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display. In the antero-posterior dimension, it includes the naso-
labial angle and skeletal relationships. We considered 90-100° 
nasolabial angle norms for male and 100-110° nasolabial angle 
norms for female patients. In the transverse dimension, it 
includes the buccal corridors and asymmetry. LAFH is measured 
considering the equation G-ANS/ANS-Me = 1, and evaluated on 
both photographs and lateral cephalogram. Lip separations of 4 
mm or more at rest are considered abnormal.9 Over-closed lips, 
prominent lips, and retruded lips are also addressed in the list 
of problems. These conditions should be evaluated mainly on 
standard photographs, but lateral cephalograms can also be 
used. Anterior tooth display or tooth-show is addressed in the 
smile (at least a quarter of the crown should be visible in the 
smile, and 2 mm gingival show is generally the upper limit for an 
esthetically acceptable smile).10 The nasolabial angle (between 
90° and 110°, with acute values acceptable for males and obtuse 
ones for females) is evaluated on photographs and cephalom-
etry. Maxillary deficiency/excess is a complementary problem 
addressed as an upper lip problem and is evaluated on pho-
tographs and lateral cephalograms. The same is done for chin 
deficiency/excess. Buccal corridors are evaluated on frontal pho-
tographs. Asymmetry is measured on standard photographs, 
considering the relationship between the A-Pog line and the 
midsagittal line. If any evident asymmetry is evident and needs 
to be corrected by orthodontic treatment (like asymmetry due 
to a lateral functional shift), it would be scored 1, and if no visible 
asymmetry is present, it would score 0.

In the occlusion section, the evaluation is divided into transverse, 
antero-posterior, and vertical dimensions as well. Crowding/
spacing, rotation, impaction, and missing teeth are also included 
in this part (Figure 1).

Midline and posterior crossbite are listed in the transverse sec-
tion of the table. The midline for maxillary arch is recorded as 
the degree of millimetric deviation from the facial midline. The 
posterior crossbite is evaluated on dental casts and the teeth 
involved in this situation are mentioned in the table. Angle clas-
sification, overjet, and anterior crossbite are listed in the sec-
tion regarding antero-posterior part. The Angle classification is 
recorded for canines and first molars. The overjet is recorded as 
the millimetric distance between the labial surfaces of incisors. 
The anterior crossbite is mentioned by the teeth involved in the 
situation. Overbite is listed in the vertical section, and is recorded 
by millimetric distance between the incisal edges of incisors.

Crowding is the most prevalent and usually the most important 
factor in the list of problems. It is measured by comparing the 
space available and space required, for simplicity. Having a com-
mitment of “correcting the crowding” is not an accurate state-
ment. The clinician should precisely determine the objective, 
for example “correcting the crowding to 0” or “accept 2-3 mm 
crowding in the lower incisor area,” in a Cl III compromised treat-
ment case. As mentioned before, in some cases, the ideal occlu-
sal relationship according to available occlusal indices cannot 

Figure  1.  Table designed for prioritized commitment-based clinical assessment. It includes a problem diagnosis list containing common and 
frequently seen problems regarding facial appearance, occlusion criteria, and general criteria. It also has dedicated columns for the current status of 
each criterion according to available records, the priority, the orthodontist’s commitment regarding each criterion, the weight of each diagnosed 
problem according to its priority, the final status at treatment completion, the weighted score, and the total weighted score.
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be achieved due to various obstacles. Rotation seems to be 
somehow overlapped by crowding; however, in some adjunctive 
orthodontic cases (e.g., pre-prosthetic orthodontic preparation), 
the problem is better addressed as a distinct one. Impaction and 
missing teeth are also mentioned in occlusion section by point-
ing the tooth/teeth involved in the situations.

The main problems are prioritized in the designed table 
(Figure  1), mostly up to a maximum of 5 main problems. This 
way, most important problem would have the first priority and 
the highest weightage of 5. The subsequent important problems 
would receive 2, 3, 4, and 5 priorities and weightages of 4, 3, 2, 
and 1 in the list, respectively

We developed a semi-quantitative scoring system. Determination 
of the score of each item depends on the treatment alterations 
that are intended for the course of treatment. After determining 
the score, it is written in the table; according to the priority of the 
commitment, the weighted score is then calculated: the scores 
of the first, second, third, fourth, and fifth priorities are multiplied 
by 5, 4, 3, 2, and 1 respectively.

