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ABSTRACT

Introduction: Lateral cephalometry is commonly used to ana-
lyse craniofacial morphology, soft tissue profile and the direc-
tion of facial growth in an attempt to predict the possibilities

and limits of orthodontic therapy.

The aim of the study was to present the most frequently used
cephalometric measurements to assess the skeletal class on a lat-
eral cephalometric headfilm.

Materials and methods: A Pubmed search was undertaken
to systematize information on ANB angle, WITS appraisal, APDI
and Harvold measurements. The keywords used were “cepha-
lometry AND evaluation of sagittal malocclusion AND refer-
ence lines AND accuracy OR ANB angle OR WITS appraisal OR

INTRODUCTION

Anterior-posterior discrepancies are analysed in relation to the
orbital plane. They may result from dentoalveolar or skeletal
discrepancies (caused by an altered relation of the maxilla
and mandible). Diagnosing the aetiology of a malocclusion is
crucial in planning a proper orthodontic treatment. Orthodon-
tic correction of skeletal defects is generally only possible in
growing patients. After growth ceases, treatment of skeletal
discrepancies relies mainly on dentoalveolar compensation or
orthodontics followed by orthognathic surgery. Treatment of
dentoalveolar malocclusion can be performed by orthodontic
tooth movement at most ages. Thus a comprehensive cephalo-
metric analysis is essential in treatment planning.

Lateral cephalometry is commonly used to analyse cran-
iofacial morphology, soft tissue profile and the direction of
facial growth in attempt to predict the possibilities and limits
of orthodontic therapy. The 1st scientific report on cephalom-
etry was published in 1922 by Pacini and disseminated in the
1930s [1]. For almost a century, many other cephalometric analy-
ses have been created, which are used to varying degrees and
recommended by individual academic centres, the most popu-
lar of which are: Steiner’s method (Europe), Jarabak (United
States, Italy), Segner-Hasund (Poland, Germany), as well as
Rickets, Bjork, and Arnett. In recent years, Kim’s analysis has
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APDI”. A manual search was performed from the reference lists
of studies found in order to identify and include pioneer studies.
Results: A total number of 1258 records were found and finally 23
studies were included in the review. Four of them were descrip-
tive, the other 19 were randomized control trials.
Conclusions: 1. ANB angle cannot be used as the only indicator
of sagittal skeletal discrepancy. 2. WITS appraisal is independ-
ent of the variability of cranial base structures, thus may be an
important supplement to the diagnosis, although it depends
on the variability of the occlusal plane. 3. APDI can reliably dis-
tinguish between class I, I and III malocclusions.

Keywords: ANB; WITS; AF-BF; AH-BH; APDL.

become popular. It was developed and published by Kim and
Vietas in 1974 [2], currently promoted by Professor Sadao Sato,
who uses it for planning the MEAW (Multiple Edgewise Arch
Wire) treatment.

In orthodontic diagnosis, the skeletal class is used to classify
the sagittal position of the maxilla and mandible. Class I reflects
anormal sagittal relation, while class Il and Il relate to discrep-
ancies in the sagittal plane, often associated by malocclusions
of several degrees of severity - mild, moderate and severe.

Each cephalometric analysis is based on landmarks and
measurements (angular and linear). Cephalometric landmarks
can be classed as anatomical or structural. Moreover, skeletal,
dental and soft tissue landmarks may be used. Some land-
marks and reference lines are commonly used by many of the
analyses. Individual measurements have been analysed in
a population (studied by the author of the analysis), thus mean
population values may be found in literature. The analysis by
Segner and Hasund is based on correlations between cepha-
lometric measurements derived from a population study [3].
A special “Harmonie-box” is used to define individual norms
and proportions of every patient according to a facial type
defined by cephalometric measurements.

The aim of the study was to present the most frequently
used cephalometric measurements to assess the skeletal class
on a lateral cephalometric headfilm.
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MATERIALS AND METHODS

A Pubmed search was undertaken to systematize informa-
tion on ANB angle, WITS appraisal, anteroposterior dysplasia
indicator (APDI) and Harvold measurements. The keywords
used were “cephalometry AND evaluation of sagittal maloc-
clusion AND reference lines AND accuracy OR ANB angle OR
wits appraisal OR APDI”. The search was made in English and
no time limit was established (last search date was 24.07.2019).
The selection criteria were: English language, 2-dimensional
lateral cephalometric analysis. Review papers were excluded.
All full texts of the selected studies were accessed and ana-
lysed. A manual search was performed in the reference lists of
studies found in order to identify and include pioneer studies.

