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A statistical evaluation of correlations among hard and soft tissue
reference points, finding the strongest relationships between soft
tissue values and incisors and convexity measurements.
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is widely recognized. Changes in the soft tissues associated with changes
in the hard tissues during treatment are an important aspect of pretreat-
ment evaluation.

Soft tissues are affected by a variety of variables, including skeletal relation-
ships, dental positions, soft tissue thickness, and function. The effects of growth
during treatment compound the problems of predicting the effects of treatment.

The two aspects of soft tissue assessment which have received the most atten-
tion are the relationships between soft tissue and dentoskeletal variables in
normal occlusion, and the changes in soft tissues associated with therapeutic
changes in dentoskeletal structures.

One problem which requires particular attention is the relationship of the lips
at rest. Are they in contact at rest? If not, the investigator must choose between
exposing the cephalometric radiograph with the lips at rest but apart, or closed
together under strain. The comparison of pretreatment and posttreatment radio-
graphs can be affected by the presence of different degrees of lip strain. This
investigation is based on the Ricketts (1968) approach, with all radiographs
exposed with the lips in light contact.

The difficulties of comparing assessments of the morphology of the circumoral
soft tissues are compounded by the many differences between previous studies.
Age ranges and group compositions varied widely. '

The importance of soft tissue assessment in orthodontic treatment planning
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Some studies, such as those of SToNEr
(1955) AND BURSTONE (1958, 1959) laid the
foundations for objective methods of as-
sessment, but these were largely descrip-
tive. They did not investigate the rela-
tionships between hard and soft tissue
structures, although Burstone did note
individual variations in the shape and
thickness of the soft tissues which tended
to mask hard tissue variations.

RIEDEL (1957) was one of the first to di-
rectly investigate the relationships be-
tween the morphology of the lips and the
underlying dentoskeletal structures. His
sample included a variety of occlusions,
and the average subject age of 19 years is
well past the age for significant growth.
He considered the soft tissue profile to
be related to the underlying dental and
skeletal structures, and also stressed the
importance of individual variation.

Orthodontic Treatment

Many subsequent studies have looked
at the effects of orthodontic treatment on
hard tissues and the resultant effects on
the soft tissues. The general aim has been
to predict soft tissue changes associated
with anticipated hard tissue changes.

Rubiz (1564) found a generally close re-

lationship between upper and lower inci-
sor and lip retraction, yet HERSHEY (1972),
concluded that the prediction of soft tis-
sue response to incisor movements was
not clinically useful. This was later chal-
lenged by ScHULHOF ET AL. (1978), who
claimed an acceptable accuracy of predic-
tion based on the incisor positions. Hug-
GINS AND McBRIDE (1975) stated that retrac-
tion of the upper labial segment altered
lip posture, although a significant corre-
lation was demonstrated only for females.

Roos (1974) compared pretreatment re-
lationships in a group of Class I and Class
IT individuals, and further studied the
changes in the Class II group due to
treatment. The age ranges in the groups
were wide, and each group included both
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males and females. In view of known sex
differences, some of these findings should
be viewed with some reservation. Roos
found varying responses to treatment,
with a complex interaction of the deter-
mining variables. The position of the
lower incisors was found to be one im-
portant influence on lower lip position.

Growth Effects

The effects of growth on soft tissue
form have been investigated by SuBTELNY
(1959), BOWKER AND MEREDITH (1959), POSEN
(1967) AND WisTH (1972). These studies
highlight the importance of variations
within groups due to age differences and
overlapping effects of age and treaiment.
Age changes are usually small, with a
greater tendency for thickening in males
than in females as the chin becomes more
prominent.

Profile Assessment

Various measurements have been sug-
gested for assessment of the individual
soft tissue profile. WiLLiaMs (1969) stated
that the antero-posterior position of the
lower incisor is more important than its
angulation in inﬂuencing upper and
occurs when the lower incisor lies on the
line from point A to pogonion.

TWEED (1954) recognized the importance
of facial esthetics and proposed that the
angle between lower incisor and Frank-
fort plane should be about 65°. These
and prior cephalometric systems do not
directly address the assessment of the soft
tissues.

