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Abstract
High angle case is a type of malocclusion where the value of maxillo-mandibular plane angle
(MMPA) exceed normal value and orthodontist often faces problem in managing patient with this
type of case.
This retrospective study was conducted to determine the prevalence and dentoalveolar features
of high angle cases in Malay orthodontic patients treated in USIM specialist clinic. The sample
comprised of 264 lateral cephalograms that were traced manually. The following values were
assessed: ANB angle, MMPA, interincisal angle (IIA), upper molar angulation (UMA), lower molar
angulation (LMA) based on 11 landmarks. Vertical skeletal pattern, anteroposterior skeletal pattern
and dentoalveolar features based on interincisal angle and molar angulation were calculated. All
data were analysed using descriptive statistic and chi square test. The prevalence of high angle
cases were the highest in class II skeletal pattern. There was significant association between
anteroposterior and vertical skeletal pattern. For dentoalveolar features, IIA and UMA revealed the
most acute angle in class II skeletal pattern. In contrast for LMA, class I skeletal pattern had the
most acute angle.
Most patients with class II skeletal pattern were found with high angle vertical dimension and
acute interincisal angle and upper molar angulation which indicated high anchorage demand and
long-term retention after orthodontic treatment.
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Introduction
Most people might have some degree of
malocclusion. There are various etiologic factors
that can contribute to malocclusion. Hereditary
play a strong role as etiologic factor in both
families and in racial group and ethnic.1 Etiology
of malocclusion can be due to deviation in dental,
skeletal and soft tissue development of the
person. Different individual might have one or
more etiologic factors that can lead to
malocclusion.2 Both skeletal and dental play an
important role in determining the diagnosis and
treatment
planning.
Early
detection
of
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malocclusion can help in future effective
treatment.3
It has always been a challenge in
orthodontic field because of various clinical
manifestation of different malocclusions and has
their own influence on every individual. High
angle case is one type of malocclusion where the
value of Maxillary mandibular plane angle
(MMPA) exceeds normal value. MMPA value
exceed normal means that there is presence of
excessive vertical growth where lower anterior
facial height (LAFH) is greater than normal. The
angle is traced and measured on lateral
cephalogram and range of normal value is
different depends on ethnicity. One of the
challenges that orthodontic often experienced is
management of the long face syndrome’s patient.
There are various terms that can be used for
excessive vertical craniofacial growth for instance
long face syndrome, skeletal open bite, high
angle, hyperdivergent, dolichofacial and adenoid
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face.4
Long
face
syndrome
or
facial
hyperdivergent is defined as a disproportion of
facial features which give elongated face
impression even if the dimension is normal.5 The
etiological factor of excessive vertical growth
facial development is associated with both
genetic and environmental factor. Enlarged
adenoids, nasal allergies, weak masticatory
muscles, oral habit and genetic factors are
among the contributors that have been proposed
in development of long face morphology.6
In orthodontic, cephalometric radiographs
is an essential and valuable tool in diagnosis and
treatment planning. Cephalometric radiography
which is gold standard is referring to
measurement of cranium and also orofacial
complex with help of standardized skull
radiographs by verifying certain planes, lines or
angles between the anthropometric landmarks
and points. The word cephalo means head and
metrics mean measurement and three planes
that commonly used in orthodontics are
transverse,
sagittal
and
vertical.
This
cephalometric technique in orthodontics was
established in 1931 by Holly Broadbent of the
USA and Herbert Hofrath of Germany.7
In the United States, there were two large
studies that involved large orthodontic based
patient sample which they investigated about the
prevalence of skeletal facial types. Both studies
revealed that prevalence of long face syndrome
are 22%. Based on Angle’s malocclusion, study
conducted on Belgian orthodontic patients, their
vertical growth pattern differs with the highest
proportion belong to class III sample (35%)
followed by class I sample (32%) and then class
II division I (30%), class II division II (18%).8 On
another study, the researchers investigated the
skeletal malocclusion among Brazilian samples
and their findings were consistent with previous
findings as mentioned before.9
Besides, one researcher found out
prevalence of vertical maxillary excess (VME) is
nearly 22% among ethnically diverse Asian
population who received orthognathic surgery.
This retrospective study was conducted on
orthognathic patients based on patients’ records
examination from Dentofacial Deformities clinic in
National Dental Centre in Singapore. In his study,
distribution of VME were different according to
classes of malocclusion and the lowest
prevalence of VME owned by class III
malocclusion (10%) while the highest occurred in
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class 1 malocclusion (50%) and 48% belong to
class II malocclusion.10 hence, this study was
conducted to determine the prevalence and
dentoalveolar features of high angle cases in
Malay orthodontic patients treated in USIM
specialist clinic.
Materials and methods
This study was a retrospective study. It
was conducted at Polyclinic Universiti Sains
Islam Malaysia (USIM), where the cases were
taken from database in the USIM e-clinical
system and respective images from Planmeca
Romexis software. These cases included all
males and females of Malay racial group. The
target population included relevant cases (see
below) received at the Faculty of Dentistry USIM
during research period. Inclusion criteria in this
study were patients of Malay ethnicity with
complete treatment plan record. Exclusion
criteria were patients with craniofacial anomalies.
Sample size was determined using EPI-info
version 5.4.1.1 with confidence level 95%,
margin of error 5.0% and expected frequency
22.2%. Thus, sample size was 264. Nonprobability purposive (convenience) sampling
method was used in this study.
This study involved retrospective cases,
where data from the selective Planmeca
Romexis of lateral cephalogram radiograph were
retrieved from the archived images server
accordingly. The pre-treatment (diagnostic)
records, 8x10 inches lateral cephalograms were
traced on 8x10 inches acetate matte paper with a
3H sharp drawing pencil. The linear and angular
measurements were made with the help of a
millimeter ruler and protractor, respectively.
Anteroposterior skeletal patterns were identified
by using ANB angle (Figure 1) and subjects were
divided into three skeletal groups according to
the following criteria:
- Skeletal pattern I: Subjects with ANB value
between 1º- 5º
- Skeletal pattern II: Subjects with ANB value
> 5º
- Skeletal pattern III: Subjects with ANB value
< 1º
Maxillo-Mandibular Plane Angle, MMPA
(Figure 2) were used to identify subjects with
high angle cases.
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Figure 1: ANB angle.