RESULTS

A total number of 1258 records were found. Finally 23 studies
were included. Four of those studies described the measure-
ments used to describe the sagittal jaw relation, the other 19 are
randomized clinical trials (RCT) comparing the efficiency and
diagnostic accuracy of various cephalometric measurements.

DISCUSSION

Standardization of the cephalogram carried out by Holly Broad-
bent in 1931 simplified the diagnosis of skeletal disorders [4].

1. ANB angle

Various cephalometric measurements are used to assess
sagittal skeletal discrepancies. Downs described the angle
of plane AB and the angle of convexity in the assessment of
anterior-posterior dysplasia of the jaws. In 1952 Riedel was the
1st to publish a report in which ANB angle was used to assess
sagittal discrepancies [5]. This measurement was later popu-
larized by Steiner [6]. This angle is nowadays used in many
analyses and calculated as the arithmetic difference between
the SNA and SNB angles (Fig. 1). However, there is a divergence
in clinical mean values and their interpretation in individual
analyses (Tab. 1).

TABLE 1. Interpretation of ANB angle in various cephalometric analyses

Mandibular position

ANB angle did not appear in the original Schwarz analysis,
however it is included in the analysis for its diagnostic value.
The sagittal relation between the maxillary base and the jaws
in Schwarz’s analysis is described by the AB angle formed at the
intersection of the AB and SpP lines (the plane of the maxillary
base), measured externally. The average value is 90 degrees.
An obtuse angle is characteristic for a distal position of the
alveolus of the mandible in relation to the maxilla, which is
present in II class malocclusions, an acute angle indicates a pro-
trusion of the alveolar part of the mandible, characteristic
for I1I class malocclusions. The MM angle between the lines
A-Pog and SpP (also measured externally) is on average 90
degrees. A greater MM angle indicates a distal position of the
mandible in relation to the maxilla, a lesser angle describes
amandibular protrusion.

In the analysis by Segner and Hasund [3], neutral, mesial and
distal relations are distinguished based on ANB angle, how-
ever analysing the sagittal relationship is performed in rela-
tion to the patient’s facial type, as different ANB angle values
are considered harmonious for the orthognathic, prognathic
or retrognathic face [3]. Thus sagittal harmony is described
in an individual manner, and this analysis is determined by
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FIGURE 1. ANB angle

ANB in analyses by

referring to maxilla

Schwarz Steiner

Segner-Hasund Jarabak

Mesial <0

<1 -skeletal class IlI

<2 for retrognathic facial type
<0 for orthognathic face <0
<2 for prognathic face

Normal 212

2 +3.0 - skeletal class |

-2 < 2 for retrognathic facial type
0 < 4 for orthognathic face 2
2 < 6 for prognathic face

Distal >4

>5 - skeletal class Il

>2 for retrognathic facial type
>4 for orthognathic face <2
>6 for prognathic face
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individual cephalometry. A retrognathic maxilla is diagnosed
if SNA is below 79 and a retrognathic mandible is diagnosed
if SNB is below 77, an orthognathic maxilla and mandible at
SNA angle between 79-85 and SNB angle between 77-83, the
predicted maxilla and the angle SNA above 85 or the progno-
sis of the mandible when SNB angle is above 83. In the case of
an orthognathic face, both conditions must be met, and in the
other 2 only 1 of them is enough [3].

Freeman was one of the first authors to prove that changes in
the position of the Nasion can change the value of ANB angle [7].
Later, other authors pointed out that the Nasion point moves
forwards and upwards with growth. They found that point
Awas also not constant, it moved with maxillary growth simi-
larly to the Nasion point.

