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Comparison of Survey Lines Obtained from the Newly Developed Intra-oral
Surveyor and A Convention Dental Surveyor: An in vitro study
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Abstract

Intraoral devices used to evaluate tooth contour while making tooth alteration for removable partial denture
components are lacking. Thus, the new intra-oral surveyor has been developed with the aid of 3D printing technology.
The aim of this study was to compare the survey lines obtained from the newly developed intra-oral surveyor with a
conventional surveyor. Ten graduate prosthodontic students were instructed to use the newly developed intra-oral

surveyor to draw survey lines (Sn) on assigned abutment teeth following a previously determined surveying path. Each
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student had to survey 4 different models which were mounted in a phantom head in pair, using a blue pencil-lead.
Subsequently, each model was removed from the phantom head and was surveyed by a prosthodontist using a
conventional surveyor (Ney) in the same surveying path, using a red pencil-lead to create reference survey lines
(Sr). A total of 40 models with doubled survey lines (Sn and Sr) were scanned by a 3D model scanner, after which a
series of 2D pictures of each studied tooth surface were captured. Each picture was examined for (1) the overlapping
amount of Sn and Sr lines and (2) the vertical distances between reference points on an occlusal edge and Sn and
Sr lines on each studied surface, using Image J software. Intraclass correlation coefficient for the vertical distances
was estimated to assess an accuracy and an agreement measurement of the two survey lines. Complete overlapping
of Sn and Sr lines was found in 93 percent of studied tooth surfaces (354 out of 380 surfaces). Agreement between
Sn and Sr lines was excellent, with the intraclass correlation coefficient equaled to 0.997. Within the limitations
of this study, it can be concluded that the newly developed intra-oral surveyor was highly accurate and provided

similar survey lines when compared with a conventional surveyor.

Keywords: Survey line validity, Surveyor, Intraoral surveyor

Received date: Revised date:

Doi:

Accepted date:

AnsaiRgatuunay:

NOBIUN AIlASEAN, A1V IVUANTINUTEAYS AULTIUALNNEAIENT UNTIVEIAEENTaIUASUNS 2.89U81 90112 Usenalve Inséwii: 095-142-6153
Tn3ens: 074-429874 Biwa: bio_teen_peny@hotmail.com

Correspondence to:

Kritchanok Doungtraiphop, Department of Prosthetic Dentistry, Faculty of Dentistry, Prince of Songkla University, Hatyai, Songkhla, 90112
Thailand. Tel: 095-142-6153 Fax: 074-429874 Email: bio_teen_peny@hotmail.com

NI

A15DBNRUUHUTIENUNEIUN DA bR aLABIANlena nseankuUusuIaindunsieuneldnisuseanunig

AuUsTAUNIIAInaY v lwnaTunnssuusiuafienig

Y

nsaentaiiuienuadunanlnaInTunaevan (master cast)’

#irnnennsaentd (path of insertion) NsAUALLN (guiding
plane) Tafiansivuagiudne (retention component) ng

nseenuuvIEinsannan mitudn udagiuazanules
(contour) vsilu Inensdrsanueswesituiieldlunis
sonuuuiiufisnusdmuaenldmsldiesesdmaninuvu
(Dental surveyor)' Fadlupdosdlefldasadudsauuiiuves
Funae (survey lines) uazlddsamnulowosiluuuiuvae
luiirmanwinsaenlaiuiion siufsnsmanuaenvesily
(undercut) un Applegate? wuaviununngaiulnginaulag
LyldieSasdsarnuvnundldiinsannziusenan
anudleselifieiesile visoliviuauddlunisldng
\3asETImLIUY SaTunstvuafirnensoonlduay

364 J DENT ASSOC THAI VOL.72 NO.2 April - June 2022

TneiunumdRlamisdenmsimunfiamanisaesldiléain
Praviuanssuealimngaurseliden AdeIUNTERNLUL
fluisnvesiununmg wazunsndatnsiunnssuotausunily
wuuilusuunsdiunenlalasslansuaaiununme vilrdianu
Annanaifntulutua netlgmilistuasusngilesing
apdlasslaveiuiisnudinanlalugiae Faovumunndoad
msnseUsuuslasdaneituiionnsdunonlsinmuminiiomn
Wheensoentdlidenndosiulnsilavsiivisiunnssuadnan
yonaniunsaseneiuanssuenanumdsmyaeluiion
liwmgnzauduiirnanisaeald@iuiiesyesiununndyliase