Figure 2: Maxillo-Mandibular Plane Angle
(MMPA).
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The Maxillary Mandibular Plane Angle
(MMPA) was derived from the intersection of the
mandibular plane and maxillary plane. This angle
was traced and measured on a cephalogram.
MMPA is in normal range if it is up to 26 ±5
degrees. All the readings for high angle cases
were recorded according to the group of skeletal
patterns. The mean value for each group was
obtained. Then upper and lower incisor were
traced and interincisal angle were obtained
(Figure 3). Lastly lower first molar was traced and
the angulation of lower first molar was obtained.
All the tracings were done by two operators.
Before proceeding with tracing, training session
for tracing the lateral cephalogram were done
before actual tracing. It was done under direct
supervision by the orthodontist. After that,
calibration test was done to achieve inter and
intra-examiner reliability and reproducibility.
Lateral cephalographs were viewed by the
examiners and assessed under standardized
conditions before the actual data examination. In
doubtful cases, a consensus was reached by
discussion with orthodontist.
Definition of landmarks:

Figure 3: Interincisal Angle (IIA).

Results
Samples were analysed according to age,
sex, anteroposterior skeletal pattern and vertical
skeletal pattern. The mean age of the subjects
was 19.94  5.66 years old. The ratio of female
to male was 2.62:1 as shown in Table 1.
Figure 4: Molar Angulation (MA).
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Table 1. Demographic Characteristics of The
Subjects.
The values of intraclass correlation
coefficient measuring intra-examiner reliability
were found to be in range between 0.894 to
0.979 for all variables suggesting that good to
excellent reliability between two examiners. The
scores were as shown in Table 2.

