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ABSTRACT 

The aims ofthis study were (1) to apply the quadrilateral analysis to Saudi adult male and female 
patients with normal occlusion, (2) to compare the results to Saudi adult male and female with 
anterior openbite, and (3) to evaluate the correlation of the quadrilateral variables. The normal 
occlusion sample consisted of 60 lateral skull radiographs (30 male and 30 female) of Saudi adults 
with normal occlusion and balanced face selected from the cephalographs of fourth year dental 
students. The openbite sample consisted of 60 pretreatment lateral skull radiographs (30 male and 30 
female) of Saudi adult with anterior openbite selected from the cephalographs of patients referred for 
the correction of dentofacial deformities. The cephalometric radiographs were traced by hand. The 
quadrilateral was constructed and measured for analysis. The quadrilateral analysis was applied to 
Saudi adult males with normal occlusion and the results were compared to Saudi adult males with 
anterior openbite. The quadrilateral analysis was applied to Saudi adult females with normal 
occlusion and the results were compared to Saudi adult females with anterior openbite. The 
quadrilateral analysis of Saudi adult males with anterior openbite was compared to Saudi adult 
females with anterior openbite. Correlation analysis of the quadrilateral variables and the relation 
proportional correlation of the quadrilateral analysis for the Saudi adult males with anterior openbite 
was evaluated. The method error was small and acceptable. The quadrilateral analysis of the 
craniofacial structures of Saudi adults showed the following. (1) In subjects with normal occlusion the 
length of the maxillary base and the length of the mandibular base and the average of lower face 
heights were equal. (2) In openbite subjects compared to normal: [a] the maxillary and the 
mandibular base lengths were small. [b] The facial heights were large. [c] The sagittal angle was 
large. [d] The maxillary and mandibular sagittal ratios were large. [e] The posterior extensions ofthe 
maxilla and mandible were short. The average lower facial height was large. [g] Vertical sagittal 
ratio was larger than normal. (3) The correlation analysis showed that the malformation of the 
craniofacial structure in anterior openbite subjects resides in the maxillomandibular complex. The 
results suggest that in conjunction with the ODI, the sagittal angle, the maxillary and mandibular 
sagittal ratio can be additional parameters in determining an openbite tendency. 
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INTRODUCTION 

The quadrilateral analysis is a cephalometric analy-
sis introduced by DiPaolo in 19691. It attempts to 
identify any deviations in the maxillary and mandibular 
skeletal bases in the horizontal and vertical dimen  

sions regardless of dentoalveolar relationships2,3. 
Four linear measurements form the quadrilateral. 
Theses are the maxillary base length, the mandibular 
base length, the anterior facial height and the 
posterior facial height4, 5. The quadrilateral analysis 
hypothesized that in a balanced facial pattern a one-
to-one 
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ratio exists between the maxillary base length, the 
mandibular base length and the average of anterior 
and posterior lower facial heights1-5. Cephalometric 
analysis is the language between orthodontists5 and is 
used in describing the craniofacial pattern, prescribing 
the treatment objectives, evaluating the changes due 
to growth and treatment, and predicting the expected 
changes during growth°, 7, 9. Since its introduction in 
1931 by Broadbent9, several cephalometric analyses 
have been developed. The analysis ofDowns10, 
Steiner11, and Ricketts" gained international 
acceptance. Whereas, the "Wits" appraisal of 
Jacobson" and the analysis of Tweed", Wylie15, 
Jarabak16, Sassouni 17, Enlow18, and McNamara19 
are well known but, less widely used. On the other 
hand, the quadrilateral analysis was tested and used 
by DiPaolo1, DiPaolo et a12, Chinappi et a13, DiPaolo 
et a14, Tseng20° and Kao et a121. Niegerg22 pointed out 
that the quadrilateral analysis proven to be a valuable 
cephalometric tool in diag-nosis and treatment 
planning of orthodontic problems. 

Skeletal openbite is one of the most difficult orth-
odontic problems to treated, 24. It is a developmental 
abnormality caused by a combination of genetic and 
environmental factors25 26, 27 Patients with skeletal 
openbite have craniofacial morphology characterized by 
a small anterior cranial base, increased cranial base 
angle, steep anterior cranial base, long lower anterior 
facial height, large mandibular plane angle, obtuse 
gonial angle, short posterior facial height, anterior 
upward tilting of maxilla, posterior downward tilting of 
maxilla, increased vertical growth in posterior dentoal-
veolar structures29-39. Understanding the differences in 
craniofacial structures between normal and openbite is 
important for clinical management and research pur-
poses39, 4°. Cephalometric comparisons highlight the 
differences in craniofacial structure. Several studies 
have investigated the differences in North American 
whites29, 31-39, 41, 42, in North American blacks43, 44, in 
Chinese21, 45, 46, and in Saudis47' 49. According to their 
findings there are abnormalities in the craniofacial 
structures of patients with anterior openbite and, 
according to the quadrilateral analysis, the patient with 
good facial pattern shows one-to-one proportionality in 
the lower facial part. Therefore, the aims of this study 
were (1) to apply the quadrilateral analysis to Saudi 
adult males and females with normal occlusion, (2) to 
compare the results to Saudi adult males and 
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females with anterior openbite, and (3) to evaluate 
the correlation of the quadrilateral variables. 

