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The accuracy of computerised cephalometric analysis
compared to conventional manual method

Nahil. A, Al-Nasseri, B.D.S, M.Sc*

Abstract:

Computerised cephalometric softwares are widely spreading nowadays with
several options regarding orthodontists demands. This study aims 10 compare the
accuracy of the computerised procedure from digitising the radiograph to the final
cephalometric analysis, Tweniy-six lateral cephalograms were analysed, thirteen
landmarks were permanently marked and traced and eighteen variables; nine angles
and nine lines in both horizontal (X) and wvertical (Y) directions were measured
manually first, then scanned and the same landmarks were digitised on-screen using
Viewbox 3.0.1 cephalometric computer software. The results show that computerised
angular measurements were more comparable to the manval method than with linear
measurements, with most of the differences being of low clinteal importance.
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Introduction: fashion. Reproducibility, or precision,
is the closeness of successive
measurements of the same object, The

Cephalometric radiographs have term reliability is used as a synonym
been used for many years as part of the for reproducibility, but it may also he
records 10 assist with orthodontic used in a broader sense o encompass
diagnosis and treatment planning. The both validity and reproducibility, '
value ; of _al:-l:i.ll'iﬂ.tt ':‘ap!m]'}mﬂ”c However, the relatively recent
analysis i orthodontics  and dsvelomment of mfmtr;ri,sed
ﬂnhngnathlc surgery  is  well cephalometric software has allowed an
established. increasing number of orthodontists to

Until twenty years ago, the utilise this technology by digitally
Zl;t:;‘:m;:l ::;’I;’;“p:: ““‘“'3"5'“% recording craniofacial landmarks and
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tracing which then measured with o E:Icu[u;:%h;h::;f:mdpmugmﬁ;ﬂnﬁ? :
rulcrand profracior. Various  investigators  have

A8 OTISOL 18- RS st I evaluated the use of computerised
Eﬂas:ll';duc]h;']?:t'm‘#a]idi:éhiihfhe ﬂ:::: cephalometrics and the digitising
mF ik, .'r_m the} e !J]'I}l:l:s:_”] s of cephalometric radiographs
measurement error, the value obfained The cephalometric software market
represents the object of interest, Tiu: offers at least 20 products and it is
term accuracy may also be used in this extremely  difficult 1o compare
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them because orthodontists have
different claims. This study evaluates
oni of the cephalometric software in
comparison  to  the conventional

were of good quality 1o provide good
scans for the computerised analysis
and easy tandmark identification. The

tracing procedures were performed in

Lwo Ways:

Manual tracing: the tracing was
carried out using a trace foil, 4H
0.5mm mechanical pencil, x-ray light
viewer, a tmcing emplate ruler (3M
Linitek™) it a profractor
(A W.FABRE). Steiner's analysis was
used and thirteen landmarks were
permancently marked for  each
radiograph with pin holes."*! (Table-
1).

technique of manual tracing.
Materials and methods:

Twenty-six lateral cephalometric
radiographs were selected from the
records of the post-graduate clinic at
the College of Dentistry, University of
Baghdad (19 males, 7 females) with
apge range |B-25 years. The radiographs

Table 1: Landmark definition

Definition

Point A: The most posterior point on the labial surface of the maxilla
between anterior nasal spine and the alveolar process,

Anterior Nasal Spine: The anterior tip of the nasal spine at the lower margin
of the anterior nasal opening

Articulare: The point of inlersection of the posterior margin of the ascending
ramus and the cuter margin of cranial base.

Point B: The most posterior peint in the outer contour of the mandibular
alveolar process in the median plane.

Gonion: The constructed point where the ramus plane and mandibular plane
infersact.

Lower Incisor Apex: Root apex of the most anterior mandibular central
HZ150T,

Lower Ingiser Edge: The tip of the most anterior mandibular central inclsor.
Menton: The maost inferior point symphyseal outline of the mandible.
Nasion: the most posterior point of the pasofrontal suture in the median
nlane.

Posterior MNasal Spine: the intersection of the coatinuation of the anterior
wall of the plerygopalatine fossa and the floor of the nose.

Sella: The midpoint of the hypophyseal fossa,

Upper Incisor Apex: Root apex of the most anterior maxillary central
INCISOF.

