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areful patient examination is important
‘ for diagnosis and orthodontic treatment
planning, along with the quantitative
analysis of patient records performed on study
casts, cephalograms and other radiographs.!
Extraoral and intraoral examinations have also
growninimportance in the assessment of progress
during treatment.? A number of diagnostic analy-
ses are based upon facial characteristics* and an
orthodontic treatment evaluation is considered
incomplete if facial photographs are omitted.
Furthermore, producing photographsisrelatively
inexpensive and noninvasive. Facial esthetics can
also be evaluated from facial photographs.
Recently, however, Hanand colleagues® claimed
that study casts alone provided adequate infor-
mation for orthodontic diagnosis in 55% of cases.

The addition of other records, such as roentgeno-
grams and facial photographs, enhanced
interobserver agreement on treatment decisions
by only 5%. Information obtained from facial
photographs does not always help in making a
diagnosis or determining a treatment strategy as
normative values are not available. Recently,
however, attempts have been made to reduce
disagreements derived from facial photographs
by standardization of the patient head position3
Other investigators have been concerned about
the standardization of judgments evaluated from
facial photographs to enhance interobserveragree-
ment.* Judgments based on rating scales can be
useful to reduce observer variation.” If orthodon-
tists really start to use information from photo-
graphs in orthodontic diagnosis and treatment
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Abstract

The purpose of this study was to calculate the agreement between and within observers for orthodontic judgments based
on intraoral and extraoral photographs at two separate occasions in ten twin pairs. Eighteen variables were scored by two
orthodontic students according to well-defined rating scales. Interobserver andintraobserver proportion of agreement as well
as the agreement which could be expected only by chance and the remaining agreement beyond chance were calculated.
The calculated agreement beyond chance was not significant (a=0.05%) for middle and upper facial height, anterior apical
area in lower jaw and posterior apical area in both jaws within the first observer and for upper facial height within the second
observer. Interobserver reliability was not acceptable at the 5% level for judging asymmetry, facial animation, posterior apical
area in the upper and lower jaws, sagittal lip position and the upper facial height. Lower facial height, sagittal lip position and
middle apical area in the lower jaw agreed significantly at this level for only one interobserver comparison.

Key Words
Orthodontics e Clinical judgments e Photographs e Interobserver agreement e Intraobserver agreement.

Submitted: January 1993 Revised and accepted for publication: May 1993 Angle Orthod 1994;64(1):23-30

The Angle Orthodontist Vol. 64 No. 1 1994 23



Lauweryns; Cauwenberghe; Carels

Figure 1D

Figure 1F

Figure 1A-C

Facial photographs,
with the Frankfort Hori-
zontal plane parallel to
the floor, from frontal
non-smiling (1A), lat-
eral (1B) and oblique
(1C) angles.

Figure 1D-E
Photographs of the up-
per (D) and lower (E)
jaws.

Figure 1F-H
Photographs in maxi-
mal occlusion seen
from right (F), left (H),
and front (1G).
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planning, the reliability of these judgments needs
to be evaluated.

The aim of the present investigation was to
determine the agreement within and between two
clinicians in assessing orthodonticjudgments from
facial and intraoral photographs.

Material and methods

Ten twin pairs, between 10 and 14 years of age,
were randomly selected from an ongoing twin
study at the Department of Orthodontics,
Katholieke Universiteit Leuven, Belgium.
Extraoral photos were taken with the face posi-
tioned with Frankfort plane parallel to the floor in
frontal (non-smiling) (Figure 1A), lateral (Figure
1B) and oblique (Figure 1C) views. Intraoral pho-
tographs were taken of the upper and the lower
jaws separately (Figure 1D-E) as well as in occlu-
sion (Figures 1F-H). All photographs were taken
by the same clinician who had no further involve-
ment in the study.

From a standard orthodontic clinical examina-
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tionlist, proposed by van der Lindenand Boersma,?
the two clinicians involved in the judgments se-
lected those variables which could be judged on
the photographs (18 judgments, listed in Table 1).
The etiology of clinical disagreement can be as-
cribed to three categories: the examiner, the exam-
ined and the examination.’ In the present study
the variation of the examiner was kept to a mini-
mum as both clinicians studied clentistry at the
same university and were both active in their
third year of postgraduate orthodontic education.
In consensus, the clinicians defined rating scales
for each judgment (Table 1). Based on this proto-
col they evaluated the variables independently on
the projected photographs. This was repeated
one month later to exclude memory biases upon
the judgments. As all judgments were based on
the same set of photographs, the second source of
variability, the examined, was minimized. The
examinations, finally, were held in constant envi-
ronmental conditions.

