmolo Bunoipaid 1o}

uonenbe uoisselBal uosuyor

ur Aljigionpoadal pooBb ‘(ewuaq Moam | Jaye poreadal pue exeue] ul uoneoldde
pamoys sjuswainsesw ‘usbeyusado)) Jauuedos 2JaM SsjuswainNseaw ||y 11|y} ssesse pue |NQ Pue |Nd (¥1) 102
8zIs [elua( gg 21uopoyHO 00/-Y pa1els 10U SIBUILEXS JO # JO sjuswainseaw a1edwod o] Nd 08 lizeig ‘|e 1@ sayoues
UOISN[OU0D UBN 9JeM}JOS PUB 82IA8p UBOS [SIIBIETI seAoslqO azis s|dwesg  Anuno)d Jeak ‘loyiny

(panunuoo) *; sjqeL

72 | Orthod Craniofac Res 2015;18:65-76



De Luca Canto et al. Laser-scanned dental models compared with plaster models

‘uoljeInep pJepuels = s
"Buidfioioid pidey = dy

‘lepow onseld = Nd

"JUBIOID0D UONB[BII00 SSEORIUI = DI
‘lepow [epbip = NG

"90UBLIBA JO SISAleue Aem-auQ = YAONY
‘leuoisuswip 991yl = gg

a|geidaooe Aj[eolulo
paJepISU0D 8q PIN0O

Nd 01 pajedwod

INQ Wou) S1usWaINSes|p

'S]UBN}IISUOD
JIsy} pue ‘Yyd ‘uojjog
JO JUBWaINSESW 10}
pife Ajreoluljo are NG
‘sisoubelp pue

Buiuue|d Juswieal} 1o}
921040 pasiwoidwoo

e Jou ale NG

"$901310..d OJUOPOYLIO U
apew sjuswainseaw
aunnos 8y}

10} |\d Jo} Wusweoe|dal

a|geidaooe

Ajfeoiuljo ase NG

"8/eM1JOS Bleq
279G ¢ UOISIoA £9]1090
‘(eouely) Auedwo)

‘SaWwlll ¢ sljusuainsesw

1se00I|gIg AQ pauueds |0 yoeo ‘sioullLBXe OM |

Jaulwexs Arepuodss yoes Ag
‘uasseyuey) ‘whiqosn) sjuswainseall 90Uo pue
9JBM}JOS S|9POIND sawl £ Ajuspuadapul

‘9 uoIsJeA Wbigosy) sJsulwexs 88ly|

‘Nd 01 patedwoo NC
Ul slusulainsesw Jo

UOISN|OU0D UlB||

9IEM}JOS pUB 80IA8p UBDS

Aupirea pue ‘Ayjigelel INd 40 (02) 6002 '[e 18
‘Ayjigionpoldal sujulelep o s}os G| |IZelg ouuey-ageuElep
sjuswaInsesWw NG IAd Jo (Z1) 9002
pue |Nd o1edwod o] S}es yg  epeue)d ‘e 18 SUSABIS
SaA09[g0 ozis o|dweg  Aiuno) Jeak ‘loyiny

(penunuod) ‘1 sjqer

Orthod Craniofac Res 2015;18:65-76 | 73



De Luca Canto et al. Laser-scanned dental models compared with plaster models

Synthesis of results

As the data from the included studies were sig-
nificantly heterogeneous, a meta-analysis was
not justified. Therefore, only a qualitative syn-
thesis is provided. Akyalcin et al. (7) found that
both the intra-observer repeatability and the
reproducibility of the observers showed near
perfect agreement (ICCs >0.92) for the arch
length discrepancy measurements.

Most articles (1, 8, 10-14, 17-22) reported sta-
tistically significant differences (p < 0.05) in
tooth width measurements between digital and
plaster model measurement methods. Asquith
et al. (4) reported statistically significant differ-
ences for 4 of 11 dental arch linear measure-
ments and digital. They
reported a 4.7 mm greater mean difference in
maxillary arch length with digital measurement.
This magnitude of difference was unique to this
study and was related to a particular technique
for measuring arch length. All other studies
reporting arch dimension mean differences
(including arch length) all being <1.2 mm (1).

