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Abstract:
Objective:

This study aimed to compare the long-term occlusal stability in patients treated orthodontically with and without occlusal adjustment.

Material and Methods:

This observational study followed the STROBE guidelines. The sample comprised 77 patients with class I malocclusion treated without dental
extractions and without signs and symptoms of temporomandibular joint dysfunction (TMD), divided into two groups. Group 1 with occlusal
adjustment comprised 37 patients, 16 males and 21 females, with mean initial, final, and post-retention ages of 18.33 (s.d.=3.96), 20.99 (s.d.=3.33),
and 25.79 years (s.d.=3.34), respectively. The treatment time was 2.66 years (s.d.=1.57), and the time of post-retention evaluation was 4.80 years
(s.d.=1.10). Group 2, without occlusal adjustment involved 40 patients, 21 males and 19 females, with mean initial, final, and post-retention ages
of 18.07 (5.d.=3.03), 20.75 (s.d.=3.54), and 25.89 (s.d.=3.73) years, respectively. The treatment time was 2.68 years (s.d.=1.09) and the time of
post-retention evaluation was 5.14 years (s.d.=1.36). The PAR and Little irregularity indices were measured in the initial, final, and post-retention
dental casts. Intergroup comparison was performed using the independent t-test.

Results:

There was no statistically significant difference observed in the intergroup comparison of the PAR and Little irregularity indexes in all phases and
periods evaluated.

Conclusion:

There was no significant difference found in the long-term post-treatment crowding and occlusal relapse between class I patients treated with
orthodontic non-extraction with and without occlusal adjustment. The occlusal adjustment did not influence the alignment and occlusal post-
retention stability.
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Orthodontic treatment aims at harmonious occlusion involving
the neuromuscular system, temporomandibular joint, and teeth.
The occlusal balance, considered by several authors as
simultaneous and stable bilateral contact in a position of centric
occlusion, adequate anterior incisor contact, and right and left
canine-guided lateral disocclusion, is fundamental for the
masticatory system [2].

Dental occlusion is a complex and dynamic system. The
orthodontist's role is vital in the ongoing care of orthodontic
treatment due to its impact on occlusal balance. Orthodontists
bear significant responsibility, as consistent attention and
monitoring are required throughout the treatment process [1].
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Occlusal stability is one of the main goals of orthodontic
treatment. In addition, a functional occlusion can be obtained
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when stable centric stops on all teeth in maximal intercuspation
are reached [3]. This way, the occlusal adjustment can refine
the dental relationship obtained after orthodontic treatment. It
is speculated that orthodontic patients who undergo occlusal
adjustment may experience increased stability and a shorter
retention period [4]. Occlusal adjustment is the systematic
remodeling of the occlusal anatomy of the teeth to minimize all
occlusal disharmonies in the reflex mandibular occlusal
positions [5, 6]. This procedure aims to achieve a stable,
nontraumatic occlusal contact relationship between the
maxillary and mandibular teeth in maximum intercuspation and
all functional excursive contact positions [7]. Occlusal
adjustment therapy has some clear indications, which are
described as follows: to treat the relapse of anterior open bite
[8, 9], and to correct interocclusal relationships and distribute
forces in the posterior teeth, in surgical cases of adult or
mutilated patients with asymmetric extractions, Bolton
discrepancy, and irregular restorations or exceptional
extraction protocol.

It was previously suggested that a great finishing of
orthodontic treatment would minimize the relapse [2, 10, 11].
However, more recent studies have shown that better occlusal
results do not guarantee nor increase the stability [12 - 15].
Some studies have even indicated that poorly finished
occlusions tend to improve in the post-retention phase [12, 13].
The relationship between occlusal contacts and long-term
stability after orthodontic treatment has also been discussed.
Occlusal adjustment is believed to aid and potentially enhance
the outcomes of orthodontic treatment by reducing relapse and
promoting the stability of corrections after removing fixed
appliances [4, 5, 16, 17]. Conversely, no evidence exists that
occlusal adjustment enhances stability after orthodontic
treatment. Therefore, this study aimed to compare the post-
retention occlusal stability in patients treated orthodontically
with and without occlusal adjustment.

2. MATERIALS AND METHODS

This observational study followed the STROBE guidelines.
The sample was retrospectively obtained from the records of a
pool of orthodontic patients from a private orthodontic clinic of
the first author. All patients have signed an informed consent.
This study has been approved by the Ethics Research
Committee of Inga University Center, with number 1.957.938.

The sample size was calculated based on an alpha
significance level of 5% (0.05) and a beta value of 20% (0.2) to
achieve 80% power to detect a difference of 0.9mm with a
standard deviation of 1.38 in the mandibular Little irregularity
index change between the post-treatment and long-term post-
treatment stages [18]. The sample size calculation showed that
36 patients per group were needed.

Inclusion criteria were as follows: no signs and symptoms
of temporomandibular joint dysfunction (TMD); class I
malocclusion; orthodontic treatment with full maxillary and
mandibular fixed appliances (slot 0.022” x 0.028”), with
Edgewise mechanics and without extractions; permanent
dentition, with all teeth irrupted up to the permanent first
molars before the beginning of treatment; no anomalies of
dental shape or size; absence of open bite and anterior and

Bonadio et al.

posterior crossbite; good quality of the orthodontic finished
occlusion; no fixed retention at the follow-up stage; the follow-
up stage being conducted at least 3 years after the end of the
active treatment; and good clinical records from pre-treatment,
post-treatment, and post-retention stages, including
radiographs, photographs, and dental casts. The patients should
have received or not occlusal adjustment during orthodontic
finishing and after the removal of the fixed appliances.