Judgments made at the same scoring time (time

[
Figure 1H
zero and one month later) were compared be-
tween both observers; this comparison is called
the interobserver agreement. Each observer’s ini-
tial and second set of judgments were compared;
this comparison is called the intraobserver varia-
tion of the first and second clinician (Table 2).
For statistical analysis the outcome of first and
second judgments were displayed in a contin-
gency table, as illustrated in Table 3, for a judg-
ment with two possible answers, A and B. The
agreementbetween observations (p,) was obtained
by dividing the sumof the answers in the diagonal
axis of the table by the number of observations.
The proportion of clinical agreement which can be
expected to arise by chance alone (p,) is obtained
according to the formula listed in Table 3. In case
this proportion exceeded the observed agreement
(p, > p,) no further calculations were performed.
In judgments where p, exceeded p, it was impor-
tant to calculate the remaining agreement ob-
tained beyond chance (p,) (formula is listed in



Observer agreement

Table 3).1%"' Furthermore the standard error
(SE p,), being an indication of the uncertainty of
the measure, was calculated as {[(p, X (1-p,))/N].
The agreement beyond chance was subsequently
divided by the standard error (p,/SE). Thisvalue | Variables Categories (N)
was then compared to the standard normal devi-
ate (the Z value) at differentlevels of confidence in

Table 1
List of variables* to be judged on extra-
and intraoral photographs

Based on extra- oral photographs

order to determine the level of significance. The | Asymmetry 2 Yes; No.

5% level, the criteria most often applied in statis- Facial Animation 3 High; Normal; Small.

tics, was chosen to determine significant out- | Menton - Subnasale 7 Numerical values from 0.6 to 1.2 mm
comes.!>1? ( lower facial height) (with steps of 0.1 mm)

Results Nasiolabial Angle 3 Acute; Right; Obtuse.

Table 4 lists the judgments of observer 1 (hori- | Nose 4 Large; Small; Normal; Straight.
zontally) and observer 2 (vertically) for the vari- | Profile 7 (Light) Convex; (Light) Straight;
able “profile” for the 20 subjects involved, at Concave; Dished-in;
scoring time zero. According to the formulas Double Proposition.
listed in Table 3 the proportion of agreements (p,, Sagittal Chin Position 3 Normal; Proposition; Retroposition.
p,, p,) wascalculated. Percentages (P,, P, P,) were Sagittal Lip position 3 Normal; Inversed; Enlarged.
obtained after multiplying these agreements by ; Subnasale - Trichion 7 Numerical values from 0.6 to 1.2 mm
100. Because the clinicians agreed that six subjects (middle tacial height) (with steps of 0.1 mm)
showed a convex profile and four subjectsshowed | Trichion - Ophrion 7 Numerical values from 0.6 to 1.2 mm
astraightprofile, the observed percentage of agree- (Upper facial height) (with steps of 0.1 mm)
ment between both observers was 50% Upper and Lower Lip 3 Normal; Abundant; Thin.

(interobserver agreement = p, = [6+4]/20 = 0.50). )
Because the agreement which could be expected | Based on intra- oral photographs

by chance alone (p, = [[(6X11)/20 + (5X8)/ Anterior Apical Area 3 Large; Medium; Small.

20 + (1 X 1)/20] / 20]=0.2675) was lower than the (upper and lower jaw)

observed agreement, further analysis was mean- Middle Apical Area 3 Large; Medium; Small

ingful. The percentage of interobserver agree- (lower and upper jaw)

mentbeyond chan::e (p,=[(50-26.75)/(100-26.75)] [ o5 Hygiene 3 Optimal; Satisfying; Insufficient.
= 0.3174) was 0.32%. The standard error ([ [0.32 Posterior Apical Area 3 Large; Medium; Small.

