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The relationship of maxillary arch 
dimension with vertical facial 
morphology in proto‑malay race
Hilda Fitria Lubis, Mimi Marina Lubis and Christinawaty Sutan

Abstract
OBJECTIVE: To determine the relationship between the dimensions of the maxillary arch and vertical 
facial morphology within the Proto‑Malay race.
DESIGN: A cross‑sectional study.
SETTING: Orthodontics Department, Faculty of Dentistry, Universitas Sumatera Utara, Medan, 
Indonesia.
PARTICIPANTS: Proto‑Malay individuals aged ≥18 years without orthodontic treatment 
history (n = 104).
METHODS: Lateral cephalometric radiographs and maxillary study model were obtained from 104 
subjects who had never received orthodontic treatment (45 males and 59 females), aged 18 years, 
belonging to the Proto‑Malay race, with skeletal class I malocclusion, normal overjet and overbite, and 
complete dentition (except the third molar). The vertical facial morphology was obtained by measuring 
the Jarabak’s ratio on lateral cephalometric radiographs by using CorelDRAW. The study model was 
used to measure the dimensions of the maxillary arch, which are intercanine width, intermolar width, 
arch length, and palatal height, by using the Korkhaus modification device.
RESULTS: The results showed a significant positive correlation between intercanine and intermolar 
width and a negative correlation between arch length and palate height with vertical facial morphology 
in the male and female groups within the Proto‑Malay race.
CONCLUSION: There is a relationship between the maxillary arch dimension with vertical facial 
morphology in the male and female groups in the Proto‑Malay race.
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Introduction

The triumph of orthodontic treatment 
relied on the clinical capability in 

determining the diagnosis, treatment 
plan, and technique utilized in a variety 
of malocclusion treatments. [1] Some 
assessments need to be done in determining 
orthodontic diagnoses, such as cephalometric 
radiography and dental cast examination. 
In cephalometric radiography examination, 
the skeletal pattern can be classified into 

vertical disproportions (hyperdivergent, 
normovergent, and hypodivergent) and 
anteroposterior disproportion (Class I, II, and 
III skeletal malocclusion).[2] Facial morphology 
is a unique characteristic for every patient and 
an important aspect in orthodontic diagnosis, 
treatment plan, and prognosis.[3‑5] Facial 
morphology can be determined using some 
parameters, such as posterior and anterior 
facial height ratio (Jarabak’s ratio), MP‑SN 
angle, and gonial angle.[6]

The long‑face pattern usually shows a 
high MP‑SN and gonial angle, whereas the 
short‑face pattern shows a low MP‑SN and 
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gonial angle.[6‑8] Moreover, the long‑face patterns have 
a smaller transverse arch dimension than the short‑face 
pattern,[3,7,9,10] thus indicating that there is a significant 
correlation between MP‑SN angle and arch width in 
Caucasoid sample in Philadelphia, and the short‑faced 
group shows a wider arch width compared to the 
long‑face group.

In dental cast examination, the arch dimension also plays 
an important role and must be considered within the 
orthodontic treatment plan and has to be maintained 
to achieve an aesthetic, stable, and prevent iatrogenic 
effect such as tooth movement over the bone.[3,7,9,11] Arch 
dimension can be determined with arch length, arch 
width, and palatal height measurement. Some factors 
affect arch dimensions, such as genetics, gender, bone 
growth and development, and environmental factors 
such as muscle pressure and stomatognathic system.[12,13]

Previous studies in 100 male and 100 female subjects 
showed that males have a significantly wider arch length 
and arch width compared to females (P < 0.001)[14,15] and 
showed that male subjects have a significantly larger 
palatal height compared to female subjects.

