
Abstract The aim of this retrospective study was to de-
termine the outcome of orthodontic treatment carried out
on patients by postgraduate students at the Katholieke
Universiteit Leuven, Belgium. The treatment outcome of
292 ‘final examination’ patients and of 287 ‘control’ pa-
tients was compared by means of the Peer Assessment
Rating (PAR) index. The sample consisted of dental
casts representing a wide range of malocclusions at the
start of treatment and post-treatment. All patients re-
ceived non-surgical treatment between 1987 and 1996 by
one of 18 different postgraduate students. The data were
analysed with a variant of the analysis of covariance. A
significantly higher (P<0.001) treatment standard was
found for final examination patients compared to the
control, indicated by the mean percentage PAR score re-
duction of 79.1% and 70.7 %, respectively. When the re-
sults are expressed in terms of treatment outcome, 44.5%
of the examination patients and 44.0% of the controls
were allocated to the ‘Greatly improved’ group, while 
3.1 % of the patients examined and 7.3% of the control
patients were classified as ‘Worse or no different’. 
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Introduction

Until the early 1990s no index had been developed to
record treatment success. Until that time the Occlusal In-
dex, initially designed for other tasks, was used to evalu-
ate the success of treatment [4, 12]. It was only with the
recent development of the Index of Orthodontic Treat-
ment Need and the Peer Assessment Rating Index (PAR)

[2, 14] that there has been increased interest in the use of
indices as tools for assessing treatment outcome.

In recent years several investigators all over the world
have carried out similar studies to determine the effec-
tiveness of orthodontic treatment by use of the PAR in-
dex [5, 6, 10, 15–18].

In a study that was performed in Norway, where near-
ly all orthodontic treatment was undertaken by special-
ists, the standard of orthodontic treatment outcome was
better than in the United Kingdom. The mean percentage
reduction in PAR score was 78% and only 4% of cases
were categorized as ‘Worse or no different’ [13].

Finally, Al Yami [1] evaluated the overall quality of
orthodontic treatment at the University of Nijmegen in
the Netherlands. He evaluated 1870 patients using the
PAR index. The results showed that the mean weighted
PAR score was 28.0±10.0 and 8.0±6.1, for the pretreat-
ment and post-treatment dental casts, respectively. The
mean percentage improvement was 69%, 43% of the
sample was ‘Greatly improved’, 49% was ‘Improved’
and 8% was ‘Worse or no different’.

The aim of the present study was to evaluate the or-
thodontic outcome of patients treated by postgraduate
students during their orthodontic specialist training at the
Katholieke Universiteit Leuven. Because postgraduate
students have to present a number of treated patients at
the end of their orthodontic specialist training, there
could be a difference in treatment standard between
these examination patients and those patients not belong-
ing to the final examination group.

Materials and Methods

The Peer Assessment Rating Index

Evaluation of the treatment standard was undertaken by
applying the weighted PAR index. Details of the PAR
index have been published elsewhere [14] but in sum-
mary the index applies a score to the following occlusal
features: upper anterior segment alignment (1), lower
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anterior segment alignment (1), left and right buccal oc-
clusions (1), overbite and open bite (2), overjet and an-
terior crossbite (6), centreline (4). The number in the pa-
rentheses represents the weighting given to each feature
of the malocclusion. The weighted individual scores for
the various components are finally calculated to obtain a
total score (PAR score) that represents the degree a case
deviates from normal alignment and occlusion. Maloc-
clusion which deviates markedly from normal would at-
tract a high weighted PAR score (rarely above 50) and
an almost ideal occlusion will score less then 5. The ef-
fectiveness of treatment can be assessed by comparing
the pretreatment and post-treatment PAR scores. The
greater the reduction in PAR score, the greater the im-
provement achieved. A malocclusion is defined as
‘Greatly Improved’ when the post-treatment PAR score
is at least 22 points lower than the pretreatment PAR
score. The malocclusion is defined as ‘Improved’ when
the post-treatment PAR score is 30% lower than the pre-
treatment PAR score, and cases showing a change in the
PAR of less than 30% are defined as ‘not improved’. A
high standard of treatment is achieved when the propor-
tion of cases falling into the ‘Worse or No different’ cat-
egory of an individual’s case load is neglegible and the
mean percentage reduction in weighted PAR score is
high (e.g. greater than 70%). It is unrealistic to expect
all malocclusions to be treated to produce an ideal oc-
clusion. The outcome of treatment is often dependent on
many factors, e.g. complexity of the case, treatment
methods, expertise of the practitioner and patient com-
pliance [10, 14, 15].