X (1-0.32]] = 0.10) was very small. Inversing the
standard error and multiplying by p, (SEp,/p, =
3.05) procured the value which needed to be com- *selected from van der Linden and Boersma, 1986.
pared with the Standard normal deviate Z. Asthe
Z value was exceeded at a confidence level of 99%
(0=0.01, Z = 2.576), it can be concluded that the
agreementbetween both observersbeyond chance Table 2
differed significantly from zero at a level 0=0.01. Design of the present study
Table 5 lists the percentages of inter- and
intraobserver agreements at scoring time zero

(lower and upper jaw)

N = Number of categories

and one month later for the 18 judgments, in Scoring time 0 0 1 month 1 month
alphabetical order. Interobserver agreements ex- o . . . .
ceeding agreements expected by chance varied | Clinician Clin. 1 Clin. 2 Clin. 1 Clin. 2

between 31.74% and 90.78%; intraobserver values
between 39.17% and 65.99% for the first and be-
tween 36.17% and 92.37% for the second clinician.

In Table 6 the standard error SE, P,/SEaswell as l
the level of significance o (0=0.05%; 0=0.01%; I

interobserver
variation 1

interobserver

0=0.001%) are displayed for those judgments variation 2

where the observed proportion of agreeing pairs
exceeded the agreement which could be expected |intraobserver variation Clin. 1 |
by chance. For the remaining judgments it was )
concluded that the observed agreement was not | intraobserver variation Clin. 2
significant (NS). The standard error, a measure of
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Table 3
Contingency table between judgments
with two rating scales

Agreement between both observers scoring the
variable “profile” at time zero

Table 4

A B X S V. D DP MX MV N
A cir c2ri r1 X 6 1 0 0 0 4 0 11
) 0 4 1 0
B cir2 c2r2 r2 0 8 0 8
14 0 0 0 0 0 0 0 0
ct c2 N D/ 0 0 1 0 0 0 0 1
DP 0 0 0 0 0 0 0 0
1. Calculation of agreements Mx 0 0 0 0 0 0 0 0
- observed proportion of agreeing pairs MV 0 o} 0 0 0 0 0 0
= (c1ir1 2r2) /N =
(c1r1 +c2r2) /N = p, N 6 5 1 1 o 7 0o 20
- agreement expected by chance alone observed proportion of agreeing pairs (p,)
=((c1xr1)/N+(c2xr2)/N)/N=p, =(6+4)/20=0.50
2. Further statistical analysis in case p, > p, agreement expected by chance alone (p,)

(The proportion p is multiplied by 100 to
convert to a percentage P)

-agreement beyond chance
= (p1 b pg) / (100 -

- Standard error p,

= SE py= {[py X (1-p)/N]

- p;/ SE p,

p2) =Py

X Convex

S Straight

V  Concave
Dl Dished - in

z =((6X11)/20) +((5X8)/20) + ((1X 1)/20)/ 20 = 0.2675

actual agreement above chance (p,)
= (50 -26.75)/ (100 - 26.75) = 0.3174

SE p; = |[0.3174 X (1-0.3174)/N] = 0.10
p; / SE py = 3.05 (significant at 99%)

Abbreviations of the categories:

DP Double proposition
MX Moderate Convex
MV Moderate Concave

(N = number of subjects)
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the uncertainty in a simple statistic, varied be-
tween similar values (0.07-0.11) for all agreements
beyond chance, except the anterior apical area in
the lower jaw where 0.26 was found for the
interobserver agreement, scored after one month.
While both interobserver agreements were not
significant for asymmetry, facial animation and
sagittal lip position, significant levels were ob-
tained for these judgments within the same ob-
servers. Profile, lower facial height and sagittal
chin position were significantin one interobserver
agreement, but at a lower confidence level when
compared to both intraobserver agreements.
The agreement between the judgments of the
second clinician was significantly different from
zero at a higher level than the agreement between
the judgments of the first clinician for the anterior
and the middle apical area in the lower jaw as well
as for the posterior apical area in both jaws and for
middle facial height. For oral hygiene however
the intraobserver agreement of the first observer

Vol. 64 No. 1 1994

exceeded the intraobserver agreement of the sec-
ond observer and was similar to the interobserver
value. The first clinician’s intraobserver agree-
ment was not significant for the anterior apical
area in lower jaw and the middle facial height,
while significance was attained for these judg-
ments between both observers and for the second
observer. Only the secondclinician's intraobserver
agreement for the posterior apical area in the
lower and upper jaws was significant.

Within as well as between observers, agreement
was significant at a 0.001% level for the middle
apical area in upper jaw, the nasiolabial angle and
upper and lower lips.

