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Reproducibility of Cephalometric Measurements Made by
Three Radiology Clinics

Heraldo Luis Dias da Silveiraa; Heloisa Emilia Dias Silveirab

Abstract: The purpose of this study was to assess reproducibility of cephalometric measure-
ments in cephalograms obtained by three dentomaxillofacial radiology clinics. Forty lateral ceph-
alometric radiographs were selected and sent at different times to three different clinics for ceph-
alometric analyses. Each clinic digitized the radiographs with the same resolution, and landmarks
were located with the mouse pointer directly on the digitized radiographic image on the screen.
Three cephalograms were obtained from each radiograph, totaling 120 analyses. Data were an-
alyzed with analysis of variance. Of the 32 factors studied, reproducibility of results was satisfac-
tory for only four factors: position of maxilla relative to anterior cranial base, inclination of occlusal
plane relative to anterior cranial base, position of lower incisor relative to nasion-pogonion line,
and soft-tissue profile of face (P , .05). Differences in cephalometric measurements were present
and such differences were significant for most factors analyzed. The different cephalometric mea-
surements obtained by the three dental radiology clinics were not reproducible. (Angle Orthod
2006;76:394–399.)
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analysis

INTRODUCTION

Cephalometric analysis is based on the identifica-
tion of anatomic landmarks, some of which are difficult
to identify. Therefore, some landmarks are more re-
producible than others, and absolute accuracy can
hardly be achieved because all identifications are sub-
ject to some degree of error. The difficulty in identifying
cephalometric landmarks is associated with the fact
that the images of anatomical structures overlap and
that some landmarks are paired with one found on
each side of the face. Consequently, they often appear
as double, noncoinciding images on lateral radio-
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graphs.1–4 However, the value of cephalometric anal-
yses depends on the accuracy of measurement tech-
niques because errors in recordings may lead to an
incorrect diagnosis.5–8

Dentomaxillofacial radiology clinics in Brazil usually
trace the cephalograms and send them, together with
the corresponding radiographs, to the orthodontists or
oral and maxillofacial surgeons who will use them to
establish diagnoses and plan therapeutic interven-
tions. Several studies in the literature have shown the
existence of variability in interobserver landmark iden-
tification depending on different individual conceptions
of landmark definition and perception of landmarks.9–11

According to Trpkova et al12 and Rudolph et al,5 the
validity of any measurement obtained from cephalo-
metric radiographs depends on the reproducibility of
cephalometric landmarks. The quality of the radio-
graph, the conditions under which measurements are
made, and the skill and training of the person who
traces the cephalograms affect the magnitude of error
in landmark identification.

Lau et al,10 however, argued that the degree of error
probably depends on individual conceptions of land-
mark definition and perception of landmark location
rather than on training or experience. Kamoen et al13

studied the reproducibility of interobserver cephalo-
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TABLE 1. Description of 32 Cephalometric Factors Analyzed on Cephalogramsa

Cephalometric Factors Description

S-N.A Position of maxilla relative to anterior cranial base.
S-N.Occl Inclination of occlusal plane relative to anterior cranial base.
/1-NPog Position of lower incisor relative to nasion-pogonion line.
H.(N-B) Soft-tissue profile of face.
S-N.D Position of mandible relative to anterior cranial base.
(S-N).(Go-Me) Inclination of mandibular plane relative to anterior cranial base.
1/.NS Inclination of upper incisor relative to anterior cranial base.
1/.NA Inclination of upper incisor relative to maxilla.
FMIA Frankfort mandibular incisor angle.
FMA Frankfort mandibular angle.
A-(V-T) Position of maxilla relative to V-T line.
CD (Vigorito) Vogorito’s cephalometric discrepancy.
1/./1 Interincisor angle.
/1-Orb Distance from long axis of upper incisor to orbitale.
H-Nose Nose projection relative to Holdaway line.
IMPA Incisor mandibular plane angle.
(N-Pog).(Po-Orb) Facial angle.
N-A.Pog Angle of convexity.
S-N.B Position of mandible relative to anterior cranial base.
A-N.B Relative position of maxilla to mandible.
S-N.Gn Growth axis.
1/-NA Position of upper incisor relative to maxilla.
/1.NB Inclination of lower incisor relative to mandible.
(Go-Me).(V-T) Inclination of mandibular plane relative to V-T line.
F.(V-T) Inclination of V-T line relative to Frankfort plane.
(Go-Gn).Occl Inclination of occlusal plane relative to mandibular plane.
Genial tubercle Projection of genial tubercle.
/1-(V-T) Inclination of lower incisor relative to V-T line.
H.(V-T) Angle formed by Holdaway line and V-T line.
/1-NB Position of lower incisor relative to mandible.
/1-Line I Position of lower incisor relative to line I.
Pog-NB Distance from pogonion to NB line.

