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Abstract 

Introduction

 The aim of this study was to determine the appropriate sagittal maxillary position in Thai adults for orthognathic  

surgery. The study included males and females with completed orthodontic treatment, normal profile, dental and skeletal 

Class I. Two linear and four angular parameters of lateral cephalometry were measured to obtain maxillary position 

and upper incisor to Nasion perpendicular (UI-Nperp) distance. The digital cephalometric analyses were performed 

using Dolphin Imaging Software. Seventy-five patients met the inclusion criteria with a mean age of 23.79 ± 4.74 years. 

The means of UI-Nperp were 7.3 ± 4.6 mm for males and 8.4 ± 3.6 mm for females. No significant difference was observed 

in the UI-Nperp distance between the extraction and non-extraction groups. In conclusion, the UI-Nperp distance could be  

a useful tool for determining proper sagittal maxillary position when performing Le Fort I osteotomy in orthognathic surgery. 
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 In general, orthognathic surgeons and orthodontists  

collect data from history taking, clinical examinations, 

radiographic images, and model analyses for orthognathic 

surgical planning.1 The proper maxillary position in sagittal, 

vertical, and transverse dimensions is essential for facial 

profile esthetics in double jaw surgery.2 Goals for vertical 

and transverse maxillary position depend on facial evaluations  

and the surgeon experiences, but the proper anteroposterior 

maxillary position can be determined from cephalometric 

analysis and a clinical examination.

 There were several cephalometric analyses for 

determining the appropriate sagittal position of the maxilla. 

Steiner3 described the use of the angle derived from connecting 

the cephalometric landmarks of SNA to determine the sagittal  

position of the maxilla compared with population norms. 

Ricketts4 studied measurement of Maxillary depth which 

does not change with age. McNamara5 proposed the use 

of the natural head position and an external reference line 

(nasion-perpendicular) to measure the sagittal maxillary 

position. Wolford2 recommended the use of a desired 
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anteroposterior position of the upper incisor as a guide for 

the proper maxillary position. However, there were some 

limitations for norms of one ethnic group that cannot be 

applied to others.6-12    

 Many cephalometric Thai norms were reported. 

Suchato and Chaiwat13 studied 100 untreated orthodontic 

Thai patients with Class I molar relationships in Bangkok. 

This study showed the mean value of SNA and UI-NA. 

Sorathesn14 studied the craniofacial norms for Thais from 

100 untreated orthodontic Thai patients with good occlusion. 

This article showed that the means of male and female 

SNA were different from Caucasians. Ruksujarit et al.,15 

conducted a study in 173 Thai children with an esthetically 

acceptable facial profile in Khon Kaen province. This study 

showed the means of SNA, Maxillary depth, McNamara’s 

nasion perpendicular, and UI-NA that represented the 

sagittal position of the maxilla. Chaiworawitkul16 studied 

70 Thai Northern adults with a natural optimal occlusion, 

a normal facial profile and normal soft tissue function in 

2008. They reported the means of SNA and UI-NA which 

were significantly different from the British.

 From previous studies,13-16 the use of landmarks 

in maxilla related to the cranial base or the Frankfort 

horizontal plane have been published in many articles 

but the use of the upper incisor position as the landmark 

for determining the proper maxillary position has not been 

previously reported in Thailand. The purpose of this study 

was to determine the appropriate sagittal position of maxilla 

in Thai adults for orthognathic surgery.  

 This retrospective analytical study recruited 

patients who underwent orthodontic treatment at the 

Department of Orthodontics, Faculty of Dentistry, Chula-

longkorn University, Thailand from January 2010 to January 

2020. Participants included Thai adults above 18 years old, 

skeletal Class I, skeletal normal bite, Class I canine relationship  

with 2-4 mm overjet and overbite, less than 2 mm of crowding,  

competent lips, normal function of lips and tongue, and 

good quality of lateral cephalometric radiograph after 

completing orthodontic treatment. The patients who had

a history of facial trauma, a history of craniofacial deformity or  

systemic disease that affected growth and development and 

a previous history of cosmetic surgery of the face were excluded. 