We also considered some general criteria for each case which 
have neither weightages nor priorities and should be main-
tained/improved in all the cases (Figure 1):

•	 Periodontal problems as a consequence of orthodontic treat-
ment: the gingival condition is evaluated and photographed, 
and 1 or 2 points deducted for moderate and severe gingivitis, 
respectively. If new bone loss or exacerbation of previous peri-
odontitis is evident, 3 points are deducted.

•	 Root parallelism problems: scoring systems for these criteria 
are designed on a per-quadrant basis because any problem-
atic mechanics in each quadrant can lead to these kinds of 
problems.

•	 Root resorption remains a challenging issue in orthodontics.
•	 Oral hygiene is evaluated based on progress notes; if more 

than 3 warning clinical notes are found, 1 point is deducted.
•	 Decalcification is evaluated on photographs as stated in the 

CCA method.6

•	 Finally, the “total weighted score” is calculated by the sum of 
total weighted scores and general criteria scores (Figure 1).

Test of the New Assessment Method
The new model was tested on 100 comprehensive orthodon-
tically treated cases at the Orthodontic Department of Shahid 
Beheshti Medical University. These cases were randomly selected 
on each type of malocclusion including an equal 25 cases of Cl 
I, Cl II div 1, Cl II div 2, and Cl III routine malocclusions managed 
with fixed conventional edgewise appliances within the past 
3 years, and had complete pre-treatment and post-treatment 
records. The sample records consisted of standardized initial and 
final study casts, panoramic and lateral cephalometric radio-
graphs, and extra-oral and intra-oral standard photographs, in 
addition to the orthodontist’s notes of each treatment session. 
To limit the confounding variables, cases with any congenital or 
systemic disorders or cleft lip/palate were excluded. In addition, 

cases managed with concomitant orthognathic surgical or any 
interdisciplinary approach were not included. All the selected 
cases were treated by orthodontic postgraduate students under 
the supervision of the department’s instructing professors.

All the cases were scored using both CCA and PCCA methods 
with 2 calibrated examiners at 2 separate time intervals. Initially, 
20 patients were selected to be scored by both examiners, due to 
intra-rater calibration procedure.

STATISTICAL ANALYSIS

To assess the intra-examiner repeatability, a subsample of 20 cases 
was selected and scored by examiners twice with a 4-week interval. 
The intraclass correlation Coefficient (ICC) was used to assess the 
intra-examiner repeatability of the total scores. All the cases were 
assessed by a postgraduate student (author AF) and an orthodon-
tist (author FY) using CCA and PCCA scoring systems. The inter-
examiner agreement was assessed also by ICC, the Bland–Altman 
test, and paired t-test for all the cases. Pearson’s product-moment 
correlation coefficients were computed to assess the linear rela-
tionships between CCA and PCCA scores. SPSS 18 software (SPSS 
Inc. Release 2009. PASW Statistics for Windows, Version 18.0. 
Chicago: SPSS Inc.) was used for statistical calculations.

RESULTS

One hundred completed fixed orthodontic treatment cases were 
evaluated using 2 methods of CCA and PCCA by the 2 calibrated 
examiners at 2 different time intervals. To avoid any possible bias 
in interpretation of the data, there was a 4-week time interval 
between the 2 methods. The mean score of each case by each 
examiner, using either set up of quality assessment modalities, 
was calculated.

The linear correlation between the 2 methods was assessed 
by comparing the mean score of each case by the 2 examin-
ers, and was considered significant at 0.01 (Pearson’s correla-
tion = 0.752). Summarized data and descriptive statistics for the 
cases are presented in Table 1. ICC for intra-examiner and inter-
examiner reliability and paired t-test values for inter-examiner 
reliability for the 2 methods are presented in Table 2. The Bland–
Altman results are shown in Figure 2. The P-value by paired t-test 
between average CCA and average PCCA was .017. P-values < 
.05 were assumed significant.