STEINER (1964) suggested a line from the
chin to the middle of the S curve formed
by the lower border of the nose and the
upper lip, with the lips falling on this
line in average cases.

HoLpaway (1964) proposed a line tan-
gent to the soft tissue chin and upper lip
convexity. HoLbaway (1966) further stated
that facial contour is most pleasing when
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lower incisor and pogonion lie ahead of
the nasion-point B line by the same
amount.

MERRIFIELD (1966) constructed a line
similar to Holdaway’s, tangent to the soft
tissue chin and the most prominent lip.
This was related to the Frankfort plane.

RickerTs (1968) proposed the E line,
from tip of the soft tissue chin to the tip
of the nose. He states that the lips in
Caucasians should be within this line and
that they become more retrusive with
growth,

Objectives of This Study

The above provide a variety of meth-
ods for measuring the hard and soft tis-
sues and the changes that occur during
treatment. Age and sex differences have
made it difficult to establish standards.
With these points in mind, the present
study was designed to study the soft tis-
sue thickness within a limited age range
in females only.

A wide range of dentoskeletal variables
was selected for evaluation in relation to
the soft tissue profile. An attempt is also
made to determine whether any measures
of soft tissue morphology are especially
useful for clinical assessment.

This study was not concerned with
changes due to treatment; however, it
should be noted that if pretreatment re-
lationships between hard and soft tissues
are not somewhat interdependent, it is
unlikely that they can provide a basis for
prediction of changes due to treatment.

— Materials and Methods —

This study was limited to females to
eliminate the effects of sex differences as
demonstrated by BURSTONE (1959), Sus-
TELNY (1959), AND MAUCHAMP AND SASSOUNI
(1973). Subjects were selected on the basis
of the A-N-B difference to give a wide
spread of cases in the Class I and Class
II skeletal categories. Class III cases were
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Soft Tissue Profile

specifically excluded because insufficient
numbers were available. The range of A-
N-B values ranged from 0.7° to 8.7°.

Lateral cephalometric radiographs of
sixty Caucasian females were selected un-
der the above criteria. All were exposed
with the teeth in centric occlusion and
the lips in light contact. Dental develop-
ment in each case showed complete for-
mation of the mandibular cuspid root and
incomplete apical closure on the second
mandibular bicuspid. CHERTKOW (1980)
demonstrated a significant relationship
between cuspid root formation and pub-
ertal maturation.

Ten soft tissue points (Fig. 1) and
thirty-six dentoskeletal points were digi-
tized on each radiograph. From these
points 21 dentoskeletal and 21 soft tissue
variables were calculated (Table 1). The

Nasiongoer
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, E line

Nose tip

ASOFT

Upper lip
Embrasure
Lower lip

Pogoniongoe

——— Mentongger

Fig. I Soft tissue profile landmarks

149



Saxby and Freer

dentoskeletal variables were chosen on
the basis of widespread clinical use. Two
Wits appraisals have been included — one
using the occlusal plane as defined by
Jacosson (1975) and one based on the
functional occlusal plane defined by
RICKETTS (1968).

Each radiograph was traced and digi-
tized twice. Coordinates of all points were
rotated and transformed on the Frankfort
horizontal with porion as the origin. The
magnification factor for each radiograph
was also computed and used to derive the
actual dimensions of variable values
(Freer, 1980).

— Results —

When Student’s t tests were applied to
the means of the differences between du-
plicate variables, none of the soft tissue
variables showed significant difference
from zero at the five per cent level of
probability. Four dentoskeletal variables
(S-N-B angle, facial plane angle, lower
facial height angle, and the modified Wits
skeletal classification) had mean differ-
ences significant at the five per cent level
of probability.

From the frequency distribution of the
differences and from the values of the
variance (s?), it was evident that some
variables showed a wider range of varia-
tion than others. Two areas of measure-
ment stood out among the dentoskeletal
variables — the angles involving incisal
and apical location of the incisors, and
the mandibular angles incorporating the
constructed Xi point.