This way, the sample comprised 77 patients, who were
divided into two groups according to the accomplishment or
not of occlusal adjustment for orthodontic finishing. Cases that
presented a discrepancy of more than 2mm from centric
relation to usual maximum intercuspation were qualified to
undergo occlusal adjustment. The last 40 treated patients, who
met the inclusion criteria and did not undergo occlusal
adjustment, served as a control group.

The patients were treated at the private clinic of the first
author from 2010 to 2018. All patients underwent the same
orthodontic mechanics: preadjusted fixed appliance with Roth
prescription (Morelli, Sorocaba, Brazil). The archwire
sequence was as follows: 0.014”and 0.016 round NiTi; 0.018”
and 0.020” round stainless steel; and 0.019 x 0.025”
rectangular stainless steel, followed by rectangular multi-
stranded wire (braided). No interproximal reduction was
performed in patients from both the groups.

2.1. Group 1: Patients Treated with Occlusal Adjustment

This group consisted of 37 patients (21 females, 16 males)
with class I malocclusion who underwent non-extraction
orthodontic treatment with occlusal adjustment at a mean initial
age of 18.33 years (s.d.=3.96), mean post-treatment age of
20.99 years (s.d.=3.33), and mean post-retention age of 25.79
years (s.d.=3.34); the mean treatment time was 2.66 years
(s.d.=1.57) and mean time for post-retention evaluation was
4.80 years (s.d.=1.10).

2.2. Group 2: Patients Treated without Occlusal
Adjustment

This group comprised 40 class I malocclusion patients (19
females, 21 males) who underwent non-extraction orthodontic
treatment without occlusal adjustment at a mean initial age of
18.07 years (s.d.=3.03), mean post-treatment age of 20.75 years
(s.d.=3.54), and mean post-retention age of 25.89 years
(s.d.=3.73). The mean treatment time and mean time of post-
retention evaluation were 2.68 (s.d.=1.09) and 5.14 years
(s.d.=1.36), respectively.

At the end of active orthodontic treatment, the same
retention protocol was used for patients of both the groups: a
removable Hawley plate in the maxillary arch and a lingual
mandibular canine-to-canine bonded retainer used for 1 year on
average.

Dental casts of the patients were obtained at three different
time points: pre-treatment (T1), post-treatment (T2), and post-
retention (T3). The occlusal adjustment procedure was
performed at the finalization stage of active orthodontic
treatment with rectangular intercuspation wires (multi-stranded
wire, braided, Dentaurum, Ispringen, Germany), and
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approximately 30 days after the removal of the orthodontic same operator using low and high-rotation handpieces,
fixed appliance, with the patient in centric relation (CR), appropriate diamond burs, articulating paper miller tweezers
according to basic occlusion criteria [8, 19]. (Bausch, Koln, Germany), and articulating paper (4rt-Fol® 12u
metallic black/red, Germany) (Fig. 1A-B) to remove deflective

The occlusal adjustment was performed in group 1 by the contacts and premature contacts.

Fig. (1). (A): Low and high rotation handpieces; (B): Articulating paper miller tweezers.

Fig. (2). (A): Shift greater than 2 mm between centric occlusion and maximum intercuspation occlusion. (B): Maxillary anterior teeth showing
protrusion guides even in the presence of the slide.

Fig. (3). Premature contacts highlighted on the right maxillary and mandibular sides.
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With the patient seated, whether there was a deviation
between centric occlusion and maximum habitual
intercuspation was observed. Once a deviation greater than 3
mm was detected between these two bites (Fig. 2), the patient
was selected for occlusal adjustment. Each patient was
instructed to stay reclined in the dental chair, and then the
operator located the centric relationship position (CR)
bimanually. Once this position was achieved, the patient was
instructed to occlude the teeth to feel the first dental contact
slowly. After identifying this first dental contact, the patient
was to reopen the mouth. The occlusal surface of the teeth was
dried, and with forceps holding the articulating paper (4rt-Fol”
12p metallic black/red, Germany) between the teeth, the patient
was instructed to slowly close the mouth again, with the
mandible being guided to the RC position until premature
contact occurs (Fig. 3). The contact areas were located for both
maxillary and mandibular posterior teeth. If a CR slide was
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detected (i.e., one or both contacts situated on an incline, either
mesial or distal, or buccal and lingual), the inclines were
reshaped into cusp tips or flat surfaces (Fig. 4) [8, 19].
According to Janson et al. [8], contacts between cusp tips and
flat surfaces direct the occlusal forces through the long axes of
the teeth. After eliminating the premature contacts on both the
right and left sides and when the maximum posterior contact
between the maxillary and mandibular posterior teeth was
reached, the excursive movements of the mandible were
checked. Premature contacts in the lateral and protrusive
excursions were adjusted. If there was a slide during the
protrusive movement, tooth wear was always done on the
palatal surface of the maxillary incisors and never on the
incisal edge of the mandibular incisors. The bur used to grind
was an inverted-cone diamond slow-speed (#38, KG Sorensen,
Sdo Paulo, Brazil). After the procedure, the area was polished
with pumice and water, and a fluoride solution was applied to
the ground tooth surface for 5 minutes [8].

Fig. (4). (A): Premature contacts evidenced before occlusal adjustment. (B):

Contacts after occlusal adjustment.