MATERIALS AND METHODS 

The normal sample 

The normal occlusion sample consisted of 60 lat-
eral skull radiographs (30 male and 30 female) of 
Saudi adults with normal occlusion and balanced 
facial profile. The sample was selected from a total of 
430 lateral skull radiographs of fourth year dental 
students. The mean age for the students was 25 years. 
The criteria for selection of the normal group were (1) 
normal occlusion (2) balanced anteroposterior and 
vertical facial proportion (3) normal overjet and 
overbite (4) normal skeletal relationship (5) overbite 
depth indicator more than 68° and less than 80° (6) no 
previous orthodontic treatment and (7) no history of 
trauma, jaw fracture, cleft or craniofacial syndrome. 

The openbite sample 

The openbite sample consisted of 60 pretreatment 
lateral skull radiographs (30 male and 30 female) of 
Saudi adults with anterior openbite. The sample was 
selected according to two specified cephalometric vari-
ables from the cephalographs of 320 patients referred for 
the correction of dentofacial deformities. The cepha-
lometric radiographs were traced by hand on 0.003 
matte acetate sheets. The specified cephalometric 
variables for the selection of anterior openbite were. (1) 1 
mm or more of anterior openbite measured as a 
perpendicular vertical distance from the tip of the 
mandibular incisal edge to the horizontal line passing 
through the tip of the upper incisal edge. (2) less than 
68° of over bite depth indicator49 [ODI]. For the final 
selection of the openbite group, each patient must be 20 
years and above, upper and lower first molars should be 
present with the posterior teeth in occlusion and no 
history of orthodontic treatment or craniofacial trauma. 

Cephalometric tracing 

The selected cephalographs were retraced by hand on 
a good quality 0.003 matte acetate sheets. The tracing 
was performed using standardized technique as described 
by Houston et a17 in a darkened room wherein a well 
illuminated viewing screen was blackened off with a card 
to leave a window just large enough for the 



 

Fig 3. An illustration of the construction of point B' 
and D' and determination of mandibular base 
length. 

Fig 5. An illustration of the construction of sagittal 
maxillary ratio, sagittal mandibular ratio and 
the sagittal angle of the quadrilateral analysis. 

radiograph. The cephalograph was orientated with 
Frankfort plane parallel to the bottom edge of the 
screen, because a number of landmark definitions 
depend on head orientation. 

Cephalometric landmarks 

The following landmarks were identified on the 
tracing for the quadrilateral anlysis and to measure the 
overbite depth indicator. (1) nasion (2) Sella turcica (3) 
orbitale (4) porion (5) anterior nasal spine (6) posterior 
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Fig 1. An illustration of the anatomical landmarks 

Fig 2. An illustration of the construction of point A' 
and C' and determination of maxillary base 
length. 

Fig 4. An illustration of the construction of quadrilat-
eral from point A', point B' point C' and 
point D' and determination of anterior lower 
facial height and posterior lower facial height. 

 



nasal spine (7) gonion (8) menton (9) gnathion (10) point 
A (11) point B (12) point A' (13) point B' (14) point C' 
(15) point D' (16) point J. If the landmarks were 
bilateral and did not coincide with each other on the 
tracing, the midpoint was chosen. The landmarks used 
in this study follow those used by DiPaolo1-5 (Fig. 1). 

Cephalometric measurements 

From the above landmarks the following 
cephalometric variables were measured: 

1. MaxL. The maxillary base length measured in 
millimeters as the horizontal distance between 
two points (point A' and point C') projected onto 
the palatal plane. Point A' is a perpendicular from 
point A upward to the palatal plane. Point C' is a 
perpendicular from the most inferior portion of 
the pterygomaxillary fissure downward to the 
palatal plane (Fig. 2). 

2. ManL. The mandibular base length measured in 
millimeters between two points (point B' and point 
D') projected onto the mandibular plane. Point B' 
is a perpendicular from point B, while point D' is a 
perpendicular from point J downward to the man-
dibular plane. Point J is located at the deepest point 
of the junction of anterior portion of the ramus 
and the base of the mandible (Fig. 3). 

3. ALFH. The anterior lower facial height measured 
in millimeters from point A' to point B' (Fig. 4). 

4. PLFH. The posterior lower facial height measured 
in millimeters from point C' to point D' (Fig 4). 
These four measures (maxillary base length, man-
dibular base length, anterior lower facial height, 
and the posterior lower facial height) form the 
basis of the quadrilateral analysis (Fig. 5). 

5. SagAng. The sagittal angle, is the angle formed 
by the intersection of the posterior extension of 
the maxilalry base and mandibular base. 

6. ALFH/PLFH. The ratio of anterior lower facial 
height to the posterior lower facial height. 

7. AUFH/TAFH. The ratio of anterior upper facial 
height to the total anterior facial height. 

8. LFHaverage. The average of the lower anterior 
facial height and the lower posterior facial height. 
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9. UFAng. The upper facial angle. The angle between 
the line of the maxillary base length and the N-
point A' line. It assess the position of the maxilla. 

10. FConvAng. The angle of facial convexity formed 
by the line N-A' and the line A'-B' measured at 
point A'. It relates the quadrilateral to the upper 
face and gives assessment of the skeletal profile. 