Upper Incisor Edge: The tip of the most anterior maxillary central ineisor.,

From these landmarks, eighteen
variables were calculated; nine angles
and nine linear measurements in both

horizomtal (X) and vertical (Y)
directions ( Table-2),
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Variable

Table 2 Variable definitions

Unit

Dreefinition

%ANE» angle Degree Angle between N-A and N-B

| Anterior cranial base Millimetre | Distance between S and N

Anterior face height Millimetre | Distance between N and Me

Articular angle Degree Angle between S-Ar and Ar-Cio

| Gonion angle Degree Angle between Ar-Gio and Go-Me
Inter-incisal angle Degree Angle between ULA-UIE and LIA-LTE
| Lower anterior facial beight | Millimetre | Distance between ANS and Me

| Lower ineisor 10 Go-Me Degree Angle between LIA-LIE and Go-Me

| Mandibular bady Millimetre | Distance between Go and Me

| Miaxillary length antesior Millimetre | Distance between ANS and PNS

Pasterior cranial bass

Millimetre

Distance between 5 amd Ar

| Posterior face heigh

Millimetre

Distance befween S and Go

| Ramus height Millimetre | Distance between Ar and Go

| Saddle angle Degree Angle between N-S and S-Ar

[ SMA angle Degree | Angle berween S-4 and N-A
SNE angle Degree Angle between 5-M and N-B
Upper anterior facial height | Millimetre | Distance hetween M and ANS

Llppar incesor (0

Compulerised tracing:

palatal plane

Degree

the

radiographs were all scanned with
Crenms ColorPage 6HEX Slim scannecr
at a resolution of 1 50 dpi (dot per inch)
{the defaull setting of the fracing
computer software) wsing a |.1GHz
Intel™ Celeron™ personal computer.

Angle between ANS-PNS and ULA-UIE |

The ruler that was used in the
measurements was scanned with the
radiograph. The resultant pictures were
stored  in 8 JPEG format with a
compression ratio of 5.3, The pictures
were  imported  into cephalometric
computer software [Viewbox version
3.0.1.5% (Figure 1).
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Figure (1): Viewbox software
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Yarious enhancements features
provided by the software were freely
allowed to use such as magnifying the
pictures, changing brightness, contrast,
and other advanced picture processing
tools in order 1o allow for the best
digitising of the pre-matked
landmarks. Digitising was carried out
on-sereen  using the mouse for all
thirteen marked landmarks; the
program also provided a teol for
correction’ of magnification of the
radiograph, so magnification due o
scanning was comected on the mler
that was scanned with the radiograph
to eliminate the chances for changes in
the size of the scanned radiograph. The
program was sel to caleulate all of the
gighteen varizbles that were included

in the study. The results of

measurements were exported to
Microsoft Excel XP™ spreadsheet
program.  Statistical analysis  was
carried out nsing t-est with eneqgual
variances using Microsofl Excel XP™™
data analysis tool pack.

Results

Tables 3 and 4 show the means,
standard  deviations, minimum and
maximum rendings for angular  and
linear measurements respectively, The
highest standard deviations are found
in both digital and monual inter-incisal
angle for angular measurement (§.373
for digital and 8390 for manual), and
anterior face height (N-Me) for linear
measurement (6.848 for digital and
§.777 for manual).

Table 3: Means and standard deviations for angular measurements. (in degrees)

Vanable

Analysis

Mean

| Saddle angle (N-S-Ar) angle

digital

(28,165

manual

128154

Articular angle (5-Ar-Go) angle

digital

136,862

manaal

139,883

nnial angle {Ar-Go-Me) angle

digital

125,796

manual

125.904

SNA angle

digital

79,796

manual

80058

sMB angle

digital

77.56Y9

manual

77885

ANB angle

digital

1.227

manual

2,173

Upper Incisor- Palatal angle

digital

115,188

manual

115327

Lower Incisor to Go-Me angle

digital

95,473

raaneend

94.981

Inter-incisal angle

digital

125.427

maneml

123,338
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Table (4): Means and standard deviations for lincar measurements.

Variahle Analysis | Mean sD Min | Max
T digial | ED.158 | 3.857 | 734 | &3
Arme al base{S-MY

et | anwl | 79808 | 387 | 3 | 8
Maxillary length anterior (mm) djEJ!i:l 55063 3542 dR A 523
manual 54673 3518 48 i
; digital 8,738 GED 65,5 G4

Mamibuls body (Go-Me 5
y {CoMe){orm) mianual 0500 | 65.129 [ o2

digital d].23] 1510 147 48.6
mianual 41038 | 3.580 34 44
digital 58038 | 5249 § 497 T2.5
manual 7912 | 5399 49 73
eligital 03,40 G668 8.2 1064
manual | 25481 | 6,734 78 106.5
i 5 ihigzadal 62,050 | 3046 | 549 68,7
Whper: Ankesior Fecial Flaghi o) I.TII.IEILI..F.IJ 6.2 5% 3076 i) 6%
digital 78.362 | 5931 | 662 | 911
manua| 78423 | 6041 B 41
| digital 135819 | 6848 | 1311 | 1589
manua| 140.077 | 67T 31 5%