Judging the morphology of the nose and the
anterior apical area in the upper jaw seemed sig-
nificantata 0.001% level for all agreements except
for one interobserver agreement, where a level of
0.05% was attained. No significance was found
for agreements concerning the upper facial height.



Observer agreement

Table 5
Interobserver and intraobserver agreement. Judgments are listed alphabetically.
Interobserver Interobserver Intraobserver Intraobserver
(Time = 0) (Time = 1 Month) Clin 1 Clin 2
Judgments P, P, P, P, P, Py P, P, Py P, Py P,
Anterior Apical Area (lower jaw) 60.00 40.00 33.33 65.00 525 .26.32 60.00 5250 15.79 90.00 43.00 82.46
Anterior Apical Area (upper jaw) 55.00 44.00 19.64 95.00 62.5 86.67 70.00 46.25 44.19 80.00 59.00 51.22
Asymmetry 40.00 3250 11.11 35.00 32.00 4.41 75.00 60.00 37.50 90.00 81.50 45.95
Facial Animation 35.00 40.25 / 55.00 62.50 / 80.00 66.00 41.18 60.00 43.75 28.89
Lower Facial Height 55.00 33.00 32.84 40.00 31.00 13.00 65.00 33.00 47.76 65.00 28.75 50.88
Middle Apical Area (lower jaw) 55.00 47.25 14.69 80.00 72.00 28.57 70.00 62.25 ::20.53 .. .°-90.00 53.50 . 78.49
Middle Apical Area (upper jaw) 65.00 46.00 35.19 75.00 5550 42.86 75.00 54.00 --45.65 75.00 47.50 52.38
Middle Facial Height 60.00 4450 27.93 75.00 57.25 4152 55.00 47.75 - 13.88 70.00 5250 36.84
Nasiolabial Angle 95.00 4575 90.78 85.00 51.00 69.39 80.00 49.00 - 60.78 90.00 47.75 80.86
Nose . 65.00 46.00 35.19 4500 3325 1760 .,75.00 50.25 49.75 55.00 29.50 36.17
Oral Hygiene 70.00 3850 51.22 60.00 35.25 38.52 60.00 3425 39.17 o 60..00 39.25 34.16
Posterior Apical Area (lower jaw) 60.00 63.50 / 70.00 70.00 / 70.00 70.00 / w  -¢80.00. 65.00 42.86
Posterior Apical Area (upper jaw)55.00 59.00 / 70.00 70.00 / 65.00 65.00 »./- 80.00 65.00 42.86
Profile 50.00 26.75 31.74 30.00 27.50 3.50 .75.00 26.50 65.99 65.00 45.00 36.36
Sagittal Chin Position 40.00 33.50 9.70 30.00 12.50 20.00 70.00 43.50 46.90 75.00 50.75 49.24
Sagittal Lip position 25.00 35.00 / 40.00 39.00 1.64 85.00 64.00 58.33 75.00 47.50 52.38
Upper Facial Height . 95.00 95.00 / 90.00 90.00 / 95.00 95.00 / 90.00 90.00 /
Upper and Lower Lip 75.00 32.00 63.24 60.00 29.75 43.06 70.00 3850 51.22 95.00 34.50 92.37
Legend
P, = observed agreement P, = agreement beyond chance
P, = agreement expected by chance Values are listed as percentages (P = p X 100)

Discussion

If orthodontists claim to adapt their diagnosis
and treatment planning strategies to intraoral and
extraoral photographs, more investigation is
needed to evaluate the reliability of judgments on
the basis of this material. It is not acceptable to
make definite conclusions from judgments which
appear to change thoroughly in time or from
judgments which appear to vary from individual
to individual.

In the present investigation, two orthodontic
students with the same educational level (third
year of postgraduate orthodontic school) were
used to minimize interobserver differences. Spe-
cial attention was also given to patient positioning
and photographing and to the examination proce-
dure.

Neither interobserver agreement was satisfac-
tory for the judgments of asymmetry, facial ani-
mation, posterior apical area in both jaws, sagittal
lip and chin position and upper facial height.