DISCUSSION

Setting objectives for orthodontic treatment can generally be 
based on 2 different presumptions: 1) convert all the observed 
malocclusions to an ideal occlusion. Therefore, for assessing 
the orthodontic practice and clinicians’ skills, one should set a 
gold standard with ideal occlusion, and any deviation from that 
would be considered a sort of inadequacy in practice. In this 
perspective, the main objective is to treat the malocclusion; the 
other factors important in providing medical services––patient 
concerns, treatment duration, costs versus benefits etc.––take 
the second place.
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2) Clinicians should openly accept the fact that in nearly 70% 
of the cases, an ideal occlusion could not be achieved accord-
ing to available gold standards.5 Therefore, they should try to 
focus on a method to assess the treatment outcomes and clini-
cians’ skills with a more realistic approach, rather than simply 
assign a majority of them to a so-called “failed” group. This can 
be done by considering the fulfillment of a prioritized commit-
ment-based problem list at the end of treatment. Orthodontists 
should roughly classify their patients at the beginning of the ser-
vice to 2 groups: 1) patients for whom the ideal occlusion can be 
achieved; 2) patients for whom the ideal occlusion is not achiev-
able. For the first group, performing assessment according to 
an ideal gold standard seems logically acceptable. However, for 
the latter group, it is better to consider the proposed method 
of assessment of a prioritized commitment-based problem list 
as an adjunctive assessment tool. Therefore, in our opinion, the 
treatment outcome assessment in such cases should be based 
on 2 fundamental points in addition to well-designed routine 
standard assessment methods: (1) the clinician’s commitments, 
and (2) the fulfillment of the commitments according to their 
determined priority.

In the present study, we introduced a new assessment method 
for treatment outcomes based essentially on the clinician’s com-
mitment at treatment initiation and their priorities in each indi-
vidual case. According to the study design, that is, developing a 
new assessment tool and performing preliminary tests for evalu-
ating the validity and reliability of the method, and also consider-
ing similar studies, we randomly selected 25 cases for each type 
of malocclusion (Cl I, Cl II div1, Cl III div2, and Cl III). Evaluating the 
reliability of a newly developed method needs several statistical 
assessments, since each statistical test may have its advantages 
and disadvantages. The preliminary test of the PCCA regard-
ing its correlation with another comprehensive assessment 
method, the CCA, using ICC, was relatively good. Furthermore, 

the preliminary test of reproducibility showed excellent reliabil-
ity. However, considering Bland–Altman and paired t-test, we did 
not have a perfect correlation between the 2 methods. This may 
refer to the fact that the CCA itself is not assumed as a perfect 
gold standard for assessing orthodontic treatment outcome.6 
Regarding the results of the paired t-test considering the large 
number of cases, any little difference between assessment meth-
ods may induce a significant statistical difference; however, for 
clinical use, relying on the ICC test seems appropriate.

The first index with a comprehensive study on its validity and 
reliability was the PAR index.3 This index is totally based on 
assessing dental casts and includes no factor for assessing other 
aspects of orthodontic treatment. For the occlusion assessment, 
the index was not perfectly precise in discriminating between 
the minor malpositions of the teeth that are found in ABO case 
reports.4 Therefore, an ABO committee was formed to design a 
more precise method of objective quality assessment. As a result 
of 3 phases of examination, the ABO-OGS was introduced, and is 
now being used as the standard of board qualification in ABO.4

The ABO uses one of the most valid and reliable methods for 
assessing treatment quality.4,11 The ABO-OGS, by means of a spe-
cifically designed measuring gauge, objectively gives scores to 
treated cases. Final dental casts and panoramic radiographs are 
considered in the process of evaluation. This outcome assess-
ment index can be assumed as a high standard occlusal index, 
considering its precise millimetric scores given to each of the 7 
occlusal criteria.4 The board qualification process also includes a 
clinical management part, which considers skeletal, dental and 
facial analyses separately and is based on pre-treatment and 
post-treatment measurements and pre-treatment objectives. 
In the case of fulfillment of any objective, no score is deducted; 
otherwise, a point will be deducted. However, this section seems 
somehow brief compared to the occlusal assessment part. For 

Table 1.  Summarized data and descriptive statistics for the cases measured by authors FY and AF

PCCA-FY (n = 100) PCCA-AF (n = 100) CCA-FY (n = 100) CCA-AF (n = 100) Average PCCA Average CCA

Mean 1.11 1.26 0.74 0.66 1.18 0.70

Minimum 0 0 0 0 0 0

Maximum 15.00 15.00 7.00 8.00 15.00 7.50

Range 15.00 15.00 7.00 8.00 15.00 7.50

Std. Deviation 2.48 2.60 1.05 1.14 2.52 1.05

PCCA, prioritized commitment-based assessment; CCA, comprehensive clinical assessment; FY/AF, examiners’ initials.

