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PAR Evaluation of Treated Class I Extraction Patients

Karina Maria Salvatore Freitasa; Daniel Salvatore Freitasb; Fabrı́cio Pinelli Valarellia;
Marcos Roberto Freitasc; Guilherme Jansonc

ABSTRACT
Objective: To evaluate treatment changes and quality of finishing occlusion in Class I patients
treated with four premolar extractions.
Material and Methods: Dental casts of 94 subjects (50 males and 44 females) were evaluated.
Mean pretreatment age was 13.46 years, and mean treatment time was 2.09 years. The peer
assessment rating (PAR) index was obtained from pretreatment and posttreatment dental casts.
Results: The mean pretreatment PAR index of 29.46 was reduced to 6.32 at posttreatment stage,
achieving a reduction of 78.54% with treatment. There was correlation between the initial PAR
and correction during treatment, that is, the more severe the malocclusion the greater the treat-
ment changes.
Conclusion: The cases evaluated showed a high-standard orthodontic finishing.
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INTRODUCTION

Assessment of orthodontic treatment outcomes has
traditionally been accomplished using the subjective
opinion and experience of clinicians. Several indices
have been devised in an attempt to provide more ob-
jective assessment of malocclusion severity.1–4 Otu-
yemi and Jones2 recently reviewed different methods
of assessing malocclusion and divided the indices into
five groups: diagnostic, epidemiologic, treatment need,
treatment success, and treatment complexity.

The peer assessment rating (PAR) index5 was spe-
cifically designed to provide a more objective assess-
ment of treatment success. The PAR index has been
shown to have good intra- and interexaminer reliabili-
ty,3,6 and it has been used in several studies.2,7–11

O’Brien et al12 evaluated 250 patients with Class II,
division 1 malocclusions treated by various treatment
modalities. PAR scores for the sample were reduced
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by a mean of 75.4%. Further study using the PAR In-
dex on different samples would be useful to report on
values that orthodontists can use as a method of self-
audit and/or comparison with others.

Richmond and Andrews13 reported that orthodontic
treatment conducted by a specialist corrects the mal-
occlusion by a mean of 78% (PAR index). Richmond
et al5 proposed some criteria for a high-standard or-
thodontic treatment: the mean PAR reduction with
treatment should be greater than 70%, the number of
cases without any improvement should be irrelevant,
and the number of cases considered to have had ‘‘ex-
cellent improvement’’ should be above 40%.

A trustworthy evaluation of orthodontic treatment
outcomes without using an occlusal index is difficult.
The PAR index is capable of objectively assessing
treatment changes. This way, the present work aimed
to evaluate treatment changes and quality of finishing
occlusion in patients treated with four premolar extrac-
tions.

MATERIAL AND METHODS

The sample consisted of 94 subjects who were se-
lected by means of a retrospective record review of
patients treated by graduate students at Bauru Dental
School, University of São Paulo, Brazil. Subjects were
chosen for the sample according to the following cri-
teria:

—Class I malocclusion was present at the beginning
of orthodontic treatment;
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Table 1. Results of Descriptive Statistics of the Whole Sample for
All Variables Evaluated

Variablesa Mean SD N

Age T1 13.46 1.80 94
Treatment time 2.09 0.58 94
PAR T1 29.46 8.79 94
PAR T2 6.32 3.48 94
PAR T2-1 �23.14 9.51 94

a PAR indicates peer assessment rating; PAR T1, pretreatment
PAR; PAR T2, posttreatment PAR; PAR T2-1, difference in PAR
between posttreatment and pretreatment stages.

—Treatment protocol included extraction of the four
first premolars;

—The subject completed a complete course of ortho-
dontic treatment with full maxillary and mandibular
fixed appliances (slot 0.022-inch � 0.025-inch) and
Edgewise mechanics;

—All permanent teeth had erupted up to the first mo-
lars at the pretreatment stage;

—Tooth agenesis and anomalies were absent; and
—Pretreatment (T1) dental casts, obtained at the be-

ginning of orthodontic treatment, and posttreatment
(T2) dental casts, obtained immediately after appli-
ances were removed, were available at the time of
the study.