Taylor stated that ANB angle was not only dependent on the
changing position of the Nasion point, but also on the variability
of the individual face [7, 8, 9]. Hussels and Nanda summarized,
that the factors that affected the value of the ANB angle were:

e the age of the patient. ANB angle has a clear tendency
to decrease with age,

¢ change of the position of the Nasion point in the vertical
or horizontal direction,

e upward or downward rotation of the SN line,

¢ maxillary upward or downward rotation,

¢ change in the angle between the SN plane and the occlusal
plane,

¢ the degree of facial prognathism [9].

The difference between real and calculated ANB angle is
a measure of the size of the skeletal discrepancy. This leads
to a new definition of what is meant by skeletal relationships.
Classes Il and Ill as ANB angle calculated for the skeletal class
[ WITS = o, can vary widely, being negative or positive [10]. Due
to so many factors affecting the value of ANB angle, it can not
be treated as an unambiguous indicator enabling the diagno-
sis of sagittal skeletal relation, despite the undoubted ease of
its implementation.

2. WITS appraisal

In order to eliminate the influence of the above-mentioned
factors, Jacobson proposed to measure the anterior-posterior
defect by WITS [10], which relates the skeletal relation to the
occlusal plane (Fig. 2). By 1955 Jenkins had chosen a functio-
nal occlusal line as a reference for assessing the disharmony
of the jaws. He believed that muscle strength works along this
plane and is closely related to it. In 1963 he also used the occlu-
sal plane to assess growth direction. However, he was aware
that the relationship of the points A and B can be affected by
the inclination of the occlusal plane.

In 1976 Jacobson presented the measurement “WITS” (abbre-
viation for University of Witwatersrand, Johannesburg).
Appraisal WITS measurement is obtained by a perpendicu-
lar projection of points A and B on the FOL plane (occlusion
line). Points A and B should overlap. The longer the distance in
the FOL line between points A and B, the greater the disorder:
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FIGURE 2. WITS appraisal

I skeletal class 0 22 mm
11 skeletal class >2 mm
111 skeletal class <-2 mm.

WITS describes the sagittal relation between the maxilla
and mandible, eliminating the reference points basis on the
skull. Among the factors that may cause errors in the inter-
pretation of the disorder, he listed:

¢ the anterior-posterior position of the Nasion point in rela-
tion to the jaw, which can be dependent on many indi-
vidual factors,

o effect of the rotation of the jaws in relation to cranial ref-
erence structures [10].

In everyday practice, this measurement is used in the Steiner
analysis with the Kaminek amendment.

Jacobson stated that a high ANB angle in a subject with
excellent occlusion may be caused by the anterior position
relative to the Nasion point, or by rotation of the jaws in addi-
tion to the frontal base of the skull [10]. Moreover, according
to this author, the ANB angle was only reliable if the inclina-
tion of the mandibular plane was normal. A greater angle of
inclination of the mandibular body would indicate a divergent
pattern of growth and in many cases, a higher inclination of
the anterior skull base that reduces the angle of the SNA and
is the cause of a less reliable measurement. Unfortunately, the
WITS appraisal has limitations as well, such as a dependence
on the variability of an occluded plane.

The high degree of variability in WITS measurements is
certain because:

1. eruption of the teeth and development of the teeth can
easily affect the occlusal plane,

2. there are difficulties or inaccuracies in identification of
the occlusal plane,

3. the inclination of the occlusal plane may vary as a result
of vertical movement of the incisors, molars or both dur-
ing treatment [11].
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Bishara et al. pointed out, based on studies in patients
between 5-25 years old, that ANB angle varies significantly
with age, while WITS indicates that the relation between points
A and B does not change significantly. ANB and WITS values are
significantly correlated, but their value is low. This explains
the discrepancies that occur in some cases between the ANB
value and the clinical judgment of the clinician. Bishara et al.
suggests that in order to obtain a more accurate diagnosis of
the sagittal relations of the bone bases, both ANB angle and
WITS measurement should be assessed [12].

Simultaneous assessment of the ANB angles and WITS
appraisal in cephalometric analysis is used in many ortho-
dontic practices. Many authors emphasize inconsistencies in
ANB and WITS angle measurements [12, 13, 14].

According to the research by Ifesanya et al. [13] on the rela-
tion between ANB angle and WITS with respect to 3 planes
(bisected plane of occlusion, the functional plane of occlusion
and a bisected angle maxillary - mandibular MM), it was found
that ANB was best moderated by measuring WITS in the plane
of the bisector maxilla mandibular MM.