Moreover, the anterior apical area in the lowerjaw
showed an excessive standard error for the sec-
ond interobserver agreement. For lower facial
height and middle apical area in the lower jaw a
significance level of 5% was obtained only at one
scoring time. Judging these variables seemed
related to the observer. The first clinician was
inconsistent in scoring the middle and upper fa-
cial height, the anterior apical area in the lower
jaw and the posterior apical areas in both jaws.
The second clinician on the other hand was not
consistent at a 5% level for assessing the upper
facial height. The middle apical area in upperjaw,
the nasiolabial angle and upper and lower lip
seemed to be evaluated very accurately (0.001% of
significance) within as well as between both ob-
servers. Of course, as the number of rating scales
was not identical for all 18 variables involved in
this study, no information relating to the sensitiv-
ity of the judgments could be calculated.

It should be mentioned that software has been

The Angle Orthodontist
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Legend

Table 6
Level of significance for the observer’s agreement beyond chance. Judgments are listed alphabetically.
Interobserver Interobserver intraobserver Intraobserver
(Time = 0) (Time = 1 Month) Clin 1 Clin 2

Judgments SEP, P,/SE o SEP, P/SE « SEP, p/SE « SEP, po/SE @
Anterior Apical Area (lower jaw) 0.11 3.16 0.1 0.26 267 0.01 0.08 1.94 NS 0.09 970 0.001
Anterior Apical Area (upper jaw) 0.09 221  0.05 0.08 1140 0.001 0.11 398  0.001 0.11 458 0.001
Asymmetry 007 158 NS NS 0.11  3.46  0.001 0.11 412 0.001
Facial Animation NS NS 0.11 374  0.001 010 285 0.01
Lower Facial Height 0.11 313 0.01 008 173 NS 0.11 428 0.001 0.11 455  0.001
Middle Apical Area (lowerjaw)  0.08 1.86 NS 0.10 2.83 0.01 0.09 227 005 0.09 854 0.001
Middle Apical Area (upper jaw) 0.1 330 0001 011 395 0.001 0.11 410  0.001 0.11 469 0.001
Middle Facial Height " 010 278 0.01 011 377  0.001 0.08 180 NS 0.11 342  0.001
Nasiolabial Angle '0.06 14.04  0.001 010 573 0.001 0.11 557  0.001 009 9.19 0.001
Nose 0.11 330 0.001 0.09 207 005 0.11 445  0.001 0.11 337  0.001
Oral Hygiene 0.11 458  0.001 0.11 352  0.001 0.11 359  0.001 011 322 0.1
Posterior Apical Area (lower jaw) NS NS NS 0.11 3.78  0.001
Posterior Apical Area'(u‘pper jaw) NS NS NS 0.1 3.87 0.001
Profile o 0.10 3.05 0.07 NS 0.11 621  0.001 011 3.38  0.001
Sagittal Chin Position R NS 0.08 202 0.05 011 420 0.001 011 440  0.001
Sagittal Lip Position NS NS 0.11 529  0.001 011 469 0.001
Upper Facial Height NS NS NS NS
Upper And Lower Lip 0.11 587 0.001 011  3.89 0.001 0.11 458  0.001 0.06 1556 0.001

SE = standard error; p, = agreement beyond chance; NS = Not Significant at 5% level.
According o and standard score (Z) for the specific confidence levels:
95% (0=0.05; Z=1.960); 99%(0=0.01; Z=2.576); 99,9% (0.=0.001; Z2=3.29).">'3
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developed to perform facial analysis on photo-
graphs visualized by means of a camera, con-
nected to the computer. This computerized video
imaging allows a comparison and superimposi-
tion of lateral and profile extra-oral photographs
with RX images.™

Involving quantitative measurements based on
radiographic and dental cast analysis seems
essential to check clinical findings concluded from
photographic material.

Vol. 64 No.1 1994

Keeping the present findings ir mind, a degree
of caution is urged when decisions are made upon
first time observations of facial and intra-oral
photographs. It is advisable to compare clinical
judgments within and between clinicians as well
as to compare them to results obtained from other
records.



Conclusions

Intraobserver agreement for the first observer
was found to be significant at a confidence level of
atleast95% for 13 judgments; the second observer
agreed significantly for 17 judgments. Inter-
observer agreement was satisfactory foronly eight
judgments. Clinical orthodontic patient analysis
based on extraoral and intraoral photographs,
taken in a standardized way, should be used with
caution. It is advisable to compare observations
made onextraoraland intraoral photographs with
other records providing quantitative and objec-
tive values, as clinicians are not always consistent
from one day or week to the next, and are evenless
consistent with colleagues for these judgments.
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