Selection of the patients’ records

All the available patients’ dental plaster casts in the 
archives of the Department of Orthodontics at the 
Katholieke Universiteit Leuven were examined. To be
included in the study, patients had to be treated ortho-
dontically (without surgery) by one of 18 different post-
graduate students and both the pretreatment and post-
treatment casts had to be in good condition. The sample
of 579 cases represented a full range of malocclusions
including increased overbites and overjets, partially
erupted teeth, crowding, spacing, open-bites and cross-
bites.

After examining the dental casts, the samples were
categorized in two different groups. Group 1, the final
examination cases, consisted of 292 patients (117 males
and 175 females) with a mean age of 14.0±6.8 years and
17.0±6.7 years at the pretreatment and post-treatment
stages, respectively. Group 2, the control cases (patients
not belonging to the final examination group), consisted
of 287 patients (123 males and 164 females) with a mean
age of 13.0±4.7 years and 16.0±4.1 years at the pretreat-
ment and post-treatment stages, respectively. Due to ad-
ministrative methods of patient allocation, randomiza-
tion of the cases for both groups in respect to severity
was certified.

The patients were finally categorized according to the
year in which they finished their active orthodontic treat-
ment between 1987 and 1996.

Data collected

All the dental casts were alphabetically examined by one
investigator who was calibrated in the use of the PAR in-
dex. This made it possible to compare the results in this
study with those of other workers similarly calibrated in
the use of these indices.

In addition, the following details were collected from
each patient’s record card: (1) gender, (2) date of birth,
(3) appliances used, (4) postgraduate student, (5) exami-
nation patient or not, (6) Angle classification, (7) date of
the pretreatment and post-treatment records and (8) date
of start of active treatment.

Data analysis

Twenty cases were scored twice with an interval of 3
weeks to allow for assessment of reliability by means of a
one-sample t-test applied to identify any systemic differ-
ence in scoring between the two media. Random errors are
important in that measurements with high random errors
in relation to their total variability will be of little value.

Mean and standard deviation of the PAR scores were
calculated at the pretreatment stage and at the end of ac-
tive treatment. The percentage reduction in the weighted
PAR was calculated to assess the improvement or treat-
ment standards. In addition to the basic descriptive ana-
lysis of the data, the Cochran-Mantel-Haenszel test or
Fisher’s Exact test was carried out to compare the two
groups for individual pretreatment and post-treatment
PAR variables. Analyses of variance and the Wilcoxon
test were applied to compare the quality of treatment and
investigate and separate the effects of the various factors
which might influence the level of treatment outcome as
measured by the PAR index. A Chi-squared analysis was
used to relate the appliance type to pretreatment and post
treatment PAR scores, PAR score change and percentage
PAR score change (SAS Statistical Software Package,
SAS Institute, Cary, NC, USA).

Results

Error analysis

The magnitude of the intra-observer duplicate (random)
error was low, 1.47, indicating a high level of reproduc-
ibility of the PAR index.

Treatment duration

The mean treatment duration from placement of the ap-
pliance to removal was 28.8±11.8 months for the exami-
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nation patients (with a maximum of 48.2 months and a
minimum of 8.0 months) and 35.9±14.9 months for the
control patients (with a maximum of 63.8 months and a
minimum of 5.9 months). Fixed appliance treatment
(28.9 months) was longer compared to removable appli-
ance treatment (22.1 months). No significant differences
in treatment time were found between males and females
(28.9 and 26.5 respectively).

The changes in occlusion and alignment due to treatment
as assessed by the PAR index

The results by comparing the two different groups 
(examination versus control patients)

The range of start and finish PAR scores for the two dif-
ferent groups are shown in Table 1. The mean pretreat-
ment PAR score was 25.3 for the final examination pa-
tients and 27.1 for the control patients. The latter was
significantly higher (P<0.05) although no significant dif-
ferences could be found in the two groups for the indi-
vidual pretreatment PAR variables (Cochran-Mantel-
Haenszel test).

The occlusal result as determined by mean post-treat-
ment PAR index was 4.9 in the final examination group,
which was significantly better than 7.2 for the control
group (P<0.05). The final examination group had a sig-
nificantly more ideal overjet (P<0.001), sagittal and
transversal occlusion (P<0.05). Table 2 shows the per-
centage of perfect scores (score=0) of the different post-
treatment PAR index components.