 The selected post-treatment (after debonding) 

lateral cephalometric radiographs were reoriented in the 

natural head position (The eye was pointed directly forward 

focusing on a point on the wall at eye level) and traced 

with Dolphin Imaging Software version 11.95 (Dolphin 

Imaging and Management Solutions, Chatsworth, CA). All 

measurements were made by one investigator. The internal

reliability of the method was analysed using the intraclass 

correlation coefficient (ICC) by comparing cephalometric 

measurements taken at least two weeks apart.

 Six cephalometric measurements chosen to re-

present the maxillary position are described below: (Fig. 1).

1. SNA: the angle formed by the sella-nasion (SN) line 

    and a line from the nasion to point A (NA line).

2. Maxillary depth: the angle formed by the Frankfort 

    horizontal plane and the NA line.

3.  McNamara’s nasion perpendicular (A-Nperp): The nasion

      perpendicular was a vertical line drawn inferiorly from  

     the nasion perpendicular to the Frankfort horizontal 

      plane. The measurement taken was the linear distance  

    from point A to the nasion perpendicular. 

4. Upper central incisor position to the nasion perpendicular 

    (UI-Nperp): The measurement taken was the linear 

     distance from the tip of the upper incisor to the nasion 

    perpendicular.

5. Upper incisor to N-A line (UI-NA): the angle formed 

      between the long axis of the maxillary incisor and the 

    N-A line.

6. Upper incisor angulation to the palatal plane (UI-PP): 

      the angle formed between the palatal plane and the 

    long axis of the maxillary incisor.

Materials and Methods
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Figure 1 Six cephalometric measurements: (a) SNA, (b) Maxillary depth, (c) McNamara’s nasion perpendicular (A-Nperp), (d) Upper  

 central incisor position to nasion perpendicular (UI-Nperp), (e) Upper incisor to N-A line (UI-NA), (f) Upper incisor angulation

  to palatal plane (UI-PP)

 The demographic data and data from the 

measurements were collected and recorded in digital 

format. For continuous variables, means and standard 

deviations were presented. The statistical analyses were 

performed using SPSS version 22.0 (SPSS, Inc., Chicago IL). 

A normal distribution was tested by the Shapiro-Wilk test. 

The independent t-tests were used to compare the data 

between Thai male and female groups and between 

extraction and non-extraction groups.

 The study was approved by the Human Research 

Ethics Committee of the Faculty of Dentistry, Chulalongkorn 

University (HREC-DCU 2019-077).

Results
 Seventy-five patients were recruited from 

the Department of Orthodontics, Faculty of Dentistry, 

Chulalongkorn University. Demographic data of the 

participants are described in Table 1.

 Linear and angular measurements were reported 

in millimeters (mm) and degrees (o), respectively. Results 

of all parameters were presented in Tables 2, 3, and 4.
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Table 1 Demographic data

  Age (y) Average 23.79 ± 4.74

Minimum 18.15

Maximum 44.97

  Sex Male 27 (36 %)

  Female 48 (64 %)

  Extraction or    Extraction 42 (56 %)

  Non-extraction group Non-extraction 33 (44%)