lavgvnUszaninmlunisdney wardwalviluiieuusdin
panlaasalangiiusyansanlunisidanuanas faiua3esd1sna
= & a o & o o @ ¢ 1
AMUYUUTLTUAITNTUAUS U UALNN LN D I 1 9HUNTS
U o U = 1
Snwdmsuanuiluiisuuisdiunenlalasilany
INNINUNUITTUNTINLAE Engelmeier’ M3ty
LASBIANTIIANUVLIULVUAIAT A.A. 1890 Ine Randall l¢
Jauamatalun1d159 U 19 UM IUAUADEDILYIS LABA
AUADLYNNVTS LIRS ULTUREDAUNAN SN SRR LETUTIgL
Amuue warltRudsunsigasandud sIaiuuLILvas lngany
fudpuwyTaBIRBIvN U UAUABWYTINLav T AN EUA1 5197
melul A.f. 1920 TN simuIveAIeile Chayes Parallelo-
meter YrensaflunaniugasUnlrvuiuiu way Condit @574
& & & ' =2 A g
LA3D9LBYIINTIVABUANNVUIUULTUMED weindalitiandu
A o =~ 9] I A
wsesdsanurUlasnnmsisnuduluiienaaauainy
YUILVBIHUYINUY LATBIASIIALVUIUATBIINTIENLNTOY
Tunmsnasuyhanuitiuieuusaiunenlalasalanea Robinson
surveyor gafindulul 1918 usasesiledellldianiengu
iased1:1aves Ney Fegnasraienisanlul a.a. 1923
3 a 0 44' A aAve
naewdusesdiriannuruuassssnidunidnuasldly
UL ASLUNNEILD DA A DL NI NAE YEIRNITY
AlPENSRAUILATEIENTIIANNIUILTINAULUUYES Ney Bnannsng
11 Brown-Maie Will Lentz-circa Lineer Ney Franzwa Ringle-
Hiatt-Smith McKay Hagman Roach Wudy uagreuniing
UTuuseguhaesesdsinnauunuee 9 ansnine e
Tvlvunndnasuasiidnwaznsinauinvuaionndu’ wu
Retentoscope Harvey surveyor Blockout surveyor Austenal
Micro Analyzer Prototype surveyor Micro surveyor Jusu
MaseugUsiivanlviaenndesiuiiavnenisnen
Tauazuwuuituisnmissml iluduneuidfglunisyhiluiie
panlaunsdiu agralshanuriuaknmndlidaunsansiaauainy
Uapswasiunendnisnsowrsituraniutesnlagnsalaing
anwarlnafeausedlsumiadudsiamungautu U usy
Alenaurulivdeld WuilsAlvlunisnsisasunnuleinenas
nsnsaUsusssilundnAavihnsiusiun anduluwmaunas
WBYNNSANTINUNENMIELATEIATIIANUIUIU NLEUENTID
Aledaladuluaudnuasinnaauly Asdusssintunay
msnseUTuusisituvdnlnaludUiednass uasnsdinviuaunmd
Y o a o v Gl 1 :’I U =1
piivsgaumsallumsvheuties viseludesintudeadinng
nsoUSuLmsTiunanuae 9 dumis mavinulutusauding

onaflinnnimiindaitelrlddudisiamudinauuls vl
nsEUIMMsYhuTana I na v luratinunnty
Hagtuiinaensinniiiausiniesiieiotely
nsnseffundnliiinauwuiu’ Kopsiafitis’ Anduia3asile
asaeumuvUulutesn uay Schoeneck® Anduia3asiie
SrenseiiliRneuuulufisvnsdanfuetedio uins
16?1’@?‘1455@65@%?’15’@L%"aqgﬂi'wLLawmﬂﬁﬁ]ﬂ%ﬂ’mﬂluﬁaw’m
wazlillgnaniisnseenenfiensmsosaldmuiinnauuls
mﬂ?guuéaiﬂgiﬁdaqmﬂ McCarthy’ Ainduedosiiethensivaou
AuvWYBsiluvanvaznsaUTulsgUsludesn (intraoral
surveyon) Lo aenadasiuiundeiinaunull uidhedes e
voansligndradsuuieforliernaifinmunaandoly
n3lgu Netti wazanz ' laauedsnsussendldiunyss
ganilusiuiuldnuaedlunisaienenanuduiusve sl
Wuwé’ﬂﬁﬁmmimaﬂ%"ULL@'WWﬂ%uuéalﬂéﬁuluﬁaqﬂﬂﬂ 1oy
nsefiemnsesiionufirmanisaonlduutunasuding
muislielgilundnlugesin %ﬂ?%ﬁmaﬁmmﬂmmﬂ?iauqd
Tunsvhanuiiesnensaevenauduiusianinsaen
laiufudanpefanisuszanaiirni@einsn sl launus
Fufiemansoeslauuiunaeiitivusll uenaniddiesende
anufisesileuasmumisiniafisuns wihnsdiedesdioly
asunaeddosines  find1u Moschen uagane™ wui
msflesesdlatmuafiemeetsmuaiicmeasnseUsuuss
Huranlugesuin YrevilrlaanuarAuvUILYeIHunan
wdinsnsevsuusainniinisnselaglifiniesdiela 4 ae
vonaniigimadafinzdielunisnseusuussitundnlile
wunhlunsaestafivuuiu? Tnevhuwivezasanuutunde
U3nasulssinfiazadauuni uddadununthfienianis
nenlduuwinerasan thildludesunndihe annduuuitungn
T uiuduthuuwiuiinnesasan Lagnseusuulmsiy
vEnduUsEBnnuunfitals FsHdnulfannzdulsedn
vosilundn Inelutlagtuniesdiefitisadisrmuunilign
Nawardnsinauenislitnuasdutesuinfe ParalAB” wag
IPM (intraoral Parellelometen)' fudwedosiiotanseftundn
TiAnAUvWI ﬁgﬂi'wLLasﬂaiﬂmiﬁNm‘ﬁmauh uadaly
ansaaadudTeiuludesnlauaridiunaiiungaily
Filunrouindve venanilfidadiniesdsannuuunly
FoIUNWUUT 2 ¥84 Sakornram uazAnss’® %aﬁé’ﬂwmgﬂéw
waznalnn1svhaundnerdstuiniasiie IPM Aofuasesilo