Prsgenior ol beee (S-Ar) (men)

Ramus height {Ar-Go) [mm)

Prsterior faces besght (S-Cao) (1mem)

Levvver Amerior Focial Hesghi fmm)

Arserior fice height (N-Me) {imm)

Tahble 5 compares between both differences have been found berween
manual and computerised (digital) the two methods for all the variables.
angular measurements. No significant

Table (5):Comparison between manual and digital angalar measurensentslp<(.05)

Angular messurements | Method | Mean . Significance

computer § 128,163 not
Saddle angle (N-5-Ar) ——— R sigircit

Articular angle (5-Ar- | computer | 139.862 not
Ga) manual  § 139885 significant

Gonial angle (Ar-Go- | computer | 125,796 not
Meh manual | 25.904 3 sinmificant

SNA angle computer | 79,706 it
mianual BD.058 significant

computer § 77,569 nod
e ksl 77885 i significant

computer | 2127 not
Al 2173 ' significant

compaer | 115 188 ot
manusl 115327 significant

computer § 95473 Tl
mamual i R significznt

computer | 125,427 e
T 125.538 significant

SN angle

AMB angle

Upper Incisor - Palal anele

Lawver bwisor o GoMe angle

Inter-incisal angle

I
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‘Table & comperes between both
manual and computerised (digital)
lincar measurements, also no

significant differences have been found
between  both methods for all the
varinhles,

Table 6 Comparison between manual and digital linear measurements. (p<0.05)

Lingar measuremants Method | Mean valua | Sianificance
el = Py e
Mendary Ength antsicr o “;1"::“”3’ ﬁ:g?ﬁ :ii‘;; 088G | riot significant
Mandiouiar bady (Ge el frvri Wl'ﬂ?:i:; ;E_—;;: 3:2;3 0.889 | not significant
| Foseor amraatase gy “f::i*':?' ::E :221; 0.845 | not significant
Ramus height (Ar-Ga) {mm) '::;r':::lr :?_;:: g;::? 0.895 | not sigrificant
Tl TR T ey e
Upper Arstorior Facial Heght () “::ﬁ?r E';'Eﬁgg gfﬁg 0850 | not signihcant
Liovwer &ierior Faial Heght frmm) n:::::: ;:ig: g:l:: 0.971 | nol significant
el o o p e

Discussion:

There are a varlety of emor
sources  in cephaiomelric  analysis
starting from radiograph taking and
magnification,  through  landmark
identification, tracing and recording
the data. Because standardisation is
essential  in  comparative  studies,
procedure was performed by one
operstor.  Tracing of all radiographs
was camied out randomly taking info
consideration that not more than 5
radiographs were traced per day for
both manusl tracing and computer
digitisation to  minimise operator
stress.In manval tracing the ruler used
was millimetric and the protractor had
a ome degree scale, during
measurement, fractions of a millimetre
or degrees were rounded to the nearest
half of a millimetre or half of a degree,

while the computer calculated the
measurements with an  seccuricy of
0.1mm. Some variation in the readings
may bc afiributed 10 this rounding,
This comes in  agreement  with
Baomrind and Frantz "9 who
supgested  that measurément error
could certainly he reduced
considerably when instrument by
which  measurements could  be
performed to O.lmm or 0.1 degree
werne used,

In this study errors due to
reading of the landmarks were to be
minimised, the alim was to evaluate the
procedure of scanning and digitising
on=screen the lateral cephalograms and
of course the ability of the program to
correct and produce accurate resulis
that are comparable to the manually
measured

12
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The quality of the radiographs
and magnification mberent due to the
machine were not to be a factor
affecting this study. Alhough the
program  provided the tools for
correcting the mapnification of the
machine, in this study we relied on
direct measurement on the radiograph
itself, and the ruler used in manual
measurements was used to correct the

magnification due o scanning (if
present).
The result shows that no

significant differences were observed
between the measurements of the two
methods of analysis for both angular
and linear variables. This suggests that
computerised cephalometric  analvsis
can produce results comparable 1o
those produced manually. This agrees
wil the result of Baskin and Cisneras.
(12}, Several avthors concluded that
computer analysis is less likely w
introduce more measurement errors
than hand tracing as long as landmarks
are identified manually (12-15), also
on-soreen digitisation has been shown
to be very reliable and reproducible
(16) with several advantages over
manual procedure like ;

l.Angles and distances Can be traced,
calculated or listed together with the
mean value for the comparison.

20me can produce any number of
copies of a computerised tracing.

3A series of superimposition of
computerised tracing can be obtained
before and after therapy registered on
different structures.