11. AUFH. The anterior upper facial height measured 
in millimeters from point A' to point nasion. 

12. (MaxL+MaxE)/MaxE. The maxillary sagittal ratio, 
the sagittal ratio is a mathematical expression to 
assess the relative anteroposterior positioning of 
the maxillary and mandibular bases (Fig. 5). The 
ratio of A to B is called the maxillary sagittal ratio. 

13. (ManL+ManE)/ManE. The mandibular sagittal 
ratio, the ratio of C to D is called the mandibular 
sagittal ratio (Fig. 5). Any forward or retroposition 
of the base will cause unequal lengths of the 
posterior legs (lines A and C). 

14. MaxE . The maxillary extension. Posterior exten-
sion of maxillary base length. 

15. ManE The mandibular extension, Posterior exten-
sion of mandibular base length. The maxillary and 
mandibular posterior extensions of base lengths 
determines if there is any sagittal malrelation of 
the mandibular base to the maxillary base. 

16. TPFH/TAFH. The ratio of total posterior facial 
height to total anterior facial height. 

17. ALFH/TAFH. The ratio of anterior lower facial 
height to the total anterior facial height. 

18. MaxL/ManL. The ratio of maxillary base length 
to mandibular base length. 

19. MaxL/LFHaverage. The ratio of maxillary base 
length to the average of lower anterior and poste-
rior facial heights. 

20. MaxE/ManE. The ratio of maxillary posterior 
extension to the mandibular posterior extension. 

21. TAFH. Total anterior facial height measured in 
millimeters as a combination of the lower ante-
rior facial height and the upper anterior facial 
height. 



22. TPFH. The total posterior facial height measured 
in millimeters from point gonion to sella turcica. 

23. ODI. The overbite depth indicator (ODI) is a com-
bination of the angle between the AB plane to 
mandibular plane and the angle between the Frank- 

, fort plane to palatal plane.  

Method Errors 

For standardization, all the radiographs were de-
rived from a single source with a fixed distance between 
the x-ray source, the subject's head, the film and the 
same exposure time. The enlargement factor was 
determined by two metal markers fixed at a distance of 
90 mm on a ruler. The images of the two metal markers 
were included in the radiographs of 25 subjects holding 
the ruler at the mid-sagittal plane touching the tip of the 
nose and the forehead. The mean value of the 
enlargement factor was 0.91 and considered for the 
correction of the linear measurements. 

Method errors of the study in identifying and 
locating the anatomical landmarks during tracing and 
measurements were assessed by the double determi-
nation method of Dahlberg50 using the formula. 

  

Where (d) is the difference between the two 
readings in the measurements of a single variable 
and (n) is the number of cases in the sample or the 
double determinations. 

The method error was calculated by using 25 
lateral skull radiographs. The radiographs were traced 
and digitized on two different occasions with a mini-
mum of six weeks interval between the initial and 
repeated tracing and digitization. The method errors 
ranged from 0.35 mm to 0.78 mm and from 0.38° to 
1.05° for the linear and angular measurements 
respectively. 

Statistical Analysis 

The statistical analysis was performed with Statis-
tical Package for the Social Sciences, version 10 [SPSS] . 
The significance of differences in mean values between 
Saudi normal and openbite patients was tested by 
Student's t test. One asterisk [1 indicates a 5% l*]level of 

confidence with a p-value of <0.05. Two asterisks [**] 
indicate a highly significant difference at the 1% level 
of confidence with a p-value of <0.01. Three asterisks 

**1 indicate a very highly significant difference at the 
0.1% level of confidence with a p value of <0.001, and 
[NS] indicating no significant difference. 

Correlation analysis 

All measured variables were tested against each 
other to find patterns of correlation analysis. The 
correlations among the measurements ranged from 
0.001 to 0.975. The relative proportional correlation 
analyses were performed for the proportional mea-
surements and ratios. 

RESULTS 

The results of the present study are presented in 
tables 1-5. Table 1 showed the results of the quadrilat-
eral analysis between Saudi adult males with normal 
occlusion and the anterior openbite group. Table 2 
demonstrates the results of the quadrilateral analysis 
between Saudi adult females with normal occlusion 
and the anterior openbite group. Table 3 illustrates the 
results of the quadrilateral analysis between Saudi 
adult males and females with anterior openbite. Table 
4 presents the results of the correlation analysis of the 
measured quadrilateral variables of Saudi adult males 
with anterior openbite. Table 5 shows the results of the 
relative proportional correlation analysis of the quad-
rilateral variables, the proportional measurements and 
ratios of Saudi adult males with anterior openbite. 

DISCUSSION 

This study applied the quadrilateral analysis to 
Saudi adult male and female patients presenting with 
a normal occlusion and anterior openbite. The main 
finding in the Saudi adult with normal occlusion and 
balanced facial proportion was that the length of the 
maxillary base was equal to the length of the mandibu-
lar base and equal to the average lower anterior and 
lower posterior facial heights. This finding agrees with 
DiPaolo1-5 and supports the hypotheses of equality put 
forward by the quadrilateral analysis. 

Comparing the quadrilateral analysis of the normal 
occlusion group to the subjects with anterior openbite 
showed that the lengths tfurtaxillary and mandibu- 
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TABLE 1. QUADRILATERAL ANALYSIS BETWEEN SAUDI ADULT MALE WITH NORMAL 
OCCLUSION AND ANTERIOR OPENBITE. 

