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ABSTRACT 

The present study consisted of 50 cephalometric radiographs of Saudi male subjects aged 12 to 
30 years. Each subject was evaluated following the method proposed by Merrifield8. Further, the 
angles formed the Tweed triangle were also measured. Descriptive statistics and t-test were used in 
the analysis of the data. The results obtained were as follows: The average measurements of the 
angles of Tweed triangle were FMA 35.4 degrees, IMPA 93.1 degrees and FMIA 51.5 degrees. The Z-
angle and Z-I angle of Class I occlusion were significantly higher than that in Class II. The 
integumental chin, total chin and upper lip did not show significant differences between Class I and 
Class II. Furthermore, in class I and class II, the H' line in the majority of the cases contacted the 
lower lip. Differences between these results and similar data obtained in Caucasian and Japanese 
were ascribed to racial characteristics. The results of the present study highlights the need for further 
research on a large sample size collected from the different provinces in Saudi Arabia where further 
ethnic variations may be identified. 

INTRODUCTION AND REVIEW OF THE 
LITERATURE 

Orthodontic therapy aims at achieving balance 
and harmony of facial lines, guaranteeing the stability 
of teeth after treatment and sustaining both healthy 
oral tissues and an efficient chewing mechanism.1 The 
Tweed triangle is of great help in the diagnosis and 
treatment planning of orthodontic cases. The angles 
that form the Tweed triangle are the lower incisor —
mandibular plane ( IMPA) or (LI/MP), the Frankfort 
horizontal —mandibular plane (FMA) or (FH/MP), and 
the Frankfort-lower incisor angle (FMIA) or (FH/LI). 
Tweed 2 performed his study in 45 individuals with 
good, rather than ideal balance of facial outline and 
found average values of these angles to be, 86.6 
degrees, 24.9 degrees and 68.6 degrees respectively. 
Besides, Tweed pointed out that the normal faces, 
with few exceptions, had either normal occlusion or 
class I malocclusions. He also stated that, in all cases 
the lower incisors were on basal bone, even though in 
Class I cases they were irregular. He concluded that, 
there is a definite correlation between  

balanced facial lines and the position of the lower 
incisors with relation to basal bone. 

Several studies have been carried out in this area. 
Downs 4 investigated the distribution of these angles 
in 20 subjects aged 12 to 17 years and about equally 
divided with respect to sex. Clinically, they had excel-
lent occlusion. In spite of the small sample size, the 
mean values obtained (91.4 degrees, 21.9 degrees and 
66.7 degree respectively) were relatively similar to 
those reported by Tweed. 

In a large sample study consisting of 474 males and 
630 females with normal occlusion, Kowalski and Walker 
5 found that the mean of the LI/MP angle is close to 97 
degrees, FH/LI angle of 59 degrees and of FH/MP angle 
of 24 degrees in the 12 to 17 years age group. 

Iwasawa et alb undertook a cephalometric study on 
thirty-six Japanese subjects (18 men and 18 women) 
with normal occlusion and harmonious facial feature for 
the purpose of studying their soft tissue. Out of this 
group twenty were selected and compared with twenty 
Class II division 1 and twenty Class III patients in 
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order to establish an appropriate diagnostic guide for 
the Tweed triangle. The results of the study showed 
that measurements of the Tweed triangle were FMA 
27 degrees, IMPA 95.5 degrees and FMIA 57.2 de-
grees. However, they suggested that a Frankfort 
mandibular incisor angle (FMIA) of 57 degrees as 
being the most suitable basis for diagnosis 
ofJapanese patients, but this should be modified 
according to the FMA value. 

Several subsequent similar studies have been 
performed in different racial groups7-10 but none was 
done in Saudis so far we know. Therefore the aim of 
the present study is to establish Tweed triangle in 
Saudis and also to investigate the soft tissue 
relationship between the lips and the position of the 
incisors in subjects with Class I and Class II 
occlusion. 

MATERIALS AND METHODS 

The present study consisted of 50 lateral 
cephalographs of Saudi males aged 12 to 30 years 
with Class I skeletal and dental relationship (n =25) 
and Class II skeletal and dental relationship (n = 25). 
Class III occlusion subjects was not included because 
of the small sample size. 

The lateral cephalometric radiograph was taken 
for each subject, who was seated in a chair with the 
head in the natural position.11 The radiograph was 
taken with the teeth in centric occlusion and lip at 
rest. All subjects were shielded with lead apron and 
thyroid collar during exposure. Each cephalometric 
radiograph was traced manually using sharp 3H lead 
pencil on fine acetate paper. The magnification factor 
was found to be 0.9. 