Interrelationships among the variables
were studied primarily by means of cor-
relation coefficients. Correlation coeffi-
cients below the absolute value of 0.45
were essentially ignored even though they
might be theoretically significant from a
purely statistical viewpoint. The R? value
corresponding to 0.45 is 0.2 and it was
felt that this was too low to be clinically
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useful. The matrix of correlations be-
tween dentoskeletal and soft tissue vari-
ables is shown in Table 2.

Overbite was most highly correlated
with variables measuring the horizontal
position of BSOFT and its relation to point
AsSOFT, but even these correlations were
not very high. Overjet was notably corre-
lated only with upper lip convexity, sug-
gesting that the horizontal position of the
upper incisor determined the horizontal
position of the upper lip to some extent.

The interincisor angle was correlated
with a variety of the soft tissue measure-
ments. While no immediate interpreta-
tion could be placed on these correla-
tions, the interincisor angle is clearly
related to general soft tissue morphology.

Angulation of the upper incisor was
also correlated well across several vari-
ables. The distance from the upper inci-
sor to the A-Po line correlated highly
with upper and lower lip convexity and
to some extent with the position of the
lip embrasure. All of these correlations
suggest a greater importance for the po-
sition of the upper incisor than has been
previously reported.

Angulation of the lower incisor to both
the A-Po line and the mandibular plane
is assessed in many cephalometric anal-
yses. The angulation of the lower incisor
does not necessarily directly reflect its
anteroposterior spatial position. In the
present study the angular relationships
between lower incisor and both the man-
dibular plane and A-Po line were not
highly correlated with any soft tissue
variable; the angulation to mandibular
plane showed poor correlation with all
soft tissue variables.

While these findings suggest that the
angulation of the lower incisor is not an
important determinant of soft tissue mor-
phology, the linear distance of the lower
incisor from the A-Po line was highly
correlated with some of the soft tissue
variables, particularly with the horizontal
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position of point BsoFT and lower lip
convexity.

The spatial position of the lower inci-
sor was most directly related to soft tis-
sue variables below the lip embrasure,
including lower lip convexity and point
BsoFT.

The angles S-N-A and S-N-B were
poorly correlated with nearly all soft tis-
sue variables. In addition, facial axis, fa-
cial angle and mandibular arc seemed to
bear only modest relationships to the
overlying soft tissue morphology.

The Frankfort/mandibular plane angle
was strongly related to soft tissue vari-
ables measured in the vertical plane, but
not in the horizontal plane.

On the other hand, lower facial height
seemed to be an important determinant
of soft tissue morphology in both planes,
although it was better correlated with
vertical soft tissue variables.

Convexity at point A is clearly a most
important determinant of soft tissue pro-
file outline, being well correlated with
many of the horizontal soft tissue vari-
ables. A~N-B also seems to be important
and superior to the Wits appraisal. The
angle N-A-Po was well correlated with
horizontal variables, obviously reflecting
point A convexity, while S~-N-Po was
not as strongly associated.

— Discussion —

The reproducibility of dentoskeletal and
soft tissue measurements was acceptable
within the objectives of this investiga-
tion. The dentoskeletal measurements
which exhibited lower levels of reprodu-
cibility were the angles involving the in-
cisors, and the mandibular angles incor-
porating the constructed Xi point. Soft
tissue variables with lowest levels of re-
producibility were those measured along
tangents to the soft tissue outline.
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Soft Tissue Profile

Correlations with the angulation and
position of the upper incisors suggest that
they are very important determinants of
the associated soft tissue morphology.
This point may have been overlooked
previously, particularly in Class II cases,

" where studies have dealt mainly with the

changes resulting from treatment. This
could be especially important in treat-
ment planning for Class II malocclusion,
and suggests the importance of great care
in the final anteroposterior positioning of
the upper incisors.

The angulation of the upper incisors
was better correlated with soft tissue
variables than was the angulation of lower
incisors. In fact, the angulation of the
lower incisors seemed to bear little rela-

.tion to the overlying soft tissue morphol-

ogy. This may have been influenced by
the lip posture assumed for the radio-
graphs, which were taken with the lips in
light contact. However, the anteroposter-
ior position of the lower incisors was
found to be an important influence on
the horizontal position of point BsOFT
and lower lip convexity.