* Statistically significant at P<0.05; ** Statistically significant at P<0.01; ***Statistically significant at P<0.00AUFH/TAFH 

TABLE 2. QUADRILATERAL ANALYSIS BETWEEN SAUDI ADULT FEMALE WITH 
NORMAL OCCLUSION AND ANTERIOR OPENBITE. 

Statistically significant at P<0.05; ** StatisticaTPFH/TAFHPFH/TAFHt P<0.01; 

***StatisMaxL/ManLsignificMax-L/LFHaveragege6 

1 MaxL 50.24 
2 ManL 50.02 
3 ALFH 59.74 
4 PLFH 42.58 
5 SagAng 22.98 
6 ALFH/PLFH 1.39 
7 AUFHTTAFH 0.47 
8 (ALFH+PLFH)/2 51.16 
9 UFAng 89.82 
10 FCAng 170.37 
11 AUFH 52.27 
12 (MaxL+MaxE)/MaxE 1.41 
13 (ManL+ManE)/ManE 1.40 
14 MaxE 126.42 
15 ManE 126.65 
16 TPFHTTAFH 0.67 
17 ALFH/TAFH 0.53 
18 MaxUManL 1.01 
19 Max-ULFHaverage 0.98 
20 MaxE/ManE 0.99 
21 TAFH 112.11 
22 TPFH 75.81 
23 ODI 73.88 

SD 
dOpenbite 

Mean SD MD t-value 
2.64 47.03 2.89 3.21 4.48 
2.75 45.83 2.99 4.18 5.63 
3.89 67.45 4.60 -7.71 -7.55 
3.21 43.08 3.20 -0.51 -1.17 
3.18 34.68 6.15 -11.70 -9.24 
0.10 1.56 0.12 0.17 -9.53 
0.02 0.43 0.01 0.03 7.05 
2.95 55.56 2.69 -4.40 -3.98 
3.84 95.67 4.91 -5.85 -8.24 
4.07 171.08 6.67 -0.71 -0.49 
2.45 51.34 2.45 0.92 1.45 
0.06 1.59 0.12 -0.19 -7.35 
0.06 1.56 0.12 -0.15 -5.93 
19.63 82.15 18.76 44.26 8.92 
19.60 85.78 20.25 40.87 7.94 
0.03 0.59 0.04 0.08 9.73 
0.02 0.56 0.01 -0.03 -7.32 
0.06 1.02 0.08 -0.02 -2.04 
0.06 0.85 0.07 0.11 6.11 
0.02 0.96 0.03 0.03 4.88 
4.57 118.79 4.79 -6.68 -5.27 
3.96 70.77 4.62 5.04 4.53 
4.31 59.81 4.54 14.07 12.30 
 

d Normal 
No Variables Mean Sig 

Normal 
Mean SD 

Openbite 
Mean SD No Variables MD t-value Sig 

1 MaxL 46.85 1.92 44.68 2.99 2.17 6.02 *** 
2 ManL 47.32 3.04 44.25 3.40 3.07 5.58 *** 
3 ALFH 56.29 3.73 65.25 4.27 -8.96 -17.67 *** 
4 PLFH 40.43 2.81 41.04 3.91 -0.61 -1.23 NS 
5 SagAng 23.36 4.90 33.12 4.84 -9.76 -10.95 ... 
6 ALFH/PLFH 1.39 0.12 1.58 0.09 -0.19 -8.5 *** 
7 AUFH/TAFH 0.46 0.01 0.43 0.02 0.03 15.0 *** 
8 (ALFH+PLFH)/2 48.34 2.51 53.18 3.81 -4.84 -13.78 *** 
9 UFAng 89.54 3.73 90.41 3.16 -0.87 -7.26 *** 
10 FCAng 169.66 4.19 166.60 5.76 3.06 4.03 *** 
11 AUFH 49.93 2.47 50.48 3.14 -0.55 -1.22 NS 
12 (MaxL+MaxE)/MaxE 1.44 0.11 1.56 0.09 -0.12 -7.5 *** 
13 (ManL+ManE)/ManE 1.46 0.12 1.54 0.09 -0.08 -5.5 *** 
14 MaxE 111.89 29.13 77.51 15.35 34.38 6.14 *** 
15 ManE 111.94 29.11 79.89 16.78 32.05 6.03 *** 
16 TPFH/TAFH 0.69 0.04 0.61 0.03 0.08 10.0 *** 
17 ALFH/TAFH 0.53 0.02 0.57 0.02 -0.04 -20.0 *** 
18 MaxL/ManL 0.98 0.06 1.01 0.09 -0.03 -3.01 * * *  

19 MaxL/LFHaverage 0.96 0.06 0.84 0.07 0.12 15.02 *** 
20 MaxE/ManE 0.98 0.05 0.97 0.09 0.01 1.13 NS 
21 TAFH 106.23 4.56 115.72 5.98 -9.19 10.89 ... 
22 TPFH 73.61 4.54 70.11 4.57 3.5 4.22 *** 

23 ODI 73.31 4.74 60.5 4.76 12.81 14.89 *** 

 



 

TABLE 3. QUADRILATERAL ANALYSIS BETWEEN SAUDI ADULT MALE AND 
SAUDI FEMALE WITH ANTERIOR OPENBITE. 