According to Del Santo, the incoherence of ANB angle and
WITS results from the angle of inclination of the occlusal plane
and vertical features of the craniofacial region [14]. He found
inconsistencies in a group of patients with a high inclination
angle of the occlusal plane, and a tendency toward cohesion
in a group with a low inclination angle of the occlusal plane.

3. AF-BF

Many authors aimed at eliminating the inconsistency of ANB
and WITS measurements in the assessment of anterolateral
relations. Chang, wanting to avoid variations of the occlusal
plane, proposed to project points A and B (according to Downs)
on the Frankfort horizontal plane, which depends on the varia-
bility of the position of Orbital and Porion points [15]. This
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FIGURE 3. AF-BF
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measurement can be found in literature as AF-BF (Fig. 3). Chang
postulated that both skin points are less subject to individual
variation than the FOL occlusal plane [15].

4, The maxillary-mandibular planes angle bisector
(MM-AB)

Hall-Scott proposed a different projection plane for points A and
B to assess the antero-posterior relationship of the maxilla
and mandible (Fig. 4) [16]. It is obtained through the construc-
tion of a bisector angle based on the plane of the base of the
maxilla - designated anterior nasal spine (ANS) and posterior
nasal spine (PNS), and the plane of the base of the mandible
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FIGURE 4. The maxillary-mandibular planes angle bisector

passing through the Menton (Me) point and the lowest point
in the mandibular angle - Gonion (Go). Hall-Scott believed that
due to the bisector position below the occlusal plane, the pre-
sence of peaks caused by the teeth and fillings does not affect
the accuracy of locating the projection plane, as in the case
of FOL [16]. This method, in research by Tiwari et al., showed
almost complete accordance with the WITS appraisal for grade
[ in all age groups, while statistically significant differences
were found between ANB and WITS results [17].

5. AH-BH - measurement on a perfectly perpendicular
line

Other authors have tried to transfer assessment of the hori-
zontal relationship of points A and B by determining the plane
of their orthogonal projection extracranially, which should
ensure independence of the measurement from variations of the
occlusal plane. Nagar et al. rebuilt the cephalostat so that the
vertical line was on the central sagittal plane defined by 0.009
inch steel wire suspended on a horizontal bar and loaded with
100 g weight. The cephalogram was performed in the patient’s
natural head position (NHP) [18]. Each line perpendicular to the
true vertical line is a true horizontal line (HOR), which makes

ojs.pum.edu.pl/pomijlifesci
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it possible to evaluate the bone bases on the above-mentioned
plane. Referring the assessment of the jaws to the outermost
line HOR, he projected points A and B onto it and evaluated
the distance between intersection points AH-BH (Fig. 5). The
present study showed a better correlation of ANB angle and
the horizontal relationship A and B in the HOR (AH-BH) plane
than in the case of the WITS assessment.
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FIGURE 5. AH-BH - measurement on a perfectly perpendicular line

6. Anteroposterior dysplasia indicator (APDI)

In Kim’s cephalometric analysis, the sagittal relationship of
the jaw and mandible is determined by the APDI taking into
account the 3 skeletal classes. Kim and Vietas pointed out that
changes in the jaws are not caused by one factor, so to pro-
perly diagnose a patient, the relationship should be analysed
in 3 dimensions [2].

This indicator is the sum of 3 angles (Fig. 6 and 7):

a) the angle between the Frankfurt (Po-0) plane and the
face plane (N-Pg) - determining the depth of the face by
locating the chin in the horizontal plane and defining the
skeletal class as the mandibular position. The average
value of this angle is 87 £3. An open angle occurs in case
of a prognathic mandible, an acute angle in the case of
aretrognathic mandible,

b) the angle between the AB plane and facial plane (N-Pg)
describes the sagittal relation between the jaws. A negative
value of the angle indicates point A is forward of B and defi-
nes a class [ malocclusion. A positive value indicates point
B is forward of A and indicates a class III malocclusion.
To determine the convexity of the face through the FP AB
angle it is necessary to know the angle Frankfort Horizon-
tal (FH) - Facial plane (FP). If the mandible is prognathic,
the FP AB angle is sharp with a tendency to positive values.
If the mandible is retrognathic and convexity is increased,
the angle should be open, indicating a tendency to class
II malocclusion,
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c) the angle between the Frankfort (Po-0) plane and the

plane of the palate (ANS-PNS) - it should have a value
of 2 degrees. A negative angle indicates that the palate is
inclined upwards and forwards, which may or may not
be related to a Il class malocclusion, whereas a positive
angle always means a class IIl malocclusion.
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palatal plane
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FIGURE 6. Angles forming anteroposterior dysplasia indicator

