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Objectives Vertical proportions of the face are important determining factors for
diagnosis and planning appropriate orthodontic treatment. Orthodontic patients
have different vertical and sagittal skeletal discrepancies, as well as associated vary-
ing degrees of dentoalveolar compensations. Dentoalveolar is a functional compo-
nent of the jaw; it plays a role in occlusal dynamics and forms sagittal and vertical
maxilla—mandibula relationships. This study aims to analyze the relationship between
dentoalveolar heights and several vertical skeletal patterns in patients with Class | mal-
occlusion in ethnic Javanese.

Materials and Methods The sample consisted of lateral cephalograms of 75 patients
(18 samples were male, and 57 were female). Determined by inclusion and exclusion
criteria, the participants were selected from an initial sample of 196 patients with skel-
etal Class | malocclusion (sella-nasion-A and B [ANB] = 1-4 degrees). Cephalometric
analysis was performed using OrthoVision2017 digital software. This analysis mea-
sured upper anterior dental height (UADH), upper posterior dental height (UPDH),
lower anterior dental height (LADH), lower posterior dental height (LPDH), ANB angle,
sella-nasion and mandibular plane (SN-MP), sella-nasion and palatal plane (SN-PP),
palatal plane and mandibular plane (PP-MP), Frankfort horizontal plane and mandibu-
lar plane (FH-MP), sella to gonion (5-Go), articulare to gonion (Ar-Co), nasion to men-
ton (N-Me), nasion to anterior nasal spine (N-ANS), and anterior nasal spine to menton
(ANS-Me). Pearson correlation test was used to assess correlations among all variables
(p<0.05).

Results Significant correlations were observed between dentoalveolar heights and
SN-MP, 5-Go, Ar-Go, N-Me, and ANS-Me (p < 0.05).

Conclusions Patients with Class | malocclusion in ethnic Javanese exhibit a significant
correlation between dentoalveolar and vertical skeletal patterns. UPDH and/or LPDH
have a significantly positive correlation with SN-MP, 5-Go, Ar-Go, N-Me, and ANS-Me.
The orthodontic correction of the decreased or increased facial height included either
the extrusion or intrusion of the anterior or posterior teeth in different ways.
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Introduction

Sagittal and vertical changes occur when the growth period
ends in various malocclusions. Skeletal malocclusion is
usually associated with dental malocclusion. The sagittal
discrepancy is manifested as skeletal Class [, II, or Ill maloc-
clusion. The vertical discrepancy appears in the form of nor-
modivergent, hypodivergent, or hyperdivergent profile.!

A variety of methods had been developed to judge the
vertical relation when, in 1946, Tweed introduced the
Frankfort-mandibular plane (MP) angle. In the following
year, Bjork linked the maxillary and mandibular planes to
the sella-nasion (SN) plane. In 1948, Riedel measured the
MP's inclination toward cranium, and Downs measured the
Y-axis and the MP angles.” The alveolar bone is a structure
that maintains an occlusal relationship based on the changes
in the maxilla-mandibular relationships. This mechanism is
termed “dentoalveolar compensation” to cover up the skele-
tal irregularities.*

Orthodontic patients have different vertical and sagit-
tal skeletal discrepancies, as well as the associated varying
degrees of dentoalveolar compensations.® There are two
components of dentoalveolar compensation: (1) the vertical
development of basal and dentoalveolar height, and (2) the
impact of incisor inclination.”

Singh and Sharma found significant correlations between
the lower face height and dentoalveolar heights. The results
of their study showed a significant difference between den-
toalveolar heights in the long, normal, and short faces and
lower anterior facial height (LAFH), except for the lower
posterior dentoalveolar height. The upper teeth presented
a higher correlation than the lower teeth. In contrast,
Betzenberger et al stated that the upper and lower posterior
dentoalveolar heights are decreased in subjects with a high
angle (SN-MP) in the permanent tooth period.®

The study of the relationship between vertical and den-
toalveolar characteristics provides valid results of cepha-
lometric measurements in predicting patient growth and
increased quality of treatment and prognosis.” Growth mod-
ification from dentoalveolar height can be achieved through
orthodontic treatment. This is an important factor in plan-
ning orthodontic treatment because, in addition to affect-
ing the maxillofacial system's growth, the face type can also
affect the selection of the anchoring system to be used in
orthodontic treatment.*® This study aims to analyze the rela-
tionship between dentoalveolar heights and several vertical
skeletal patterns in patients with Class [ malocclusion among
ethnic Javanese,

Materials and Methods

Sample

The study was approved by the National Ethics Commission of
Healthof the Faculty of Dental Medicine Universitas Airlangga
(715/HRECC.FODM/[X/2019). Malocclusion samples were
obtained from the Faculty of Dental Medicine, Universitas
Airlangga Dental Hospital, between July 2017 and December
2018. The sample consisted of lateral cephalograms of

75 patients (18 samples were male, and 57 were female).
Determined by inclusion and exclusion criteria, the partic-
ipants were selected from an initial sample of 196 patients
with skeletal Class [ malocclusion (sella-nasion-A and B
[ANB] = 1-4 degrees). The inclusion criteria required that
participants be male or fermale patients with skeletal Class [,
be in the age range of 18 to 35 years, have complete perma-
nent dentition regardless of third molars, and have had no
history of previous orthodontic and dental abnormalities
(missing teeth, supernumerary, or impacted).

