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Introduction
Class III malocclusions are considered one of the most complex 

and difficult orthodontic problems to diagnose and treat, thus early 
intervention of skeletal Class III deformities in the mixed dentition or 
even in the deciduous dentition has been the best alternative to treat 
this malocclusion [1,2]. However, adult patients who present with 
a Class III deformity generally do not have many treatment options 
and their prognosis is not favorable [1,2]. They are usually potential 
candidates for orthognathic surgery to correct the skeletal anomaly. 
Nevertheless, an alternative for patients reluctant to undergo surgery 
or who are satisfied with their facial appearance is to treat with 
dentoalveolar compensation without correcting the underlying skeletal 
deformity [3-6].

The option for orthognathic surgical treatment clearly produces, in 
most cases, better esthetic results than compensatory treatment, but it 
is sometimes perceived as too aggressive and costly [7]. The dilemma 
we usually face is that a great number of these patients refuse to accept 
surgical therapy and prefer an orthodontic compensation treatment 
[8,9]. In patients with mild jaw discrepancies and no cosmetic problems, 
orthodontic treatment without surgery is often preferable since several 
non-surgical Class III adult case reports [4-6,8,10] have demonstrated 
very satisfactory results with conservative mechanics in these cases.

Therefore, the objectives of this study was to cephalometrically 
evaluate the effects of dentoalveolar compensation in the treatment of 
adults with skeletal Class III malocclusion and to evaluate the occlusal 
results and changes obtained with compensatory dentoalveolar 
mechanics in these patients.

Materials and Methods
The sample consisted of 23 adult subjects (10 male, 13 female, 

mean age [SD] 25.18 [6.69] years, range 18.00-39.92), with 
Class III malocclusion, selected from the private office file of 

Dr.______________. The selection criteria were a dental and skeletal 
Class III malocclusion (ANB, NAP and Wits) with at least an end-
to-end bilateral Class III molar relationship, anterior and posterior 
crossbites, and a concave facial profile. Fourteen patients were treated 
with two mandibular premolar and 6 with two mandibular first molar 
extractions. Only three patients were treated without extractions. The 
mean treatment time was 3.10 years (SD=0.90). Lateral cephalometric 
radiographs and dental casts were obtained from each subject before 
treatment (T1) and immediately after treatment (T2).

Cephalometric analysis

All lateral cephalograms were traced by one investigator (JEPS), 
digitized (Numonics AccuGrid XNT, model A30TL.F—Numonics 
Corporation, Montgomeryville, Pa) (Table 1 and Figure 1) and then 
analyzed with Dentofacial Planner Software 7.02 (Toronto, Ontario, 
Canada).

Occlusal evaluation

The Treatment Priority Index (TPI) [11] was calculated on the 
pre and posttreatment dental study models (Figure 2). Set patterns 
or combinations of the selected items defined syndromes. A total of 
seven syndromes evolved defining the incisor relationship horizontally 
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(underjet, overjet) and vertically (overbite, open bite), the occlusion 
of the buccal segments (posterior crossbite), and tooth displacement 
(rotation and crowding) (Figure 2). On the basis of multiple regression 
analysis, the syndromes were weighted according to the permanent 
first molar relationship, mesio, neutro, and distoclusion. A constant, 
also corresponding to the molar occlusion, was added to the TPI score. 
The final result constitutes the TPI value [12], which represents the 
severity of malocclusion and could range from 0 to > 10.

The degree of improvement as a result of orthodontic treatment 
was assessed by two methods. The first method used the TPI change, 
which is the difference between the pretreatment and posttreatment 
scores. The second was the percent TPI reduction, which reflects the 
TPI change relative to the pretreatment score and is calculated by 
dividing the difference between initial (ITPI) and final (FTPI) TPI by 
the initial TPI score.

Error study
Cephalograms and dental casts of 10 randomly selected patients 

were retraced, redigitized, and remeasured by the same examiner. The 
casual errors were calculated according to Dahlberg’s formula [13], 
Se2=∑d2/2n. The systematic errors [14] were calculated with dependent 
t tests, for P<0.05.

Statistical analyses
Means and standard deviations for each variable were calculated 

to enable characterization of the groups. All variables were normally 
distributed (Kolmogorov-Smirnov test) for the initial and final values, 
and for the treatment changes. Therefore, the Class III intra-group 
cephalometric and occlusal changes were evaluated with paired t tests 

(P<0.05). The statistical analyses were performed with Statistica for 
Windows 6.0 (Statsoft, Tulsa, Okla).