Statistically significant at P<0.05; ** Statistically significant at P<0.01; ***Statistically significant at P<0.001 

TABLE 4. CORRELATION OF QUADRILATERAL VARIABLES OF SAUDI ADULT 
MALE WITH ANTERIOR OPENBITE. 

Vari- MaxL ManL ALFH PLFH Sag OF FC AUFH MaxL/M
 

MaMa

 

TAFH TPFH ODI 
ables     Ang Ang Ang       

MaxL 1         

ManL 0.38* 1        

ALFH -0.07 0.06 1       

PLFH 0.01 -0.20 0.45* 1      

SagAng -0.48** -0.9 0.57** -0.46** 1     

UFAng 0.54** -0.02 0.58** 0.18 0.37** 1    

FCAng -0.26 0.28 0.06 0.40* -0.36 0.56** 1   

AUFH -0.13 -0.12 0.22 0.09 0.26 -0.01 -0.08 1  

MaxE 0.54* -0.04 -0.34 0.69** -0.87** -0.13 0.49** -0.22 1 
ManE 0.52* -0.02 -0.34 0.69** -0.87** -0.18 0.49** -0.22 0.79** 1 
TAFH -0.12 -0.01 0.97** 0.15 0.56** 0.44* 0.52** 0.55** -0.38** -0.37** 1 
TPFH 0.06 0.06 0.16 0.80** -0.57** 0.18 0.65** -0.14 0.75** 0.77** 0.06 1 
ODI 0.52** -0.25 -0.63** 0.04 -0.52** -0.33 -0.44* -0.33 0.26 0.20 -0.37* -0.7 1  
* Statistically significant at P<0.05; ** Statistically significant at P<0.01; -Statistically significant at P<0.001 
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3Openbite 
Mean SD 

Openbite 
Mean SD No Variables MD t-value Sig 

1 MaxL 
2 ManL 
3 ALFH 
4 PLFH 
5 SagAng 
6 ALFH/PLFH 
7 AUFH/TAFH 
8 (ALFH+PLFH)/2 
9 UFAng 
10 FCAng 
11 AUFH 
12 (MaxL+MaxE)/MaxE 
13 (ManL+ManE)/ManE 
14 MaxE 
15 ManE 
16 TPFH/TAFH 
17 ALFH/TAFH 
18 MaxUManL 
19 MaxULFHaverage 
20 MaxE/ManE 
21 TAFH 
22 TPFH 
23 ODI 

47.03 
45.83 
67.45 
43.08 
34.68 
***6 0.43 
55.56 
95.67 
171.08 
51.34 
1.59 
1.56 
82.15 
85.78 
0.59 
0.56 
1.02 
0.85 
0.96 
118.79 
70.77 
59.81 

2.89 
2.99 
4.60 
3.20 
6.15 
0.12 
0.01 
2.69 
4.91 
6.67 
2.45 
0.12 
0.12 
18.76 
20.25 
0.04 
0.01 
0.08 
0.07 
0.03 
4.79 
4.62 
4.54 

44.68 
44.25 
65.25 
41.04 
33.12 
1.58 
0.43 
53.18 
90.41 
166.60 
50.48 
1.56 
1.54 
77.51 
79.89 
0.61 
0.57 
1.01 
0.84 
0.97 
115.72 
70.11 
60.5 

2.99 
3.40 
4.27 
3.91 
4.84 
0.09 
0.02 
3.81 
3.16 
5.76 
3.14 
0.09 
0.09 
15.35 
16.78 
0.03 
0.02 
0.09 
0.07 
0.09 
5.98 
4.57 
4.76 

2.35 
1.58 
2.20 
2.04 
1.56 -
0.02 
0.00 
2.42 
5.26 
4.48 
0.86 
0.03 
0.02 
4.64 
5.89 -
0.02 -
0.01 
0.01 
0.01 -
0.01 
3.07 
0.66 -
0.69 

4.43 
2.93 
2.63 
3.51 
1.39 -
1.05 
1.0 
4.93 
32.87 
3.67 
1.95 
1.50 
1.01 
1.27 
1.72 
-20.06 
-10.0 
1.01 
1.01 -
2.03 
3.52 
0.78 -
0.48 

* * *  

* * *  

* * *  

* * *  

NS 
NS 
NS 
**. 
* * *  

* * *  

NS 
NS 
NS 
NS 
NS 

* * *  

* * *  

NS 
NS 

* * *  

* * *  

NS 
NS 

 



TABLE 5. RELATIVE PROPORTIONAL CORRELATION OF THE QUADRILATERAL ANALYSIS IN 
SAUDI ADULT MALE WITH ANTERIOR OPENBITE 

 RP1 RP2 RP3 RP4 RP5 RP6 RP7 RP8 RP9 RP1 0 RP11 RP12 RP13 RP14 RP15 
RP1 
RP2 
RP3 
RP4 
RP5 
RP6 
RP7 
RP8 
RP9 
RP10 
RP11 
RP12 
RP13 
RP14 
RP15 

1 
-0.07 
0.16 
0.61** 
0.17 
0.42* 
0.41* -
0.63** -
0.67** -
0.66** 
RP11=
TPFH/T
AFH1 
0.58** -
0.15 

1 
0.17 
0.23 -
0.12 -
0.16 -
0.09 -
0.11 
0.63** 
0.66** 
0.11 
0.11 -
0.23 
0.09 -
0.02 