The confidentiality of the patient's identity remains pro-
tected and for patients under 17 years of age the informed
consent was represented by their parents. All lateral ceph-
alograms were taken with the patients standing in the
natural head position. The teeth were held together in
centric occlusion, with the lips relaxed when the film was
exposed. The cephalometric analysis was then performed
using OrthoVision2017 digital software (Ewoosoft Co. Ltd.,
Gyeonggi-do, South Korea). The reference points, planes, and
variables are listed below and shown in =Figs. 1 and 2.

= ANB (degrees): The angle between the points sella-
nasion-A (SNA) and sella-nasion-B (SNB).

* SN-MP (degrees): The angle between the SN plane and the
MP (GoMe).

* SN-PP (degrees): The angle between the SN and the pala-
tal plane or PP (anterior nasal spine [ANS |-posterior nasal
spine [PNS]).

* PP-MP (degrees): The angle between the PP (ANS-PNS)
and the MP (gonion-menton [GoMe]).

Fig. 1 Dentoalveolar height measurements. LADH, lower anterior
dental height; LPDH, lower posterior dental height; UADH, upper
anterior dental height; UPDH, upper posterior dental height.
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+ FH-MP (degrees): The angle between the Frankfort hori-
zontal (FH) plane (Po-0r) and GoMe.

Fig. 2 \Vertical pattern measurements. ANS-Me, anterior nasal spine
to menton; Ar-Go, articulare to gonion; FH-MP, Frankfort horizontal
plane and mandibular plane; N-ANS, nasion to anterior nasal spine;
N-Me, nasion to menton; PP-MP, palatal plane and mandibular plane;
5-Co, sella to gonion; SN-MP, sella-nasion and mandibular plane;
SN-PP, sella-nasion and palatal plane.

Table 1 Normality test result

+ S5-Go (mm): A line measured from sella to gonion.

+ Ar-Go(mm): A line measured from articulare to gonion.

* N-Me (mm): Aline measured from nasion to menton.

+ N-ANS (mm): A line measured from nasion to anterior
nasal spine (ANS).

* ANS-Me (mm): A line measured from ANS to menton.

+ Upper anterior dental height—UADH (mm): The perpen-
dicular length from the incisal edge U, projected to the PP.

* Lower anterior dental height—LADH (mm): The perpen-
dicular length from the incisal edge L, projected to the MP.

+ Upper posterior dental height—UPDH (mm): The perpen-
dicular length from the mesiobuccal cusp U, projected to
the PP.

+ Lower posterior dental height—LPDH (mm): The perpen-
dicular length from the mesiobuccal cusp L, projected to
the MP.

Statistical Analysis

The data were analyzed using descriptive statistics such
as mean, standard deviation, and range (minimum-
maximum) using Statistical Package for Social Sciences 17.0
(SPSS Inc., Chicago, Illinois, United States). The data were
checked for normality using the Kolmogorov-Smirnov test
and the Shapiro-Wilk test (p > 0.05). Pearson correlation test
(p < 0.05) was used to assess correlations among all variables.

Results

The normality test results showed normal data distribution
(p > 0.05). Descriptive statistics are shown planes, and vari-
ables are li in =Table 1. The study’s results suggest some vari-
ations of skeletal Class | malocclusion (vertical parameter):

Kolmogorov-Smirnov Shapiro-Wilk
Statistic df Significance Statistic df Significance
UADH 0.085 75 0.200° 0.986 75 0.592
UPDH 0.079 75 0.200° 0.985 75 0.546
LADH 0.062 75 0.200° 0.986 75 0.559
LPDH 0.072 75 0.200° 0.991 75 0.872
ANB 0.113 75 0.020 0.950 75 0.005
SN-MP 0.148 75 0.000 0.916 75 0.000
SN-PP 0.065 75 0.200° 0.982 75 0.386
PP-MP 0.050 75 0.200° 0.991 75 0.875
FH-MP 0.122 75 0.008 0.953 75 0.007
5-Go 0.149 75 0.000 0.935 75 0.001
Ar-Go 0.097 75 0.075 0.967 75 0.049
N-Me 0.120 75 0.010 0.923 75 0.000
N-ANS 0.114 75 0.016 0.969 75 0.060
ANS-Me 0.092 75 0.187 0.971 75 0.082