Fig. (5). Frontal occlusion view. A: Before occlusal adjustment; B: After occlusal adjustment.
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At the end of treatment, in both the groups, none of the
subjects presented premature contacts or occlusal interferences
during mandibular movements. All patients showed centric
relation occlusion or a centric relation discrepancy to the usual
maximum intercuspation of no more than 2 mm (Fig. 5).

2.3. Peer Assessment Rating (PAR) Index

The PAR index was used, as described by Richmond et al.
[20], and scored with the American weight [21].

The PAR index is an occlusal index already validated to
measure malocclusion, such as how much a patient deviates
from the normal occlusion [20]. The index allows the
evaluation of treatment outcomes, long-term stability, and
relapse by comparing the severity of the initial malocclusion
with the result of the post-treatment and post-retention dental
casts.

The PAR index is calculated from 11 components:
maxillary right and left segments, maxillary anterior segment,
mandibular right and left segments, mandibular anterior
segment, right and left posterior occlusion, overjet, overbite,
and midline [20]. It measures teeth alignment (crowding,
spacing, and impacted tooth), and sagittal, transverse, and
vertical relationships (including open bite, crossbites, efc.)
[22].

2.4. Little Irregularity Index

Little proposed a quantitative method to evaluate the
irregularities of the mandibular anterior teeth, i.e., the linear
distance of the anatomical interproximal contact of the
mandibular incisors, and the sum of these five irregularities
represents the distance to which the interproximal contact must
be moved to achieve alignment [23].

This index was chosen to evaluate mandibular anterior
crowding since it is highly reproducible and reliable, and is the
most used index in the orthodontic literature to assess stability
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and mandibular anterior crowding relapse [18, 24].

These indexes were measured in dental casts of the initial
(T1), final (T2), and post-retention (T3) stages by a single-
blinded calibrated operator (MFB) with a digital caliper (ZAAS
precision: 150 mm).

2.5. Error Study

The intra-examiner error was evaluated by taking new
measures and calculating a new PAR index for the initial, final,
and post-retention dental casts of 10 patients, with a total of 30
pairs of dental casts. The first and second measurements were
performed within a month interval. The formula proposed by
Dahlberg [25] was applied to estimate the random errors, and
dependent t-tests were used to analyze the systematic errors.

2.6. Statistical Analysis

The normality of the data was checked with the
Kolmogorov-Smirnov test, which showed normal distribution,
so parametric tests were used. The chi-square test was used to
evaluate the compatibility of the groups with respect to the
distribution between the genders. The independent t-test was
used to evaluate the compatibility of the groups regarding the
initial age, the final age, the post-retention age, the time of
treatment and post-retention evaluation, and initial
malocclusion severity measured by PAR and Little indexes.
For the inter-group comparison of the variables in the studied
phases and their alterations in the treatment and post-treatment
evaluation phases, the independent t-test was used. The results
of all tests were analyzed with the Statistical Software for
Windows, version 7.0 (StatSoft, Tulsa, Okla, USA), adopting a
significance level of 5%.

3. RESULTS

There was no significant systematic error obtained; the
random errors were 0.43 mm for the Little irregularity index
and 0.51 for the PAR index (Table 1).

Table 1. Results of the systematic and casual errors (dependent t test and Dahlberg formula, respectively).

1st Measurement 2nd Measurement
Variables (N=30) (N=30) Dahlberg P
Mean s.d. Mean S.D.
PAR (score) 6.32 3.87 5.99 3.21 0.51 0.720
Little (mm) 4.95 3.62 5.07 3.59 0.43 0.897
Table 2. Intergroup comparison of gender distribution (Chi-Square test).
Sex
Males Females Total
Group
Group 1
With occlusal adjustment 16 2 37
Group 2
Without occlusal adjustment 21 19 40
Total 37 40 77
X’=0.65 DF=1 P=0.416
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Table 3. Intergroup comparability results of the evaluated ages, time and periods (independent t tests).
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Group 1 Group 2
Variables (mm) With Occlusal Adjustment (N=37) Without Occlusal Adjustment (N=40) P
Mean s.d. Mean s.d.
Initial age
(T1) 18.33 3.96 18.07 3.03 0.373
Final age
(T2) 20.99 3.33 20.75 3.54 0.380
Postretention age (T3) 25.79 3.34 25.89 3.73 0.451
Treatment time
(T2-T1) 2.66 1.57 2.68 1.09 0.474
Postretention evaluation time
(T3-T2) 4.80 1.10 5.14 1.36 0.116

Table 4. Results of the intergroup comparison of the PAR index and the Little irregularity index in the stages and periods

evaluated (independent t tests).

Group 1 Group 2
. With Occlusal Adjustment Without Occlusal Adjustment
Variables (N=37) (N=40) P
Mean S.D. Mean S.D.

PAR initial (T1) 14.13 425 15.16 3.44 0.244

PAR final (T2) 1.35 2.65 1.09 1.89 0.619

PAR postretention (T3) 2.10 3.66 242 2.45 0.651
PAR change with

treatment (T2-T1) -12.78 3.22 -14.07 3.13 0.078
Postretention PAR

relapse (T3-T2) 0.75 1.68 1.33 1.36 0.099

Little initial (T1) 5.12 2.72 6.18 3.01 0.110

Little final (T2) 1.22 1.15 1.29 0.93 0.769

Little postretention (T3) 1.79 1.13 2.25 1.43 0.123

Little change with treatment (T2-T1) -3.90 291 -4.89 3.33 0.170
Postretention little

relapse (T3-T2) 0.57 1.35 0.96 1.26 0.193

Groups were comparable regarding gender distribution
(p=0.416), initial (p=0.373), final (p=0.380) and post-retention
ages (p=0.451), and treatment (p=0.474) and post-retention
evaluation times (p=0.116) (Tables 2 and 3).