Doungtraiphop et al., 2022 365

[PnJe

ssaxd ur 2



article in press

I a a = W | o a A W
Wulane farafiusigaduiiuluresunuazdiesesdlanaiu
219L Tuwvumaausinseunu lnansasdsiannusuiuly

| A A | A a
YaaUNNBUUN 2 LEuuAnA9a1n IPM Aadiulangiuimaousy?

[ C% 1 Ya 1 1 aad 1
seinuiluiheldnuasunudadlamnseily waziiisnsaneven
WUNNUUTUVERIINLATATIAA UV TURUUAUAN HuvYn
fnevenwuIseiuimuuNYBsafiuiuuy FelagTuinsesile
snameglutunsunagaunuiinelauaziienswendudng
SUIMNAINRUIUTEANTNINAITINUYDIATDILD

PNTodAine 9 vadAsesdrianulugesn
Alanannun awn YunvewAIasiie Nsas1adud1Ilnense
yuiunanlugealn ANLaILnsaluNSaNeNeniANINISnon
Taannunaefinu (study cast) Wdvesunuazanuaaianaou
Tunsldau Fidedaiuenudnlufinzaianiosdiodmsu
Uszdiuduasaiuluresinlaenss lngnsasdeanunsoaasi

v = o P | | v oA a ¢
Iode Is1mgnineendemalulaglyg 9 wu nsldaiesiius
3 115 wardANUAIANIIILATDEBNAS VUL ILANTUN DUT]
Fununngonafoarinauglunsnseuusaaitumaniugaan

= Nt AW ¢ v
nsAnwialingUszasdiitenageunisitanves
A ° | a I o 1 o =} a
wisesdnalutesnvilalniluiiiudiaes lnewTeuliiey
Wudsiauuduvaenlannnsiesesdrsiatutesnyia vyl

LaELASDIENTIIANUVUIULUUAILAL

UAFeTiNIUNNTTUTIINANENSTUNS TS5
Mdeluwd I Inedeaswaiuniuns W@t PSUEC6301-
002/2563

pSasd inUnAta Ll
Qﬁ%’aﬁﬁmiaammuLﬂ%lmﬁﬁwﬁaal,t,awwﬁlﬁﬁﬁbu
Shapr3D (Shapr3DZrt, Istvan Csanady, Budapest, Hungary)
Julvid 3 1 uwana stl ﬁﬁiWéﬁ'aaﬂLLUUMﬁuﬁéha’JfaQLi
FUNINUANTIY (ASIGA dentaguide resin liquid, Sydney,
Australia) Ineneosfismi 3 R (ASIGA MAX, Sydney, Australia)
Usgneududiueiesdisng naaedlieuarinnnguuuuauld
\ndesdasludesnuinliihanldlumadetd Tnaedes
dydseneumegunaaingn 3 dw ldun onaiasisneveauuth
(Positioning tray) uyWen333A52UUII (Doubled sliding arms)
wazldhuaadsnn (Master lead) Faitousznaulinuasiidnuae
é’QLLamﬂugﬂﬁ 1

366 J DENT ASSOC THAI VOL.72 NO.2 April - June 2022

U1 uansdusenauvanveaniesdsaaluyesinvilnlu

Figure 1 Main components of the newly developed intra-oral surveyor
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Figure 2 Study models and locations of positioning tray
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Table 1 Teeth and studlied surfaces in the study models

Study model Kennedy Classification

Teeth (Studied surfaces)

