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ABSTRACT

The soft tissue changes after the extraction of maxillary first premolars and subsequent anterior tooth retraction were 
evaluated for 16 Class II, division 1 patients. Pre- and posttreatment lateral head cephalograms were evaluated using 
superimpositions on Björk-type metallic implants in the maxilla. The patient sample was divided into group I patients, those 
who did exhibit lip seal at rest in the pretreatment cephalogram and group II patients, those who did not exhibit lip seal at rest 
in the pretreatment cephalogram. Upper incisor retraction was followed by a similar ratio of upper lip retraction in both the lip 
seal and nonsealed groups (1:0.75 and 1:0.70 mean ratios, respectively). However, those without lip seal did demonstrate 
more retraction at stomion (USt). The final upper lip position (Ls) was reasonably correlated with retraction of the cervical 
maxillary incisor point (cU1) with determination coefficients of 63.6% in the lip sealed and 68.5% in the lip incompetent 
groups. Although labial and nasolabial angles tended to open after incisor retraction, there was little predictability for this 
response.
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Improved facial esthetics has been an important aspect of orthodontic care, and more recently, a more pronounced labial contour has 
been proposed as the desired treatment goal.1–12 Interestingly enough, there appears to be little support in the literature for the assumption 
that only fuller smiles and profiles are deemed more esthetic.13,14 

Quantifying and predicting changes in the soft tissue profile from extractions and subsequent incisor retraction could provide important 
information for advising patients about treatment alteratives.10,15–26 Studies of the profile changes resulting from the removal of only two 
upper premolars has been infrequently reported despite the fact that this treatment is often used as an alternative to orthognathic surgery 
for nongrowing patients and for those who exhibit Class II malocclusions with significant overjet.

Unfortunately, there is limited database of evidence of the soft tissue changes subsequent to orthodontic treatment.16,27–45 The purpose 
of this study is to describe the changes in the soft tissue profile after the removal of maxillary first premolars and subsequent retraction of 
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the anterior teeth as demonstrated with the use of tantalum implants.

MATERIALS AND METHODS Return to TOC

Pre- and posttreatment cephalograms of 16 Class II, division 1 adolescent patients (seven females, nine males), who had been treated 
with the removal of only maxillary first premolars and full fixed appliance therapy at the Department of Child Clinic at the Dentistry School of 
Araraquara—Universidade Estadual Paulista (UNESP), Brazil, were selected46 (Figure 1 ). 

All 16 patients had received Björk-type 0.5 × 1.5 mm tantalum implants in the maxilla.47 Implants were placed bilaterally below the 
anterior nasal spine and below the zygomatic processes. Immediately after implant placement and again at the conclusion of treatment, 
lateral head radiographs were made at maximum intercuspation with the Frankfurt horizontal plane parallel to the ground and the lips in rest 
position as described by Burstone.48 

From the sample of 16 patients, two groups were defined.

● Lip seal (group I, N = 8). Pretreatment passive lip seal48 was defined as a vertical distance of 0–0.5 mm between the upper and 
lower lips in the T0 cephalogram.

● Lip incompetence (group II, N = 8). Pretreatment lack of lip seal was defined as a vertical distance greater than two mm between the 
upper and lower lips in the T0 cephalogram.

No patient who demonstrated 0.5–2.0 mm between the upper and lower lips was evaluated. 

Cephalometrics

Selected cephalometric landmarks were traced on acetate paper with the metallic implants used as reference points for registration and 
orientation47–51 (Figure 2 ). A template for the maxillary incisors was drawn from the initial tracing (T0) and transferred forward to 
subsequent superimpositions.

The cephalometric points were digitized using a Summa Sketch III tablet (Summagraphics Co., Seymour, Connecticut) with a resolution 
of 500 lines per inch. The tablet was coupled to a portable Toshiba PC, Pentium II, 266 MHz-MMX (Toshiba Inf. Systems, Irvine, Calif, USA) 
using digitization software manufactured by the UNESP Department of Child Clinic.52 Vertical and horizontal displacements of the 
cephalometric points along with linear and angular measurements were calculated (Figure 2 ).

Statistical analysis and error control

All variables were tested and showed normal distribution at the 5% level, according to Lilliefors's test. Analysis of variance was used to 
evaluate means' differences between groups, and Pearson's correlation coefficients were calculated for dependent variables as a function of 
independent variables. Multiple linear regression tests were applied to evaluate future alterations of dependent variables. 