There was no statistically significant difference found in
the intergroup comparison of PAR and Little irregularity
indexes in all stages and periods evaluated (p ranging from
0.078 to 0.769) (Table 4).

Patients with malocclusions of similar type and severity
treated with or without occlusal adjustment showed the same
change in the post-retention period, i.e., similar post-retention
occlusal and anterior alignment stability.

4. DISCUSSION

The underlying principle of occlusal adjustment is to
enhance occlusal relationships, thereby improving the long-
term stability of orthodontic treatments [26]. This study
showed that the occlusal adjustment did not influence the
alignment and occlusal post-retention stability, despite all
dogma concerned with orthodontic gnathology [27]. This does
not mean that this procedure should be banned or forgotten in
the routine practice of the orthodontist. The orthodontist must

be aware of the current concepts of long-term stability after
orthodontic treatment and the factors involved in it [7, 18, 22,
28, 29]. Based on these results, occlusal adjustment is simply
part of the means to achieve an ideal occlusion, like
interproximal reduction for a Bolton discrepancy [26].

The sample was comparable according to the gender
distribution, ages, treatment and post-retention evaluation
times, and initial severity of malocclusion evaluated by the
PAR and Little indexes (Tables 2 - 4). The homogeneity of the
sample and the comparability of the groups have been
considered very important in the present study because they
eliminate other factors that can contribute to or influence the
stability and relapse of occlusal characteristics, in addition to
performing the occlusal adjustment [24, 30]. The sample was
retrospectively selected from a pool of patients of the first
author, and the cases that presented a discrepancy of more than
2 mm from centric relation to usual maximum intercuspation
were qualified to undergo occlusal adjustment. This selection
criteria were in accordance with a previous study [7]. This
study revealed that most subjects one week post-debonding had
a unilateral contact on initial closure in the centric occlusion
and a slide between this position and the intercuspal position.
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The authors pointed out the long-term implications of these
findings to be unclear and speculated that it could be associated
with post-orthodontic instability. Since both groups of our
study were comparable regarding malocclusion severity at pre-
treatment and treatment results, the only difference between the
two groups was the occlusal adjustment procedure that was
performed in group 1. Based on this, we can assume that group
2 (no occlusal adjustment) served as a control group. At the
long-term evaluation stage, both groups presented similar
occlusal changes, showing that occlusal adjustment did not
influence the long-term stability of orthodontic treatments.

The duration of retainer use is crucial as it directly impacts
the stability of treatment results [30, 31]. This way, patients of
both groups had the same retention protocol for, on average, 1
year. The time of post-treatment evaluation at the post-
retention stage was approximately 5 years in both the groups. It
is not a long time, but it was previously reported that most
relapse occurs in the first two years after removing fixed
appliances [30].

There are many ways of evaluating occlusal characteristics
[20, 32], but the PAR index is validated and one of the most
widely used with great acceptance [14, 18, 33]. In both groups,
initial malocclusion was not so severe according to the PAR
index (14.13 and 15.16) [20], and the Little irregularity index
indicated moderate crowding (5.12 and 6.18mm) (Table 4)
[23]. Malocclusion was similarly corrected with treatment in
both groups, with an excellent orthodontic finishing (Table 4).
The PAR index showed a more than 90% reduction in both
groups, indicating a high standard and quality of treatment
[20]. In the post-retention evaluation, the PAR index decreased
to 85.13% and 84.03% in groups 1 and 2, respectively,
concerning the initial malocclusion score, with a loss of less
than 10%, indicating acceptable stability [12, 14, 33]. A
previous long-term study that included class I and class II
malocclusion showed the behavior of the PAR index over the
years to be similar in both types of malocclusions [28]. Cotrin
et al. showed that the PAR index improved significantly post-
treatment and worsened 37 years after the treatment; however,
it did not reach the pretreatment values [28]. Besides, no
statistically significant difference was observed between the
two groups with respect to the stability of occlusal
characteristics according to the PAR index (Table 4), showing
that the occlusal adjustment procedure did not influence the
long-term stability of the treated cases.

The mandibular anterior crowding was similarly corrected
with treatment in both groups, indicating perfect alignment or
minor irregularity remaining at the end of the treatment [23].
The relapse observed increased the Little irregularity index of
less than 1mm in both groups (Table 4). This is considered
excellent stability for the mandibular anterior segment, which
is characteristic of occlusion most prone to relapse [15, 18, 24,
29, 34 - 37]. There was no difference observed in the relapse of
mandibular anterior crowding between patients who underwent
occlusal adjustment and those who did not [15].

The number of occlusal contacts was not evaluated despite
several studies determining the count of occlusal contacts as a
result of adjustments or treatments [16, 38 - 41]. However,
according to Okeson [19], in theory, an ideal occlusion implies

The Open Dentistry Journal, 2023, Volume 17 7

a cusp tip contacting two opposing marginal ridges, resulting in
two contacts on the cusp tip. However, the contact can occur in
only one opposing ridge, resulting in a single contact in the
cusp tip. Therefore, we considered a single contact per tooth
acceptable after occlusal adjustment.