Results
Only three cephalometric variables showed significant systematic 

errors (Mx6-PP, Mx6-ENAperp, Md6-GoMe), and the range of casual 
errors varied from 0.16 (overbite) to 3.30 (SNB). There was no systematic 
error for the TPI evaluation and the casual error was of 0.217.

There was significant maxillary advancement, mandibular 
retrusion, improvement in apical base relationship and an increase 
in facial convexity and in lower anterior face height. The maxillary 
incisors had significant labial tipping and the molars had a significant 
vertical dentoalveolar height increase (Table 2 and Figures 3,4). The 
mandibular incisors experienced significant lingual tipping, retrusion 
and increase in dentoalveolar height, and the molars had an increase 
in dentoalveolar height. The overbite and overjet showed statistically 
significant improvements (Table 2 and Figures 3,5).

There was significant reduction in TPI and the mean TPI change 
was 9.85, with a percent TPI reduction of 82.17% (Table 3).

Discussion
Sample

The investigated patients had a moderate skeletal Class III 
malocclusion, as evaluated by means of ANB and more severe according 
to Wits, NAP and MxMdDif variables (Table 2). To compensate for the 
apical bases discrepancy the maxillary incisors were labially tipped and 
the mandibular incisors were lingualy tipped, as usually expected [4-
6,9,15,16]. The Class III occlusal relationship was also very severe with 
an initial TPI of 11.77 (Table 3), showing that the evaluated cases were 
more severe than previous reports and studies [4,10].

Study design

Ideally, all patients should have been treated following a unique 
treatment protocol at a similar age range. However, if these strict 
criteria were applied a very limited number of patients would result 
to allow statistical evaluation. Some changes have been reported, but 
mostly in individual case reports [4-6,10,17]. Therefore, the Class III 
malocclusion occlusal changes were evaluated in order to allow an 
estimate of the most relevant changes obtainable with compensatory 
orthodontic approaches of the Class III malocclusion problem.

There may be some criticism in using Grainger´s treatment priority 
index [11] (TPI) for evaluation of the pretreatment and posttreatment 
occlusal statuses instead of using the more recent and currently 
mostly used PAR index [18,19]. The reason for this is because the PAR 
index presents some limitation in evaluating the posterior segment 

Figure 1: Cephalometric analysis.

IS.PP (o) Maxillary incisor long axis to palatal plane
IS-PP (mm) Perpendicular distance from the maxillary incisor edge to palatal plane
Mx6-PP (mm) Perpendicular distance from the mesial cusp tip of the maxillary molar to palatal plane
Mx6-ANSPerp (mm) Distance between the mesial point of the maxillary first molar and the anterior nasal spine-perpendicular line
Mx1-OP (mm) Perpendicular distance from the maxillary central incisor edge to the occlusal plane
Md1-OP (mm) Perpendicular distance from mandibular central incisor edge to the occlusal plane

Md6-PogPerp (mm) Distance between the mandibular first molar mesial point and the pogonion-perpendicular line (measured only in cases in which these 
teeth were not extracted)

Md1-MP (mm) Perpendicular distance from mandibular central incisor edge to the mandibular plane

Md6-MP (mm) Perpendicular distance from the mesial cusp tip of the mandibular molar to mandibular plane
(measured only in cases in which these teeth were not extracted)

NAP (º) Angle between lines N-A and A-P

Table 1: Unusual cephalometric variables
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anteroposterior relationship [20]. To overcome this deficiency it has 
been suggested that there should be a different PAR index to separately 
evaluate Class I, II and III malocclusions [21].

Skeletal changes

Maxillary component: There were significant forward maxillary 
displacement, associated with an increase in the effective maxillary length, 
even in adult patients, which were more favorable than previous studies 
[4,15] (Table 2 and Figure 3). This probably resulted from the intensive 
use of Class III intermaxillary elastic mechanics [3-5,22]. Regarding Class 
III malocclusion treatment, small changes may represent finishing with an 
end-to-end incisor relationship or with a minimum overbite which will 
allow anterior guidance upon protrusion [23].

Mandibular component: There was a significant reduction in 

mandibular prognathism (SNB), despite significant increases in 
mandibular dimensions (Table 2 and Figures 3,5). This reduction 
occurs with most Class III treatment mechanics as they tend to 
increase the LAFH and the mandible experiences clockwise rotation 
[3-6,9,10,17]. An important factor that may have greatly accounted for 
the significant reduction in SNB was retrusion of B point resultant from 
retraction of the mandibular incisors in extraction cases (Figures 3,5). 
This seems to be the case because P-Nperp did not show a significant 
reduction. As the amounts of changes in opposite directions are added 
up they significantly contribute for the overall occlusal and esthetic 
improvements of the malocclusion [3,9].