Each subject was evaluated following the method 
proposed by Merrifield9 (Fig 1). The following angular 
and linear variables were measured: 

I- Angular measurements 

Z- angle, Z-I angle, FMA, IMPA, FMIA and ANB 
angles 

II- Linear measurements 

Integumental chin (mm), total chin (mm) and upper 

Lip (mm) 

III- Soft tissue measurements ( Fig.1 ) 

For the soft tissue line, Holdaway8 used a line 
connecting the soft tissue chin and the upper lip only 
whereas Merrifield9 used the chin and the most 
prominent point of either the upper or the lower lip. 
Merrifield's9 soft tissue line which is referred to as the 

line was used. The N-B plane was also used. 

IV- Assessment of the mandible (Fig 1) 

Merrifield9 measured the Nasion-Point B (NB) 
line, the bony chin and the integumental chin 
(which is a horizontal extension of line PO to NB). 
These measurements express the total chin. 

V- Assessment of the maxilla (Fig 1) 

The distance from prosthion to the most 
prominent of the upper lip was measured. 

VI- Hard tissue measurements (Fig 2) 

In addition to the above soft tissue measurements 
the Tweed triangle and the ANB angle were measured 
for the assessment of the hard tissue. 

Error of the method 

The tracing were repeated on seven of the 
twenty-five radiographs. All linear and angular 
measurements of the seven cephalometric 
tracings were repeated by the second author to 
determine the error of the method, Dependent 
paired t-test indicated that no statistical 
significant differences were observed between the 
two readings. The results of Dahlberge's method, 
show that the largest error was found to be in 
determining the IMPA angle (1.23) whereas the 
ANB angle showed the lowest (0.29). 
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Fig 2. Tweed triangle 

Statistical Analysis 

The data were subjected to statistical analysis 
using the (SPSS-10) program. T-test was used to 
determine whether there were any significant statis-
tical differences between the means of the present 
study and the other studies. The level of significance of 
5% was used for the rejection of the null hypothesis. 
One star denotes P< 0.05, two stars and three stars 
denote P<0.01 and P< 0.001 respectively. 

RESULTS 

Table 1 shows the mean and standard deviation of 
soft tissue values in Class I for the Saudi males. 

Table 2 exhibits the contact of the H' line with the 
upper and lower lips in Class I occlusion and Class II 
occlusion. In two (8%) of the 25 Saudi subjects in Class 
I, the H' line contacted the upper lip whereas six (24%) 
were found in Class II. Twenty-two (88%) of the 25 
Saudi subjects in Class I and nineteen (76%) in Class 
II, the H' line contacted the lower lip. On the other 
hand, one (4%) of the 25 Saudi subjects in class I 
and none of the Saudi subjects in Class II, the H 
line contacted both upper and lower lip. 

Table3 demonstrates the comparison of soft tissue 
variables between Class I and Class II. Z-angle, Z-I 
angle showed significant differences whereas no sig-
nificant differences were found for integumental chin, 
total chin and upper lip. 

Table 4 shows the measured Tweed triangle on 
Class I occlusion. 

Table 5 reveals that there are significant differ-
ences in Z-angle and upper lip between the present 
study result and Merrifield's9 study in American Cau-
casian. On the other hand, table 6 reveals significant 
difference only in Z-angle between the present study 
and Iwasawa et a16 result in Japanese (Mongoloid). 

Table 7 and Table 8 compare the Tweed triangle 
result of the present study and the angles proposed by 
Tweed2 and Merrifield9 result respectively in American 
Caucasian. Significant differences are noticed in all 
angles between the present study result and both 
studies. On the other hand, a significant difference was 
only observed in FMA angle when compared to 
Iwasawa et alb studyin Japanese (Mongoloid, Table 9). 

