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Abstract

Manikin Model Study on Reproducibility and Accuracy of Maxillofacial
Measurements Determined by Stereocamera: Comparative Study of
Direct Anthropometry, Digitizer and Stereophotogrammetery

Youn-Wook Jeoung, Ji-Woong Yang, Kwang Chung, Min-Suk Kook, Hee-Kyun Oh

Department of Oral and Maxillofacial Surgery, School of Dentistry, Chonnam National University

Purpose: Recently, a three dimensional approach to hard and soft tissues of the maxillofacial area has been widely used.
This study was to evaluate the reproducibility and accuracy of a stereocamera compared to actual measurement methods
using a digital caliper and digitizer.

Methods: The stereoscopies of 7 head dummies with different sizes and shapes were obtained using a Di3D system (Dimensional
Imaging, Glasgow, UK) after marking reference points on facial areas, From the obtained stereoscopy, 10 measurements
representing the width, height and depth of each of the facial sections of the dummy were measured twice using a three
dimensional reverse engineering software program (RapidForm™ 2006, Inus, Seoul, Korea), The x, y, and z coordinates of
each of the three dimensional measurements were obtained and distances between two points were calculated, All procedures
were repeated twice, The actual measurement method was performed twice, directly on dummies, using a digital caliper
and values were compared with the previously determined values,

Results: The results were as follows, In the ANOVA analysis, there were no significant statistical differences among the three
measurement methods. In the Bonferroni analysis, with adjustments applied for multiple comparisons, there was no difference
between actual measurement methods using a digitizer and a digital caliper. However, there was some difference between
using a stereocamera and actual measurement methods using a digitizer and a digital caliper in values of ExgExy, EngEny,
AlagcAlay,, ChrChy, GPg', AlagcPrn, AlagPrn. The mean value for technical error in measurement (TEM) in Di3D (0.98 mm)
was slightly higher than for a digital caliper (0,17 mm) and a digitizer (0.30 mm). In an intraclass correlation coefficient (ICC)
there were no significant differences among the three measurement methods, but the Di3D system with the stereocamera showed
relatively lower reproducibility compared to actual measurement methods using a digitizer and a digital caliper.
Conclusion: These results indicate that some complementary measures may be needed to improve accuracy and reproducibility
in the Di3D system with stereocamera,
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A7 2712 A SHedeht e
s} glol AR A AR 5 ke A TiE 2l el
7hd SR ehiRl 0SB okre] vhom sgle

D 718" #A
Z} mp|z1e] Qbol| g JFE o]83te] Glabella, =
g 2= T Alo] FQ(soft tissue nasion, N'), F= 2 9-=09]
78] H9(endocanthion, En), FH= 2 $=9] o|=
718] B9l(exocanthion, Ex), I & H9(pronasale, Prn),
olg] H&|(subnasale, Sn), & & $=0] 7 7} H$|(nasal
alare, Ala), S191& F-29(abrale superius, Ls), o}l d<& F¢]
(labrale inferius, Li), #& @ $-=9] 9] #1g] 2-9(cheilion,
Ch), olg & F-2|(soft tissue pogonion, Pg")el SF ==
155-9fel 71Ed& FABFICKFig. 1).
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2 b YA G5 2 AT

32k ZHE|Q. kS o83k QP A S5S St
o] AFALY] RAIHR calibration & mRd|Z1e] ¢bHo] Di3D
A28l (Dimensional Imaging)] %=2] 471 7PHlEl=HE &
Ugk 7ele} ZhwR SixjslA B HAWER DD AlH
EAPIAL] 472PF 95 ezt H=s SHAR F qPE s
AWSSIH(Fig, 2). Di3D capture Z2I3(Dimensional Tmaging,
Glasgow, UK)S olg3ke] 298 47)9] 2 o1 P32
Shtel eha Sl ATAsSI

3) vzt ek QRAIPdeN 2} IR Alole] Azl Al
Qhle] B9l uu, o), Zojg ekl 107)e) ASRE L
3 o] 247} 15 2P0 28] A SHSNACHFg. 3),
(1) Digital caliper 183+ 217 whill A1%: P71 ol