Maxillomandibular relationship: Consequent to the small but 
significant maxillary forward displacement and mandibular retrusion, 
there were significant improvements in apical base relationships (ANB, 

Figure 2: Calculation of Treatment Priority Index (TPI).
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Figure 5: Improvements in overbite and overjet.

Figure 3: Maxillary displacement.

Figure 4: Increase in vertical dentoalveolar height.

Wits and NAP). The numerically greater improvement (Wits) was probably 
due to retraction of the mandibular anterior teeth in the extraction cases, 
which would also cause some retraction of B Point [3,6].

Vertical component: Although the Class III mechanics used 
tend to increase the growth pattern angles no significant increase was 
observed. Very likely this was a result of the extractions performed 
in most patients, especially when the mandibular first molars were 
extracted [17]. Only LAFH had a significant increase with treatment. 
Therefore, the mandibular extractions were efficient in controlling the 
growth pattern angles increase in patients with an associated open bite.

Maxillary dentoalveolar component: The applied mechanics 
caused significant labial tipping of the maxillary incisors which 

contributed to correction of the negative overjet of the malocclusion 
(Table 2). This effect is expected with the use of Class III elastics [3-
5,9,17], however, the amount of incisor protrusion was not significant, 
especially demonstrating a net tipping effect. Despite the lingual torque 
(0º) of the bracket system used, there was still some labial tipping of 
these teeth. Perhaps, if other system was used, the labial tipping could 
have been ever greater [3]. There was extrusion of the maxillary molars 
which is also a usual response to Class III elastics and that may have 
contributed to increase the LAFH, associated with growth in some 
cases [22,24]. Although the maxillary molars experienced slight mesial 
displacement, it was not statistically significant. Therefore, there was 
only a small contribution of maxillary dentoalveolar changes to correct 
the anteroposterior Class III discrepancy.

Mandibular dentoalveolar component and dental relationships: 
There was significant lingual tipping, retrusion and extrusion of 
the mandibular incisors, which is expected with the use of Class III 
elastics [22,25] (Table 2). The compensatory labial torque (10º) to the 
mandibular incisors, provided in the bracket slots, was not enough to 
completely counteract the Class III elastic force. The significant increase 
in mandibular first molar dentoalveolar height was probably due to 
growth changes in those patients in the final stages of development. 
Dentoalveolar changes in mandibular component constituted the 
main mechanism of compensatory treatment in adult patients to 
correct the anteroposterior discrepancy in Class III malocclusions, as 
also previously reported [3,4,9]. All the mentioned changes provided 
significant improvement in the overjet and overbite.

Amount of occlusal changes
The Class III malocclusion patients had great initial occlusal 

malocclusion severity, associated in many cases with skeletal 
deficiencies (Table 3). The final TPI and the percent TPI reduction were 
very satisfactory. This fact demonstrated good patient compliance, 
regarding the use of Class III intermaxillary elastics [22,24].

To provide an estimate of the amount of occlusal changes of 
this treatment approach, the results observed in this study could be 
compared with the occlusal changes in Class II malocclusion [26]. Non-
extraction and two-maxillary premolar extraction treatment protocols 
of complete Class II malocclusion provided percent TPI reductions of 
79.78% and 91.32% and final TPIs of 1.58 and 0.68, respectively [26]. 
The present study obtained a percent reduction of 82.17% and a final 
TPI of 1.98 (Table 3). The similarities in the final occlusal status and 
percent TPI reduction with the non-extraction Class II malocclusion 
treatment demonstrate that the amount of changes obtained with the 
compensatory approach was very satisfactory. It did not reach final TPI 
and improvement ratio as the Class II malocclusion group treated with 
two-maxillary premolar extractions because the patient dependent 
anchorage requirement in this treatment protocol is smaller when 
compared to the Class II non-extraction protocol [26,27]. Most of the 
Class III treatment protocols used in these cases also require a similar 
patient compliance as in Class II non-extraction protocol, regarding 
the use of Class III intermaxillary elastics.

