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Evaluation of Treatment Outcomes in Orthodontic Using the 
Peer Assessment Rating (PAR) Index: A Clinical Audit
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ABSTRACT
Introduction: One of the main objectives of orthodontic treatment is to achieve satisfactory esthetic and functional results. 

The aim of this retrospective study was to evaluate the treatment outcomes provided by the postgraduate students undergoing 
orthodontic specialist training program using the Peer Assessment Rating (PAR) index. 

Methods: A sample of 50 pre- and post-treatment dental casts was randomly selected from the archived models of the ortho-
dontic clinic. All the components of the PAR index were measured by the same investigator. Data were analyzed using descrip-
tive statistics and Pearson correlation coefficient. 

Results: The average weighted pre-treatment and the post-treatment PAR scores were 22.42 ± 8.52 and 4.54 ± 4.23 respec-
tively. The mean weighted PAR point reduction was 17.88 ± 8, for a mean percentage reduction of 79.92 ± 17.12%. According to 
the degree of improvement suggested by the nomogram of the PAR index, 64% of the treated patients were in the 'improved' 
category and 34% of them in the 'greatly improved' category with only 2% as 'worse or no different'. 

Conclusion: This study showed that a high standard orthodontic treatment was provided through the postgraduate training 
program with 98% of the treated patients being in the 'improved' and 'greatly improved' categories.
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INTRODUCTION

Orthodontic tooth movement involves correction of teeth and/or 
their supporting structures to obtain satisfactory esthetic and functional 
occlusion outcomes for the patients. Before initiating the finishing stage 
of treatment, teeth must be well aligned without residual extraction 
spaces and with the posterior teeth are in class 1 occlusal relationship. 
In order to obtain an ideal occlusal outcome, bracket repositioning or 
wire adjustment should be done in the finishing stage to insure a good 
root parallelism and levelled marginal ridges1).

It is important to continuously evaluate the orthodontic treatment 
results using objective methods to ensure a high treatment quality2).

In the past, many indices have been developed to assess the ortho-
dontic treatment outcomes3-6). In general, these indices compare the 
pre-treatment and post-treatment records to evaluate the final result 
quality. However, most of these indices were not precise, and their 
validity and reliability were questionable7).

In 1987, Richmond et al . developed the PAR index (Peer 
Assessment Rating) to assess the occlusion at any stage of treatment or 
development. They used over 200 dental casts of different pre-treatment 
and post-treatment stages of occlusion to establish an index with high 
reliability and validity8). This index has become accepted within the 
orthodontic professionals for being an easy and relatively quick method 
of assessing orthodontic outcome9,10).

The PAR index provides a single score, based on a combination of 
measurements, represents the degree of deviation from normal occlu-
sion11). The difference between the pre-treatment and the post-treatment 
PAR scores represents the degree of improvements, while the percent-

age of reduction in PAR score indicates the treatment success. It has 
been suggested that the at least 30% reduction is needed for a case to be 
judged as 'improved'12).

However, the PAR index has some limitations on assessing the 
facial profile, enamel decalcification, root resorption, and the stability 
of the result5,6). Nevertheless, for institutional setting, orthodontic care is 
provided by the government health service and the postgraduate special-
ist training programme. The quality of the orthodontic outcomes 
involves an appropriate selection protocol and a reliable assessment 
index13-16). Therefore the current audit was carried out to assess the ortho-
dontic treatment outcomes and, hence, the postgraduate orthodontic 
training program using the PAR index.

MATERIALS  AND  METHODS

A sample of 50 patients was randomly selected from the archived 
records of patients who were treated by postgraduate students between 
2014-2016 at the orthodontic department of the college of dentistry/ 
University of Baghdad. The patient's selection criteria include the fol-
lowings: patients who were treated with upper and lower orthodontic 
fixed appliances; the age range of (13-22 years) when treatment started; 
lack of craniofacial or other syndromic anomalies; patient with poor oral 
hygiene and poor compliance were excluded from the study; finally, the 
availability of high-quality pre-treatment and post-treatment study mod-
els and photographs.