4 The population noms template
tracing can be superimposed on a
patient tracing,.

3.A prognosis tracing can be generated
to demonstrate the effects of possible
procedures.

fi. Retrieving the sorfed data for elinical
OF research purposes,

T.Multiple analvses can be performed
et the same time amd different linear

and angular measurements obtained
separately or collectively. '™

The software also provides lots of
other capability and features that
simplify and  facilitate  tracing
procedure and comparing up to 10
radiographs in addition to treatment
prediction  and  viswal  treatment
objectives (VTO) and morphing of
patient's photograph for phowrealistic
prediction of treatment outcome.

Although not included as a variahle
in this study, it is noteworthy o
mention that time factor s of great
importance nowadays, no matter how
experienced or fast the operator iz,
measuring procedure by itself takes up
e lime than the identification of the
landmarks and tracing the radiograph,
and for a research with a greater
number of radiographs to trace and
megsure, the effort and the time taken
i5 increased, while with today's fast
computers the time taken to identify
the landmarks is the lime needed o
have the rasufts ready.

In  conclusion, computerised
cephalometric softwares can be simple
efficient and ¢an produce resulis that
are comparable to manually treced and
analysed cephalograms. It reduces the
time needed for cephalometric analysis
and can kelp reduce the human errors
introduced  during the manual-
measuring  procedure  in the
conventional cephalometric analysis.

Special thanks to Dr D,
Halazonetis for his support and
valuable consulmtion regarding the
software, and for Dr. M. Al-Janabi,
Dr. A Amin, and Dr, 8. Al-Juboury for
providing the cephalograms for this
research.

References:

1. Houston WIB: The analysis of errors in
arthodantic  measuerments. Am 1 Orihod
1983 35 382-3%),

13



M ustensiria DJ

The accuracy of computerised cephalometric...

Waol.22 Mool 2005

2. Houston WIB: Application of compater
sided digital analysis o orthodontic reconds,
Burg T Orthid 1979, 1; 71=79,

3. Richardson A: A comparison of raditional
computerlsed methods of  cepholomelric
analyaia, Burop | Ortha 1981; 32153

4. Btrrups DR A cormparison of the secumey
of cephalometrle landmark Iocation bebwesn
bwo  sereon flms  combinations.  Angle
Orthod 198%; 5% 211-215

5. Oiver  Ri:  Cephoelmeiric . analysis
comparing fine different methods. Bri J
Ot 1991 1H:277-283,

6 Davis DM, Mackay F: Religbildy of |
cephalomiciric  anolyels wsing monual and
interactive computer methods. B J Orthad
IB00; TR B0S- 109,

T. Marci ¥, Wenzel A: Rellabiliy  of
landmark recording on film and digital
lateral cephalograms, Europ, J Orthod 1993;
15: 137-1448.

8. Mimkaran ¥, Miles PG: Relsbility of
computer geserated cephalometrics. Int J
Adule Qrthod Cethagnatic Surg 1995, 10:43-
32, '

B.Lim KF, Foong KW Camputed
vephilcenetry-how relighle i1 i8? 1 Dent Res
1997, T6: 1209 nhstract.

[duileen W, Wenzs| A, Gotfredsen E, Kruger
M, Hansson LG:! Reproducibility of
cephalurnetric  landmerks on comventional
film, hardeopy &d monitar-displayed image
chiained by the storage phosphor technigquee.
Evrop J Orthod 1998 20:331-340,

I'1.Liu JK, Chen YO, Cheng K5 Accuracy of
compiderised  pnotomic  identification of
cephalomelric  landmarks. AM 1 Orthod
Dremofse Orihop 2000; 118:5) 5540,

12:Baskin HM, Cianeros O3 A comparison. of
two computer cephalsmelric programs. J
ClinOrhod 1997; Apeil: 231-233.

[3.Baamrind 5, Frantz RC! The reliability of
head [ifm analvsis, the Unlversity of
Californin San Frencisco method. Am
Ortkod Dentole Orthop 1971; Jul 41-65.

[ Geavely JF, DBenzies PM: The clinles]
significance  of  tacing ermor iR
cephalometry. Brit T Oribo 1973; 3906101,

15:Chen ¥J, Chen 5K, Yao JC, Chang HF:
The Effecis of Differences in Londmark
ldentification  on the  Cephalometric
Messuremerts  in Traditional  Versug
Digitized Cephalometry. The Argle Orthod
2003, Vol T4 {2): 155-161.

DeMainl FB, Otesovic M, Vasir SH: A
comparson of menual iracing, digitizing and
computer cephalometric snalysis. Virual J
Orthodontics, [Seriel online, 2001; March
15, 3 (4 [+ screems] URL:
buitpilfwaw, vio, U004 :

7. Harris M. Reynolds D Fundamentals of

arthogrnthic surgery. WB Baunders Company,

1551

14