a V-T line indicates Long axis of mandibular symphysis Line 1, Interlandi’s line.

metric tracings and concluded that there were signifi-
cant differences in the identification of anatomic land-
marks. They also found that tracing accuracy is a lim-
iting factor in cephalometry and that the variation for
each landmark is dependent on the quality of the
cephalogram.

The purpose of the cross-sectional study presented
here was to study the reproducibility of cephalometric
measurements obtained by three different dentomax-
illofacial radiology clinics.

MATERIALS AND METHODS

Forty radiographs were selected from patient files;
selection criterion was the technical quality of radio-
graphs. All radiographs were taken with the same x-
ray device (Orthophos 3 Ceph/60–80 kV, 10 mA).
Three clinics (A, B, and C) located in the city of Porto
Alegre, Brazil, were randomly selected for the analy-
ses.

Each clinic digitized the radiographic image and an-
alyzed one lateral cephalogram for each of the 40 ra-
diographs, and a total of 120 cephalograms was ob-

tained for this study. Each cephalogram had 32 ceph-
alometric measurements (Table 1) corresponding to
the analysis of one radiograph, and 3840 measure-
ments were analyzed.

The Radiocef system (Radio Memory Ltda, Belo Ho-
rizonte, Brazil) was used to prepare the cephalograms.
This system uses an A4 desktop scanner with a trans-
parency adapter to digitize the radiographic images.
The digital image resolution was 150 dpi, 8 bits. Land-
marks were located with the mouse pointer directly on
the digitized radiographic image on the screen.

To ensure that the analyses were performed as usu-
al by the clinics, observers were blinded to the fact
that analyses were part of a study. Therefore, a sam-
ple of what routinely happens in those clinics was ob-
tained. No criterion standard was established for the
accuracy of cephalograms prepared by the different
clinics. The purpose of this study was to determine the
reproducibility of the results and not to judge which
clinic was right or wrong.

Analysis of variance (ANOVA) for three or more
paired samples was used to compare each separate
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TABLE 2. Results of ANOVA Performed to Compare Cephalometric Measurements Obtained by Clinics A, B, and C in Porto Alegre, Brazila

Factors F ratio P value Conclusion Differences

S-N.A 0.017 .972 NS No differences between A, B, and C
S-N.Occl 2.573 .083 NS No differences between A, B, and C
/1-NPog 3.076 .052 NS No differences between A, B, and C
H.(N-B) 1.947 .156 NS No differences between A, B, and C
S-N.D 17.844 .000 S Differences between A, B, and C
(S-N).(Go-Me) 28.030 .000 S Differences between A, B, and C
1/.NS 25.329 .000 S Differences between A, B, and C
1/.NA 25.147 .000 S Differences between A, B, and C
FMIA 37.018 .000 S Differences between A, B, and C
FMA 25.431 .000 S Differences between A, B, and C
A-(V-T) 24.538 .000 S Differences between A, B, and C
CD (Vigorito) 11.243 .001 S Differences between A, B, and C
1/./1 28.182 .000 S A different from B and C
/1-Orb 28.826 .000 S A different from B and C
H-Nose 7.175 .001 S A different from B and C
IMPA 29.485 .000 S A different from B and C
(N-Pog).(Po-Orb) 14.043 .000 S B different from A and C
N-A.Pog 10.305 .000 S B different from A and C
S-N.B 9.419 .001 S B different from A and C
A-N.B 12.969 .000 S B different from A and C
S-N.Gn 12.019 .000 S B different from A and C
1/-NA 11.964 .000 S B different from A and C
/1.NB 18.743 .000 S B different from A and C
(Go-Me).(V-T) 14.751 .000 S B different from A and C
F.(V-T) 19.778 .000 S B different from A and C
(Go-Gn).Occl 10.410 .000 S C different from A and B
Genial tubercle 23.540 .000 S C different from A and B
Iii-(V-T) 8.726 .000 S C different from A and B
H.(V-T) 23.254 .000 S C different from A and B
/1-NB 4.810 .011 S A different from B
/1-Line I 7.429 .002 S A different from B
Pog-NB 5.153 .008 S A different from C

a NS indicates not significant; S, significant.

factor for the three clinics, according to the SPSS:GLM
routine (general linear model repeated measures). For
the multiple comparison procedures, a significance
level of 5% was established.

