
Original Article

Orthodontic treatment stability predictors:

A retrospective longitudinal study

Paloma González-Gil de Bernabéa; José Marı́a Montiel-Companyb; Vanessa Paredes-Gallardob;
Jose Luis Gandı́a-Francoc; Carlos Bellot-Arcı́sd

ABSTRACT
Objective: To examine medium- to long-term orthodontic treatment stability and its possible
association with certain variables.
Materials and Methods: In a retrospective longitudinal study of 70 postretention patients, the Peer
Assessment Rating (PAR) index was measured at the start (T1) and end (T2) of treatment and
between 4 and 10 years afterwards (T3). The stability was considered absolute when the T2 and T3
values were identical and relative when the difference was within the 65 range.
Results: Among the 70 patients, 65.8% were female and 34.2% were male. Their mean age was
14.5 years. The mean treatment length was 2.4 years. The mean retention phase was 3.3 years.
The mean pre- and posttreatment PAR scores were 29.8 (T1) and 6.3 (T2). The mean T1–T2
difference was 23.6. The mean T2–T3 difference was �0.39.
Conclusions: Within the study, 7.1% presented absolute stability and 68.6% presented relative
stability. Lower anterior segment alignment and overbite were the most unstable occlusal features
and tended to worsen. Fixed retainer (odds ratio [OR] 0.31; 95% confidence interval [CI] 0.10–0.98)
as a protective factor and years without retention (OR 1.32; 95% CI 1.03–1.68) as a risk factor are
predictor variables of instability in the case of lower anterior segment alignment. The PAR value at
the end of treatment (OR 1.29; 95% CI 1.08–1.54) and extractions (OR 4.76; 95% CI 1.05–21.6)
before treatment are predictors for midline instability. (Angle Orthod. 2017;87:223–229)

KEY WORDS: Long-term stability; Relapse; Treatment outcome; Orthodontic retainer and
retention; Follow-up study

INTRODUCTION

The long-term stability of orthodontic treatment

remains one of the main challenges for orthodontists.

Studies to analyze the stability of treatments during the

initial posttreatment years have drawn attention to an

improvement in occlusal contact during the first year

due to settling.1 Al Yami et al.2 stated that the maximum

movement takes place during the first two posttreat-

ment years, while Greco et al.3 observed a decrease in

movement 4 years after the treatment had ended.

The frequency of relapse varies by follow-up time. In

the long term, relapse values of 30% have been

reported.4 Other researchers5 state that between 30%

and 50% of cases maintain an acceptable alignment

after 10 years, but barely 10% do so after 20 years.

This result reflects how unstable orthodontic treatment

is as well as ignorance related to the reasons for this

instability and reinforces the need to inform patients

about long-term expectations for the treatment. It

should be remembered that the patients’ satisfaction

in the follow-up stage is associated only with their

occlusal status at that moment, not with the initial

malocclusion or with their occlusion when the treat-

ment ended.6

The methods for assessing stability have traditionally

measured independent occlusal features in study
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models, while occlusal indices assess malocclusion as
a whole rather than a specific occlusal relationship or
tooth position.7 The Peer Assessment Rating, or PAR,
is a very comprehensive index that measures maloc-
clusion on all three spatial planes based on eight
components that are weighted to obtain the overall
score.8 It has been used to assess treatment results at
long-term follow-up and in numerous other stud-
ies.2,6,7,9–11

The objective of this study is to examine orthodontic
treatment stability in the medium to long term and to
ascertain which variables may be associated with it.

MATERIALS AND METHODS

The criteria for inclusion in this retrospective study
were as follows: patients treated with fixed appliances
and having a complete clinical record, with casts made
at the start and end of treatment and during the follow-
up stage. The criteria for exclusion from the study were
patients with an incomplete clinical history or any kind
of deterioration of the casts that prevented measure-
ments from being made and cases that ended in early
retainer debonding.

The sample size was estimated at a minimum of 63
for a two-tailed test to compare mean PAR values with
a minimum difference of 5, a standard deviation of 10,
a 1-a confidence level of 0.95, and 80% power.

The PAR was measured at three points: T1 (initial or
pretreatment), T2 (end of treatment), and T3 (between
4 and 10 years after the end of treatment).