Table 2. Intraclass Correlation Coefficient (ICC).
The frequency of anteroposterior skeletal
pattern Class I, Class II and Class III were
146(55.3%),
68(25.8%)
and
50(18.9%)
respectively. While for vertical skeletal pattern,
the frequency of patients was 51 for
hypodivergent/low angle MMPA (19.3%), 161 for
normodivergent / normal angle (61%) and 52 for
hyperdivergent / high angle (19.7%). (Table 3).

Table 3. Association Between Anteroposterior
and Vertical Skeletal Patterns.
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The prevalence of high angle cases in
different skeletal pattern were shown using
descriptive statistic. Total high angle cases from
this study were 52 subjects with the highest
prevalence belongs to Class II skeletal pattern for
25 subjects (48.1%) and the lowest prevalence
shown in Class III skeletal pattern for 10 subjects
(19.2%) while Class I skeletal pattern comprised
of 17 subjects (32.7%).

This study showed the prevalence of
MMPA for Class I skeletal pattern is the
highest in normal angle (n=91,34.5%)
compared to low angle (n=38,14.4%) and
high angle (n=17,6.4%). Meanwhile, Class II
and Class III skeletal pattern showed trend of
highest percentage in normal angle followed
by high angle and low angle. In Class II
skeletal pattern, the prevalence of normal
angle was (n=37,14.01%), high angle
(n=25,9.5%) and low angle (n=6,2.3%).
Whereas in Class III skeletal pattern, the
prevalence
of
normal
angle
was
(n=33,12.5%), high angle (n=10,3.8%) and
low angle (n=7,2.6%). Pearson’s Chi Square
showed there was significant association
between anteroposterior and vertical skeletal
pattern 2 (4) = 23.608, p-value <0.001. (Table 3).