Total number of surfaces

A Kennedy Class Il modification 2 15(B, L, D), 24(B, L, M), 25(B, L, D),27(B, L, M, D) 13
B Kennedy Class Il modification 2 33(B, D), 35(B, L, M, D), 37(B, L, M, D) 10
C Kennedy Class Il modification 1 13(B, D), 17(B, L, M, D) 6
D Kennedy Class Il modification 1 33(B, D), 44(B, L, D), 47(B, L, M, D) 9

B, L, M, D indicated buccal, lingual, mesial and distal surface, respectively
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Figure 3 Showing method to transfer the path of insertion from
a conventional dental surveyor. (a) The positioning tray
was attached to a vertical arm of a dental surveyor,
perpendicularly to the occlusal plane. (b) The positioning
tray was fixed on a study model using putty silicone
impression material. (c) The newly developed intra-oral
surveyor was installed and used in the phantom head
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Figure 4 Examples of the overlapping of Sn (blue) and Sr (red) lines
on buccal side of a studly cast; (a) complete overlapping,
(b) Incomplete overlapping with Sn located above Sr

in distal 1/3 region
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Figure 5 Showing the vertical distance measurements on a study
cast: (1), (2), and (3) are the reference points used to
measure the distance at mesial, middle and distal
regions, respectively. (x) and (y) are the vertical distances

of Sr (red) and Sn (blue) lines, respectively
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Table 2 Number of surfaces with complete and incomplete overlapping of Sn and Sr survey lines in the study models

Incomplete survey lines overlapping (surfaces)

Study Complete survey Buccal Lingual Proximal Total
Model  lines overlapping Above Below Above Below Above Below
m md d m md d m md d m mid d mid mid
A 113 3 1 3 il 3 2 1 130
B 93 1 1 2 1 2 100
@ 60 60
D 88 2 90
total 354 5 1 a4 1 6 3 2 2 2 380
Above, Below indicated the position of Sn as related to Sr line, towards occlusal surfaces.
m, mid, d indicated the location on each surface where m= mesial 1/3, mid= middle 1/3, and d= distal 1/3
A159971 3 UONUTIAIINBTINIUF A TN YEUEN1ITOUTTUYOUGUAITID Sn Uaw SreIueIFIANRIUTAZAY
Table 3 Number of surfaces with complete and incomplete overlapping of Sn and Sr survey lines by individual subject
Incomplete survey lines overlapping (surfaces)
Study Complete survey Buccal Lingual Proximal ot
Model lines overlapping Above Below Above Below Above Below
m md d m md d m md d m mid d mid mid
1 35 2 1 38
2 34 1 1 1 1 38
3 35 1 1 1 38
4 34 1 1 1 1 38
5 36 1 1 38
6 33 1 1 2 1 38
7 35 1 1 1 38
8 36 1 1 38
9 38 38
10 38 38
total 354 5 1 4 1 6 3 2 2 2 380

Above, Below indicated the position of Sn as related to Sr line, towards occlusal surfaces.
m, mid, d indicated the location on each surface where m= mesial 1/3, mid= middle 1/3, and d= distal 1/3
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Table 4 Intraclass correlation coefficient (ICC) of survey line locations obtained from the newly developed intra-oral surveyor and a

convention dental surveyor, categorized by model type, arch type, tray position, and subjects

Categories Number of surfaces  Number of measurements ICC 95% ClI p-value
Model A 130 290 0.989 0.984-0.992 < 0.001
B 100 190 0.999 0.999-0.999 < 0.001
C 60 110 1.000 N/A < 0.001
D 90 180 0.998 0.998-0.999 < 0.001
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Table 4 Intraclass correlation coefficient (ICC) of survey line locations obtained from the newly developed intra-oral surveyor and a

convention dental surveyor, categorized by model type, arch type, tray position, and subjects

Categories Number of surfaces ~ Number of measurements ICC 95% ClI p-value
Type of arches Upper 190 400 0.995 0.994-0.996 < 0.001
Lower 190 370 0.999 0.999-0.999 < 0.001

Tray position Front 230 4380 0.996 0.995-0.997 < 0.001
Back 150 290 0.999 0.999-0.999 < 0.001

Subject 1 38 7 0.998 0.997-0.999 < 0.001
2 38 7 0.996 0.994-0.997 < 0.001

3 38 4 0.997 0.995-0.998 < 0.001

q 38 4 0.996 0.993-0.997 < 0.001

5 38 4 0.996 0.994-0.998 < 0.001

6 38 7 0.993 0.989-0.996 < 0.001

7 38 7 0.999 0.998-0.999 < 0.001

8 38 7 0.999 0.998-0.999 < 0.001

9 38 T 0.999 0.999-0.999 < 0.001

10 38 77 1.000 N/A < 0.001

Overall 380 770 0.997 0.997-0.998 < 0.001

Average measures, two-way mixed effects model, absolute agreement

ICC = intraclass correlation coefficient, Cl = confidential interval

Front, Back indicated locations of the positioning tray on anterior and posterior teeth, respectively
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