PAR scores were calculated for each sample with regard to the pre 
and post-treatment cast models, after comparing them with the patient's 
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intraoral photographs to ensure accuracy, and were weighted according 
to criteria proposed by Richmond et al.8) as follow:

The five components of the PAR index include the following: 

By calculating the total score and assessing the percentages of 
reduction, the treatment outcomes can be one of the followings:

● "Worse or no different," less than a 30% reduction in weighted 
PAR score.

● "Improved," greater than or equal to a 30% reduction in weighted 
PAR score.

● "Greatly improved," when a reduction of 22 weighted PAR points 
(reflects the severity of the initial malocclusion).

However, not every case start with a PAR score higher than 22. To 
include all subjects, we redefined "great improvement" as either (1) 
weighted PAR points reduction of 22 points or more or (2) if the start-
ing weighted PAR points were less than 22, a weighted PAR score is 
equal to 0 after treatment.17)

A high standard treatment outcomes can be expressed when the 
sample of the total treated patient exhibited a percentage higher than 
70% improvement, more than 40% showing great improvement and 
cases with worse or no improvement should be negligible or of a max-
imum 5%.

STATISTICAL  ANALYSIS

Intra-examiner calibration was performed to evaluate the error 
during PAR index assessment procedure for 10 randomly selected 
patient's records from the original sample using the Intra-class 
Correlation Coefficient (ICC).

Descriptive statistics representing the means, standard deviation 
and corresponding graphs were used to represent the whole data. To 
test correlation between treatment time with PAR percentage reduction 
and with final PAR scores, Pearson correlation coefficient test was 
used.

Statistical analysis was carried out using the statistical package for 
social sciences for windows software, version 22 (SPSS v. 22).

RESULTS

Intra-examiner correlation coeficient showed a high correlation (r 
= 0.994; P < 0.0001) and (r = 0.988; P < 0.0001) for the successive 
pre-treatment and post-treatment data respectively.

The pre-treatment and post-treatment weighted PAR scores and 
the percentage of reduction in weighted PAR scores are shown in 
Tables 1 and 2. The overjet had the highest mean for weighted 
pre-treatment PAR scores, while the centerline had the lowest mean. In 
the post-treatment PAR score, the buccal occlusion had the highest 
mean for weighted PAR score, whereas upper incisor segment and 
overbite both had the lowest mean.

The PAR Index descriptors for the whole sample are shown in 
Table 3. The mean weighted PAR score at the start of the treatment 
was 22.42 ± 8.52 (SD) and the finish PAR score was 4.54 ± 4.23 (SD). 
The weighted PAR point reduction was 17.88 ± 8.00 (SD), whereas 
the mean percentage reduction was 79.92 ± 17.12 (SD).

Table 4 shows the improvement of individual category of par com-
ponents. The upper anterior segment malocclusions had the highest 
percentage improvement (100%) followed by overjet (94.6%) and 
overbite (94.29%), whereas buccal occlusion had the lowest percent-
age improvement (73.68%) followed by the centerline (75%).

Figure 1 shows the improvement category proposed by the nomo-
gram of the PAR index. The "greatly improved" category had 17 
patients (34%), whereas 32 patients (64%) were fall in the "improved" 
category. Only 1 patient (2%) was found to belong to the "worse or no 

2. Left and right buccal occlusion (from canine to last molar):
Antero-posterior Vertical Transverse

(0)  Good integration  
(0)  No open bite (0)  No cross bite

 class I,II,III

 Less than half 
(1)  cusp from full    (1)  Cross bite tendency
 integration

    Lateral open bite of  
(2) 

 Single tooth 
   more than 2 mm   crossbite

  (1) affecting at least two 
(3)