In general, there are four races in the world: Mongoloid, 
Negroid, Caucasoid, and other races. Mongoloid race 
is divided into Proto‑Malay ad Deutro‑Malay. The 
Proto‑Malay race consists of Batak, Nias, Mentawai, 
Dayak, Sasak, Toraja, and Ambon race.[16]

Clinically, the archwire is a vital component in fixed 
orthodontic treatment. A well‑planned arch shape or 
arch width is mandatory to prevent relapse of the arch 
dimension.[9,17] Preformed archwire was routinely used 
by orthodontists without facial morphology and gender 
consideration; thus, it is highly recommended to use 
individual archwire for each orthodontic patient.[6,7]

In this study, we investigated the relationship between 
the maxillary arch dimension and vertical facial 
morphology by using the modified Korkhaus device for 
arch dimension measurement.

Material and Methods

Ethical clearance
Ethical clearance was obtained from the Universitas 
Sumatera Utara ethical committee with order No: 330/
KEP/USU/2021 based on the Nuremberg Code and 
Helsinki Declaration guidelines.

Sample selection
This study was conducted on 104 subjects (59 females 
and 45 males) aged ≥18 years. Lateral cephalometric 
radiographs and study models were obtained from 

the patients’ records in the Orthodontics Department, 
Faculty of Dentistry, Universitas Sumatera Utara, 
Medan, Indonesia.

The subjects were selected based on the inclusion criteria, 
that is, subjects belonging to Proto‑Malay race, no history 
of previous or ongoing orthodontic treatment, class I 
skeletal malocclusion, normal overjet and overbite, 
and complete dentition (except the third molar). The 
exclusion criteria for the sample are crowding with arch 
length discrepancy >5 mm, anterior and/or posterior 
crossbite, dental anomaly (peg shape, enamel hypoplasia, 
etc.), and bad habits (such as mouth breathing, tongue 
thrusting, and thumb sucking).

Lateral cephalometric radiographs analysis
The lateral cephalometric radiographs were traced on 
acetate tracing sheets and analyzed using CorelDRAW 
software [Figure 1]. For each cephalogram, the distance 
from the posterior facial height (S‑Go) and anterior 
facial height (N‑Me) were measured and the ratio was 
determined using Jarabak’s ratio.

Study model analysis
Study model measurements were determined using 
the Korkhaus modification device [Figures 2 and 3]. 
Maxillary arch dimensions were measured from
1. Intercanine width – from the canine cusp tip
2. Intermolar width – from the first permanent molar 

buccal cusp tip
3. Arch length – from the contact point between the 

permanent central incisors perpendicular to the line 
of intermolar width

4. Palatal height – the perpendicular distance from 
palatal width (central fossa of the first permanent 
molar) to the deepest point in the midline.

Figure 1: Lateral Cephalogram analyzed with CorelDRAW
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Statistical analysis
Statistical analysis was performed to obtain the 
standard deviation and mean of the maxillary arch 
dimension (intercanine and intermolar width, arch 
length, and palatal height) in males and females. 
ANOVA and post hoc tests were used to determine the 
relationship between the maxillary arch dimension and 
vertical facial morphology in the Proto‑Malay race. All 
statistical analysis was carried out using SPSS v26.0.

Results

A total of 104 subjects consisting of 59 females and 
45 males were included in this study. The vertical facial 
morphology was divided into three subgroups, namely 
hypodivergent, normovergent, and hyperdivergent, 
based on the Jarabak’s ratio. Table 1 presents the 
mean value and standard deviation of maxillary 
arch dimension, which showed a significantly larger 
intercanine and intermolar width, arch length, and 
palatal height in males with P < 0.05. Table 1 also shows 
that the hyperdivergent subjects had the largest arch 
length and palatal height both in males and females. 
This present study also showed that the hypodivergent 
subjects had the largest intermolar and intercanine 
width compared to normovergent and hyperdivergent 
subjects.

There was a significant positive correlation between 
intercanine and intermolar width with vertical facial 
morphology. The positive correlation showed a 
relationship between vertical facial morphology and arch 
width (intercanine and intermolar width) move in the 
same direction. Moreover, there is a negative correlation 
between arch length and palatal height with vertical 

facial morphology in hypodivergent, normovergent, 
and hyperdivergent subgroup both in male and female 
group The negative correlation showed that vertical 
facial morphology with arch length and palatal height 
move in opposite direction, which is the greater vertical 
facial morphology value, the smaller the arch length and 
palatal height value. [Tables 2 and 3].