Table 2.  Intraclass correlation coefficient (ICC) and paired t-test values for CCA and PCCA

ICC P (Paired t-Test)

Intra-examiner reliability for PCCA (FY) 0.94 -

Intra-examiner reliability for PCCA (AF) 0.95 -

Intra-examiner reliability for CCA (FY) 0.92 -

Intra-examiner reliability for CCA (AF) 0.94 -

Inter-examiner reliability (PCCA) 0.96 .028

Inter-examiner reliability (CCA) 0.84 .208

PCCA, prioritized commitment-based assessment; CCA, comprehensive clinical assessment; FY/AF, examiners’ initials.
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example, it lacks an appropriate consideration of soft tissue 
changes as a consequence of orthodontic treatments, since 
only the E-line is being considered in the facial analysis. The case 
management section also uses a simple scoring method (0 or 
1), lacking a weighting method to discriminate between higher 
treatment priorities from the lower ones. The PCCA concept may 
be especially used to improve this part of the board qualification 

process and help it achieve greater validity and reliability in 
assessing treatment outcomes.

The CCA was designed at Indiana University as a clinical comple-
ment to the ABO-OGS.6 It includes several factors and raises a 
more comprehensive point of view for outcome evaluation. 
However, this method lacks a condition-specific approach or a 
differential weighting scale applicable in clinical practice. For 
example, either a deterioration in the patient’s profile or the 
mistake of leaving bonding resin remnants on enamel surface 
lead to maximum of 2 points deducted from the total score of 
an orthodontic case. Who can claim that these faults are of the 
same importance?

On the other hand, some authors have questioned the rationale 
of determining an ideal occlusal situation, stating that different 
malocclusions should be assumed as normal variations rather 
than pathologic disorders, and that the orthodontists should 
improve some characteristics of such variations in terms of 
esthetics or function.12,13 Therefore, conducting the assessment is 
based essentially on an ideal standard occlusion without proper 
consideration of other of clinical expertise like ethics, life experi-
ence, patient satisfaction, work habits, and the ability to handle 
stressful situations, response to criticism, and ability to partici-
pate as part of health-care team.14 Therefore, it seems necessary 
to also properly include other aspects of an ideal treatment into 
outcome assessment methods, since the perfect occlusal out-
come by itself cannot be an indicator of optimal treatment. We 
should assess the quality of treatment, or skills of the clinician in 
setting, and the prioritization of appropriate objectives for each 
patient individually and then the clinician’s ability to reach these 
commitments.

A compromised treatment option with less than ideal occlusal 
outcome may be preferred over an ideal plan with considerable 
treatment duration, costs, and risks.15 However, we do not claim 
that the idealistic occlusal indexes should not be used anymore 
or that they are of little value for assessing the outcomes. In fact, 
they should be applied to all cases, but one should also consider 
more comprehensive clinical management assessments.

The PCCA also uses a case-specific weighting system. A certain 
problem in different cases does not necessarily indicate the same 
level of importance. Therefore, the different weightages for each 
row of prioritized problems in the list provide a more accurate 
way for addressing problems and commitments in treatment 
outcome assessment. We suggest assessing the treatment out-
come considering the first 5 priorities, based on the fact that after 
assessing the electronic database of the department, we faced a 
minimum of one problem (e.g., crowding in mild Cl II malocclu-
sion) and a maximum of 7-8 problems; however it seems that the 
main problems in the most severe cases can be summarized to 5.

Another specific benefit of this quality assessment system 
includes the possibility for its use in the early mixed dentition 
for phase I treatment quality assessment. Since there are some 
specific goals in early phase of treatments that are not included 
in the routine overall goals for comprehensive treatments, most 

Figure 2.  Bland–Altman test graphs. (A) CCA for evaluators AF and FY. 
(B) PCCA for evaluators AF and FY. (C) Average for CCA and PCCA.
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of the mentioned grading systems exclude the mixed dentition 
patients to restrict the confounding variables and increase the 
reliability of the method.3,4 However, with the ability to adjust the 
objectives of each phase in the PCCA method, it is possible to 
implement it for these interim treatment modalities as well.

It is clear that the presented method is not a perfect one; 
although the preliminary test of the method showed excellent 
results. As we go toward a more subjective assessment method, 
its reliability may decrease. The main problem with the PCCA 
is the possible differences between clinicians in determining 
treatment priorities in similar conditions. This problem was the 
case in our study, but interestingly, minor differences in set-
ting treatment priorities between 2 examiners had a nonsig-
nificant effect on the inter-examiner agreement. However, strict 
adherence to the soft tissue paradigm, the patient’s chief com-
plaints, and the most deviant aspects of each case of malocclu-
sion might decrease the level of possible heterogeneity in this 
regard. We also found a good linear correlation between PCCA 
and CCA (but not an excellent one). We believe this finding only 
shows different points of view of these methods in assessing 
the cases.