  More than one 

(2) 
 Half a unit (cusp   teeth (not partial   tooth in crossbite

 to cusp)  eruption)   more than one 
    

(4)
 tooth in buccal or 

     lingual
     nonocclusion

Weighting X 1

4. Overbite and open bite:
Open bite Overbite

(0)	 No	open	bite	 (0)	 ≤	to	one	third	coverage	of	the	lower	incisor

(1)	 Open	bite	≤	1	mm	 (1)	 >	1/3 but < 2/3 coverage of the lower incisor

(2)	 Open	bite	1.1-2	mm	 (2)	 >	2/3 coverage of the lower incisor

(3)	 Open	bite	2.1-4	mm	 (3)	 >	to	full	tooth	coverage

(4)	 Open	bite	≥	4	mm	 	

Weighting X 2

5. Centerline (transverse distance between the upper and lower 
dental centerlines):
Score Centerline

(0) Coincident and up to 1/4 lower incisor width

(1) 1/4 - 1/2 lower incisor width

(2)	 >	1/2 lower incisor width

Weighting X 4

3. Overjet:
Overjet  Anterior cross bite

(0) 0-3 mm (0) No cross bite

(1) 3.1-5 mm (1) One or more teeth
   edge to edge

(2) 5.1-7 mm (2) One single tooth
   in cross bite

(3) 7.1-9 mm (3) Two teeth cross bite

(4)	 >	9	mm	 (4)	 More	than	two
   teeth in cross bite

Weighting X 6

1. Upper and lower anterior segments 
(spacing, crowding and impacted 
teeth):
Score Contact point displacements

 (0) 0 - 1 mm

 (1) 1.1 - 2 mm

 (2) 2.1 - 4 mm

 (3) 4.1 - 8 mm

	 (4)	 >	8	mm

 (5) Impacted teeth 
	 	 (gap	≤	4	mm)

Weighting X 1
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different" category.
Patients found in the sample with initial weighted PAR index less 

than 22 were (54%). Weighted PAR scores which finished between 0 
and 5 points were 68%. The average treatment duration time was 13.85 
± 4.47 months. Regarding treatment duration, a positive correlation was 
found to the PAR percentage reduction (r = 0.25), and a negative cor-
relation to the final PAR scores (r = -0.16), but the correlation was not 
significant (P = 0.125 and 0.334 respectively).

DISCUSSION

Several studies have been conducted to evaluate the orthodontic 
treatment outcomes. Most of these were national based or individual 
clinical audit17-23). For academic setting, high quality training program is 
an important asset for professionalism. For an orthodontic practitioner 
to provide a high standard treatment, the proportion of the caseload fall-
ing in the 'worse or no different' category should be negligible i.e. less 
than 5%, and the mean PAR reduction should be as high as possible12).

The PAR index has the ability to quantify the occlusal variations 
due to treatment, growth, aging, relapse and other factors, and therefore 
it is the most widely used index, as in clinical trials, whether random-
ized or not, and personal clinical audits24-26).

High treatment standards could be judged according to the mean 
percentage reduction in weighted PAR score, i.e. greater than 70%12). 
The current study has revealed a mean percentage reduction in the 
weighted PAR score of 79.92% with only one patient (2%) in the 'worse 
or no different' category. This comes in accordance with several studies. 
Bernab et al.18) reported a reduction of 80.5% in a study conducted in 
the University of Valencia (Spain). Additionally, In Norway, a pilot 
study to assess the standard of orthodontic treatment revealed a 78% 
percentage reduction in the weighted PAR score, with 4% of the 
patients in the 'worse or no different' category20).

Similarly, In a previous study to assess the standard of orthodontic 
treatment in an accredited graduate orthodontic clinic in the United 

States, the mean percentage reduction in weighted PAR score was 
86.2% with three patients (3%) in the 'worse or no different' category20). 
The current study showed a higher reduction in PAR score compared to 
that reported by the General Dental Service Orthodontics in England 
and Wales which reported a reduction of 47%19).

It was reported that to demonstrate high standard treatment out-
comes and treat cases who have a greater need for treatment, not only 
the mean PAR percentage reduction for the case load must be high (i.e. 
greater than 70%), but also the percentage of the 'greatly improved' 
cases should be high (i.e. greater than 40%)12). In the current study, the 
greatly improved category was 34% with only two cases (4%) have ini-
tial weighted PAR score less than 22 and finished with 0 weighted PAR. 
This was higher than that reported by Firestone et al.27) who found that 
the greatly improved percentage was 27%. However, they found that a 
12% of patients fall in 'worse or no different' group, compared to 2% in 
the present study. 