Discussion

In this study, we found that males have a significantly 
larger arch dimension measurement than females. 

Figure 2: Korkhaus modification device Figure 3: Intermolar measurement

Table 1: Comparison between the maxillary arch 
dimension in males and females based on vertical 
facial morphology (Independent T‑Test)
Vertical Facial 
Morphology

Maxillary Arch 
Dimension

Male 
(n=45)

Female 
(n=59)

P

Hypodivergent 
(n=41)

Arch Length 31.98±1.30 30.04±1.87 0.000*
Intercanine Width 36.32±1.74 34.99±2.32 0.035*
Intermolar Width 51.32±3.07 48.69±2.99 0.005*
Palatal Height 20.00±1.06 17.92±2.15 0.000*

Normovergent 
(n=30)

Arch Length 32.95±0.72 29.32±2.01 0.000*
Intercanine Width 32.42±1.47 33.31±1.38 0.044*
Intermolar Width 49.17±1.62 47.57±1.91 0.022*
Palatal Height 20.45±0.98 19.22±1.91 0.043*

Hyperdivergent 
(n=33)

Arch Length 33.93±1.31 31.26±1.23 0.000*
Intercanine Width 32.29±1.40 31.11±1.08 0.020*
Intermolar Width 48.71±1.40 47.34±1.46 0.023*
Palatal Height 21.03±0.99 19.82±1.36 0.018*
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This study was performed following some previous 
studies.[7,12,18,19] The difference between males’ and 
females’ arch dimensions is possibly caused by genetic, 
hormonal, and environments, such as nutrition and 
masticatory muscle strength.[4,15,20] Males usually have a 
higher testosterone level, which stimulates the anterior 
pituitary gland to produce growth hormone (GH). 
Testosterone, growth hormone, and insulin‑like 
growth factor I are potent anabolic hormones in protein 
synthesis. Those hormones play a big role in bone and 
muscle growth and development, especially in males,[21,22] 
which causes the masticatory muscle in males to be 
stronger than in females, thus affecting the growth and 
development of the arch dimension.[4,15,20]

Tables 2 and 3 showed a moderately positive correlation 
between intercanine and intermolar with vertical facial 
morphology in both males and females groups. The 
positive correlation indicated that the relationship 
between vertical facial morphology with intercanine 
and intermolar width move in the same direction, which 
means that the higher the vertical facial morphology 
value, the bigger the intercanine and intermolar 
width. Studies done by[10,23] showed that there is a 
negative correlation between arch width (intercanine, 

interpremolar, and intermolar width) with MP‑SN 
value, which indicated that the higher the MP‑SN value, 
the wider the arch width. The difference in correlation 
sign with the present study is because of the fact the 
studies done by[10,23] used the MP‑SN parameter to 
classify the vertical facial morphology, whereas in the 
present study, we used Jarabak’s ratio. As we know, 
the higher the MP‑SN value, the more vertical the facial 
morphology, whereas the higher the Jarabak’s ratio, the 
more horizontal the facial morphology.

The present study also showed that there is a negative 
correlation between arch length and palatal height with 
vertical facial morphology, which means that those 
variables move in opposite directions.[24] Another study 
showed that hypodivergent patterns usually have a 
decreased arch length compared to hyperdivergent 
and normovergent patterns.[25] Hyperdivergent and 
normovergent patterns show more palatal height than 
the hypodivergent pattern. The relationship between 
palatal height and vertical facial morphology is because 
the hypodivergent pattern usually shows a low tongue 
position, causing the supra‑eruption of upper teeth, 
narrow maxillary arch, and more palatal height than 
hypodivergent and normovergent patterns.

Conclusion

We conclude that there is a relationship between 
maxillary arch dimension with vertical facial morphology 
in the Proto‑Malay race both in the male and female 
groups. The significant relationship between intercanine 
and intermolar width with vertical facial morphology 
showed that a proper diagnosis and treatment plan was 
mandatory, especially regarding the use of individual 
archwires for each patient.
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