One can say that it is unnecessary to perform occlusal
adjustment at the end of or after orthodontic treatment. But it is
necessary to point out some arguments. Occlusal contacts
change during and after orthodontic treatment, and settling
occurs for years [28]. According to Sullivan er al. [16],
orthodontic treatment may severely alter tooth contacts in the
early stages of treatment. It may lead to an appreciable
permanent reduction in occlusal contacts, which is not always
compensated by a prolonged period of post-treatment settling.
In addition, these authors also recommend close attention to
finishing and occlusal adjustment to ensure more contact. It is
common to observe a slide from the centric occlusion to the
maximum intercuspation occlusion after treatment. Therefore,
centric relation may not accurately record day-to-day contacts
with a discrepancy between centric relation and usual
maximum intercuspation. So, the cases that presented a
discrepancy of more than 2 mm from centric relation to centric
occlusion at the end of orthodontic treatment were qualified for
occlusal adjustment. According to Ziebert et al. [38], the type
of tooth contacts that are the most stable are those of a cusp
against a flat plane (e.g., the bottom of a fossa or marginal
ridge) or those of a combination of a cusp against a flat plane
and one or more inclined planes. So, it could be speculated that
even in those patients who did not undergo occlusal
adjustment, these types of occlusal relationships were present,
highlighting the same occlusal relapse in the long term for both
groups. In a study evaluating the incidence of occlusal contact
points, Rinchuse and Sassouni [27] found that the functional
bite registrations generated in centric occlusion did not show
significant differences in the number, location, or severity of
non-working (balancing) or protrusive functional occlusion
contacts between orthodontically treated and untreated subjects
with ideal static occlusion. Besides, Gazit and Lieberman [39]
found that the number of occlusal contacts increased by 56% in
the first year following orthodontic treatment. This indicates
that orthodontic treatment in the long-term can maintain good
occlusal contacts without interference and premature contacts,
and that there is not always a need for occlusal adjustment;
however, performing it may not add significant advantages,
mainly in terms of stability, as results of the present study
showed. However, the present study did not evaluate the
number of occlusal contacts after treatment since this was
retrospective. Selective tooth wear should not be used as a
substitute for an orthodontic movement in patients with not
well-finished occlusions nor as a solution to the limitations of
the orthodontist [5].

A balanced occlusion obtained after orthodontic treatment
may not necessarily need an occlusal adjustment. Orthodontists
must seek occlusal balance since unbalanced occlusal contacts
generate undesirable forces, and consequently undesirable
tooth movements, depending on the intensity and duration of
the contact, and not as a factor determining dental stability, as
indicated by the present study’s results. However, we must
remember that the current study evaluated only patients
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without any sign or symptom of TMD and at the end of
orthodontic treatment. In addition, none of the patients
presented premature contacts or occlusal interferences during
mandibular movements, and all of them were finished in
centric relation occlusion or a centric relation discrepancy to
the usual maximum intercuspation no more than 2mm.

One could say that the occlusal adjustment could bring
some risk to the patient, such as dentin sensitivity, due to
excessive enamel wear. Enamel thickness patterns are partly
explained as an adaptation to functional demand [42]. The
lingual faces of maxillary molars and the buccal faces of the
mandibular ones have thicker enamel than the other crown
faces [42]. According to Moncada et al., there is no correlation
between tooth sensitivities and tooth thickness [43]. Janson et
al. [8] evaluated the treatment of anterior open bite performed
with occlusal adjustment and stated that it is a viable treatment
alternative for this malocclusion, which improves the
functional occlusion with only transient sensitivity. Besides
that, they evaluated the same sample 3.4 years after the
procedure, and the dentinal sensitivity remained within the
normal range in the long term [9].

CONCLUSION

In the present study, there was no significant difference
obtained in the post-retention crowding and occlusal relapse
between class I patients treated with orthodontic non-extraction
with and without occlusal adjustment. Also, the occlusal
adjustment did not influence the post-retention alignment and
occlusal stability.

LIST OF ABBREVIATIONS

TMD = Temporomandibular joint dysfunction

CR = Centric relation

PAR = Peer assessment rating
ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

This study was approved by the Ethics Research
Committee of Ingd University Center, with number 1.957.938.
HUMAN AND ANIMAL RIGHTS

No animals were used in this research. All procedures
performed in studies involving human participants were in
accordance with the ethical standards of institutional and/or
research committee, and with the 1975 Declaration of Helsinki,
as revised in 2013.

CONSENT FOR PUBLICATION

Informed consent was obtained from all participants.

STANDARDS OF REPORTING
STROBE guidelines were followed.

AVAILABILITY OF DATA AND MATERIALS

The data and supportive information are available within
the article.

Bonadio et al.

FUNDING

None.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

[1]
[2]

[3]
[4]

[3]
[6]

[7]

[10]

(1]

[12]

[13]

[14]

[16]

[17]

(18]

Monnerat C, Mucha JN. Orthodontics, occlusion, stability. Rev Dent
Press Ortodon Ortop Facial 2000; 5(1): 32-44.

Roth RH. Functional occlusion for the orthodontist. J Clin Orthod
1981; 15(1): 32-40, 44-51 contd.

[PMID: 6940863]

Dawson PE. Assessment, diagnosis, and treatment of occlusal
problems. Sdo Paulo: Artes Médicas 1980.