Table 2 Cephalometric parameters values in Thai

Parameter Overall

Mean SD

SNA (o) 84.4 2.4

Maxillary depth (o) 93.3 2.6

A-Nperp (mm) 3.2 2.6

UI-Nperp (mm) 8.2 4.0

UI-NA (o) 23.6 7.5

UI-PP (o) 114.9 7.4

Table 3 Cephalometric parameters values in Thai males and females

Parameter Male Female P-value

SNA (o) 84.7 ± 2.5 84.3 ± 2.4 0.53

Maxillary depth (o) 92.7 ± 3.0 93.5 ± 2.3 0.20

A-Nperp (mm) 2.6 ± 3.0 3.3 ± 2.3 0.25

UI-Nperp (mm) 7.3 ± 4.6 8.4 ± 3.6 0.29

UI-NA (o) 25.1 ± 8.6 22.5 ± 6.6 0.15

UI-PP (o) 116.4 ± 8.2 113.7 ± 6.8 0.13

Table 4 UI-Nperp distance in extraction and non-extraction groups 

UI-Nperp Extraction Non-extraction P-value

Overall 8.1 ± 4.1 7.9 ± 4.0 0.89

Male 7.4 ± 4.6 7.2 ± 4.7 0.89

Female 8.4 ± 3.7 8.3 ± 3.7 0.90

Discussion
 Evaluation of the sagittal maxillary position has 

evolved over time. One of the earliest techniques was 

developed by Steiner,3 who described the use of the angle 

derived from connecting the cephalometric landmarks 

of SNA to determine the sagittal position of the maxilla 

compared with population norms. The SNA is subject to 
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variation in the length and position of the skull base, 

which is commonly abnormal in patients with dentofacial 

deformities.17 This limitation led to the development of 

analyses using linear rather than angular measurements. 

Ricketts4 studied the cephalometric analysis to determine 

the facial profile particularly Maxillary depth. This value 

shows the anteroposterior position of the maxilla at point  

A related to the cranium that does not change with age. 

McNamara5 suggested using the natural head position and 

an external reference line (nasion-perpendicular, Nperp) 

to measure the sagittal maxillary position (Nperp to point A). 

These cephalometric analysis, however, were also unreliable  

in patients with dentofacial deformities and did not correlate  

well with facial esthetics.

 Several authors have previously suggested the 

incisor position in relation to the facial profile as a driver 

for facial harmony. Schlosser et al18 demonstrated a direct 

relationship between the maxillary incisor and the upper 

lip positions and facial esthetics in a survey study using 

digitally altered photographs. Adams et al19 found that 

the maxillary incisors were positioned between the 

‘‘forehead facial axis’’ (defined similarly to the FA point 

of the analysis described by Andrews), and the glabella 

in 91 % of the adult white males sampled. Webb et al20 

also reported that a maxillary incisor position between 

the forehead midpoint and the glabella was associated 

with an esthetically pleasing profile. McNamara analysis5 

determined the anteroposterior position of the upper 

incisor relative to point A. This measurement should be 

4 to 6 mm. Wolford2 proposed that a short vertical line 

drawn 4 mm anterior to the nasion perpendicular was used 

as the desired antero-posterior position of the maxillary 

incisor. These studies were mainly based on a Caucasian 

population. However, the cephalometric standards used 

for one ethnic group might not be applicable for other 

ethnic groups.

 Cephalometric Thai norms were reported in many 

articles but the use of UI-Nperp have not been previously 

reported in Thailand. The results of this study showed 

that the UI-Nperp were 7.3 ± 4.6 mm for males and 8.4 ± 

3.6 mm for females. According to Chaiworawitkul et al,16 

the nasion in a Thai male was located more anterior than in 

a female. Therefore, the more forward position of the nasion 

could influence the UI-Nperp distance to be lower in males.

 Factors related to the UI-Nperp distance were 

the sagittal maxillary position, the upper incisor axis and 

the extraction plan of orthodontic treatment. The sagittal 

maxillary position in the study was represented by the

values of SNA, Maxillary depth and A-Nperp. The parameters 

of the present study were consistent with previous Thai 

research.13-16 (Table 5)

Table 5 Comparison of the lateral cephalometric values for Thai

Parameter SNA (mm) Maxillary Depth (o) A-Nperp (mm)