Fig. 1. The landmarks used in this study; 1. G, glabella; 2. N',

soft tissue nasion; 3. Eng,, right endocanthion; 4. Eny, left 9] digital caliper (Mitutoyo, Kawasaki, Japan)& ©]-&3}o]
endocanthion; 5. Exg;, right exocanthion; 6. Exi, left exocanthion; 7o EXR=S 3 = 7124 xlole] A=

7. Prn, pronasale; 8. Sn, subnasale; 9. Alag,, right nasal alare; 1074} 71"? el tigk o7 71EA Alele] ZJ2lE 0.01 mm
10. Alay, left nasal alare; 11. Ls, labrale superius; 12. Li, labrale SR =A5FITHFig. 4).

inferius; 13. Chg,, right cheilion; 14. Chy, left cheilion; 15. Pg', . - -

soft tissue pogonion. ) D1g1tlzel“§‘ 0]%—?1' ZP& u]":“ﬂ ﬂl‘ﬁa E]]O]—% ‘?’101]}‘1 %Z‘]l

oA gdw= g A7l W] “dellA] digitizer (MicroScribe G2,

Fig. 2. Di3D system used in this
study.

Width Exg, (6)-Ex,, (6)

Eng, (3)-En,, (4)

Alag, (9)-Ala, (10)

Chg, (13)-Ch,, (14)  Fig. 3. Linear measurements used
in this study: 1, EXreEXwr; 2, EngeEng;
Height G (1)-Pg' (15) 3, Alage-Alaw; 4, Chee-Chyy; 5, G-Pg';

G (1)-Sn (8) 6, N'-Prn; 7, G-Sn; 8, Ls-Li; 9, Sn-Pg’;

Sn (8)-Pq' (15 10, Alare-Prn. Exg:, right exocan-

n (8)-Pg’ (15) thion; Exy, left exocanthion; Eng.,

Ls (11)-Li (12) right endocanthion; Eny, left endo-
. canthion; Alag, right nasal alare;
Depth N' (2)-Prn (7) Ala, left nasal alare; Chg, right

Alag, (9)-Prn (7) cheilion; Chy, left cheilion; G, gla-
bella; Pg', soft tissue pogonion; Sn,
subnasale; Ls, labrale superius; Li,
labrale inferius; N', soft tissue na-
sion; Prn, pronasale.
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Fig. 4. Measurement using digital
caliper.

Amherst, MA, USA)E o|83}a] 3x} A ollr o] Zt 7|57 9]
AT, v, 22 T3t] 107]0] A gh=o) tlat = 7127 Alo]
o] AglE 0.00001 mm A Z4etIckFig. 5).

(3) ohd QA PF A= 33 I AT EY o] T2
(RapidForm 2006, Inus, Seoul, Korea)< o]83te] Z8]#| .
7hilEkE 253k Qb JAIYES Sk F 2t 715 (reference
poin) & Bk, Z2ae] A% Tisg olgate] 107he]

AZ 3| thst T 7|54 Alole] AglE 0.00001 mm Tt
A 245

3. ASPEd Ag= 2 AW W

Z+ Az Asles rksl| 98 digitizerst digital cal-
iperg o}g3 A3 vRiZ] S7gwst ZejE|e ThelekE olg3to]
53k Qb APl e Ao R 23] Wi Ze Al
g g% vl FAEI 2 AIEA tig SAAEE Sk
spss 12,0™ Z2#e o)g3}3lct. Shapiro-Wilk 74 774

Fig. 5. Measurement using digitizer.

¥ Z¥ZF ANOVAE ol-g5to] Hlal EA8k3leh. ANOVA £
T A}ZEA 0 24 Bonferroni TR BlalE AA|EFRAL, effect
sizeolX] 0.5 olshe A2&¥ 0.5 o) 0.8 mlTkg &, 0.8
oldg dEdE vt

Z} A% o] A s b 8l 4 AlSes SHe
Y ASE diste] 15 1HHoR 23] vHE SAg &
Dahberg2]S- o]-&3}a] A& @xHtechnical error of measure-
ment, TEM) 72 73811, S (Intraclass correlation

coefficient, 1CC)& A|8¥3}FTt.