Table 4. Total Number of Samples, Mean Values
and Standard Deviation for IIA, UMA and LMA in
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Vertical and Anteroposterior Skeletal Patterns.
The dentoalveolar features of high angle
cases in different skeletal pattern were seen in
three variables which are interincisal angle (IIA),
upper molar angulation (UMA) and lower molar
angulation (LMA) by comparing means(Figure 4).
In Class I skeletal pattern, means value for IIA,
UMA and LMA was 111.853  8.8, 85.765 
9.22, 95.476  10.04 respectively. Means value
for IIA (109.4  9.51), UMA (82.996 6.46) and
LMA (95.7  8.99) in Class II skeletal pattern.
Class III skeletal pattern demonstrates means
value for IIA (112.45  11.04), UMA (85.90 
7.37) and LMA(100.30°±9.91). (Table 4).
Discussion
There are several authors have
highlighted the importance of vertical growth, as
it relates to anteroposterior growth in order to
develop a proper skeletal proportion of the face.
There was a study done by Ghafari et al (2013)
theorized that the vertical problem can
exacerbate or mask a discrepancy in the sagittal
plane.22 The present results showed similar
results to study done by Silva et al (2019) which
support that theories, since strong evidence of
association (p <0.001) between sagittal and
vertical skeletal pattern was found with all the
three sagittal classification parameters.23 They
also mentioned that the Class II malocclusion
group had a greater proportion of hyperdivergent
(33.51 to 39.77%) than hypodivergent (7.95 to
13.83%) skeletal pattern.23 Meanwhile, the
Class III malocclusion group had a greater
proportion of hypodivergent (27.59 to 29.66%)
than hyperdivergent (6.90 to 12.41%) skeletal
pattern.23 Mouakeh et al (2001) also showed that
patients with Class III malocclusion (clinical and
dental evaluation) tended to have a significantly
smaller vertical facial dimension and shorter
lower anterior facial height.24
Based on the objectives of the study, we
want to identify the association between the
vertical and anteroposterior skeletal pattern. It
can be concluded that there is significant
association between vertical and anteroposterior
skeletal pattern whereby p-value <0.001. The
result showed the greater proportion of
hyperdivergent (9.5%) in Class II compared to
Class I (6.4%) and Class III (3.8%).
It is important to know the prevalence of high
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angle in different skeletal pattern as it will
facilitate the clinicians in planning the treatment
of the patient. Usually, clinicians tend to prioritize
the sagittal problem when the correction could be
more focused on the vertical problem. Based on
the study done by Firouz et al (2000) stated that
in Class II malocclusion with hyperdivergent
skeletal pattern, therapeutic vertical control
should be taken into account.25 Therefore, it
could be relevant to include the vertical growth
control in the treatment protocols, such as using
highpull headgear or transpalatal arch placed
away from the palate.
There
are
various
morphological
characteristics that can assessed as predictors
for vertical growth. It is important to know
predictors of vertical growth as it might help in
constructing treatment plan thus giving better
treatment outcome. In one study by Qamar et.al
(2020) stated that, mandibular morphology can
be used to estimate the mandibular growth
direction.17 They also reported that there are
other morphologic descriptors indicated by a
researcher in his study which are mandibular
symphysis, thickness of the cortical bone below
the symphysis region, shape of lower border of
mandible, mandibular canal curvature and also
condylar head inclination.
In this study, it is shown that mean of
upper molar angulation in high angle cases for
Class II skeletal pattern is the lowest (82.996°
±6.46) compared to in Class I skeletal pattern
(85.765° ± 9.22) and Class III skeletal pattern
(85.90° ± 7.37) while for LMA, the angle is almost
the same in those three type of anteroposterior
skeletal pattern which are in skeletal pattern
Class I (95.647° ± 10.04), Class II (95.7° ± 8.99),
Class III (100.30° ± 9.91). These data suggested
that UMA in high angle cases may be
compensated to the maxillomandibular plane
angle especially in skeletal pattern Class II.
Previous study by Davidovitch et.al
(2016) stated that, in hyperdivergent cases, IIA
for female (116.556  12.611) while for male
(117.556  9.843).27 In our study, we observed
specifically for high angle cases in different
skeletal pattern, mean values of IIA for skeletal
pattern class I is 111.853  8.831, class II
(109.400  9.506) and class III (112.450 
11.036). In conclusion, IIA in class II skeletal
pattern is the lowest (acute) compared to others.
Study by Noraina Hafizan Norman et al (2019)
stated that Malay sample exhibited severe form
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of protrusion with acute IIA and the range of
dental protrusion may be a contribution to dental
compensation in Class II and III skeletal
discrepancy.28 It is important to know few
features that can be used as predictors of vertical
growth. This might help the practitioner in
constructing good treatment plan thus giving
better treatment outcome for the patient
especially in patients with skeletal pattern Class
II.
Conclusions
Based on our study, it can be concluded
that anteroposterior skeletal pattern can be
influenced by the vertical growth. It showed
statistically significant association between
anteroposterior and vertical. Based on the
sample and methods employed in this study, the
result revealed that the prevalence of high angle
cases was found higher in skeletal pattern Class
II Class I and Class III respectively. For the
dentoalveolar effect, three parameters have been
evaluated which are interincisal angle, upper
molar angulation and lower molar angulation. For
this study we observed specifically on high angle
where mean value of interincisal angle in skeletal
pattern Class III is the highest followed by Class I
and Class II. From this result, it is shown that in
high angle cases, the interincisal angle in Class
III has more obtuse angle than others. In upper
molar angulation, the highest mean value is
Class III followed by Class I and Class II. Most
patients with class II skeletal pattern were found
with high angle vertical dimension and acute
interincisal angle and upper molar angulation
which indicated high anchorage demand and
long-term retention after orthodontic treatment.
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