1 
0.91** 
0.85** 
0.90** 
0.93** 
0.11 
0.08 -
0.11 
0.85** 
-0.85** 
-0.88** 
0.73** 
0.49** 

1 
0.82** 
0.89** 
0.90** 
0.10 
0.06 -
0.01 
0.88** -
0.82** -
0.88** 
0.77** 
0.16 

1 
0.87** 
0.91** 
0.19 -
0.09 -
0.29 
0.80** 
-0.99** 
0.80** 
0.63** 
0.21 

1 
0.91** 
0.11 -
0.25 -
0.24 
0.85** 
-0.87** 
-0.81** 
0.76** 
0.20 

1 
0.17 -
0.03 -
0.34 
0.84** -
0.92** -
0.83 
0.73** 
0.42* 

1 
0.37* 
0.27 
-0.07 
-0.17 
-0.28 
-0.25 
-0.01 

1 
0.62** -
0.01 
0.08 -
0.56** -
0.33 
0.41* 

1 
0.04 
0.30 -
0.12 -
0.30 -
0.10 

1 -
0.80** 
-0.81** 
0.84** 
0.13 

1 
0.81** 

-0.65** 
-0.22 

1 
-0.57** 
-0.24 

1 
-0.06 1  

RP1=(ALFH+PLFH)/2; RP2=(MaxL+ManL)/2; RP3=MaxE+MaxL; RP4=ManE+ManL; RP5=PLFH/Ainvestigators25-49+MaxL), 
RP7=ManE/(ManE+ManL); RP8=AUFH/ATFH; RP9=MaxL./((ALFH+PLFH)/2); RP10=ManL((ALFH+PLFH)/2); RP11=TPFHTTAFH 
RP12=ALFH/PLFH; RP13=SagAng; RP14=TPFH; RP15=0DI. 
* Statistically significant at P<0.05; ** Statistically significant at P<0.01; ***Statistically significant at P<0.001 

lar base were smaller in the openbite group of both male 
and female. This was in agreement with DiPaolo et a12, 
Chinappi et a13, DiPaolo et al4, 5, and Kao et a121 who 
found that the lal4,5,hs of the maxillary and man-
dibular bases were smaller in the openbite subjects. 
The lower anterior facial height was significantly larger 
in openbite patients compared to normal patients 
whereas the lower posterior facial heights were similar 
in the openbite and normal patients in both males and 
females. This was in agreement with several investiga-
tors25-48 who showed that the anterior openbite patients 
have excessively increased lower facial height. The 
increase in the lower anterior facial height resulted in 
an increase in the ratio of the lower anterior to posterior 
facial heights and increase in the ratio of the lower 
anterior facial height to the upper anterior facial height. 
The sagittal angle was large in the anterior openbite 
subjects. This was in agreement with DiPaolo et a12, 
Chinappi et a13, DiPaolo et al“, and Kao et al21. 
However, Kao et al21 suggested that the sagittal angle 
can be used, in addition to the overbite depth indicator 
of Kim49, as criteria to identify an openbite tendency. 
The sagittal angle is formed by the intersection of the 
extensions of tmaxilla2,-5d lower legs of the quadrilat- 
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eral. The side legs of the quadrilateral are the anterior 
and posterior facial heights. The excessive increase in 
the lower facial heights of the anterinvestigators21,29-
38. will result in an increase in the sagittal angle. This 
is true if the posterior lower facial height was reduced or 
within normal range. But, if the lower facial height in 
openbite subjects increased to a similar amount or 
exceeded the amount of increase in the anterior facial 
height then the sagittal angle will not be a good 
indicator for an openbite. The upper facial angle, that is, 
the angle formed by the palatal line and the line from 
point A' to point N measured at point A', was large in 
the anterior openbite group compared to normal. It was 
suggested that this angle will estimate the position of 
the maxillae•-5. However, a large upper facial angle 
indicates a retruded maxilla or anterior upward tilting 
of maxilla and or posterior downward tilting ofmaxilla. 
This was in agreement with several investigators21,28-38. 
However, the small size maxilla in the openbite sample 
might affect the anteroposterior position of the maxilla. 
The facial convexity angle in Saudi males with anterior 
openbite was similar to normal. Whereas, the Saudi 
females with anterior openbite have a small facial 
convexity angle which indicates a convex facial 



profile. This specifies that the Saudi males with an 
anterior openbite have a straight profile whereas the 
Saudi females with an anterior openbite have a ten-
dency to class II profile. 

Comparisons between Saudi adult males and fe-
males with anterior openbite indicated that the mea-
surements were greater in males than in females, 
except for the ratio of the anterior to posterior lower 
facial heights, the ratio of the total posterior to 
anterior facial height, and the ratio of the maxillary to 
mandibular posterior extensions. This was in 
agreement with several investigators28, 30

, 32 48 who found 
the male measurements were larger than female. There 
are morphological differences that distinguish males 
from females, including upper anterior facial height 
and posterior facial height. However, the overall 
measurements of this study did not show a sex 
difference. These observations are consistent with 
several investigations 35'43'45' 48

. 