> D?
2N
(D: ¥R AZR|e] Aol N: el 5

TEM =
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Table 1. Means (SD) of linear measurements for each variable across all methods
Digitizer Digital caliper Di3D
Linear measurement (mm)
T T2 T1 T2 T1 T2

EXgre-EXie 97.22 (5.98) 97.16 (5.97) 97.25 (6.21) 97.18 (6.09) 95.71 (6.34) 95.29 (6.03)
Enge-Ene 33.34 (1.85) 33.01 (1.95) 33.08 (1.95) 33.14 (1.95) 32.72 (2.68) 31.30 (1.96)
Alage-Alare 32.04 (6.20) 32.06 (6.30) 31.85 (6.12) 31.96 (6.06) 32.62 (6.75) 30.90 (6.19)
Chre-Chye 46.16 (4.43) 46.25 (4.20) 46.15 (4.49) 46.24 (4.44) 46.35 (3.95) 44.76 (4.18)
G-Pg' 98.13 (8.22) 98.04 (8.28) 97.79 (8.09) 98.04 (8.05) 98.64 (8.48) 99.01 (8.72)
G-Sn 52.35 (6.13) 52.31 (6.12) 52.31 (6.04) 52.41 (5.89) 52.67 (6.04) 52.78 (5.99)
Sn-Pg' 46.48 (4.69) 46.48 (4.69) 46.46 (4.34) 46.50 (4.59) 46.98 (4.65) 47.31 (4.73)
Ls-Li 14.39 (2.03) 14.36 (2.00) 14.36 (1.89) 14.53 (1.80) 14.69 (1.98) 14.48 (2.01)
N'-Prn 36.09 (5.85) 35.19 (6.77) 35.88 (5.82) 35.79 (5.80) 37.15 (5.73) 36.71 (5.96)

Exgt, right exocanthion; Ex., left exocanthion; Eng, right endocanthion; Eny, left endocanthion; Alag., right nasal alare; Alay, left nasal
alare; Chg, right cheilion; Chy, left cheilion; G, glabella; Pg', soft tissue pogonion; Sn, subnasale; Ls, labrale superius; Li, labrale inferius;

N', soft tissue nasion; Prn, pronasale.

E 1}
Aspael A= Pt

el Alge] JAEE B e BY AT
&l digitizere} digital caliperE o]-83F 2Zx|¢} Di3DE o|&
gk Qb R Folx ] ASAE 23] v SAJ8te] Table 13}
T AAE A

Zt AR AlSHREel Tk 2fol7t °‘hx] Uolr 7] Sl
B AT ANOVA 2498 Al A3t BE Fholx] frefs
THU & 4k 1ol 3712 Sl e 74]’“‘%% atole=
ghe 2o vehdtth Wi el Alo|(EneEny), 95 3270
919k & & F9l(Alag-Prn) o] AISA7}F 242 F-ofg&E 0.50,
0.230% the WoxrT) U Ue}, AR folgh Hw
= oA 24 el wek ol A Aol 3]
SItH(Table 2),

Bonferroni TFEH| WS 2AJEE A3} 371A] Z44PH 5% 3
e frolae @=0.05904 frelgh AfolE HolA| gggke
effect sizeoﬂ/ﬂt- digitizer®} digital caliperZS ©]-83F 2% 214
Z7g9 Aolelis Aot Ae] gl vhAC, DBDE o83t W
3} digitizer 8= digital caliperg o83+ 214 AASAHH Alo]
o= & fo|E B} =, digitizers} digital caliperZ o|-83F
A AAERYES Vg Aol BAHoR wE 27
A gk 2ozt QISlaL, effect size® BT 0.5 o3tE F
SR Alolel] Agtw Apolr} Ao Ittt Effect sizedd A
4 Ao Lhe ghol et AA1H oS mAE Ao,
Di3D¢} digital caliperg B|ugt B9-ox FAKHCZE BE
ZAR oA Fo)ShA] AT Exp-Exy, Eng-Eny, Alag-Alay,
Chp-Chy, G-Pg', Alag-Prnolld £5%5(0.5 oihe] zlol7} Ye}
Yo E3] Alag-Prn= 1.452 & o2 H Y}t Di3De}
digitizerE B3 7oA BAHC 2= BE SAX|AM 2