Ninety-four subjects of both sexes (50 male; 44 fe-
male) were selected. Mean pretreatment age was
13.46 years (SD � 1.80). Mean treatment time was
2.09 years (SD � 0.58). All patients wore a cervical
headgear as anchorage in the maxillary arch and a lip
bumper in the mandibular arch during the alignment
and anterior retraction phases. In some patients, inci-
sors did not need to be retracted due to severe crowd-
ing. In these cases, the cervical headgear and lip bum-
per were used to maintain Class I molar relationship
during the canine retraction and alignment phases. Af-
ter the end of active treatment, all patients wore a
Hawley maxillary retainer and a bonded canine-to-ca-
nine mandibular retainer.

Pretreatment (T1) and posttreatment (T2) dental
casts of each patient were used. All dental cast mea-
surements were performed with a 0.01-mm precision
digital caliper (Mitutoyo America, Aurora, Ill) by one
calibrated examiner. The assessed variable was the
PAR index, as described by Richmond et al3 and
scored with the American weight.14

The difference between posttreatment and pretreat-
ment PAR index values (PAR T2-1) and the percent-
age of PAR value reduction were calculated to ex-
press the amount of correction with treatment using
the following formula:

PAR T2-1 � 100
%PAR �

PAR T1

Error Study

After a 1-month interval from the first measurement,
50 randomly selected dental casts (25 from pretreat-
ment and 25 posttreatment stages) were remeasured
by the same examiner. The same dental casts were
also measured by an experienced examiner; the in-
terexaminer correlation ranged from 0.91 to 0.99, in-
dicating a high level of reliability. The casual error was
calculated according to Dahlberg’s formula15 (Se2�
� d2/2n), where Se2 is the error variance and d is the

difference between the two determinations of the
same variable, and the systematic error with depen-
dent t-tests,16 for P � .05.

Statistical Analysis

Descriptive statistics (mean, standard deviation, and
N) of the whole sample were determined for the fol-
lowing variables: pretreatment age, treatment time,
pretreatment PAR (PAR T1), posttreatment PAR (PAR
T2), and differences between posttreatment and pre-
treatment stages (PAR T2-1), characterizing treatment
changes.

Multiple regression analysis was used to verify pos-
sible factors correlated to the PAR index in the pre-
treatment and posttreatment stages. For this, the un-
weighted PAR index was used. This analysis allowed
researchers to evaluate the influence of each PAR
component in the total sum of scores. Pearson cor-
relation coefficient was used to assess the degree of
correlation between the PAR index values in the stag-
es evaluated (PAR T1 � PAR T2 and PAR T1 � PAR
T2-1).

All statistical analyses were performed using Statis-
tica software (Statistica for Windows 6.0; Statsoft, Tul-
sa, Okla). Results were considered statistically signif-
icant for P � .05.

RESULTS

No systematic errors were detected, and casual er-
rors were considered acceptable and within the normal
range. Descriptive statistics are shown in Table 1.
Mean pretreatment PAR was 29.46 (SD � 9.79),
mean posttreatment PAR was 6.32 (SD � 3.48), and
mean PAR reduction with treatment was 78.54%.

Table 2 shows results of multiple regression analy-
sis considering the pretreatment PAR. Variations in
pretreatment PAR values were attributable to varia-
tions in the following components: crowding, posterior
occlusion, and overbite. The overjet and midline com-
ponents were not significantly responsible for PAR in-
dex values variations.

Table 3 shows results of multiple regression analy-
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Table 2. Results of Multiple Regression Analysis Considering Pre-
treatment Peer Assessment Rating as the Dependent Variable

Variablesa r P

Overjet T1 0.013 .846
Overbite T1 0.241 .001*
Posterior occlusion T1 0.381 .001*
Crowding T1 0.468 .000*
Midline T1 0.085 .240

* Statistically significant at P � .05.
a T1 indicates pretreatment stage.