Mulligan TF. Common sense mechanics. 3. J Clin Orthod 1979;
13(11): 762-6.

[PMID: 298288]

Brandao RCB, Brandao LBC. Occlusal adjustment in orthodontics:
Why, when and how. Dental Press J Orthod 2008; 13(3): 124-56.
Mchorris WH. Occlusion with particular emphasis on the functional
and parafunctional role of anterior teeth. Part 2. J Clin Orthod 1979;
13(10): 684-701.

[PMID: 298284]

Clark GT, Adler RC. A critical evaluation of occlusal therapy:
Occlusal adjustment procedures. J Am Dent Assoc 1985; 110(5):
743-50.

[http://dx.doi.org/10.14219/jada.archive.1985.0430] [PMID: 3891817]
Janson G, Crepaldi MV, de Freitas KM, de Freitas MR, Janson W.
Evaluation of anterior open-bite treatment with occlusal adjustment.
Am J Orthod Dentofacial Orthop 2008; 134(1): 10-1.
[http://dx.doi.org/10.1016/j.ajod0.2008.06.005] [PMID: 18617097]
Janson G, Crepaldi MV, Freitas KM, de Freitas MR, Janson W.
Stability of anterior open-bite treatment with occlusal adjustment. Am
J Orthod Dentofacial Orthop 2010; 138(1): 14.e1-7.
[http://dx.doi.org/10.1016/j.ajod0.2010.01.023]

Andrews LF. The six keys to normal occlusion. Am J Orthod 1972;
62(3): 296-309.

[http://dx.doi.org/10.1016/S0002-9416(72)90268-0] [PMID: 4505873]
Solow B. The dentoalveolar compensatory mechanism: Background
and clinical implications. Br J Orthod 1980; 7(3): 145-61.
[http://dx.doi.org/10.1179/bjo.7.3.145] [PMID: 6934010]

Nett BC, Huang GJ. Long-term posttreatment changes measured by
the American Board of Orthodontics objective grading system. Am J
Orthod Dentofacial Orthop 2005; 127(4): 444-50.
[http://dx.doi.org/10.1016/j.aj0d0.2004.03.029] [PMID: 15821689]
Ormiston JP, Huang GJ, Little RM, Decker JD, Seuk GD.
Retrospective analysis of long-term stable and unstable orthodontic
treatment outcomes. Am J Orthod Dentofacial Orthop 2005; 128(5):
568-74.

[http://dx.doi.org/10.1016/j.aj0d0.2004.07.047] [PMID: 16286203]
Freitas KMS, Freitas MR, Janson G, Pinzan A, Henriques JFC.
Retrospective analysis of orthodontic treatment outcomes and its
relation to postretention stability. J Appl Oral Sci 2006; 14(5): 324-9.
[http://dx.doi.org/10.1590/S1678-77572006000500005] [PMID:
19089052]

Mecenas P, Cardoso PC, Maia NG, Maia FA, Normando D. Effect of
the quality of orthodontic finishing on the stability of anterior tooth
alignment. Angle Orthod 2023. epup ahaed of print
[http://dx.doi.org/10.2319/101722-722.1] [PMID: 37200475]

Sullivan B, Freer TJ, Vautin D, Basford KE. Occlusal contacts:
Comparison of orthodontic patients, posttreatment patients, and
untreated controls. J Prosthet Dent 1991; 65(2): 232-7.
[http://dx.doi.org/10.1016/0022-3913(91)90167-U] [PMID: 2051357]
Olsson M, Lindqvist B. Occlusal interferences in orthodontic patients
before and after treatment, and in subjects with minor orthodontic
treatment need. Eur J Orthod 2002; 24(6): 677-87.
[http://dx.doi.org/10.1093/ej0/24.6.677] [PMID: 12512785]

Freitas KMS, Guirro WJG, de Freitas DS, de Freitas MR, Janson G.


http://www.ncbi.nlm.nih.gov/pubmed/6940863
http://www.ncbi.nlm.nih.gov/pubmed/298288
http://www.ncbi.nlm.nih.gov/pubmed/298284
http://dx.doi.org/10.14219/jada.archive.1985.0430
http://www.ncbi.nlm.nih.gov/pubmed/3891817
http://dx.doi.org/10.1016/j.ajodo.2008.06.005
http://www.ncbi.nlm.nih.gov/pubmed/18617097
http://dx.doi.org/10.1016/j.ajodo.2010.01.023
http://dx.doi.org/10.1016/S0002-9416(72)90268-0
http://www.ncbi.nlm.nih.gov/pubmed/4505873
http://dx.doi.org/10.1179/bjo.7.3.145
http://www.ncbi.nlm.nih.gov/pubmed/6934010
http://dx.doi.org/10.1016/j.ajodo.2004.03.029
http://www.ncbi.nlm.nih.gov/pubmed/15821689
http://dx.doi.org/10.1016/j.ajodo.2004.07.047
http://www.ncbi.nlm.nih.gov/pubmed/16286203
http://dx.doi.org/10.1590/S1678-77572006000500005
http://www.ncbi.nlm.nih.gov/pubmed/19089052
http://dx.doi.org/10.2319/101722-722.1
http://www.ncbi.nlm.nih.gov/pubmed/37200475
http://dx.doi.org/10.1016/0022-3913(91)90167-U
http://www.ncbi.nlm.nih.gov/pubmed/2051357
http://dx.doi.org/10.1093/ejo/24.6.677
http://www.ncbi.nlm.nih.gov/pubmed/12512785

Long-term Post-treatment Stability of Orthodontic Treatment

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Relapse of anterior crowding 3 and 33 years postretention. Am J
Orthod Dentofacial Orthop 2017; 152(6): 798-810.
[http://dx.doi.org/10.1016/j.aj0d0.2017.05.022] [PMID: 29173859]
Okeson JP. Management of temporomandibular disorders and
occlusion-E-book. Elsevier Health Sciences 2019.