S kA,

Sk 2=
BIRRT

Di3De} digital caliperE ®|w3F 749-3]H

Table 2. Analysis of ANOVA results

Linear measurements (mm) ANOVA results

Width EXR('EXL( 0.84
Enge-Enie 0.50
AIaRt'AIaLt 1.00
Chre-Chyy 0.95
Height G-Pg' 0.98
G-Sn 0.91
Sn-Pg' 0.99
Ls-Li 0.98
Depth N'-Prn 0.96
Alage-Prn 0.23

P <0.05. Exg, right exocanthion; Exy, left exocanthion; Eng, right
endocanthion; Eng, left endocanthion; Alag,, right nasal alare;
Ala,y, left nasal alare; Chg, right cheilion; Chy, left cheilion; G,
glabella; Pg', soft tissue pogonion; Sn, subnasale; Ls, labrale
superius; Li, labrale inferius; N', soft tissue nasion; Prn, pronasale.

Enge- EHL(, Alth—Alst, Cth Cth, G- Pg Alth Prnoﬂfﬂ ZEE
(0.5 oPh el zfel7t vt o, 53] Alag-Prn= 1.6308 &
zfolE BtHTable 3).

2. ASYRe AR Bt

Dahlberg 218 o]83le] 23] ke S3le] o4} ks Al=sh
ol &5t ASA|e] oA} %k—fi— 0.17 mm
(range, 0.09~0.23 mm)Z 7} k31, digitizerE o]-8-3+
O} 72 0.30 mm (range, 0.11~1.47 mm)$1o1}, Di3DE
o] 85 32+l deld= 24F Fkol 0.98 mm (range, 0,27~
2,85 mm)E JhHo 2 & 0X}E X} DigitizerE o|-83+
AZHPAE NP 1.47 mmE H|2% 2 942 Yo
1}, Di3DE °]8%t 339 o= Eng-Eny 1.32 mm,
Alag-Ala; 1,39 mm, Chg-Chy, 1.59mm, Alag-Prn 2,86 mmZ=
71 FEollM & A= JERIH

Zt AlEHol e Al dS dotrr] ffete] Alisk Fuid
A Aol digital caliperE o83+ g AlA|A|IZH o

A3} digital caliperZ
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Table 3. Signed difference between means (mm), effect sizes?,

ol T il of

§% A7

and post hoc comparision results® from analysys of variance (ANOVA)

Digitizer vs. Digital caliper
Linear measurement

Di3D vs. Digital caliper

Di3D vs. Digitizer

(mm)

Mean diff. Sig. Effect size (d) Mean diff.  Sig. Effect size (d) Mean diff. Sig. Effect size (d)
ExreEXxie —0.02 ns —0.01 1.72 ns 0.53 —1.69 ns —0.52
EnreEni 0.069 ns —0.01 1.10 ns 0.53 -1.17 ns —0.52
AlarcAlar: 0.15 ns —0.01 0.15 ns 0.53 -0.29 ns —0.52
ChgeChye 0.01 ns —0.01 0.64 ns 0.53 —0.65 ns —0.52
G-Pg' 0.16 ns —0.01 —0.91 ns 0.53 0.74 ns -0.52
N'-Prn 0.05 ns 0.02 —0.66 ns —0.27 0.61 ns 0.25
G-Sn —0.20 ns —0.06 —1.09 ns —0.34 1.29 ns 0.40
Ls-Li —0.07 ns —0.06 —0.14 ns —0.13 0.21 ns 0.20
Sn-Pg' —0.03 ns —0.01 -0.37 ns —0.11 0.39 ns 0.12
AlagrePrn —0.31 ns —0.18 —2.50 ns —1.45 2.82 ns 1.63

*Effect size d defined as Mean1-Mean2/SDpooled.
PBonferroni adjustment applied to multiple comparisons.

Exrt, right exocanthion; Ex., left exocanthion; Eng, right endocanthion; Eny, left endocanthion; Alag:, right nasal alare; Alay, left nasal
alare; Chg,, right cheilion; Chy, left cheilion; G, glabella; Pg', soft tissue pogonion; N', soft tissue nasion; Prn, pronasale; Sn, subnasale;

Ls, labrale superius; Li, labrale inferius.