Table 3. Results of Multiple Regression Analysis Considering Post-
treatment Peer Assessment Rating as the Dependent Variable

Variablesa r P

Overjet T2 .175 .011*
Overbite T2 .136 .048*
Posterior occlusion T2 .375 .000*
Crowding T2 .691 .000*
Midline T2 .101 .140

* Statistically significant at P � .05.
a T2 indicates posttreatment stage.

Table 4. Results of Pearson Correlation Coefficient

Variablesa r P

PAR T1 � PAR T2 �.090 .384
PAR T1 � PAR T2-1 .918 .000*

* Statistically significant at P � .05.
a PAR indicates peer assessment rating; PAR T1, pretreatment

PAR; PAR T2, posttreatment PAR; PAR T2-1, difference in PAR
between posttreatment and pretreatment stages.

sis considering the posttreatment PAR. Variations in
pretreatment PAR values were determined by varia-
tions in the following components: crowding, posterior
occlusion, overjet, and overbite. The midline compo-
nent was not significantly responsible for PAR varia-
tions.

Table 4 shows Pearson correlation coefficient re-
sults. Significant correlation was found between the
pretreatment PAR and correction during treatment.

DISCUSSION

Sample and Methodology

The sample selection criteria aimed to eliminate or
minimize some factors that could influence the results.
Thus, sample subjects had the same malocclusion
type (Class I), treatment protocol (extraction of the four
first premolars), and the same appliance and mechan-
ics (fixed Edgewise mechanics).

The fact that sample subjects were treated by or-
thodontic graduate students could raise some doubts
regarding treatment quality. However, it has been
demonstrated that there is no significant difference in

standard of quality of orthodontic treatment between
subjects treated by specialists or orthodontics stu-
dents.9

The literature is unanimous in emphasizing the role
of patient compliance in final results where success is
based on the standard of finishing and treatment
length.17–19 In the present study, some factors that
could influence the results, such as patient compliance
and treatment time, were eliminated by including only
Class I malocclusion cases and treatment with the
same protocol, appliances, and mechanotherapy. This
way, none of the patients needed to use extraoral ap-
pliances extensively, because molar relation did not
need to be corrected.

As we proposed to evaluate occlusal treatment re-
sults, the best method to assess orthodontic finishing
is on dental casts because they assemble most infor-
mation regarding diagnosis and treatment planning.20

Besides, a poor association has been demonstrated
between occlusal characteristics and morphology ob-
tained from lateral cephalograms, and a greater pre-
diction of orthodontic results has been shown using
occlusal indexes rather than cephalometrics.21,22 Im-
portant occlusal features, like severity of crowding and
transversal relationship of dental arches, cannot be
evaluated using cephalometrics.

Treatment Results

The PAR index is recognized worldwide and ac-
cepted as a method of recording occlusal character-
istics.23 The index was specifically developed to objec-
tively assess orthodontic treatment success.9 In the
present study, results of the statistical analysis
showed a mean pretreatment PAR index of 29.46 (SD
� 8.79), which was reduced to a mean of 6.32 (SD �
3.48) in the posttreatment stage (Table 1).

It was previously suggested that a good standard
orthodontic treatment should result in a mean PAR in-
dex reduction of 70% or above.5 The present results
showed a 78.54% mean PAR reduction, and treatment
showed a good standard of orthodontic finishing. This
seems to be what would be subjectively called ‘‘clini-
cally acceptable.’’5,23 Results are similar to mean per-
centages of PAR reduction with treatment (between
75.4% and 78%) found in most previous studies in the
literature.8,10,12,13,24

Our results are better than others published in lit-
erature,7,12,23,25,26 but comparison must be made cau-
tiously, and differences in sample and methodology
need to be considered. Linklater and Fox23 found a
68.6% PAR reduction after treatment, but they evalu-
ated cases treated with fixed and removable applianc-
es, and this could explain the difference with our re-
sults. Dyken et al9 found reductions in mean PAR val-
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ues during treatment: 79.5% for patients treated by
specialists certified by the American Board of Ortho-
dontists and 68.6% for patients treated by orthodontic
graduate students. Because all of our cases were
treated by students, the results demonstrated a high
standard of orthodontic finishing.