Correlation analysis of the measured variables 
ranged from 0.00 to 0.97. Wardlaw51 showed that the 
overbite depth indicator (ODI) is the most valuable 
parameter in diagnosing anterior openbite tendency. 
The smaller the ODI the higher the tendency for 
openbite. There were high correlations with significant 
differences at P<0.01 between the ODI and the 
maxillary base length, anterior lower facial height, 
sagittal angle, facial angle and total facial height. The 
correlation analysis showed a positive correlation be-
tween ODI and maxillary base length. The more 
openbite tendency the smaller the ODI and the smaller 
the maxillary base length. However, the correlation 
analysis shows a negative correlation between ODI 
and anterior lower facial height, sagittal angle, facial 
convexity angle, and total facial height. The more 
openbite tendency the smaller the ODI and the larger 
the anterior lower facial height, the sagittal angle, the 
facial convexity angle, and the total facial height. Kao 
et a121 suggested that the sagittal angle can be used as 
an additional indicator for the anterior openbite 
tendency. Several investigators30-39 found that 
craniofacial pattern in the openbite patients was 
characterized by a small ODI value, increased lower 
and total facial heights. The finding of this study 
agrees with the suggestion of adding the sagittal angle 
as an additional indicator of an anterior openbite 
tendency21. 

The maxillary base length correlation analysis 
showed that in patients with an openbite tendency, the 
smaller the maxillary base length the smaller the 
mandibular base length, the smaller the upper facial 
angle, the smaller the maxillary posterior extension, 
the smaller mandibular posterior extension. However, 
a significant negative correlation indicated that the 
smaller the maxillary base length the larger the sagit-
tal angle. This is in agreement with Kao et al". 

The anterior lower facial height correlation analysis 
showed a positive significant correlation with the 
posterior lower facial height, sagittal angle, upper facial 
angle, and total anterior facial height. The strongest 
correlation was between the anterior lower facial height 
and the total anterior facial height. This is in agreement 
with Kao et a121. The greater the increase in anterior 
facial height, the more the increase in total facial height 
and the sagittal angle. However, the anterior lower 
facial height negatively correlates with maxillary 
posterior extension, mandibular posterior extension and 
the ODI. On the other hand, the posterior lower facial 
height correlates positively with the anterior lower 
facial height, maxillary posterior extension, mandibular 
posterior extension and the total posterior facial height. 
The posterior lower facial height negatively correlates 
with the sagittal angle. The smaller the posterior lower 
facial height the larger the sagittal angle. The total 
anterior facial height correlation analysis showed 
positive significant correlation with anterior lower 
facial height, sagittal angle, upper facial angle, facial 
convexity angle, and upper anterior facial height. 
However, the total anterior facial height negatively 
correlates with the maxillary posterior extension, 
mandibular posterior extension, and the ODI. The total 
posterior facial height correlation analysis showed 
positive significant correlation with posterior lower 
facial height, facial convexity angle, maxillary posterior 
extension, and mandibular posterior extension. 
However, the total posterior facial height correlates 
negatively with the sagittal angle. These finding were in 
agreement with Kao et al21. 

The sagittal angle correlation analysis showed a 
positive significant correlation between the sagittal 
angle and anterior lower facial height, the upper facial 
angle, and the total facial height. In the openbite 
tendency the larger the sagittal angle the larger the 
anterior lower facial height, the upper facial angle, and 
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the total facial height. This was in agreement with 
DiPaolo et al2, Chinappi et a13, DiPaolo et al4,5 and Kao 
et a121. However, the sagittal angle negatively correlate 
with maxillary base length, facial convexity angle, 
maxillary posterior extension, mandibular posterior 
extension, the total posterior facial height and the ODI. 
In the anterior openbite patients, the larger the sagittal 
angle the smaller the maxillary base length, the facial 
convexity angle, the maxillary posterior extension, the 
mandibular posterior extension, the total posterior 
facial height, and the ODI. This agreed with Kao et al22. 
The upper facial angle correlation analysis showed 
positive significant correlation with the maxillary base 
length, anterior lower facial height, sagittal angle, facial 
convexity angle, and total anterior facial height. The 
positive significant correlation of the upper facial angle 
indicated that in openbite patients, the greater the 
upper facial angle the greater the maxillary base length, 
the anterior lower facial height, the sagittal angle, the 
facial convexity angle, and the total anterior facial 
height. The facial convexity angle correlation analysis 
showed a positive significant correlation with posterior 
lower facial height, upper facial angle, maxillary 
posterior extension, mandibular posterior extension, 
and total anterior facial height. However, the facial 
convexity angle correlated negatively with the ODI. In 
the openbite patients the larger the sagittal angle the 
smaller the maxillary base length, the facial convexity 
angle, the maxillary posterior extension, the 
mandibular posterior extension, the total posterior 
facial height, and the ODI. This was in agreement with 
DiPaolo et a12, Chinappi et a13, DiPaolo et al4, 5, and 
Kao et a121. The maxillary and mandibular posterior 
extensions have positive significant correlation with the 
maxillary base length, posterior lower facial height, 
facial convexity angle, and total anterior facial height. 
However, the correlation analysis showed a negative 
significant correlation with the sagittal angle and the 
total anterior facial height. 