RESULTS

The results of ANOVA analyses for each factor un-
der study are shown in Table 2. The most important
results are described below.

• Only four factors did not show any differences be-
tween the three clinics: S-N.A; S-N.Occl; /1-NPog;
H.(N-B).

• A significant difference was found between the three
clinics (A and B, A and C, B and C) in eight factors:
S-N.D; (S-N).(Go-Me); 1/.NS; 1/.NA; FMIA; FMA; A-
(V-T); CD (Vigorito cephalometric discrepancy).

• A significant difference was found between clinics (A
and B, A and C) in four factors: 1/./1; 1/-Orb; H-
Nose; IMPA.

• A significant difference was found between clinics (A
and B, B and C) in nine factors: (N-Pog).(Po-Orb);

N-A.Pog; S-N.B; A-N.B; S-N.Gn; 1/-NA; /1.NB; (Go-
Me).(V-T); F.(V-T).

• There was a significant difference between clinics (A
and C, B and C) in four factors: (Go-Gn).Occl; genial
tubercle; Iii-(V-T); H.(V-T).

• A significant difference was found between clinics A
and B in two factors: /1-NB; /1-Line I.

• Results for the Pog-NB factor were significantly dif-
ferent between clinics A and C.

The maximum differences between the clinics were,
in general, very high (Tables 3 through 5). Differences
of up to 11.33 mm were found for linear measure-
ments. Differences of up to 20.138 were found in an-
gular measurements for the FMIA factor. The greatest
difference found for Vigorito’s CD was 17.70 mm (Ta-
ble 4).

DISCUSSION

In computer-aided cephalometry, which uses digi-
tized radiographs and specific software for tracings
and measurements, the chance of error lies in locating
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TABLE 3. Mean, Standard Deviation, and Minimum and Maximum
Differences Between Clinics A and B for Cephalometric Measure-
ments (in Millimeters or Degrees), Porto Alegre, Brazil

Variable

Differences Between Clinics

Mean SD Minimum Maximum

(N-Pog).(Po-Orb) 3.01 2.21 0.43 10.22
N-A.Pog 2.21 2.68 0.09 16.02
S-N.A 1.51 1.50 0.00 6.93
S-N.B 1.31 1.12 0.04 5.03
A-N.B 0.92 1.01 0.06 6.11
S-N.D 1.41 1.15 0.00 4.84
S-N.Gn 1.25 0.94 0.03 4.07
S-N.Ocl 1.98 1.54 0.04 6.65
(S-N).(Go-Me) 2.48 1.54 0.07 6.95
(Go-Gn).Ocl 2.50 2.36 0.14 11.66
1/./1 4.37 3.25 0.17 13.85
1/.NS 2.64 2.06 0.01 8.68
/1-Orbita 3.28 2.40 0.09 9.18
1/.NA 2.67 2.27 0.05 11.02
1/-NA 1.44 1.84 0.01 11.33
/1.NB 3.58 2.84 0.02 16.28
/1-NB 0.84 1.12 0.04 6.81
/1-NPog 0.69 1.13 0.01 7.00
H.(N-B) 1.41 1.42 0.04 5.45
H-Nose 1.30 0.86 0.11 3.81
Pog-NB 0.80 0.53 0.01 2.46
Genial tubercle 0.88 0.76 0.02 3.36
FMIA 5.28 4.05 0.16 20.13
FMA 2.66 2.01 0.13 8.31
IMPA 4.30 3.09 0.19 17.24
/1-Linha I 0.92 1.32 0.01 6.73
(Go-Me).(V-T) 3.01 1.88 0.14 7.82
F.(V-T) 3.58 2.99 0.06 10.22
A-(V-T) 2.35 1.76 0.03 6.56
/1.(V-T) 1.33 1.09 0.05 4.18
H.(V-T) 3.15 2.12 0.24 8.62
CD(Vigorito) 1.05 1.46 0.00 6.92