Table 4. Technical error of measurement (TEM) and intraclass correlation of measurement (ICC)

Digitizer Digital caliper Di3D
Linear measurement (mm)
ICC TEM (mm) ICC TEM (mm) ICC TEM (mm)

EXreEXLt 1.00 0.19 1.00 0.18 0.98 0.92
EnreEnee 0.98 0.27 0.99 0.14 0.71 1.32
AlarcAlay: 1.00 0.14 0.99 0.11 0.96 1.39
ChgeChye 1.00 0.19 1.00 0.18 0.85 1.59
G-Pg' 1.00 0.18 1.00 0.23 1.00 0.39
N-Prn 0.95 1.47 1.00 0.09 0.99 0.45
GSn 1.00 0.15 1.00 0.15 1.00 0.37
Ls-Li 1.00 0.13 1.00 0.20 0.99 0.23
Sn-Pg' 1.00 0.22 1.00 0.19 1.00 0.27
AlagePrn 1.00 0.11 1.00 0.20 0.49 2.85
Average 0.99 0.30 1.00 0.17 0.90 0.98

Exrt, right exocanthion; Ex., left exocanthion; Eng;, right endocanthion;
alare; Chg,, right cheilion; Chy, left cheilion; G, glabella; Pg', soft tissue pogonion; N', soft tissue nasion; Prn, pronasale; Sn, subnasale;

Ls, labrale superius; Li, labrale inferius.

739 ICC Frel 1.00, digitizerE o]-83F A$7} 0,992 vl-$-
=& AdGS Hol WHHo||, DI3DE o83 331 e 7S-
0.9002 <zt vko AAJS veRi o) AS ol wE B4
2ol Fofgk Aol gt 53], DRDE o83+ 33 gl

A WS E212] AR|(Eng-Eny) 2] ICC Fol 0.71, £ 3 %
E H9)(Alap-Pr) ¢ ICC 7o) 0.49% o} vhe A3iA]
S HSJtHTable 4),

o F#

ool So) oA Sedeo] By x|gA3d)| 331120 ok
BA ubiEo] wol o]gEw It} XF7HA £ A gt
TE A5 G| T2 dF A AR Hshs 2x#] WAL

Wgdo e Ague

Eny, left endocanthion; Alag;, right nasal alare; Alay, left nasal

FHAZSIAPIARA tracing©] cut—and—paste

F1e 33AA9) lolol g FRE AP AsE AT
B N DS
2 APloE Hols Aol I1gAlel ofs) Hol s A%
Aol sl W7 5 girks wlo] glom, FRASIA
AT} e 2o] olgichs #AIE A iG],
olefet 271912I2] QHARA] WEe] FARES M)

Sfal HZoll=

3D cephalometry[17], laser scanningl6,18],

digitizer]8,19], direct anthrophometry[20], stereo-photogram-
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metry[13,21,22], 3D computed tomography (CT) scan[11,23]
T 3AAR]] B HES okt HRE Wlslee
=2 Yol Zsit.

ollgh 32kl A4 WSS tudee] =4
A, €4 2 =50 vt ofuz} ok 7|3
P A B, oRkbd FEdM =% A3 o5 §
ok AR kiRl Sl

glo]A] 270 hA JA P ol8ste] At =

A% nlug Sl AMEAL Qdri24,251 2 glo]A] 270
0 #G AREOR QI tPd Fe] FA|Qlohd x| B0
el 227t DA ¢ glon, 5H o] FH A
FF3A Edh= o] luh26l. o] WS 278e] =24 fan-

ned out, low-power helium-Neon laser beamsZ TA%=4),
A g5 2] flal k= 3FE] SRSkl = stepper
motore]] oJ3)] SJHR= ofajel] ghojok gt o] HPHE Ao zkE-
Q1 32kl 1l Tl A A= ree] AlETloldS SlEl
T om, oty g Foll Az WskE 7153k Ul &
sich et FE W S dEe] el AS Al 13~15%
o] 71 Atto] &g Eth= ook, &Y Bt #Ak mig] A
= o g 250 wsht E5E s A S Sl
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