The mean percentage improvement of PAR score was
79.1 in the final examination group and 70.7 in the con-
trol group which was significantly different (P<0.001).
Still 3.1% from the patients of the final examination
group and 7.3% of the control group fell into the ‘Worse
or no different’ category. Further, Group 1 counted
44.5% in the ‘Greatly improved’ and 52.4% in the ‘Im-

proved’ category, whereas for Group 2 these numbers
were 44.0% and 48.8%, respectively.

The results of the group as a whole

The mean PAR score for the whole sample was initially
26.2±9.4 and dropped to 6.0±5.2 (Table 3).

This resulted in a mean percentage improvement of
74.9%, which represents a high standard of treatment
with 44.2% of cases being ‘Greatly improved’ and
50.6% cases being ‘Improved’. In the whole group still
5.2% cases fell into the ‘Worse or no different’ category.

A significant correlation was found between the pre-
treatment and post-treatment PAR scores in both groups:
the higher the pretreatment PAR score, the higher the
post-treatment PAR score (P<0.001).

Variation in PAR with sex

Significant differences between males (n=240) and fe-
males (n=339) were found for the mean PAR at the pre-
treatment stage, the scores being higher in males (27.8
for males and 25.1 for females; P<0.05). Taking account
of the previous correlation, a higher mean post-treatment
PAR score was also expected in males. However, only a
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Table 1 Change in Peer As-
sessment Rating (PAR) Index
for the different groups

Group 1 (n=292) Group 2 (n=287)

Mean S.D. Min Max Mean S.D. Min Max

Pretreatment PAR 25.3 9.1 4.0 53.0 27.1 9.7 5.0 56.0
Post-treatment PAR 4.9 4.5 0.0 27.0 7.2 5.6 0.0 32.0
Numerical PAR change 20.5 9.5 1.0 53.0 19.8 10.3 0.0 54.0
Percentage PAR change 79.1 18.7 12.0 100.0 70.7 23.1 0.0 100.0

Table 2 Percentage of perfect
post-treatment scores of the 
individual components of the
PAR Index with standard errors
(SE)

Component Percentage scorers SE

Group 1 Group 2 Total Group 1 Group 2 Total

Maxillary anterior teeth 85.6 87.8 86.7 0.2 0.2 0.1
Mandibular anterior teeth 81.9 81.2 81.5 0.2 0.1 0.2
Right and left occlusion 5.1 3.8 4.5 0.1 0.1 0.1
Overjet/anterior crossbite 79.8 53.7 65.3 0.2 0.3 0.2
Overbite/open bite 79.8 77.4 78.6 0.2 0.2 0.2
Centreline 95.2 91.3 93.3 0.1 0.2 0.1

Table 3 Change in Peer Assessment Rating (PAR) for the group
as a whole

Group l + group 2 (n=579)

Mean S.D. Min

Pretreatment PAR score (T1) 26.2 9.4 4.0
Post-treatment PAR score (T2) 6.0 5.2 0.0
PAR score change (Tl–T2) 20.2 9.9 0.0
Percentage PAR score change 74.9 21.4 0.0



small, but not significant difference was found in mean
post-treatment PAR score (6.3 for males and 5.9 for fe-
males). Although there was a higher pretreatment PAR
score in males, no significant difference in percentage
reduction of PAR score with sex was found (74.2% for
females and 75.9% for males). Males, however, were
categorized more often as ‘Greatly improved’ than fe-
males (49.7% and 40.5%, respectively).

Variation in PAR with treatment methods

Table 4 illustrates the differences in treatment success
using different treatment methods. The categorical repre-
sentation of these results are shown in Table 5. To pro-
vide a more representative sample size, the group treated
with a removable appliance in combination with a single
arch fixed appliance was combined with the single arch
fixed appliance group. All cases treated with a functional
appliance were also combined. The pretreatment PAR
scores for patients treated with functional appliances
were higher than those treated with the other treatment
methods. The use of full upper and lower fixed applian-
ces gave the lowest mean post-treatment PAR score and
the highest mean percentage PAR score reduction. Func-
tional appliances scored also highly and single arch fixed
appliances achieved a greater percentage reduction in
PAR than removable appliances.

It can be seen that the appliance type had a significant
effect on the post-treatment PAR score and a highly sig-
nificant effect on the percentage PAR change (Table 6).