Even though few studies have reported better per-
centage results than ours,2,27 differences in methodol-
ogy, sample selection, and evaluation of results can
be observed. Woods et al27 found a mean PAR reduc-
tion of 85.6% with treatment; they evaluated 65 pa-
tients who presented with several types of malocclu-
sion types and were treated with various treatment
protocols. We speculate that this divergence from our
results is because treatment was performed by a sin-
gle specialist in that study, while in our study treatment
was performed by many orthodontic students. Be-
sides, when the 65 patients were subdivided,27 the ex-
traction subgroup, treated with the same protocol as
our sample, presented a mean PAR correction of
82.2%, which is closer to our results. Otuyemi and
Jones2 found a posttreatment PAR correction of 82.5%
in their study of 50 Class II patients treated with sev-
eral protocols. In addition to the malocclusion differ-
ence, the mean pretreatment PAR index of their sub-
jects was less than the initial malocclusion severity in
the present study, and this could justify the divergence
of the results.

Occlusal Characteristics

Although the PAR index provides a reliable evalu-
ation of occlusal condition and treatment results, the
absolute value of PAR index does not allow one to
determine which characteristics contribute most to the
changes observed, because the index is a sum of
scores of different occlusal components.3 In addition,
components receive different weights; thus, it is still
more difficult to detect the real contribution of each
component in the final score.3

Multiple regression analysis allows evaluation of the
influence of several factors that could possibly be cor-
related to a determined variable. Thus, weights were
removed from each PAR component, and multiple re-
gression analysis was performed to verify if they are
correlated to the final score in the pretreatment and
posttreatment stages.

When pretreatment PAR was considered as depen-
dent variable, results of multiple regression analysis
showed that variations in this score were attributable
to crowding, posterior occlusion, and overbite com-
ponents. The overjet and midline components were
not significantly responsible for pretreatment variations
in PAR index values (Table 2). When considering
posttreatment PAR as a dependent variable, alter-

ations in index score were determined by variations in
crowding, posterior occlusion, overjet, and overbite
components. The midline component was not signifi-
cantly responsible for posttreatment PAR variations
(Table 3).

Correlations

Significant correlation was found between the pre-
treatment PAR (PAR T1) and correction during treat-
ment (PAR T2-1) (Table 4); in other words, the more
severe the malocclusion, the greater will be the treat-
ment changes.

Diverging from our results, Woods et al27 found nei-
ther clinical nor statistically significant correlations be-
tween pretreatment PAR and corrections obtained in
the posttreatment stage. However, this absence of
correlation can be partly explained by the fact that they
evaluated several malocclusion types and included dif-
ferent treatment plans and protocols.27

CONCLUSIONS

• The mean pretreatment PAR index was reduced
from 29.46 to 6.32 at the posttreatment stage, rep-
resenting a reduction of 78.54% during treatment
and demonstrating a high-standard orthodontic fin-
ishing.

• Correlation was found between the pretreatment
PAR and correction with treatment. Specifically, the
more severe the malocclusion the greater will be the
treatment changes.

REFERENCES

1. Daniels C, Richmond S. The development of the index of
complexity, outcome and need (ICON). J Orthod. 2000;27:
149–162.

2. Otuyemi OD, Jones SP. Long-term evaluation of treated
class II division 1 malocclusions utilizing the PAR index. Br
J Orthod. 1995;22:171–178.

3. Richmond S, Shaw WC, O’Brien KD, et al. The develop-
ment of the PAR Index (Peer Assessment Rating): reliability
and validity. Eur J Orthod. 1992;14:125–139.

4. Summers CJ. The occlusal index: a system for identifying
and scoring occlusal disorders. Am J Orthod. 1971;59:552–
567.

5. Richmond S, Shaw WC, Roberts CT, Andrews M. The PAR
Index (Peer Assessment Rating): methods to determine out-
come of orthodontic treatment in terms of improvement and
standards. Eur J Orthod. 1992;14:180–187.

6. Buchanan IB, Shaw WC, Richmond S, O’Brien KD, An-
drews M. A comparison of the reliability and validity of the
PAR Index and Summers’ Occlusal Index. Eur J Orthod.
1993;15:27–31.