DISCUSSION 

Detailed soft tissue analyses have been reported 
by Epker12 Holdaway13 ,and Legan and Burstone.14 
Although these analyses widely used for clinical and 
research purposes in orthodontics and orthognathic 
surgery, their norms were only confined to White 
American Caucasians and can not be applied to other 
races unless it is modified. Alcalde et al 15 carried out 
study of soft tissue norms in Japanese adults. They 
stated "these soft tissue analyses were based on white 
sample and may not be applicable as a reference for 
the diagnosis and treatment of Japanese patients. 
Therefore, we applied these soft tissue analyses to a 

TABLE 1 SOFT TISSUE VALUES IN CLASS I 

Variable Mean SD 

Z- angle 61.50 8.11 
Z-I angle 58.94 7.51 
Integumental chin (mm) 13.68 3.12 
Total chin (mm) 15.42 4.17 
Upper lip (mm) 16.22 2.50 
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 Variable 

Z-angle 
Total chin mm 
Upper lip mm 

Present study 
Mean SD 
61.50 8.11 
15.42 4.17 
16.22 2.50 

Merrifield study 
Mean SD 

80.20 
15.60 
14.40 

t-
value 

-11.5 
-0.22 
3.64 

value 
0.000*** 
0.83NS 
0.001*** 

TABLE 3. COMPARISON OF SOFT TISSUE MEAN VALUES BETWEEN CLASS I AND CLASS II IN 
SAUDI SUBJECTS. 

Variable Mean SD Mean SD t- P- 
 Class I  Class II  value value 
Z- angle 61.50 8.11 55.70 7.87 2.56 0.01** 
Z-I angle 58.94 7.51 52.78 7.23 2.96 0.000*** 
Intg. chin (mm) 13.68 3.12 13.80 1.96 -.163 0.87NS 
Total chin (mm) 15.42 4.17 15.54 3.14 -.115 0.90NS 
Upper lip (mm) 16.22 2.50 16.02 2.11 .305 0.76NS 

P<0.05*, P<0.01**, P<0.001*** Intg = Integumental 
TABLE 4. TWEED TRIANGLE ON CLASS I OCCLUSION 

Angle Mean SD 
FMA 35.4 5.79 
IMPA 93.1 8.58 
FMIA 51.5 8.94 

TABLE 5. COMPARISON BETWEEN THE RESULTS OF THE PRESENT STUDY IN SAUDIS AND  
MERRIFIELD9 STUDY (AMERICAN CAUCASIAN). 

P<0.05*, P<0.01**, P<0.001*** 
TABLE 6. COMPARISON BETWEEN THE PRESENT STUDY IN SAUDIS AND IWASAWA ET AL 1977  

STUDY (JAPANESE MONGOLOID). 

Variable Present study Iwassawa et al1977) t- P- 
Mean SD Mean SD value value 

Z-angle 61.50 8.11 69.11 4.74 -4.69 0.000*** 
Total chin 15.42 4.17 14.40 2.17 1.22 0.233NS 
Upper lip 16.22 2.50 16.63 2.26 1.180 0.25 NS 

P<0.05*, P<0.01**, P<0.001*** 
TABLE 7. COMPARISON OF TWEED TRIANGLE BETWEEN PRESENT STUDY IN SAUDIS  

AND TWEED STUDY 
  Present study Tweed t-value P-value 

Angle Mean SD Mean   
FMA 35.4 5.79 24.6 9.34 0.000*** 

IMPA 93.1 8.58 86.9 3.57 0.002** 
FMIA 51.5 8.94 68.2 -9.41 0.000***  
P<0.05*, P<0.01**, P<0.001*** 

TABLE 8. COMPARISON OF TWEED TRIANGLE BETWEEN PRESENT STUDY IN SAUDIS  
AND MERRIFIELD STUDY 

Angle Mean 
Present study 

SD 
Merrifield  

Mean 
t-value P-value 

FMA 35.4 5.79 25.3 8.70 0.000*** 
IMPA 93.1 8.58 86.6 3.76 0.001*** 
FMIA 51.5 8.94 68.1 -9.35 0.000*** 
ANB 1.98 0.94 0.95 5.47 0.000*** 

P<0.05*, P<0.01**, P<0.001*** 
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TABLE 9. COMPARISON OF TWEED TRIANGLE BETWEEN PRESENT STUDY IN SAUDIS AND  
IWASAWA ET AL (1977) STUDY IN JAPANESE 

Angle 
Present study 

        Mean SD Mean 
Japanese 

SD 
t- 

value 
P-

value 

FMA 35.4 5.79 27.3 3.13 7.00 0.000*** 
IMPA 93.1 8.58 95.5 3.06 1.42 0.168NS 
FMIA 51.5 8.94 57.2 3.90 -3.27 0.003** 
ANB 1.98 0.94 2.8 0.78 -4.09 0.000*** 
P<0.05*, P<0.01**, P<0.001*** 

representative sample of Japanese normal and to a 
highly selected group of esthetically pleasant profiles 
in order to identify the values for soft tissue profiles 
that can be used as guidelines in the diagnosis and 
treatment planning ofJapanese adults contemplating 
orthodontic care or orthognathic surgery" However, 
undertaken analysis in the present study was con-
fined to the lips and chin area and the Z- angle 
proposed by Merrifield9 was used in assessing facial 
esthetics. Further research is required for obtaining 
detailed soft tissue analyses in Saudis which will be 
of great help in the diagnosis and treatment planning 
for patients who need orthodontic treatment and 
orthognathic surgery. 