TABLE 4. Mean, Standard Deviation, and Minimum and Maximum
Differences Between Clinics A and C for Cephalometric Measure-
ments (in Millimeters or Degrees), Porto Alegre, Brazil

Variable

Differences Between Clinics

Mean SD Minimum Maximum

(N-Pog).(Po-Orb) 2.52 1.81 0.13 8.58
N-A.Pog 2.13 2.32 0.04 12.57
S-N.A 1.36 1.32 0.07 6.48
S-N.B 0.92 0.92 0.01 3.66
A-N.B 0.92 0.90 0.01 4.69
S-N.D 1.05 0.88 0.03 3.63
S-N.Gn 0.93 0.76 0.08 3.00
S-N.Ocl 1.98 1.66 0.17 7.86
(S-N).(Go-Me) 1.98 1.32 0.16 5.58
(Go-Gn).Ocl 2.75 2.26 0.05 9.57
1/./1 5.05 4.00 0.21 18.96
1/.NS 3.92 3.09 0.04 13.63
/1-Orbita 3.05 2.00 0.04 7.80
1/.NA 3.96 3.13 0.21 12.90
1/-NA 1.55 1.79 0.04 10.82
/1.NB 2.24 2.54 0.04 14.43
/1-NB 0.94 0.99 0.09 5.41
/1-NPog 0.81 1.01 0.04 6.10
H.(N-B) 1.24 1.34 0.04 7.17
H-Nose 1.28 1.04 0.05 4.25
Pog-NB 0.70 0.57 0.00 2.43
Genial tubercle 1.07 1.02 0.03 4.34
FMIA 3.59 2.97 0.25 16.03
FMA 2.61 2.00 0.07 7.20
IMPA 4.04 3.21 0.06 18.06
/1-Linha I 0.82 1.09 0.02 6.15
(Go-Me).(V-T) 3.28 2.38 0.08 8.89
F.(V-T) 3.95 2.31 0.28 9.71
A-(V-T) 2.80 2.00 0.22 7.47
/1.(V-T) 1.74 1.39 0.17 4.60
H.(V-T) 4.70 3.59 0.08 15.46
CD(Vigorito) 6.66 4.90 0.41 17.70

and marking cephalometric landmarks. When the is-
sue of identifying these landmarks is under discussion,
questions about the accuracy of cephalometry are
raised.5,9

Several authors have investigated the difficulty in
landmark identification in studies that compare, for ex-
ample, cephalograms traced from two consecutive ra-
diographs obtained from the same patient;14,15 com-
puterized and manual cephalometry;6,16 radiographic
cephalometry determined for two samples, one of dry
skulls and one of patients;17 radiographic cephalome-
try with or without steel ball markers;7,18 cephalometry
on digitized and conventional digital radiographs;19 and
accuracy on digital radiographs with varying image
resolutions.11

Few authors have focused their studies on interob-
server variation in landmark identification.10 Results
have shown a high rate of interobserver errors in the
identification of landmarks. In this study, we found in-
terobserver variation in the identification of landmarks

in cephalometric analyses conducted by different ra-
diology clinics.

In Brazil, the current practice is for dental radiology
clinics to prepare cephalograms. It has been noticed
that the dentists who require such cephalograms hard-
ly ever question the values of cephalometric measure-
ments and base their decisions on measurements that
may be wrong. The idea for this study arose from this
observation.

Cephalometric errors may be classified as errors of
acquisition, identification, or measurement.11 In this
study, acquisition and measurement errors were con-
trolled by the use of radiographs of good technical
quality and by the fact that all analyses were comput-
er-aided digitally. The results of this study revealed a
significant difference in most of the measurements
made by the three different clinics for the same radio-
graph. Such results strongly suggest that landmarks
must have been identified in different sites. These find-
ings are in agreement with those reported by several
authors who have studied interobserver variation in
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TABLE 5. Mean, Standard Deviation, and Minimum and Maximum
Differences Between Clinics B and C for Cephalometric Measure-
ments (in Millimeters or Degrees), Porto Alegre, Brazil