Measurements were processed by the System for Statistical and Genetic Analysis 5.0 computer program of the Federal University of 
Viçosa, Brazil. Tracing and digitalization errors were controlled by point markings for all radiographs at two-month intervals. Tracings were 
repeated and digitized twice.53 Means of the four measurements of each parameter were used for comparison, and all variables were tested 
at 5% level of significance.5 The 8% mean magnification factor produced by the cephalostat used for all patients was corrected by the 
same program used in data digitizing.52 
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Means and changes in angular and linear variables and also point displacements for both group I (lip seal) and group II (lip 
incompetence), using maxillary superimpositions, are shown in Tables 1  through 3 and Figures 3  and 4 .

Mean treatment changes for both groups were similar and included upper incisor retraction, increase in the nasolabial angle, reduction in 
the thickness of the upper lip, and a reduction in the vertical display of the upper lip vermilion (Tables 2  and 3 ). Only the variables Ay 
and UStx showed any statistically significant difference between the two groups during treatment (Table 3 ).
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Nasolabial and lip angle



Scheideman et al54 reported a normal mean nasolabial angle at 111.4° with a small decrease in this angle expected with age, primarily 
because of the downward growth of the nose.55–58 Fitzgerald et al55 emphasized continued nasal development in any analysis of 
nasolabial angles. In this study, the mean pretreatment values for the nasolabial and labial angles of both groups were slightly less than the 
norm (Table 1 ).54–56,58 This is likely because of the additional protrusion inherent in a sample comprising only Class II subjects. 

During the course of treatment, the mean maxillary incisor (iU1x) retraction was 3.7 mm for group I and 5.6 mm for group II (Figures 3  
and 4 ; Table 3 ) with a favorable 4° mean increase in the nasolabial angle (Table 2 ). There was low correlation (46.2%) between 
the change in the nasolabial angle and incisor retraction. Waldman34 had also reported only a slight correlation (r = 0.42) between 
retraction of incisors and alteration of the nasolabial angle and many other workers have reported this same kind of variability.* 

The lip angle, constructed relative to the cranial base (SnLs.SN-7°), demonstrated greater changes than the nasolabial angle during 
treatment (7.0° for group I; 9.1° for group II, Table 2 ) with no statistically significant difference between the groups. This larger response 
in the lip angle compared with the nasolabial angle is probably related to greater downward growth at the tip of the nose during the course 
of treatment.

The correlation between the changes in lip angle and incisor retraction was also greater than that seen for the nasolabial angle (66.9% 
compared with 46.2%); however, this difference was dependent upon more than one landmark measured on the maxillary incisors. If 
examined separately, changes in the cervical point of the maxillary incisor (cU1x) demonstrated a higher correlation with lip angle than did 
changes in the incisal edge (46% and 24%, respectively). In addition, changes in angulation of the maxillary incisor (U1.SN-7°) were not 
significantly correlated with the nasolabial or lip angle in this study (r = 0.30).

Although incisor retraction and corresponding lip movement differed somewhat between groups I and II, the values were not statistically 
significant. Individual variation in growth at the lower base of the nose (points Snx and Cmy) appeared to confound a reliable prediction of 
changes in the nasolabial angle accompanying incisor retraction. As a consequence, the present results support the simple expectation 
that incisor retraction will result in a larger final nasolabial and lip angle.

It is important to note that extraction of the maxillary first premolars, followed by retraction of the incisors, did increase the nasolabial 
and lip angles. However, when the final angulations were compared with normal values,54–56,58 there was no apparent negative effect from 
this treatment (Table 1 ).

Thickness of the upper lip (A-A′) 

Mamandras62 reported a mild increase in the thickness of the upper lip (0.5 mm) for samples of untreated girls 10–12 years of age and 
an additional 0.3 mm for girls 12–14 years of age. Similar increases in boys occurred between the ages of 12 and 16 years. Subtelny63 and 
Nanda et al64 also described only small changes in the lip thickness for patients from age of 7–14 years. Talass et al,36 Chiavini,45 and 
Ricketts65 reported increases in upper lip thickness because of retraction of the maxillary incisor. These three studies used the labial face 
of the incisor and point Ls as points of reference. If, in fact, points Lsx and iU1x are compared, an increase in lip thickness could be 
reported (Table 3 ). In this instance, it appears that where you are measuring matters most.

In this sample, there was an average decrease in lip thickness of 0.7–0.8 mm during the course of treatment (A-A′, Table 2 ). 
Lamastra19 reported a slightly greater decrease in lip thickness (one mm) when the labial groove (A′) was retracted one mm. Hershey59 
described 0.71 mm reduction with one mm of retraction, similar to this study.