On the other hand, Onyeaso and BeGole20) reported a 50% of 
patients categorized as 'greatly improved', whereas Bernabé et al.18) 
reported 44%. This may be attributed to the finishing protocol applied in 
those studies, since in the current study the orthodontic treatment was 
carried out using multi-looped archwire technic. This comes in accor-
dance with Gu et al.17) who reported that the quality of treatment may be 
affected with appliances design and/or technic, this agreed with 
Firestone et al.24) who reported a 28% in 1983 and 40% in 1993 for the 
'greatly improved' category in Switzerland. Furthermore, Onyeaso and 
BeGole20) showed that the post-treatment PAR score average was a 1.72, 
while Gu et al.17) reported a 4.08 and 2.69 post-treatment PAR score for 
the Invisalign and fixed appliance groups respectively. In comparison 
with current study, the mean post-treatment PAR score was 4.54.

Additionally, there was a great influence between the level of the 
DHC of the IOTN and PAR index28). It is possible that more complicated 
cases were treated in other studies compared to the sample evolve in the 
current study. Indeed, the amount of improvement is determined by the 
initial PAR score10). If this score is less than 22, it is impossible to make 
a case to become 'greatly improved'. Kerr et al.10) found that to be 
applied to 32.7% of their total sample, whereas Onyeasoa and BeGole20) 
revealed 46% compared to 54% in the present study. This high percent-
age of patients with less than 22 initial PAR score in the present study 
contributed to the decrease in the percentage of the 'greatly improved' 
category.

Beside, after analyzing each single component of the PAR index in 
the present study, the buccal occlusion and the centerline found to be the 
least improved category that compromised the result. Moreover, as the 
sample of this clinical audit comprised of patients undergone orthodon-
tic treatment in education training center, the restriction in patient selec-
tion criteria might influence the results. The current study showed a 
mean pre-treatment weighted PAR score of 22.24 which come in accor-
dance with Gu et al.17), Onyeaso and BeGole20) and Firestone et al.27); and 
a mean post-treatment PAR score of 4.54 which is comparable to 
Bernabé et al.18), Dyken and Sadowsky22) and Willems et al.29).

Regarding the treatment time, the current study found that prolong 

Table 2. Weighted Post-treatment PAR Scores.
  Mean Std.  Std. 
   Deviation Error

 Upper anterior segment 0.42 0.99 0.14
 Lower anterior segment 0.62 0.88 0.12
 Buccal occlusion 1.08 1.07 0.15
 Overjet 0.96 2.22 0.31
 Overbite 0.42 1.07 0.15
 Centerline 1.06 2.39 0.34

Table 1. Weighted Pre-treatment PAR Scores.
  Mean Std.  Std. 
   Deviation Error

 Upper anterior segment 4.64 2.79 0.39
 Lower anterior segment 3.14 2.31 0.33
 Buccal occlusion 2.20 1.94 0.27
 Overjet 8.40 6.96 0.98
 Overbite 2.60 2.36 0.33
 Centerline 1.52 2.12 0.30

Table 3. PAR Index descriptives for the Whole Sample.
  Mean Std.  Std. 
   Deviation Error

 Start weighted PAR score 22.42 8.52 1.20
 Finish weighted PAR score 4.54 4.23 0.60
 Weighted PAR reduction 17.88 8.00 1.13
 Weighted PAR % reduction 79.92 17.12 2.42

Table 4. The improvement of Individual PAR Components.
 PAR component Cases in Which  Number of  % of 
  Improvement was  improved  improved 
  Possible cases cases

 Upper anterior segment 45 45 100
 Lower anterior segment 44 39 88.64
 Buccal occlusion 38 28 73.68
 Overjet 37 35 94.60
 Overbite 35 33 94.29
 Centerline 16 12 75

Figure 1. Pie chart illustrating the different categories of treat-
ment outcome in the sample.
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treatment duration has a positive effect on the treatment outcome and 
resulted in a lower post-treatment PAR scores, which is in accordance 
with Turbill et al.30), however, other authors reported opposite results14,22). 
The average treatment duration of the sample in the current study was 
13.85 ± 4.47 months which was lower than previous studies which 
reported a treatment time ranging between (17.76 ± 8.4 and 33.94 ± 
14.05 months)14,18,20,29).

CONCLUSIONS

This study showed that a high standard orthodontic treatment was 
provided through the postgraduate training program with 98% of the 
patients showed 'improvement' and 'great improvement' and only 2% 
showed 'worse or no difference'. A clear selection and finishing protocol 
needs to be applied in order to increase the quality of service. 
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