Variation in PAR with Angle classification

In the different groups of Angle classification the treat-
ment outcome for the final examination patients was also
significantly higher (p<0.001), but there was no signifi-
cant difference in treatment outcome between the vari-
ous Angle classification groups (Table 7).

Variation in PAR with time

A trend in the quality of treatment was noted in the later
years for the control and especially for the final exami-
nation group (Table 8). The percentage PAR change var-
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Table 4 Details of appliances
used for all patients Treatment method Number Pretreatment Post-treatment Change % change

of Patients PAR PAR

Two-arch fixed 279 26.4 4.4 22.0 81.3
Single-arch fixed 94 23.0 7.5 15.5 65.1
Removable 46 21.2 8.1 13.1 60.1
Functional 160 28.9 7.0 21.9 74.6

Table 5 Peer Assessment Rat-
ing outcome by treatment
method

Treatment method Worse/no different Improved Greatly improved

n % n % n %

Two arch fixed 5 1.8 138 49.8 134 48.4
Single arch fixed 11 11.7 60 63.8 23 24.5
Removable 7 15.2 33 71.7 6 13.0
Functional 7 4.4 81 50.6 72 45.0

Table 6 Results of Chi-square analysis on factors affecting PAR
scores

Appliance type Degrees 
(Chi-a wared value) of freedom

Pretreatment PAR score 37.7 3
Post-treatment PAR score 44.2* 3
PAR change 56.9** 3
Percentage PAR change 59.2*** 3

*P<0.05; **P<0.01; ***P<0.001

Table 7 Differences among malocclusion severity, occlusal result
and relative improvement

Class n Pre-PAR Post-PAR %∆ PAR

I 96 24.6 5.1 75.1
II 187 25.4 6.3 72.3
III 19 29.6 4.9 81.3

Table 8 Results for the final examination group (1) and the con-
trol group (2) according to treatment period

End of active Group n PAR pre PAR post % change
treatment (year) Mean Mean Mean

1991 1 103 25.0 5.3 76.8
2 103 26.8 6.2 74.9

1993 1 53 24.4 5.2 77.1
2 53 26.3 7.7 67.9

1995 1 90 26.0 4.7 80.3
2 91 28.8 8.3 67.0

1996 1 46 26.2 3.7 84.3
2 40 28.5 6.9 71.7



ied from 76.8% to 84.3% between the different time pe-
riods, the quality of treatment increased over time (non-
parametric ANOVA, t=0.009). For the group as a whole,
a significantly increased percentage reduction of PAR
score from 1991 to 1996 was found (non-parametric
ANOVA, t=0.008).

Discussion

In general a significantly higher treatment standard was
found for the final examination patients. An explanation
for this difference could be that more time was spent on
the examination group with longer appointments and less
time between two appointments, even their mean treat-
ment duration from placement of the appliance to remov-
al was shorter.

At the individual practitioner level, it was interesting
to find the contrary for three postgraduate students. They
produced better treatment outcome for the control group.

In the examination group, 3.1% of the cases remained
‘no different’ after orthodontic treatment or they became
worse. This could be explained by the presence of an
open bite due to the interposition of the tongue. Because
of the large weighting of this variable (×2) the post-treat-
ment PAR score remains relatively high.

Especially in the control group, the presence of a re-
maining overjet (weighted ×6) could explain the large
group of no different or worse cases (Table 2). The treat-
ment results of five postgraduate students individually
showed a significantly higher overjet at post-treatment
time in the controls than in the examination patients, al-
though in general no significant difference was estab-
lished between the two groups.

Residual crowding (mostly in the lower jaw, when an
upper fixed appliance was used) and poor sagittal occlu-
sion, were also post-treatment factors resulting in an in-
crease in the post-treatment PAR score. As can be seen
from Table 2, there was a low percentage of cases with a
perfect lateral occlusion at the end of active treatment
and this was significantly worse in the control group.
This may be due to the very sensitive score for the lateral
occlusion to deviations from normal: a very minor devia-
tion from full interdigitation is scored as a non-optimal
occlusion. On the other hand, a perfect center-line and
alignment of the upper and lower anterior dentition was
found in more than 80% of the cases in both groups.

One patient in the control group had no reduction in
the PAR score. Despite the use of a fixed appliance in
the upper jaw which resolved the initial crowding in the
upper jaw, the deep bite, the poor sagittal occlusion and
the overjet remained the same and a midline discrepancy
(weighted ×4) occurred. Although the patient had no
dento-occlusal PAR score improvement, he was satisfied
with the increased dental aesthetics.