Deeper skeletal structures did not dis-
play any particular relationship to hori-
zontal soft tissue variable values, with
the possible exception of lower facial
height. The Frankfort/mandibular plane
angle, facial axis and mandibular arc were
not directly related to soft tissue outline.

Also of importance is the finding that
the A-N-B angle and point A convexity
are very significant factors in soft tissue
outline, especially when the Wits ap-
praisal is so poorly correlated with most
soft tissue variables. The importance of
point A convexity in determining soft tis-
sue outline has not been noted in pre-
vious reports.

The complicating effects of lip strain
in the context of the present study are
difficult to estimate. A combination of
dental and skeletal factors clearly account
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for a large proportion of the variability in
soft tissue morphology. However, some
variability is also related to the inherent
thickness of the soft tissues, and this is
modified by lip strain.

Until these issues can be directly inves-
tigated, care should be exercised in mak-
ing interpretations based only on dento-
skeletal variables. It should also be
remembered that the results of this study
were derived from malocclusions at the
Class II end of the spectrum, and that
the relationship in cases with prognathic
or Class III malocclusions will almost
certainly be different.

One other point deserves mention. On
the basis of the intercorrelations found in
this study, there would appear to be very
little difference in choosing between the
Ricketts E line, the Steiner S line and the
soft tissue facial plane.

— Summary —

¢ The position of the lips and the soft
tissues overlying points A and B seem
to be substantially related to the hori-
zontal positions of the upper and lower
incisors and to the angulation of the
upper incisor.

¢ The angulation of the lower incisor is
much less important than its spatial
position.

¢ The A-N-B angle is strongly related to
the overlying soft tissue outline.

® Point A convexity is a very important
factor in soft tissue form.

¢ The Ricketts E line, the Steiner S line
and the soft tissue facial plane all seem
to be equally acceptable bases for as-
sessment of the soft tissues of the
profile.

Table 1

Variables used in Correlation Analyses

Dentoskeletal

z
°

Soft Tissue

Overbite (mm)

Overjet (mm)
Interincisal Angle (deg)
Ul /Frankfort {deg)
UI-APo {mm)
L1/Mandibular PI. (deg)
L1/APo (deg)

L1-APo (mm)

S-N-A (deg)

10 S-N-B (deg)

|1 Facial Axis (deg)