Vertical extension of the upper lip vermilion

Dainesi57 described a mild increase in the display of the upper lip vermilion border (Ls-USt) from age 12 to 14 years with no subsequent 
change to age 18 years. In this study, after the retraction of the incisors, groups I and II showed a decrease of 1.2 mm and 0.9 mm of the 
upper lip vermilion, respectively. Perkins and Staley40 reported a similar (0.8 mm) reduction but noted that patients starting with a greater 
vertical display of their maxillary incisors had less reduction of the lip vermilion. There was only a weak correlation (45.1%) between 
retraction of the maxillary incisors and reduction of the vermilion border for Class II patients. In any event, if a patient begins treatment with 
minimal display of the upper lip vermilion border, some reduction in that display subsequent to retraction could produce a less esthetic 
result. Arnett and Bergman66 have suggested an upper and lower lip vermilion ratio of 1:1.25, whereas a 1:1 ratio was recommended by 
Auger and Turley.11 

Vertical display of the maxillary incisor

There was no significant difference between groups for the final vertical display of the maxillary incisors (iU1-USt) with the upper lip at 
rest. Perkins and Staley40 reported a significant (0.7 mm) increase in incisor display for patients who began treatment with mild (<6 mm) 
incisor exposure but an insignificant (0.5 mm) decrease for patients who started with greater than six mm of exposure. These are the same 
trends found in this study (Tables 1  and 2 ).



Upper lip movement related to incisor retraction

Upper lip retraction (Lsx) was significantly correlated with maxillary incisor retraction, measured at the cervical point (cU1x). Typically, 
the incisal edge or the most vestibular point of the incisor has been the most common landmark selected, but this point has minimal 
predictive value for lip movement (28%).28,36,45 Hershey59 reported a higher determination (64%) when he used the most labial point of the 
incisor crown. However, he concluded that the upper lip's movement as a function of retraction could not be predicted because of the great 
variability (Table 4). Figure 5  shows movements of cU1x and iU1x and the predictability of change of Lsx based on the regression 
formula (Lsx = 0.28 + 0.87 cU1x). When predicted movement was compared with actual movement of Lsx, greater retractions resulted in 
better predictions.

It may seem reasonable to accept that if the patient's initial incisor overjet was caused by extreme upper incisor proclination, then the 
subsequent correction (by retraction of the incisal edge with little backward displacement of the cervical point) tended to produce less lip 
change (eg, Figure 5 , patients 5/A and 6/B). On the other hand, more lip retraction was seen when the incisor retraction underwent 
translatory movement and the initial incisor inclination was close to normal.

There was more retraction of the upper lip stomion (UStx) for patients without pretreatment lip seal (group II = −2.7 mm; group I = −0.6 
mm), but the regression equation included more variables. Vertical upper lip landmarks (Lsy, A′y, and USty) showed movement in similar 
proportions to the vertical movement of upper incisors with an approximate 80% coefficient of determination and appeared directly related to 
the rate of growth of the maxilla.
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Retraction of the upper lip accompanied maxillary incisor retraction at a mean ratio of 1:0.75 for patients with pretreatment lip seal and 
1:0.70 for those with pretreatment lip incompetence. Movement of the cervical point of the upper incisor greatly influenced changes in the 
upper lip, mainly in the horizontal plane.

Labial and nasolabial angles tended to open after incisor retraction, but there was little predictability for this response. The individuality of 
nasal base growth and not necessarily the upper lip's anatomy is the likely cause of variability in the nasolabial angle. Despite the small 
sample size, the results confirm that there is a wide range of individual variation and that an obtuse nasolabial angle is not likely to be an 
automatic result of treatment featuring upper incisor retraction.

Maxillary implant superimposition helped reduce the confounding factors of facial growth and development when attempting to assess 
changes related to treatment. For example, when regional superimpositions were used, it appeared that vertical changes in the lips were 
more related to growth, whereas horizontal alterations were associated with incisor retraction.
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TABLE 1. Comparisons of Means Between Groups I and II and Standard Deviations of Angular and Linear Variables 

TABLE 2. Comparisons of Means Between Groups I and II and Standard Deviations of the Differences at Start and End of Observation 
Period, in Angular and Linear Variables 



TABLE 3.  Comparison between means of Groups I and II of the point displacements and their respective standard deviations, 
evaluated by maxillary superimposition 
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FIGURE 1. Lateral head radiograph images (A) before and (B) after anterior-superior retraction using segmental mechanics. Note the 
placement of metallic implants in the maxilla 
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FIGURE 2. Reference lines x and y, angles, and cephalometric points evaluated in maxillary superimposition 
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FIGURE 3. Changes during treatment for group I (patients with pretreatment lip seal) with reference to maxillary superimposition 
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FIGURE 4. Changes during treatment for group II (patients with pretreatment lip incompetence) with reference to maxillary 
superimposition 

Click on thumbnail for full-sized image. 

FIGURE 5. Predicted movement of the upper lip (Lsx) for (A) individual patients in groups I; and (B) individual patients in groups II 
compared with the actual movement of points Lsx, cU1x, and iU1x during treatment 
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