Abbreviations: ANB, sella-nasion-A and B points; ANS-Me, anterior nasal spine to menton; Ar-Go, articulare to gonion; FH-MP, Frankfort horizontal
plane and mandibular plane; LADH, lower anterior dental height; LPDH, lower posterior dental height; N-ANS, nasion to anterior nasal spine; N-Me,
nasion to menton; PP-MP, palatal plane and mandibular plane; 5-Go, sella to gonion; SN-MP, sella-nasion and mandibular plane; SN-PP, sella-nasion
and palatal plane; UADH, upper anterior dental height; UPDH, upper posterior dental height.

*This is a lower bound of the true significance (p > 0.05).
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Table 2 Mean, standard deviation, and normal values of each
variable

Descriptive statistics
Minimum | Maximum | Mean SD
UADH 19.55 38.05 29.9344 3.81054
UPDH 19.50 32.12 25.1925 2.92729
LADH 31.87 53.04 42,7568 4.13966
LPDH 21.84 42.50 32.5659 4.11729
ANB 0.00 3.08 2.6229 0.95428
SN-MP 30.8 46.07 32.3920 8.42097
SN-PP 1.20 18.67 9.5231 4.15188
PP-MP 10.60 37.85 25.8525 5.50569
FH-MP 11.44 43.06 32.3439 6.65813
5-GCo 60.11 101.36 79.8131 8.132586
Ar-Go 29.64 67.50 47.5641 5.92358
N-Me 111.36 156.16 125.5063 | 8.72089
N-ANS 45.29 70.99 56.7324 5.12844
ANS-Me | 51.00 94.02 71.2189 6.59629

Abbreviations: ANB, sella-nasion-Aand B points; ANS-Me, anterior nasal
spine to menton; Ar-Go, articulare to gonion; FH-MP, Frankfort horizon-
tal plane and mandibular plane; LADH, lower anterior dental height;
LPDH, lower posterior dental height; N-ANS, nasion to anterior nasal
spine; N-Me, nasion to menton; PP-MP, palatal plane and mandibular
plane; 5D, standard deviation; 5-Go, sella to gonion; SN-MP, sella-nasion
and mandibular plane; SN-PP, sella-nasion and palatal plane; UADH,
upper anterior dental height; UPDH, upper posterior dental height.

normodivergent (38 patients), hyperdivergent (22 patients),
and hypodivergent (15 patients).

A significant correlation was noticed between UPDH/
LPDH and SN-MP. UADH, LADH, UPDH, and LPDH were found
to have a significantly positive correlation with N-Me and
ANS-Me ( = Table 2).

A significant correlation was observed between UADH/
LPDH and S-Go. Ar-Go was found to have a significantly pos-
itive correlation with LPDH only (= Table 2).

No significant correlation was discerned between UADH,
LADH, UPDH, and LPDH and SN-PP, PP-MP, and FH-MP
(=Table 3).

Discussion

This study focused on the relationship between dentoal-
veolar heights (UADH, UPDH, LADH, and LPDH) and ANB,
SN-MP, SN-PP, PP-MP, FH-MP, 5-Go, Ar-Go, N-Me, N-ANS,
and ANS-Me. The subjects in this study were Class [ skele-
tal malocclusions with predetermined criteria. In this study,
the subjects were required to be over 18 years of age because
they have already passed puberty, and the growth phase has
stabilized to avoid changes in the vertical dimensions of the
jaw arising from the growth process. Components forming
the vertical dimensions of the face include the growth of
mandible and maxilla and the development of the alveolar
process resulting from tooth eruption. Facial growth was
affected by several factors, including genetic race, age, gen-
der, nutritional status, and disease.'®

According to the study's results, the ANB mean value indi-
cated that the patients had skeletal Class [ malocclusion. To
diagnose sagittal dysplasia appropriately, anteroposterior
disharmony was detected. Riedel introduced the ANB angle,
which has been used to date to detect sagittal dysplasia.'

Assignificant correlation was noticed between dentoalveolar
height (UADH, UPDH, LADH, and LPDH) and vertical parame-
ters (ANB, SN-MP, SN-PP, PP-MP, FH-MP, S-Go, Ar-Go, N-Me,
p, and ANS-Me). Based on Steiner’s analysis, the normal ANB
value was 0to4 mm. This study's mean value was 2.62 degrees
(#0.95 degrees), which means that the maxillary relationship
with the mandible was normal, indicating no dysplasia.