Variable

Differences Between Clinics

Mean SD Minimum Maximum

(N-Pog).(Po-Orb) 1.47 1.11 0.08 4.58
N-A.Pog 2.07 1.79 0.06 6.43
S-N.A 1.08 0.98 0.01 3.96
S-N.B 1.15 0.81 0.05 3.20
A-N.B 0.88 0.74 0.02 2.64
S-N.D 1.01 0.61 0.03 2.25
S-N.Gn 0.99 0.74 0.03 3.04
S-N.Ocl 2.02 1.60 0.07 6.26
(S-N).(Go-Me) 1.22 0.91 0.03 3.32
(Go-Gn).Ocl 2.11 1.81 0.16 8.53
1/./1 2.44 1.90 0.05 8.63
1/.NS 2.52 1.94 0.07 9.98
/1-Orbita 2.27 1.59 0.09 6.47
1/.NA 2.59 1.76 0.02 8.02
1/-NA 1.52 0.99 0.10 3.76
/1.NB 2.56 1.60 0.18 6.32
/1-NB 0.78 0.64 0.02 2.45
/1-NPog 0.68 0.63 0.02 2.70
H.(N-B) 0.98 0.95 0.00 5.12
H-Nose 0.86 0.67 0.00 2.74
Pog-NB 0.63 0.42 0.03 1.65
Genial tubercle 1.22 0.86 0.04 3.90
FMIA 3.67 1.89 0.02 7.88
FMA 3.00 1.64 0.02 5.79
IMPA 1.81 1.47 0.05 5.94
/1-Linha I 0.71 0.69 0.01 3.09
(Go-Me).(V-T) 3.33 2.56 0.00 10.54
F.(V-T) 4.35 3.08 0.34 12.48
A-(V-T) 3.30 2.31 0.04 9.52
/1.(V-T) 1.57 1.17 0.00 3.98
H.(V-T) 4.10 3.28 0.05 13.08
CD(Vigorito) 6.52 4.70 0.05 16.82

the preparation of cephalograms.10,13,17,20 Significant
differences were found between all clinics in eight fac-
tors: S-N.D; (S-N).(Go-Me); 1/.NS; 1/.NA; FMIA; FMA;
A-(V-T); and CD (Vigorito’s cephalometric discrepan-
cy).

In some cases, the result from one clinic differed
from those from the two other clinics, which had equal
results. Clinics A and C showed the most agreement,
with equal results for 46.9% of the factors. Clinics A
and B had the least agreement (28.1%). The analysis
of maximum differences in interincisal angle (1/./1) re-
vealed differences of 18.968 (between clinics A and C),
13.858 (between A and B), and 8.638 (between B and
C). For other measurements involving the long axis of
the incisors, significant differences were also found:
FMIA 5 20.138; IMPA 5 18.068; /1.NB 5 16.288; and
1/NA 5 12.98.

Chan et al9 also found difficulties in the identification
of upper and lower incisor angulation. These differ-
ences, although present in single cases, are significant
and may affect therapeutic decisions. A difference of

up to 17.7 mm was found for CD (Vigorito). Cephalo-
metric discrepancies, together with model discrepan-
cies, may lead to misguided decisions about whether
teeth should be extracted. For the factors SNA, S-
N.Occl, /1-Npog, and H.(N-B), there was agreement in
the location of landmarks, as shown by the fact that
there were no statistically significant differences be-
tween the results for the three radiology clinics. This
shows that the landmarks were located in similar sites
by the three clinics.

Further studies to investigate cephalometry should
be conducted not only because of the importance of
this diagnostic resource but also because such studies
may develop new methods with a lower probability of
error.

CONCLUSIONS

• Our results indicate a very low reproducibility in the
identification of cephalometric landmark points and
angles for the majority of cephalometric measure-
ments investigated in the study.

• Of all the cephalometric measurements evaluated,
the ones that showed the least reproducibility were
S-N.D; (S-N).(Go-Me); 1/.NS; 1/.NA; FMIA; FMA; A-
(V-T); and CD (Vigorito).

• The aspects discussed above underscore the need
to carefully evaluate the measurements provided by
cephalometric analyses. They also show that ob-
server calibration is fundamental for scientific pur-
poses because of the high probability of error.
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