The correlation analysis of the openbite patients 
indicated that when the ODI is small, the sagittal angle 
is large, the posterior extension planes of the maxilla 
and mandible are small, and the maxillary and man-
dibular sagittal ratios are large. All these measure-
ments correlate significantly with the ODI and can 
therefore be used as references in diagnosing openbite 
tendency. These finding agreed with Kao et a121. 
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In the relative proportional correlation analysis, as 
average lower facial height (RP1) increases, so do the 
maxillary sagittal ratio, mandibular sagittal ratio, and 
posterior facial height. But the ratio of the anterior 
upper face height to the anterior total face height and 
the ratio of maxillary and mandibular base length 
over the average lower facial heights will decrease. 
The average of the maxillary and mandibular base 
length increases the ratio of maxillary and 
mandibular base length over the average lower facial 
heights will increase. When the ratio of the posterior 
lower facial height to total anterior facial height 
increased, the sagittal angle and posterior facial 
height also increase. The correlation analyses showed 
that in the anterior openbite subjects the vertical 
height is abnormal. This was in agreement with 
several investigators25-48. 

The total maxillary length and the total mandibu-
lar length (RP3 and RP4) have the strongest correla-
tion in openbite analysis. They correlates positively 
with ratio of posterior to anterior lower face height, 
maxillary sagittal ratio, mandibular sagittal ratio, 
total posterior facial height to total anterior facial 
height ratio, total posterior facial height and the ODI. 
However, as the total maxillary length and 
mandibular total length increase the ratio of anterior 
lower facial height to posterior lower facial height and 
the sagittal angle decrease. 

The increase in the ratio of the posterior lower facial 
height to anterior lower facial height resulted in 
increase in the maxillary sagittal ratio, mandibular 
sagittal ratio, ratio of total posterior facial height to total 
anterior facial height, sagittal angle and total posterior 
facial height. Whereas, the ratio of anterior lower facial 
height to posterior lower facial height will decrease. The 
maxillary sagittal ratio correlates strongly with the 
mandibular sagittal ratio. The increase in the maxillary 
sagittal ratio will increase the mandibular sagittal ratio. 
Both are correlated positively with ratio of total 
posterior facial height to total anterior facial height, and 
total posterior facial height. In addition, they correlate 
negatively with the ratio of anterior lower facial height 
to posterior lower facial height and the sagittal angle. It 
appears that the posterior leg of the maxilla in the 
openbite group is shorter than in the normal group. 
The results showed that the maxillary structure in the 
openbite is also abnormal. 



Both maxillary and mandibular sagittal ratios are 
correlated with average lower facial height. In the 
anterior openbite patients, both maxillary and man-
dibular sagittal ratios increase and so does the average 
lower facial height. However, the maxillary and man-
dibular base lengths are short. The length of the 
posterior legs of the maxilla and mandible are smaller 
than in the normal group. The ratio of the anterior 
upper facial height to the total anterior facial height 
correlates negatively with posterior facial height. When 
the ratio of anterior upper face height to the total 
anterior face height decreases in openbite patients, 
posterior facial height increases. This indicates that 
the openbite subjects have abnormalities in the vertical 
height of facial structure. This was in agreement with 
several investigators25-48. 

When using the quadrilateral analysis, the average 
lower facial height is normally equal to the maxillary 
or mandibular base length. But in the anterior 
openbite patients the measurements are different. The 
correlation analysis indicates that they do correlate 
with sagittal angle and posterior facial height; ODI 
exhibit significant correlation with maxillary length 
and average lower facial height. Maxillary 
morphological structure plays an important role in 
causing openbite. If there is an openbite, there will be 
differences between maxillary and mandibular base 
and average lower facial height. If the difference is 
small, the ODI value will be small but the posterior 
facial height will be great. 

The results of the quadrilateral analysis of the 
anterior openbite in the present study are consistent 
with other investigator's results2,3,21,30-47 The morphol-
ogy of craniofacial pattern presents larger average 
lower facial height, larger sagittal angle, larger maxil-
lary and mandibular sagittal ratio, shorter maxillary 
base length. If the anterior openbite tendency in-
creases, the difference of maxillary and mandibular 
base lengths with average lower facial height 
increases. It appears that the malformation of the 
craniofacial structures in openbite patients resides in 
the maxillo-mandibular complex. This was in 
agreement with several investigators25-48 Therefore, in 
conjunction with the ODI, the sagittal angle, the 
maxillary and mandibular sagittal ratio might be 
useful as accessory parameters in determining the 
anterior openbite tendency. 

CONCLUSIONS 

A quadrilateral analysis of the craniofacial struc-
tures of Saudis with normal occlusion and a 
balanced face were compared to Saudi patients with 
anterior openbite. The results show the following. 

1. In normal subjects the length of the maxillary base 
and the length of the mandibular base and the 
average of lower face heights are equal. 

2. In anterior openbite subjects compared to normal: 

a. The maxillary and the mandibular base 
lengths are smaller. 

b. The facial heights are larger. 

c. The sagittal angle is larger. 

d. The maxillary and mandibular sagittal ratio 
are larger. 

e. The posterior extension of the maxilla and 
mandible is shorter. 

f. The average lower facial height is larger. 

g. Vertical sagittal ratio is larger than normal. 

3. The sagittal angle, the maxillary sagittal ration and 
the mandibular sagittal ratio can be additional 
indicators in determining an openbite tendency in 
patients. 

RECOMMENDATIONS 

Anterior openbite is difficult orthodontic problem 
to understand and treat, therefore a natioanl study to 
involve the whole population is recommeded. 
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