Facial Plane

Frankfort Plane

Palatal Plane

FIGURE 7. Anteroposterior dysplasia indicator plotted on the outline of
a cephalometric study

Kim and Vietas suggested a measurement pattern, an ante-

rior-posterior dysplasia index, which is a resultant reading
calculated from the face angle plus or minus the angle of plane
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A-B, and again plus or minus the angle of the palatal plane [2].
The sum of the angles should be 81.4 degrees +3.7. This is a cal-
culation method, not a direct evaluation.

In the study by Oktay, APDI was indicated as the measure-
ment with the smallest ratio of variation among the subjects,
whereas, WITS and ANB had larger index variations [19]. This
means that APDI is the most reliable indicator. It is negatively
correlated to the length of the SN line.

Assessment of the reliability of APDI was carried out by
ateam from the University of Karachi in Pakistan on a group
of 90 patients [20]. The study material consisted of plaster
models and lateral cephalograms, divided into 3 groups accord-
ing to the Angle classification. The APDI measurements were
subjected to mathematical analysis (ROC Curve) to check diag-
nostic reliability. In 88% of cases, accordance was confirmed
with Angle’s diagnosis. According to the authors, APDI can
reliably distinguish between class I, Il and I1I discrepancies.

Chen et al. checked whether APDI and ODI could be used for
the assessment of anterolateral and vertical jaw development
in patients with a cleft palate [21]. Instead of the palatal plane
they created a substitute plane - PP. Anteroposterior dyspla-
sia indicator and ODI estimated on the basis of the replace-
ment plane of the palate could be used as important criteria
for assessing the vertical and sagittal development of the jaw,
especially in patients with a cleft palate.

7. Harvold’s index

Another interesting and not widely used method of analys-
ing the sagittal jaw relationship are tables published in 1955
by Harvold. The length of the maxilla is determined from the
distance between the temporomandibular joint (TM]) to the
ANS. The length of the mandible is measured from TM] to the
gnathion point (Gn). The height of the lower part of the face is
measured from the point of the ANS to Me - Figure 8.

FIGURE 8. Measurements by Harvold
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These measurements do not depend on the inclination of
the cranial base nor the occlusal plane. Diagnosis of the inter-
maxillary sagittal relation is made only based on the maxillary
and mandibular lengths. These values are compared with the
tables developed by the author. This analysis determines which
of the jaws is characterized by altered development. In English
language literature, no study could be found comparing the con-
cordance of this indicator with other available methods. How-
ever, it is considered a good indicator showing the dynamics of
development in various faces. This common analysis is used
as part of McNamara'’s cephalometric analysis. In literature, it
is often used to compare the size of the face between different
races, and within the population of a given country [22].

Cephalometric measurements and calculations may be
affected by errors and factors, such as the quality of the radi-
ogram, the physician’s interpretation of the chart and the
method of forecasting indicators and landmarks. Regardless
of the type of analysis used, it is worth considering the pur-
chase of professional cephalometric analysis software in order
to standardize and make comparisons more comparable [23].

CONCLUSIONS

1. ANB angle cannot, despite the ease of measurement, be
used as the only indicator to diagnose sagittal skeletal
discrepancies.

2. WITS appraisal is an important supplement to the diagno-
sis of the sagittal relationship of the jaws. It is independent
of the variability of cranial base structures, but depends
on the variability of the occlusal plane.

3. Due to its high variability, the occlusal plane should be
replaced with extracranial planes to obtain accurate and
repeatable measurements.

4. APDI, despite the difficulties of implementation, can reli-
ably distinguish between class I, Il and III discrepancies.
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