The sample was selected by reviewing the records
of a total of 1270 posttreatment patients from a private
orthodontic practice and 440 from the orthodontics
teaching unit at the University of Valencia dental clinic.
The inclusion criteria were met by 325 patients, of
whom 70 were selected at random (45 from the private
practice and 25 from the university clinic). Patients for
whom T3 models were not available were contacted in
order to obtain these models.

The casts were used to measure the eight occlusal
components of the PAR index.8 The PAR index
measures the alignment of the upper and lower
anterior sectors, buccal occlusion on three planes
(antero-posterior, transverse, and vertical), overjet,
overbite and/or open bite, and midline alignment. The
ratings of the individual components are weighted and
added together to give a total score (the PAR value).

The measurements were made by a single ortho-
dontist who underwent PAR index diagnostic criteria
standardization and was calibrated against a gold
standard (an orthodontist experienced in using the
PAR index). The calibration exercise assessed the
validity of the measurements of 20 randomly selected
cases. The measurements were then repeated in their

entirety by the same examiner to test reproducibility. In
both cases the agreement was measured by the
intraclass correlation coefficient (ICC). The ICC inter-
examiner agreement was 0.93 for the T1 PAR values,
0.81 for the T2 values, and 0.85 for the T3 values. The
ICC intraexaminer agreement was .0.90 for the T1,
T2, and T3 PAR values, 0.93.

The following variables were obtained from the
differences between PAR values:

(1) Degree of improvement, divided into three catego-
ries: Improved—PAR value reduced by under 22
points and/or a percentage change greater than
30%; Greatly improved—reduction of at least 22
points in the total value and/or percentage change
greater than 70%; and Worse–No different—
reduction less than 30%.12

(2) Quality. The quality of treatment of the sample
patients was considered high when over 70% of
cases had improved, of which over 40% had to be
greatly improved, and when an almost negligible
minimum of cases (maximum 5%) had worsened.8

(3) Stability. This variable was classified as follows: a
zero difference between the T2 and T3 PAR values
was classed as ‘‘absolute stability’’; a difference in
these values within the 65 range was classed as
‘‘relative stability’’; and differences greater than 65
between the T2 and T3 PAR values were classed
as ‘‘instability.’’ When measuring stability, each
occlusal feature was considered stable when there
were no changes between the T2 and T3
measurements and unstable in all the remaining
cases, distinguishing between improvement and
worsening.

The following variables were recorded from the
clinical history of the patient: gender, Angle class,
premolar extractions or lack thereof, presence or
otherwise of wisdom teeth at T3, type of retainer used,
age upon starting treatment, length of treatment, and
duration of the retention phase.

The data were analyzed with SPSS software
(version 22.0, Chicago, Ill). The means and 95%
confidence intervals (CIs) of the quantitative variables
and the percentages and 95% CIs of the categorical
variables were calculated. A multivariate linear regres-
sion model was constructed with the study variables as
independent variables and stability as the dependent
variable. The alpha (a) significance level for evaluating
statistical inference was set at 0.05 for all of the tests. A
forward Wald stepwise logistic regression model was
constructed with the occlusal features of the PAR index
as the dependent variables and pretreatment PAR
(T1), posttreatment PAR (T2), fixed retainer, gender
(male), wisdom teeth at T3, extractions, retention
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phase in years, years without retention, and length of

treatment as the independent variables.

RESULTS

Of the 70 patients included in the study, 65.8% were

female (n ¼ 46) and 34.2% were male (n ¼ 24). Their

mean age was 14.5 years at start of treatment. The

mean length of treatment was 2.4 years. Table 1

describes the patients included in the study sample.

The mean pretreatment PAR (T1) was 29.8 (95% CI

27.2–32.5). The mean posttreatment PAR (T2) was 6.3

(95% CI 5.3–7.3). The mean difference between the T1

and T2 PAR values was 23.6 (95% CI 20.8–26.4).
Figure 1 shows the distribution of cases by pretreat-
ment (T1) and posttreatment (T2) PAR values.
Concerning the quality of orthodontic treatment, the
posttreatment (T2) values met the criteria for a high
standard of treatment. Improvement was seen in 97%
of the cases (with 47% greatly improved), and only 3%
were worse or no different.