In this study, a significant correlation was seen between
UPDH/LPDH and SN-MP. This result is supported by Yousif's
research, which states that the SN-MP angle has a positive
correlation with the height of maxilla or the mandibular
molar region among the male subjects, with no positive cor-
relation for female subjects.'? In contrast, Betzenberger et al
stated that subjects with a high angle (SN-MP) in the perma-
nent tooth period have their upper and lower posterior den-
toalveolar heights decreased.® The study's differences could
be due to differences in race, sample size, and inclusion and
exclusion criteria.

SN-MP describes the relationship between the mandibu-
lar arch and the anterior cranial base. A large angle (SN-MP
> 37 degrees) results in vertical face domination, and a small
angle (SN-MP = 27 degrees) results in horizontal face dom-
ination."”* The inclination of the anterior cranial base (S-N
plane) plays an important role in assessing the vertical rela-
tion. The cant of the SN plane is affected by the sagittal and
vertical movements of the nasion point, which affects the
cant of the SN plane. If the nasion’s location is higher, it can
produce a long face, with the mandible being normal.

This result also indicates that the S-Go line is positively
correlated with UADH and LPDH. When the posterior facial
height causes the excessive development of the anterior
facial height (AFH), then the mandible rotates.'* The Ar-Go
line is positively correlated with LPDH. This positive correla-
tion is due to an increase in the vertical ramus height, which
drives the mandible away from the maxilla and provides
more space for the eruption of the posterior teeth.

UADH, UPDH, UADH, and LPDH are positively correlated
with N-Me and ANS-Me. This study's results are consis-
tent with those reported in previous studies indicating that
molar dentoalveolar height is positively correlated with AFH.
Martina et al stated that LAFH has positive effects on the
molar region’s dentoalveolar height, thereby reinforcing the
positive relationship between dentoalveolar and vertical cra-
niofacial dimensions.®

Yousif's study also found a positive correlation between
LAFH and dentoalveolar height of the molar region in both
women and men.” Various studies have proven that AFH
and LAFH play a key role in forming the face's vertical dis-
proportion. The anterior facial growth is important because
it can reflect the vertical growth rate of the anterior face.'”

The addition of dentoalveolar vertical height to maxilla
will direct mandibular rotation downward and backward. If
there is a reduction in dentoalveolar vertical height in the
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maxilla, it will direct the mandibula rotation upward and for-
ward, which will impact the LAFH. In this study, no correla-
tion was observed between dentoalveolar height and SN-PP,
PP-MP, and FH-MP angles. Vertical dysplasia’s correlation is
crucial in achieving a balanced profile after orthodontic treat-
ment. Many studies have been performed to understand the
diagnosis and its implications for dentoalveolar structures.
Every effort must be made to treat and correct anterior or
posterior dentoalveolar height at fault.'®

In patients with deep or open bites accompanied by short
or long faces, surgical treatment may be considered for dental
decompensation or camouflage treatment (dentoalveolar com-
pensation). The selection of treatment for patients should be
based on appropriate dentoalveolar compensation and skeletal
discrepancy severities, To achieve successful treatment, the den-
toalveolar compensation limit must be accurately estimated.”

Understanding the relationship between dentoalveolar
height and vertical patterns can help orthodontists modify
the position of the teeth to correct the skeletal discrepancy
in the vertical relation, thus preventing excessive compen-
sations. The orthodontic correction of the decreased or
increased facial height includes either the extrusion or intru-
sion of the anterior or posterior teeth in different ways. In
hyperdivergent patients, upper molar intrusion and extru-
sion of the lower incisors can treat open bites. To treat hypo-
divergent patients, intrusion and proclination of upper and
lower incisors can be performed to avoid deep bites."”

The indication for upper incisor intrusion is to promote
mandibular anterotation that can avoid overcompensation
from LADH." Many studies have confirmed the value of
AFH and LAFH because it can cause vertical facial dispro-
portion.”® By correcting the maxillary and mandibular pos-
terior dentoalveolar heights, LAFH can be brought into the
normal range, ultimately resulting in improved facial profiles
after orthodontic treatment.'* Molar extrusion can reduce
the facial height to balance backward rotation by promoting
the mandible forward rotation with minimal effects on the
dimensions of the anterior vertical face." We recommend
further research to evaluate the relationship of these cepha-
lometric parameters with vertical facial growth from various
skeletal malocclusions and in other ethnicities.

Conclusions

Patients with Class | malocclusion in ethnic Javanese exhibit
a significant correlation between their dentoalveolar and
vertical skeletal patterns. UPDH and/or LPDH showed a sig-
nificantly positive correlation with SN-MP, S-Go, Ar-Go,
N-Me, and ANS-Me. Understanding the relationship between
dentoalveolar height and vertical patterns can help ortho-
dontists modify the position of the teeth to correct the skele-
tal discrepancy in vertical relation, thus preventing excessive
compensations. Orthodontic correction of the decreased or
increased facial height includes either extrusion or intrusion
of the anterior or posterior teeth in different ways.
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