Richmond S, Shaw WC, Roberts CT, Andrews M. The PAR Index
(Peer Assessment Rating): Methods to determine outcome of
orthodontic treatment in terms of improvement and standards. Eur J
Orthod 1992; 14(3): 180-7.

[http://dx.doi.org/10.1093/ejo/14.3.180] [PMID: 1628684]

DeGuzman L, Bahiraei D, Vig KWL, 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(2): 172-6.
[http://dx.doi.org/10.1016/S0889-5406(95)70133-8] [PMID: 7847276]
Freitas KM, Janson G, de Freitas MR, Pinzan A, Henriques JF,
Pinzan-Vercelino CR. Influence of the quality of the finished
occlusion on postretention occlusal relapse. Am J Orthod Dentofacial
Orthop 2007; 132(4): 428.¢9-428.¢14.
[http://dx.doi.org/10.1016/j.aj0d0.2007.02.051]

Little RM. The Irregularity Index: A quantitative score of mandibular
anterior alignment. Am J Orthod 1975; 68(5): 554-63.
[http://dx.doi.org/10.1016/0002-9416(75)90086-X] [PMID: 1059332]
Little RM. Stability and relapse of mandibular anterior alignment:
University of Washington Studies. Semin Orthod 1999; 5(3): 191-204.
[http://dx.doi.org/10.1016/S1073-8746(99)80010-3] [PMID:
10860071]

Dahlberg G. Statistical methods for medical and biological students.
New York: Interscience Publications 1940.

Huang GJ. Occlusal adjustment for treating and preventing
temporomandibular disorders. Am J Orthod Dentofacial Orthop 2004;
126(2): 138-9.

[http://dx.doi.org/10.1016/j.ajod0.2004.06.013] [PMID: 15316467]
Rinchuse DJ, Sassouni V. An evaluation of functional occlusal
interferences in orthodontically treated and untreated subjects. Angle
Orthod 1983; 53(2): 122-30.

[PMID: 6576651]

Cotrin P, Gambardela-Tkacz CM, Moura W, et al. Long-term occlusal
changes and patient satisfaction in patients treated with and without
extractions: 37 years after treatment. Am J Orthod Dentofacial Orthop
2020; 158(4): e17-27.

[http://dx.doi.org/10.1016/j.aj0d0.2020.07.012] [PMID: 32863088]
Alpakan OO, Tiirkdz C, Varlik SK. Long-term stability of mandibular
incisor alignment in patients treated nonextraction with or without
interproximal enamel reduction. Am J Orthod Dentofacial Orthop
2023; 163(6): 802-10.

[http://dx.doi.org/10.1016/j.aj0d0.2022.07.020] [PMID: 37245894]

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(3): 300-4.
[http://dx.doi.org/10.1016/S0889-5406(99)70333-1]
10066979]

[PMID:

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

The Open Dentistry Journal, 2023, Volume 17 9

Al-Dboush R, Al-Zawawi E, El-Bialy T. Do orthodontic fixed
retainers guarantee the stability of dental alignment at the end of
orthodontic treatment? Evid Based Dent 2021; 22(4): 148-9.
[http://dx.doi.org/10.1038/s41432-021-0224-9]

Casko JS, Vaden JL, Kokich VG, et al. Objective grading system for
dental casts and panoramic radiographs. Am J Orthod Dentofacial
Orthop 1998; 114(5): 589-99.
[http://dx.doi.org/10.1016/S0889-5406(98)70179-9] [PMID: 9810056]
Freitas KMS, Freitas DS, Valarelli FP, Freitas MR, Janson G. PAR
evaluation of treated Class I extraction patients. Angle Orthod 2008;
78(2): 270-4.

[http://dx.doi.org/10.2319/042307-206.1] [PMID: 18251612]

Freitas KMS, de Freitas MR, Henriques JFC, Pinzan A, Janson G.
Postretention relapse of mandibular anterior crowding in patients
treated without mandibular premolar extraction. Am J Orthod
Dentofacial Orthop 2004; 125(4): 480-7.
[http://dx.doi.org/10.1016/j.ajod0.2003.04.012] [PMID: 15067265]
Dyer KC, Vaden JL, Harris EF. Relapse revisited—again. Am J
Orthod Dentofacial Orthop 2012; 142(2): 221-7.
[http://dx.doi.org/10.1016/j.aj0d0.2012.03.030] [PMID: 22858332]
Freitas KMS, Janson G, Tompson B, ef al. Posttreatment and
physiologic occlusal changes comparison. Angle Orthod 2013; 83(2):
239-45.

[http://dx.doi.org/10.2319/030512-181.1] [PMID: 22799528]

Gambardela-Tkacz CM, Alcaraz G, Cotrin P, ef al. Incisor irregularity
and dental arch dimensions changes in subjects with different severity

of anterior crowding: a 37-year follow-up. Prog Orthod 2023; 24(1):
10.