The results of the present study also revealed that 
the Z-angle and the Z-I angle of Class I have lower 
mean values than that of Class II subjects. This is in 
agreement with the results obtained by Iwasawa et alb 
(Table 3). 

When comparing the results of the present 
study with those of Merrifield's9 in Americans, the 
Z-angle for the Saudis was found to be significantly 
lower than in the Americans. However, the opposite 
was observed for the upper lip. In addition, no 
significant difference was noticed for the total chin 
(Table 5). On the other hand, when the result of the 
present study was compared with the Japanese6 
study, the Z-angle in Saudis was significantly 
smaller than that of the Japanese. However, no 
significant differences were observed for total chin 
and upper lip (Table 6). These differences can yet be 
related to racial characteristics. 

Further comparison with Caucasians revealed 
that the recession of the chin and the axial 
inclination of the anterior teeth are more pronounced 
in the Japanese.6 The same finding was noticed in 
Saudis (Table 5). 

Merrifield 9 reported in his study that, in the 
majority of the cases being studied, the H' line con-
tacted the upper lip and the lower lip was either in 
contact with or was located slightly behind the H' line. 
In the present study the majority of the cases (88%) 
contacted the lower lip and only 8% of the subjects the 
H' line contacted the upper lip which in disagreement 
with the finding of Merrifield9 but in agreement with 
the results of Iwasawa et alb (Table 2). 

It is worthwhile noting that the mean values of the 
total chin and upper lip of the present study and the 
Merrifield's9 results were reversed (Table 5). This could 
be attributed to the small Z-angle and the facial 
convexity of the Saudi subjects and the large Z-angle 
and straight profile in the American. 

Tweed triangle was considered as one of the diag-
nostic aids in orthodontics diagnosis and treatment 
planning. In the present study, the angles formed the 
Tweed triangle showed significantly higher mean 
values for FMA and IMPA angles and lower mean 
value for FMIA angle compared to the angles proposed 
by Tweed' and Merrifield9 (Tables 7& 8). The higher 
mean value of the angle FMA in Saudis indicates that 
the Saudis in this sample are characterized by having 
vertical and retruded mandible. Also a lower mean 
values was observed for FMA angle (P>0.05) and FMIA 
angle (P< 0.001) when compared to Iwasawa et alb 
study (Table 9). These differences may be attributed to 
racial characteristic features. 

The results of the present study in Saudis indicate 
clearly that the angles proposed by Tweed 2 are not 
applicable for other races. This is in line with the study 
of Iwasawa et alb in Japanese, regardless of the small 
sample size, they suggested that an FMIA of 57 
degrees as being the most suitable basis for the diag-
nosis ofJapanese patients, but this should be modified 
according to the FMA value. However, in the present 
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study the angle FMIA was found to be 51.5 degrees 
which is smaller than that in Japanese and 
American studies. 

Since the current study was the first to be carried 
out among Saudis, the result obtained highlights the 
need for future studies involving large representative 
samples from various provinces of Saudi Arabia. This 
will facilitate the acquisition of more detailed soft 
tissue analyses and also the establishment of Tweed 
triangle of subjects with normal occlusion. There is 
also a need for comparison with Black race (Negroid) 
to find out where to locate the Saudis among the 
three major races. 

CONCLUSIONS 

1 Measurements of Tweed triangle of the present 
study were: 

FMA 35.4 degrees, IMPA 93.1 degrees and FMIA 
51.5 degrees. 

2 The Z-angle and Z-I angle of Class I occlusion were 
significantly higher than that in Class II. 

3 Integumental chin, total chin and upper lip did not 
show significant differences between Class II and 
Class I. 

4 In Class II and Class I, the H' line in the majority 
of the cases contacted the lower lip. 

5 The result of the present study require further 
research with large representative sample in or-
der to obtain detailed soft tissue analyses and 
establishment of Tweed triangle of subjects with 
normal occlusion. 
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