7. Al Yami EA, Kuijpers-Jagtman AM, van’t Hof MA. Stability
of orthodontic treatment outcome: follow-up until 10 years
postretention. Am J Orthod Dentofacial Orthop. 1999;115:
300–304.

8. Birkeland K, Furevik J, Boe OE, Wisth PJ. Evaluation of



274 FREITAS, FREITAS, VALARELLI, FREITAS, JANSON

Angle Orthodontist, Vol 78, No 2, 2008

treatment and posttreatment changes by the PAR Index.
Eur J Orthod. 1997;19:279–288.

9. Dyken RA, Sadowsky PL, Hurst D. Orthodontic outcomes
assessment using the peer assessment rating index. Angle
Orthod. 2001;71:164–169.

10. Fox NA. The first 100 cases: a personal audit of orthodontic
treatment assessed by the PAR (peer assessment rating)
index. Br Dent J. 1993;174:290–297.

11. Holman JK, Hans MG, Nelson S, Powers MP. An assess-
ment of extraction versus nonextraction orthodontic treat-
ment using the peer assessment rating (PAR) index. Angle
Orthod. 1998;68:527–534.

12. O’Brien KD, Robbins R, Vig KW, Vig PS, Shnorhokian H,
Weyant R. The effectiveness of Class II, division 1 treat-
ment. Am J Orthod Dentofacial Orthop. 1995;107:329–334.

13. Richmond S, Andrews M. Orthodontic treatment standards
in Norway. Eur J Orthod. 1993;15:7–15.

14. DeGuzman L, Bahiraei D, Vig KW, Vig PS, Weyant RJ,
O’Brien K. The validation of the Peer Assessment Rating
index for malocclusion severity and treatment difficulty. Am
J Orthod Dentofacial Orthop. 1995;107:172–176.

15. Dahlberg G. Statistical Methods for Medical and Biological
Students. New York: Interscience Publications; 1940.

16. Houston WJB. The analysis of errors in orthodontic mea-
surements. Am J Orthod. 1983;83:382–390.

17. Fink DF, Smith RJ. The duration of orthodontic treatment.
Am J Orthod Dentofacial Orthop. 1992;102:45–51.

18. Salzmann JA. Factors in successful orthodontic therapy be-
fore and after using appliances. Am J Orthod. 1963;49:581–
587.

19. Janson G, de Souza JE, de Freitas MR, Henriques JF, Cav-
alcanti CT. Occlusal changes of Class II malocclusion treat-
ment between Frankel and the eruption guidance applianc-
es. Angle Orthod. 2004;74:521–525.

20. Han UK, Vig KW, Weintraub JA, Vig PS, Kowalski CJ. Con-
sistency of orthodontic treatment decisions relative to di-
agnostic records. Am J Orthod Dentofacial Orthop. 1991;
100:212–219.

21. Keeling SD, Riolo ML, Martin RE, Ten Have TR. A multi-
variate approach to analyzing the relation between occlu-
sion and craniofacial morphology. Am J Orthod Dentofacial
Orthop. 1989;95:297–305.

22. Ackerman JL, Proffit WR. Soft tissue limitations in ortho-
dontics: treatment planning guidelines. Angle Orthod. 1997;
67:327–336.

23. Linklater RA, Fox NA. The long-term benefits of orthodontic
treatment. Br Dent J. 2002;192:583–587.

24. Richmond S. Personal audit in orthodontics. Br J Orthod.
1993;20:135–144.

25. Fox NA, Chadwick SC. The first 100 cases of orthodontic
treatment: one year out of retention. Dent Update. 1994;21:
288–297.

26. O’Brien KD, Shaw WC, Roberts CT. The use of occlusal
indices in assessing the provision of orthodontic treatment
by the hospital orthodontic service of England and Wales.
Br J Orthod. 1993;20:25–35.

27. Woods M, Lee D, Crawford E. Finishing occlusion, degree
of stability and the PAR index. Aust Orthod J. 2000;16:9–
15.