12 Facial Depth (deg)

13 Mandibular Arc (deg)

14 Frankfort/Mandibular Pl. (deg)

O Co SOV AW -

15 Lower Facial Height (deg)
16 Convexity at Point A (mm)
17 A-N-B (deg)

18 S$-N-Po (deg)

19 N-A-Po (deg)

20 Wits Classif. {Original) (mm)
21  Wits Classif. (Modified) (mm)

22 E Line-Point Asoft (mm)
23 E Line-U Lip Conv. (mm)
24 E Line—Embrasure (mm)

25 E Line-L Lip Conv (mm)

26 E Line— Point Bsoft (mm)
27 S Line~Point Asoft (mm)
28 S Line-U Lip Conv. (mm)

29 S Line—-Embrasure (mm)

30 S Line-L Lip Conv. (mm)

31 S Lin—Point Bsoft (mm)

32 S point-Point Bsoft (mm})

33 S Point-Pogonion soft (mm)
34 S Point-Menton soft (mm)
35 Point Asoft-Point Bsoft {(mm)

36 Point Asoft-Pogonion soft {mm)
37 Point Asoft-Menton soft (mm)
38 Facial Pl.soft—-Point Asoft (mm)
39  Facial Pl.soft-U Lip Conv. ({mm)
40 Facial Pl.soft—L. Lip Conv. {(mm)
41 Facial Pl.soft—Point Bsoft (mm)
42 A-N-B (soft) (deg)
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Table 2
Correlation Coefficients between Dentoskeletal (1-21) and Soft Tissue (22-42) Variables
(Variables described in Table 1)
No. 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 4] 42
| —-.12 =32 —-36 —.43 —49 —06 —.30 —34 —4] —48 —34 —-28 -3]1 —50 —.44 — 43 —-07 —-.20 —.34 —.38 —.10
2 +.37 +.55 +.42 +.23 +.20 +.39 +.52 +.37 +.18 —.25 —.08 —.13 —.07 +.20 +.15 +.17 +.40 +.41 +.14 +.20 +.67
3 -.23 —-.54 —.69 —-.67 —-51 —.16 —.50 —67 —.64 —49 —17 —08 —.18 —45 —.34 —38 —33 —.44 - 50 —.47 —.19
4 +.20 +.56 +.65 +.56 +.27 +.13 +.52 +.62 +.53 +.24 +01 —08 +.02 +.39 +.29 +.31 +.21 +.36 +.43 +.20 +.26
5 +.34 +.72 +.76 +.72 +.39 +.31 +.68 +.73 +.68 +.35 +.30 +.18 +.35 +.57 +.46 +.55 +.51 +.62 +.64 +.35 +.45
6 —-.05 +.03 +.20 +.17 +.20 —.08 +.02 +.21 +.18 +.22 —.09 —07 —-.09 —~07 —08 —.09 +.01 +.05 +.18 +.24 —-.09
7 -.21 =02 +.18 +.30 +.39 -.27 ~-.02 +.21 +.32 +.41 +.14 +.16 +.18 +.13 +.14 +.15 —.18 —.03 +.28 +.35 —.40
8 —-09 +.12 +.32 +50 +.66 —.15 +.12 +.35 +.52 +.68 +.41 +.35 +45 +.38 +.31 +.39 +.04 +.17 +.52 +.61 —.34
9 -.04 +.12 +.15 +.02 —-.14 -06 +.11 +.14 +£.00 —.15 =30 -39 —-29 —07 —.17 —.12 —.12 —.04 —.08 —.20 +.12
10 -.28 —.15 -.06 ~.13 ~.18 ~-.33 - 14 —-04 —.12 —-18 —33 —39 —-3] —.18 —.23 =21 ~48 —.34 —.24 —29 —26
11 -30 =22 =13 —-.26 —.27 —34 =21 —-.12 =25 —-26 —43 — 47 -50 —-.33 —-37 —.43 —42 —-32 —-32 -31 —.18
12 -35 -05 -02 -01 -1l -39 —-02 —-04 -03 —.10 —-.21 —20 —.16 -05 —.03 —.06 —43 —20 —.07 —.18 —.31
13 -.20 -09 -07 -.11 —-.28 —.17 =05 —-.04 -09 —-.25 —40 -.30 —-.34 -29 -2 —-27 —.28 —.16 ~.15 —=.25 —.13
14 +.24 +.20 +.13 +.27 +.39 +.25 +.19 +.11 +.27 +.37 +.50 +.45 +.51 +.42 +.38 +.46 +.36 +.30 +.32 +.37 +.10
15 +.16 +.27 +.24 +.41 +.44 +.17 +.26 +.23 +.41 +.43 +.66 +.62 +.70 +.62 +.61 +.68 +.26 +.27 +.39 +.37 +.03
16 +.45 +.54 +.47 +.43 +.38 +.49 +.51 +.44 +39 +35 +.27 +.17 +.26 +.36 +.25 +.33 +.75 +.65 +.48 +.44 +.60
17 +.45 +.51 +.40 +.27 +.08 +.50 +.49 +.36 +.23 +.04 +.04 —03 +.02 +.19 +.11l +.15 +.67 +.57 +.29 +.15 +.73
18 -31 =20 -.14 =23 =35 =35 —.19 —.13 —-23 —-35 —43 —46 —.4] —28 —30 ~.31 —.54 —41 —36 —.44 -.23
19 +.47 +.52 +.47 +.40 +.36 +.50 +.50 +.43 +.36 +.33 +.22 +.10 +.18 +.32 +.20 +.27 +.75 +.64 +.45 +.42 +.61
20 +.38 +.37 +.23 +.08 ~.19 +.42 +.35 +.20 +.04 ~-.22 —.14 —.17 —.13 +.00 —.04 -0l +.47 +.38 +07 —.11 +.68
21 +.28 +.14 +03 —.05 —.24 +.32 +.12 £.00 —.08 —-.27 —.13 —-.21 —.15 —-.13 =21 =12 +31 +.17 —=.06 =.20 +.51
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