When the standard of treatment was assessed in rela-
tion to the appliance, it was found that the use of upper
and lower fixed appliances produced the best standard of
treatment. This is in agreement with the findings of other
authors (Table 9). The influence of the treatment method
on outcome is due to the greater control of tooth move-
ment achieved with fixed appliances and underlines the
efficiency of treatment methods that rely upon simple
methods and mechanics. In the study carried out by 
Buchanan et al. [3] two different types of fixed appliance
were compared in a group of 82 cases, treated by one
consultant orthodontist (or under his supervision). It was
found that the pre-adjusted Edgewise group (pretreat-
ment PAR score=28) achieved a significantly greater re-
duction in PAR score than the Begg group (pretreatment
PAR score=32) (81% reduction for the first versus 65%
for the latter).

Functional appliances scored highly due to the
marked effect on overjet (weighted ×6) and overbite
(weighted ×2).

It seems that the group of patients with an Angle
Class III classification had the highest treatment out-
come. However, because of the low number of patients
in this group no significant difference in treatment out-
come between the various Angle classification groups
was found. All subjects with Class III malocclusions un-
derwent more than 70% reduction in PAR score.

Compared with the results of Wenger et al. [19],
where data were analyzed derived from the Universities
of Pittsburgh and Ohio State during 1971–92, the mean
pretreatment severity of Class I, II and III malocclusions
were different and increased with class. The occlusal re-
sults as determined by post-treatment PAR scores are
similar for all classes. Otuyemi and Jones [11] evaluated
50 Class-II division 1 malocclusions treated in the 
Orthodontic Department of the Eastman Dental Hospital
in London. They all underwent more than 70% reduction
in PAR score. However, maintenance of post-treatment
results 1 and 10 years post-retention was only achieved
in 60% and 38% of the cases, respectively.
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Table 9 Mean percentage reduction in weighted PAR score related to appliance type in different studies

Appliance group Richmond O’Brien Fox [7] Kelly and Buchanan 
et al. [14] et al. [10] Springate [9] et al. [3]

n %red n %red n %red n %red n %red

Two-arch fixed appliance 196 71.4 934 75.5 44 78.9 200 89.0 82 74.0
Single-arch fixed appliance 149 54.6 458 59.4 27 51.9 – – – –
Removable appliance 559 49.8 238 51.8 12 46.3 – – – –
Functional appliance – – – – 9 72.3 – – – –



Although the PAR index was found to be highly re-
producible in this study, it has obvious limitations in as-
sessment of treatment outcome. Furthermore, the index
only measures tooth position which, although important,
is not the only factor in orthodontic treatment. The index
is time dependent, a case apparently ‘Greatly improved’
at the end of treatment may relapse and end up as ‘Im-
proved’ or even ‘Worse or no different’. On the contrary,
cases made ‘Worse’ may actually end up being ‘Im-
proved’ following post-retention changes (i.e. relapse of
a Class III results in a reduction of the overjet and over-
bite, causing the PAR score to decrease).

The PAR index does not measure inclinations/angula-
tion of teeth, residual buccal spacing (extraction space
closure), posterior alignment, or changes in arch dimen-
sions, and it does not penalize orthodontic treatments in-
volving inappropriate dental arch expansion [8]. Iatro-
genic damage such as decalcification, root resorption,
gingival recession, periodontal breakdown and facial
aesthetics are obviously not measured in any way al-
though they undoubtedly contribute to the ‘quality’ of
treatment. The PAR index also fails to evaluate treatment
suitability/motivation, the functional occlusion, the tem-
poromandibular joint and patient satisfaction.

However, the PAR index is an epidemiological tool
and was validated against a cross-section of dental opin-
ion over a wide selection of cases [15] and if used as in-
tended, to assess samples from case loads rather than in-
dividual cases, it is a reliable tool in assessing perfor-
mance of practitioners or services.

Conclusions

The results of this study suggest that when the PAR in-
dex is used as a measure of outcome in terms of dento-
occlusal change, the postgraduate students provide treat-
ment of a high standard (>70% mean PAR score reduc-
tion).

The ‘final examination’ group had a significantly
higher treatment outcome than the control group.

The choice of treatment method had a great influence
upon the standard of treatment. Two arch fixed applian-
ces were the most effective treatment method. Functional
appliances were more effective than single arch fixed ap-
pliance and removable appliances.

The quality of the orthodontic treatment outcome in
the Postgraduate Training Program in Leuven has im-
proved since 1991.
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