The present study Male 84.7 ± 2.5 92.7 ± 3.0 2.6 ± 3.0

Female 84.3 ± 2.4 93.5 ± 2.3 3.3 ± 2.3

Suchato et al13 Male 84.5 ± 3.7

Female 83.9 ± 3.4

Sorathesn14 Male 83.0± 11.2

Female 85.0 ± 3.7

Ruksujarit et al15 Male 82.4 ± 3.0 90.1 ± 2.7 0.1 ± 2.9

Female 84.9 ± 3.0 91.8 ± 2.8 1.9 ± 2.9

Chaiworawitkul et al16 Male 83.8 ± 3.3

Female 83.5 ± 3.5
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 A change in the upper incisor inclination may 

also affect the distance from the tip of the incisor to the 

nasion perpendicular. The results of the UI-NA and UI-PP 

in our study were also consistent with those in previous Thai 

cephalometric values.13,15,16 These findings supported the 

reliability of using the UI-Nperp to represent the appropriate 

sagittal maxillary position in the Thai population.

 According to the extraction guideline of Profitt  

et al,21 the upper incisors may move approximately 3 mm 

backwards when orthodontic treatment with extraction 

is planned. Therefore, it can be hypothesized that the 

extraction treatment plan may affect the distance from the 

upper incisor to the nasion perpendicular. However, the 

present study revealed that the difference between the 

extraction and the non-extraction groups was not significant.

The reason for this insignificant difference might be that 

the extraction group had more protruded upper incisors 

initially and they were moved back during retraction or had 

severe arch-length discrepancy before treatment. Moreover, 

there were also many factors affecting the orthodontic 

tooth movement during the orthodontic phase.

 Interestingly, the results of our study were similar 

to Sutthiprapaporn et al 22 (Table 6) that reported the 

esthetic lateral cephalometric values of Thai adults after 

orthodontic treatment. Therefore, it may be implied that 

the participants in the present study had acceptable 

skeletal cephalometric values that could lead to an 

esthetic facial profile.

Table 6 Comparison of the lateral cephalometric values between the study and Sutthiprapaporn et al 22    

Parameter The present study Sutthiprapaporn et al 22

Male Female Male Female

SNA (o) 84.7 ± 2.5 84.3 ± 2.4 84.6 ± 3.8 84.6 ± 3.3

Maxillary Depth (o) 92.7 ± 3.0 93.5 ± 2.3 91.9 ± 3.1 91.3 ± 3.1

A-Nperp (mm) 2.6 ± 3.0 3.3 ± 2.3 2.1 ± 3.4 1.2 ± 3.0

UI-NA (o) 25.1 ± 8.6 22.5 ± 6.6 21.6 ± 6.8 21.3 ± 7.7

UI-PP (o) 116.4± 8.2 113.7 ± 6.8 114.2 ± 7.1 113.6 ± 7.6

 There were some limitations of the present study. 

Firstly, our study established the cephalometric values 

from skeletal Class I patients which might not be appropriate 

to use as a guideline for orthognathic surgical planning in 

patients with large dentofacial deformities such as clefts. 

Secondly, cephalometric parameters from our study were 

analysed from participants with normal occlusion and normal 

skeletons that did not indicate a pleasing or attractive 

profile. Thirdly, the variability of the A-Nperp and UI-Nperp 

values were dependent on the Frankfort horizontal plane 

angulation. However, the Frankfort horizontal plane required 

the localization of the anatomic porion and orbitale in 

which it was sometimes difficult to find the precise location. 

Therefore, precise landmark identification needs proper 

training and practice. Another limitation was that the 

nasion perpendicular is usually, but not always, a reliable 

line for the orientation of the maxillary position. One exception  

is the Class III malocclusion in which a short anterior cranial 

base exists.23,24 Therefore, construction of an erroneous 

nasion perpendicular causes an appearance in that the 

maxilla is excessively anteriorly positioned.

 The UI-Nperp could be a useful goal for determining  

the sagittal maxillary position when performing Le Fort I 

osteotomies. However, it must be considered together 

with clinical examinations to achieve an ideal outcome. 

Future studies should compare the analysis of skeletal 

Class II and Class III malocclusions in Thai adults.

Funding resource: This research received no specific grant from any 

funding agencies in the public, commercial, or not-for-profit sectors.

Conclusion
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