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The Tweed triangle (Angle Orthodont 24:121-
169, 1954) has been a useful guide in ortho-
dontic diagnosis and treatment planning. The
angles that form the triangle are the Frankfort
horizontal-mandibular plane (FH/MP) angle,
the lower incisor-mandibular plane (LUMP)
angle, and the Frankfort horizontal-lower in-
cisor (FH/LI) angle. Tweed suggested that the
respective "ideal" values for these measure-
ments were 250, 900, and 650. He studied the
distributions of these measurements in a sam-
ple of 45 individuals that had good, rather than
ideal, balance of facial outline and found aver-
age values of 24.90, 86.60, and 68.60. Downs
(Amer J Orthodont 34:812-840, 1948) had
studied the distributions of these variables in
20 individuals from 12 to 17 years of age, and
about equally divided with respect to sex, that
had clinically excellent occlusions. He found
respective mean values of 21.90 (from 170 to
280), 91.40 (from 81.50 to 970) and 66.70 (by
subtraction). Values of this order are generally
accepted as normative values for these mea-
surements, despite the fact that they are based
on small samples from special populations,
with little attention to possible sexual dimor-
phism and the dependence of these measure-
ments on age (growth). Recognizing these
problems, Kowalski and Walker (I Dent Res
50:984, 1971) conducted a study of 474 "nor-
mal" males and 630 "normal" females, and
found that the mean of the LI/MP angle is
close to 970 in the 12 to 17 year age bracket
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(the age interval studied by Downs). In this
paper the triangle is completed by a report of
the corresponding data for the distribution of
the FH/MP angle.

Cephalometric data obtained from radio-
graphs of children with normal dental occlu-
sion were part of a survey of normal growth
(conducted at the Philadelphia Center for Re-
search in Child Growth). Data were processed
by the mathematical model for craniofacial
morphology developed by G. F. Walker (New
Zeal Dent J 63:31-38, 1967), and the descrip-
tive statistics for the distribution of the FH/
MP angle are given in the table. The table
shows a tendency for the FH/MP angle to de-
crease with increasing age. No sexual dimor-
phism is evident except in the 18 to 26 age
group, but the sample group for this age was
relatively small. In the age group studied by
Downs (12 to 17 years), our mean is 240, as
compared with Downs' mean of 220 and
Tweed's ideal of 250. These differences in mean
values are not great, but the dependence of the
FH/MP angle on age may be of considerable
importance in orthodontic diagnosis and treat-
ment planning.
By subtraction, we may make certain infer-

ences about the distribution of the FH/LI an-
gle in the population studied. For the 12 to 17
year age group, our sample shows an FH/LI
angle of 590, as compared with Downs' mean
of 66.70 and Tweed's ideal of 650. This angle
tends to increase with increasing age to balance
the corresponding decrease in the FH/MP an-
gle (the LUMP angle remains relatively con-
stant throughout growth). The adult mean val-
ues are only 610, a considerable difference from
the values reported by Downs and Tweed.

TABLE
DISTRIBUTION OF THE FRANKFORT HORIZONTAL-MANDIBULAR PLANE

ANGLE IN 474 NORMAL MALES AND 630 NORMAL FEMALES

Males Females
Age N Mean SD* Minimum Maximum N Mean SD Minimum Maximum
6-8 21 28.52 5.76 18.62 42.58 36 26.72 4.61 12.07 33.10
8-10 73 26.54 4.14 15.29 34.88 104 26.86 5.64 7.38 39.03

10-12 114 25.66 3.85 15.73 37.91 153 25.34 6.62 5.09 36.12
12-14 124 24.88 3.90 13.25 35.13 159 24.96 5.44 8.55 35.76
14-16 85 24.05 4.81 13.02 37.20 106 24.09 5.99 8.95 36.15
16-18 35 23.57 6.74 5.14 40.08 58 23.10 4.91 11.47 34.67
18-26 22 20.79 6.30 13.65 35.82 14 25.85 5.90 13.65 30.87

* SD, standard deviation.
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