[http://dx.doi.org/10.1186/540510-023-00461-8] [PMID: 36935470]
Ziebert GJ, Donegan SJ. Tooth contacts and stability before and after
occlusal adjustment. J Prosthet Dent 1979; 42(3): 276-81.
[http://dx.doi.org/10.1016/0022-3913(79)90216-6] [PMID: 289761]
Gazit E, Lieberman MA. Occlusal contacts following orthodontic
treatment. Measured by a photocclusion technique. Angle Orthod
1985; 55(4): 316-20.

[PMID: 3865568]

Haydar B, Cier S, Saatci P. Occlusal contact changes after the active
phase of orthodontic treatment. Am J Orthod Dentofacial Orthop 1992;
102(1): 22-8.

[http://dx.doi.org/10.1016/0889-5406(92)70011-X] [PMID: 1626529]
Al-Rayes NZ, Hajeer MY. Evaluation of occlusal contacts among
different groups of malocclusion using 3D digital models. J Contemp
Dent Pract 2014; 15(1): 46-55.
[http://dx.doi.org/10.5005/jp-journals-10024-1486] [PMID: 24939264]
Kono RT, Suwa G, Tanijiri T. A three-dimensional analysis of enamel
distribution patterns in human permanent first molars. Arch Oral Biol
2002; 47(12): 867-75.
[http://dx.doi.org/10.1016/S0003-9969(02)00151-6]
12450518]

Moncada G, Sepulveda D, Elphick K, et al. Effects of light activation,
agent concentration, and tooth thickness on dental sensitivity after
bleaching. Oper Dent 2013; 38(5): 467-76.
[http://dx.doi.org/10.2341/12-335-C] [PMID: 23391030]

[PMID:

© 2023 The Author(s). Published by Bentham Open.

(OMON

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.


http://dx.doi.org/10.1016/j.ajodo.2017.05.022
http://www.ncbi.nlm.nih.gov/pubmed/29173859
http://dx.doi.org/10.1093/ejo/14.3.180
http://www.ncbi.nlm.nih.gov/pubmed/1628684
http://dx.doi.org/10.1016/S0889-5406(95)70133-8
http://www.ncbi.nlm.nih.gov/pubmed/7847276
http://dx.doi.org/10.1016/j.ajodo.2007.02.051
http://dx.doi.org/10.1016/0002-9416(75)90086-X
http://www.ncbi.nlm.nih.gov/pubmed/1059332
http://dx.doi.org/10.1016/S1073-8746(99)80010-3
http://www.ncbi.nlm.nih.gov/pubmed/10860071
http://dx.doi.org/10.1016/j.ajodo.2004.06.013
http://www.ncbi.nlm.nih.gov/pubmed/15316467
http://www.ncbi.nlm.nih.gov/pubmed/6576651
http://dx.doi.org/10.1016/j.ajodo.2020.07.012
http://www.ncbi.nlm.nih.gov/pubmed/32863088
http://dx.doi.org/10.1016/j.ajodo.2022.07.020
http://www.ncbi.nlm.nih.gov/pubmed/37245894
http://dx.doi.org/10.1016/S0889-5406(99)70333-1
http://www.ncbi.nlm.nih.gov/pubmed/10066979
http://dx.doi.org/10.1038/s41432-021-0224-9
http://dx.doi.org/10.1016/S0889-5406(98)70179-9
http://www.ncbi.nlm.nih.gov/pubmed/9810056
http://dx.doi.org/10.2319/042307-206.1
http://www.ncbi.nlm.nih.gov/pubmed/18251612
http://dx.doi.org/10.1016/j.ajodo.2003.04.012
http://www.ncbi.nlm.nih.gov/pubmed/15067265
http://dx.doi.org/10.1016/j.ajodo.2012.03.030
http://www.ncbi.nlm.nih.gov/pubmed/22858332
http://dx.doi.org/10.2319/030512-181.1
http://www.ncbi.nlm.nih.gov/pubmed/22799528
http://dx.doi.org/10.1186/s40510-023-00461-8
http://www.ncbi.nlm.nih.gov/pubmed/36935470
http://dx.doi.org/10.1016/0022-3913(79)90216-6
http://www.ncbi.nlm.nih.gov/pubmed/289761
http://www.ncbi.nlm.nih.gov/pubmed/3865568
http://dx.doi.org/10.1016/0889-5406(92)70011-X
http://www.ncbi.nlm.nih.gov/pubmed/1626529
http://dx.doi.org/10.5005/jp-journals-10024-1486
http://www.ncbi.nlm.nih.gov/pubmed/24939264
http://dx.doi.org/10.1016/S0003-9969(02)00151-6
http://www.ncbi.nlm.nih.gov/pubmed/12450518
http://dx.doi.org/10.2341/12-335-C
http://www.ncbi.nlm.nih.gov/pubmed/23391030
https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/licenses/by/4.0/

	The Influence of Occlusal Adjustment on Long-term Post-treatment Stability of Orthodontic Treatment 
	[Objective:]
	Objective:
	Material and Methods:
	Results:
	Conclusion:
	Keywords

	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Group 1: Patients Treated with Occlusal Adjustment
	2.2. Group 2: Patients Treated without Occlusal Adjustment
	2.3. Peer Assessment Rating (PAR) Index
	2.4. Little Irregularity Index
	2.5. Error Study
	2.6. Statistical Analysis

	3. RESULTS
	4. DISCUSSION
	CONCLUSION
	LIST OF ABBREVIATIONS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	STANDARDS OF REPORTING
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