The difference between the T2 and T3 PAR values
was �0.39 (95% CI �1.6 to 0.8), indicating slight
worsening in the sample. Figure 2 shows the difference
between the T2 and T3 PAR values. At T3, 7.1% of the
cases presented absolute stability, 68.6% relative
stability, and 24.4% instability.

Table 2 shows the distribution of the occlusal
features included in the PAR index by percentages of
stability, instability (improved), and instability (worse).
The most unstable occlusal feature was overbite
(42.9%), followed by anterior-posterior buccal occlu-
sion (55.7%). In the percentage of cases that wors-
ened, overbite (28.5%) and lower anterior segment
alignment (28.6%) were the features that worsened
most.

The multivariate logistic regression model found that
the number of years without retention was a predictor
for a risk of mandibular alignment instability (odds ratio
[OR] 1.32; 95% CI 1.03–1.68), while a fixed retainer
was a predictive factor for protection against instability
(OR 0.31; 95% CI 0.10–0.98). The PAR value at T2
(end of treatment) (OR 1.29; 95% CI 1.08–1.54) and

Table 1. Description of the Study Samplea

Age at start of treatment, y 14.4 (95% CI 12.0–16.7)

range: min. 9.0, max. 41.2

Length of treatment, y 2.4 (95% CI 2.1–2.6)

range: min. 0.8, max. 7.33

Duration of retention, y 3.3 (95% CI 2.85–3.69)

range: min. 0.3, max. 7.6

Years without retention, y 2.6 (95% CI 2.0–3.1)

range: min. 0, max. 8.1

Gender, % Female 65.8 (n ¼ 46)

Male 34.2 (n ¼ 24)

Premolar extractions, % Yes 31.4 (n ¼ 22)

No 68.6 (n ¼ 48)

Presence of wisdom teeth, % Yes 82.9 (n ¼ 58)

No 17.1 (n ¼ 12)

Type of retainer, % Fixed 70 (n ¼ 49)

Removable 30 (n ¼ 21)

a CI indicates confidence interval; min., minimum; and max.,
maximum.

Figure 1. Distribution of cases by T1 and T2 PAR values, classified by degree of improvement at end of treatment.

Angle Orthodontist, Vol 87, No 2, 2017

ORTHODONTIC TREATMENT STABILITY PREDICTORS 225



extractions (OR 4.76; 95% CI 1.05–21.6) were
predictive factors for a risk of midline instability (Table
3). No association was found between any of the
independent variables and instability in upper anterior
segments, lower anterior segments, antero-posterior
buccal occlusion, vertical buccal occlusion, transverse
buccal occlusion, overjet, overbite, or open bite.

Multivariate logistic regression with instability as the
dependent variable did not result in significant or
predictive variables in the model, although the T2 PAR
value (posttreatment) and years without retention were
the variables nearest to significance (Table 4).

DISCUSSION

The quality of the treatment received by the study

sample population may be considered high according

to the PAR index criteria, as 97% of the cases

improved (with 47% greatly improved) and only 3%

worsened or showed no difference.

The concept of stability has been a subject of

debate. Al Yami et al.2 considered the treatment stable

when the PAR value remained unchanged between T2

and T3. Other authors, such as Ormiston et al.10 and de

Freitas et al.,13 allowed a small margin of variation.

Figure 2. Distribution of cases by difference between T2 and T3 PAR values, classified by degree of absolute or relative stability.

Table 2. Percentage of Patients Whose Occlusal Features Remained Stable, Improved, or Worsened Between T2 and T3a

% Stability (95% CI)

% Instability

% Improved (95% CI) % Worse (95% CI)

Upper anterior segments 77.1 (66.1–85.4) 8.6 (3.9–17.4) 14.3 (7.9–24.3)

Lower anterior segments 67.1 (55.5–77.0) 4.3 (1.5–11.9) 28.6 (19.3–40.1)

Buccal occlusion: antero-posterior 42.9 (31.9–54.5) 40.0 (29.3–51.7) 17.1 (10.1–27.6)

Buccal occlusion: vertical 100.0 (94.8–100.0) 0.0 (0.0–5.2) 0.0 (0.0–5.2)

Buccal occlusion: transverse 81.2 (70.7–88.8) 5.7 (2.3–13.8) 7.1 (3.1–15.6)

Overjet 70.0 (58.4–79.4) 15.7 (9.0–25.9) 14.3 (7.9–24.3)