Some differences of special clinical interest
were as follows: Transverse arch dimension
mean differences were all <0.38 mm (4). Only
one study reported overjet measurements being
significantly different with a mean difference of
0.31 mm (20). Mean difference in overbite was
reported to be significantly different (0.22—
0.67 mm) (1, 17, 20). Complementary informa-
tion can be found in Appendix S3.

between plaster

Discussion

Plaster models in dentistry and particularly in
orthodontics are a necessary diagnostic tool. In
orthodontics, measurements typically include
tooth dimensions (mesial-distal width), arch
dimensions (arch length, intercanine width, in-
terpremolar width, intermolar width), overbite,
overjet, centerline relationship, anteroposterior
occlusal relationship (Angle’s Classification),
transverse interarch relationships (x-bites), and
buccal-lingual discrepancy between adjacent
tooth contact areas. These measurements can be
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used to calculate estimates of dental crowding
and interarch relationships such as Bolton ratios.
All 16 studies included in this systematic review
(1, 4, 7-12, 14, 17-23) concluded that precision
and accuracy (reliability and validity) of digital
models obtained by scanning plaster models are
clinically acceptable as a diagnostic tool (17).

The term ‘reliability’ describes the overall con-
sistency of a measurement under constant con-
ditions (17). Reproducibility describes the degree
of agreement conducted on replicate specimens
and implies replication of the entire experiment
to acquire multiple measurements. Validity
describes the degree to which a measurement
represents what you want to measure. The
degree of reliability and accuracy required
depends on the nature of decisions being made
7).

The degree of accuracy required for any mea-
surement tool needs to be considered based on
the intended application. In the case of compar-
ing a new diagnostic treatment planning tool
against an existing gold standard, the assumption
is often made that the existing tool is highly accu-
rate. It is well accepted that plaster dental study
models provide a suitable physical representation
of the patient’s dental arch. Sufficient evidence to
support this assumption is provided by the fact
that plaster models are effectively used to fabri-
cate a variety of dental appliances that fit ade-
quately on the teeth. However, caliper
measurements taken from plaster models do have
intra-examiner and interexaminer repeated mea-
surements random errors. When considering if
laser-scanned copies of plaster study models are
an appropriate substitute for the original plaster
model, both the random error associated with
repeated digital measurement and systematic
error resulting from the laser scanning process
need to be considered. If the sum of these errors
is large enough, they can be clinically significant.

For the purposes of orthodontic treatment
planning, tooth width measurements are used to
evaluate severity of crowding and Bolton ratios.
Because random errors in measuring tooth width
will be both positive and negative, over a series
of measurements, they become less important
(17). It is unlikely that differences in individual
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tooth width measurements <0.5 mm are clini-
cally significant (20). Bolton ratios with differ-
ences <1 mm do not alter treatment planning
and crowding estimates that vary <l mm are
very unlikely to change a treatment plan deci-
sion from extraction to non-extraction. Stevens
et al. (17) suggested that the slight differences in
overbite and overjet were most likely related to
the bulkiness of the caliper and although the
digital measurements were more accurate, the
difference was not clinically relevant (17).

The main objective of this systematic review
was to focus on the evaluation of the validity of
measurements made from laser-scanned digital
models in comparison with actual measure-
ments directly obtained from their plaster mod-
els. The present systematic review provides very
strong evidence that laser scanning of previously
obtained plaster study models is an appropriate
alternative to maintaining plaster models long
term as the measurement precision in the new
format is maintained.

Limitations

Some methodological limitations of this review
should be considered. First, there was no stan-
dardization regarding the methodology. Second,
there was a big size range between the evalu-

ated samples. One article (12) had only one
pair of models, another had six models (9),
one (10) analyzed a gypsum cuboid block and
one model, and another (1) had 112 plaster
models. Consideration was not given to other
diagnostic processes conducted with plaster
models outside of intra-arch dimensional mea-
surements.

Conclusion

All of the included studies demonstrated that
with some minor differences, both laser-scanned
digital and plaster model measurements are
valid.

Clinical relevance

The present systematic review provides very
strong evidence that laser scanning of previously
obtained plaster study models is an appropriate
alternative to maintaining plaster models long
term as the original dimensions in the new for-
mat are maintained. Consideration was not
given to other diagnostic processes conducted
with plaster models outside of intra-arch dimen-
sional measurements.
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