Clinical considerations
These results can provide to the orthodontist an estimate of 

the cephalometric and occlusal changes obtainable with Class III 
compensatory treatment, primarily with extraction in the mandibular 
arch. The results presented supply scientific basis to the orthodontist 
decision during treatment planning of patients with Class III 
malocclusions, demonstrating which are the areas where to expect 
greater changes and what percentage of occlusal changes can be 
obtained.
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Variables
Initial (n = 23) Final (n = 23)

P
Mean SD Mean SD Difference

Maxillary Component
SNA (o) 81.30 3.19 82.17 4.53 0.87 0.08
A-NPerp (mm) -2.15 3.54 -1.05 3.62 1.10 0.01*
Co-A (mm) 81.39 6.17 83.00 6.13 1.61 0.00*

Mandibular Component
SNB (o) 84.21 4.55 83.05 5.29 -1.16 0.02*
P-Nperp 2.98 7.55 2.23 8.43 -0.65 0.32
Co-Go (mm) 55.93 3.98 58.03 4.14 2.01 0.00*
Co-Gn (mm) 120.70 7.63 122.34 7.90 2.67 0.01*
Co.GoMe (o) 128.60 6.28 128.73 6.38 0.13 0.77

Maxillomandibular relationship
ANB (o) -2.91 2.99 -0.88 2.18 1.93 0.00*
MxMdDif (mm) 39.31 5.36 39.33 5.32 -0.03 0.95

WITS (mm) -9.40 4.63 -5.22 3.63 4.18 0.00*

NAP (o) -7.68 6.11 -4.38 4.53 3.30 0.00*

Vertical Component
FMA (o) 29.93 6.23 30.50 6.77 0.57 0.13
SN.PP (mm) 8.17 4.12 8.35 4.68 0.18 0.66
SN-OP (o) 43.00 4.90 43.43 5.17 0.43 0.28
LAFH (mm) 67.82 7.58 70.67 7.28 2.85 0.00*
SN.GoGn (o) 33.66 6.81 34.34 7.68 0.68 0.10

Maxillary dentoalveolar Component
Mx1.NA (o) 29.08 7.99 31.94 5.84 2.86 0.02*
Mx1-NA (mm) 6.61 3.59 7.08 2.83 0.47 0.31
IS.PP (o) 119.09 7.03 122.69 7.00 3.60 0.01*
IS-PP (mm) 27.00 3.67 26.94 4.02 -0.06 0.89
Mx6-PP (mm) 23.33 2.75 24.97 2.33 1.64 0.00*
Mx6-ANSPerp (mm) 25.03 4.51 23.86 4.92 -1.17 0.08
Mx1-OP  (mm) -0.15 1.79 -0.75 2.28 -0.60 0.33

Mandibular dentoalveolar Component
Md1.NB (o) 20.24 6.51 14.75 6.26 -5.49 0.00*
Md1-NB (mm) 3.97 2.52 2.22 2.24 -1.75 0.00*
Md1-MP (mm) 39.94 4.54 42.18 4.10 2.24 0.00*
Md6-MP (mm) 29.63 4.46 31.00 4.64 1.37 0.00*
Md1.MP (o) 79.54 7.69 74.28 9.97 -5.26 0.00*
Md6-PogPerp (mm) -31.05 4.84 -29.97 4.47 1.08 0.14
Md1-OP (mm) -1.08 2.81 -2.33 1.82 -1.25 0.05

Dental relationships
Overjet (mm) -1.26 1.99 3.66 1.22 4.92 0.00*
Overbite (mm) 0.73 2.30 2.00 1.05 1.27 0.00*

Perp, Perpendicular; Mx1, maxillary central incisor; Mx6, maxillary first molar; Md1, mandibular central incisor; Md6, mandibular first molar
*Statistically significant at P <0.05

Table 2: Comparison of changes from T1 to T2 (paired t test)

ITPI FTPI Paired t test TPI change Percent TPI reduction

Mean (SD) Mean (SD) P Mean (SD) Mean (SD)
11.77 (3.68) 1.91 (0.73) 0.0000* 9.85 (3.79) 82.17% (9.79)

*Statistically significant at P<0.05
Table 3: Occlusal treatment changes, TPI change and percent TPI reduction with 
treatment

Conclusions
1. Compensatory mandibular extraction or non-extraction

treatment of Class III malocclusions can establish normal overjet 
and overbite through significant changes in the maxillomandibular 
relationship, associated with labial tipping of the maxillary incisors and 
lingual tipping of the mandibular incisors. These changes also bring 
about increases in facial convexity and in facial height.

2. The final occlusal status and improvement ratio of Class III
malocclusion patients treated with compensatory treatment were very 
satisfactory.

3. These treatment protocols can be used in patients with similar
occlusal and skeletal discrepancies to the sample of this study, when 
surgical treatment is discarded. 
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