Overbite 55.7 (44.1–66.7) 15.7 (9.0–25.9) 28.5 (19.3–40.1)

Open bite 82.7 (72.4–89.9) 8.6 (3.9–17.4) 8.6 (3.9–17.4)

Midline 85.7 (75.6–92.1) 7.1 (3.1–15.6) 7.1 (3.1–15.6)

a T2 indicates posttreatment PAR; T3, 4 to 10 years after treatment; and 95% CI, 95% confidence interval.
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Consequently, the present study considered both

absolute stability, when there was no difference

between T2 and T3 PAR values (7.1% of cases), and

relative stability, when the difference lay within the 65

points range (68.6%).

On comparing the stability of the different variables,

midline presented the highest percentage of stable

results. By percentages of worse results, lower anterior

segment alignment was the least stable feature,

agreeing with the findings of the study by Shah.14

Indeed, Yu et al.5 noted that 10 years after the

orthodontic treatment ended, only 30% to 50% of

patients presented correct lower incisor alignment.

Lower anterior segment alignment showed absolute

stability in 67.1% of cases in the present study, a very

similar proportion to that obtained by Renkema et al.15

The stability was greater (77.14%) in the upper arch.

Naraghi et al.16 observed stability in 89% of patients

and Andrén et al.17 found 70% stability, agreeing with

the findings of López-Areal and Gandı́a.18

Anteroposterior buccal occlusion was stable in

42.9% of the patients in the present study, similar to

the 44.65% obtained by Uhde et al.19 Transverse

buccal occlusion was stable in 87.4% of the present

cases, although Schiffman and Tuncay20 observed

long-term relapse in between 40% and 64% of cases.

The percentage of overjet was 70%, a similar level to

that obtained in other studies.19,21 Overbite remained

stable in 55.7% of cases, similar to the 44% obtained

by Dyer et al.21 although this was the feature with the

highest percentage of worsening (28.6%), together

with lower anterior segment alignment (28,5%).21 Open

bite was very stable (82.7%), a higher percentage than

the 61.9% obtained by Janson et al.22 or the 63%

stability of Smithpeter and Covell.23

Of all the occlusal features studied, predictive

variables for instability were only encountered for lower

anterior sector alignment and midline. For lower

anterior alignment, a fixed retainer was a protective

variable, and the number of years without retention

was linked to a risk of instability. A high T2

(posttreatment) PAR value and extractions were both

related to a lack of midline stability. Nevertheless,

Atack et al.24 did not find any significance regarding the

type of retainer.

Regarding extracting or not extracting teeth, several

authors have not observed greater stability in patients

who have undergone extractions, while others have

found greater crowding when extractions have been

performed.25,26 However, yet others, such as Boley et

al.,27 have observed greater stability when teeth are

extracted from patients with marked initial incisor

irregularity. Garib et al.28 concluded that a third of the

patients treated with four premolar extractions experi-

enced reopening of extraction spaces. They found that

13.7% of the spaces reopened, more frequently in the

maxilla than in the mandible, but this tended to

decrease by 5 years after treatment.28

The present study found that the presence or

otherwise of wisdom teeth at T3 lacked predictive

value, joining the doubts and controversy among a

number of authors on this subject.29,30

The factor of age at start of treatment continues to

be debated. The present study found no association

with stability, in agreement with the findings of some

other authors.15 Others31,32 argue that starting at an

early age makes treatment easier and confers greater

stability, but Park et al.33 indicated that in an

adolescent, the retention period has to be longer than

normal, as the treatment was received at a younger

age. Length of treatment was also not found to be

related to stability in this study, agreeing with the

findings of Renkema et al.15

Table 3. Stepwise Logistic Regression Using Wald Forward Selection. The Variables Removed From the Models Were Pretreatment PAR (T1),

Posttreatment PAR (T2), Fixed Retainer, Gender (Male), Wisdom Teeth at T3, Extractions, Retention Phase in Years, Years Without Retention,

and Length of Treatment

Dependent Variables (Predictors of Instability)

R 2 of the Model

(Nagelkerke) Predictive Variables Odds Ratio Significance

Lower anterior segment alignment 0.207 Fixed retainer 0.311 (0.100–0.976) .045*

Years without retention 1.319 (1.033–1.684) .026*

Center line 0.267 T2 PAR 1.289 (1.083–1.535) .004**

Extractions 4.757 (1.049–21.570) .043*

* P , .05; ** P , .01.

Table 4. Stepwise Logistic Regression Using Wald Forward

Selection, With Instability as the Dependent Variable: R2 ¼ 0.165

Odds Ratio Significance

Pretreatment PAR (T1) 0.99 (0.93–1.05) .658

Posttreatment PAR (T2) 1.14 (0.99–1.31) .074

Fixed retainer 1.54 (0.38–6.14) .545

Gender (male) 0.64 (0.18–2.29) .495

Wisdom teeth at T3 0.33 (0.04–2.60) .296

Extractions 2.13 (0.55–8.25) .275

Retention period, y 1.43 (0.83–2.47) .197

Years without retention 1.51 (0.96–2.37) .072

Length of treatment, y 0.86 (0.46–1.62) .643

Age at start of treatment, y 0.96 (0.89–1.04) .350
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On examining the relationship between the variables
analyzed and long-term stability, no significant differ-
ences by gender were observed, in agreement with the
findings of other studies.9,26 Other authors25 have found
greater crowding in females. In contrast, another
study10 encountered more long-term instability in
males, suggesting that the cause could be greater
residual growth. Gender influences stability, and
women have a greater tendency to relapse in the first
10–15 postretention years.34

The degree of initial malocclusion was not found to
be a predictive value or related to long-term stability,
agreeing with Naraghi et al.16 Hoybjerg et al.1 conclud-
ed that patients with a high initial discrepancy index
presented significantly greater deterioration of occlu-
sion 1 year into the retention phase, but these authors
did not assess the long-term results.

PAR T2 (posttreatment) and years without retention
did not prove significant in the logistic regression model
but did present values close to the significance level.
Therefore, the higher the T2 PAR value, the higher the
possible risk of instability. This agrees with the findings
of Ormiston et al.10 and de Freitas et al.13 regarding the
duration of retention and long-term stability. According
to Littlewood et al.,35 there is no scientific evidence
concerning the best duration of retention for avoiding
relapses.

Some authors36 have indicated that long-term
relapse is influenced not only by the result of the
orthodontic treatment but also by physiological chang-
es in the dentition and the tissues and forces that
surround it.

The main limitation of this study was sample
selection. The availability of quality records with a
posttreatment period of between 4 and 10 years makes
it difficult to obtain a large sample. Other authors37

have also used small samples owing to the need to
meet the selection criteria. Nevertheless, it should be
mentioned that the sample was of the size calculated
prior to the study. Regarding the question of whether
the follow-up time was adequate for assessing
medium- to long-term stability, this study employed a
similar follow-up time to that used by other research-
ers,3 who have considered that at 4 years posttreat-
ment, the main instability-related changes have
already taken place.

CONCLUSIONS

� At the end of the follow-up period only 7.1% of cases
presented absolute stability, while 68.6% presented
relative stability.
� Lower anterior segment alignment and overbite are

the most unstable occlusal features and tend to
worsen.

� Of the variables related to instability, not wearing a
fixed retainer and years without retention are the only
predictive variables that significantly increase the risk
of lower incisor alignment instability.

� A high PAR score at the end of treatment and
extractions before treatment are predictive variables
that significantly increase the risk of midline instabil-
ity.
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14. Shah AA. Postretention changes in mandibular crowding: a

review of the literature. Am J Orthod Dentofacial Orthop.

2003;124:298–308.

15. Renkema AM, Al-Assad S, Bronkhorst E, Weindel S,

Katsaros C, Lisson JA. Effectiveness of lingual retainers

bonded to the canines in preventing mandibular incisor

relapse. Am J Orthod Dentofacial Orthop. 2008;134:179e1–

179e8.

16. Naraghi S, Andrén A, Kjellberg H, Mohlin BO. Relapse

tendency after orthodontic correction of upper front teeth

retained with a bonded retainer. Angle Orthod. 2006;76:570–

576.

17. Andrén A, Naraghi S, Mohlin BO, Kjellberg H. Pattern and

amount of change after orthodontic correction of upper front

teeth 7 years postretention. Angle Orthod. 2010;80:620–

625.
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