Future efforts should be made to find a solution to increase the 
clinicians’ agreement on developing prioritized problem lists, 
identifying patients’ needs, and providing the best approach to 
address them. This may need several well-conducted clinical tri-
als and meta-analysis studies to develop specific guidelines con-
sidering the costs versus the benefits of any treatment modality 
for various clinical conditions.

As final words, we look at the PCCA as an adjunctive tool for 
assessing orthodontic treatment outcome, but not as the only 
one. The patients may be satisfied when the chief complaint is 
treated, but this does not necessarily mean that the patient is 
free of further possibly progressive risks of poor oral health.

CONCLUSION

The preliminary test on a new PCCA index presented good inter- 
and intra-observer agreements in comparison with the currently 
available comprehensive clinical outcome assessment method.
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Main Points
•	 Except for the Class II camouflage case, the answers indicating the need for orthodontic treatment were higher in all malocclusions. 
•	 Only patients indicated as surgery patients by the orthodontists were chosen for orthognathic surgery by the general dentists, in Class II cases.
•	 The answers indicating orthognathic surgery were high for both surgery and facemask patients, in Class III cases.
•	 The general dentists chose both unesthetic profile and irregular teeth as reasons for surgery, except for the open bite camouflage case. 
•	 The general dentists chose protruded mandible for the Class III case, and retruded mandible for the Class II case, as reasons for orthognathic surgery. 

ABSTRACT

Objective: One of the biggest problems in publicly funded dental clinics is the patient waiting list. The appropriate referral plays a key 
role in avoiding an increase in the number of patients on this waiting list. This study aimed to assess general dentists’ diagnostic skills 
and approaches for different malocclusions.

Methods: A questionnaire was prepared using photos of 8 patients previously treated for different malocclusions. One hundred 
twenty general dentists (83 female, mean age: 24 ± 1.18 years; 37 male, mean age: 24 ± 1.95 years) participated in the survey and 
were asked to decide whether the patient needed orthodontic treatment or orthognathic surgery, and to provide the reason for sur-
gery (irregular teeth, or both unesthetic profile and irregular teeth), and the cause of the unesthetic profile (mandibular protrusion, 
mandibular retrusion, maxillary protrusion, maxillary retrusion).

Results: The answers suggesting the need for orthodontic treatment were significantly higher for all malocclusions except for the 
Class II camouflage case. Of the Class III cases, the general dentists chose orthognathic surgery for both surgery and facemask cases 
(93.1%, 66.4% respectively). For the severe open bite case, orthognathic surgery was chosen with a ratio of 81.2%, and orthognathic 
surgery was decided as not necessary for the mild open bite case (74.8%). Among the surgery cases, mandibular retrusion for the Class 
II case (94.6%), mandibular protrusion for Class III case (95.4%), and maxillary retrusion for the severe open bite case (44.6%) were the 
maximum reported reasons.

Conclusion: The distinction between camouflage and surgical treatment was better made by dentists in Class II and open bite cases 
than in Class III cases.

Keywords: Diagnosis, referral, malocclusion

INTRODUCTION

Malocclusion is a term that defines the deviations from the ideal occlusal relationship. However, unlike the clini-
cians, patients usually demand orthodontic treatment primarily for esthetic reasons, rather than for the actual 
malocclusion. For many centuries, facial attractiveness has been desired as a physical character in almost all 
societies.1 Therefore, a treatment plan should improve facial esthetics to meet the patient’s expectations and cor-
rect the malocclusion, along with any dysfunction. While treating patients with skeletal discrepancies, treatment 
options may include camouflage, functional treatment, or orthognathic surgery, depending on the patient’s 
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age, the severity of the malocclusion, facial esthetics, and the 
patient’s demand.

Measuring the amount of malocclusion and treatment needed 
is important for public health, since the malocclusion and its 
unesthetic outcomes may affect the quality of life, such as psy-
chological development, social skills, etc.2,3 In particular, when 
public funds cover the orthodontic treatment in certain coun-
tries, that information becomes very critical to ensure that all 
social classes have equal access to oral health care. One of the 
biggest problems in publicly funded dental clinics is the patient 
waiting lists. An appropriate referral plays a key role in avoiding 
a longer waiting list, which is time-consuming for both patients 
and the clinicians. A study conducted by O’Brien et al.4 showed 
that up to 45% of the orthodontic referrals could be classified as 
inappropriate.

Many orthodontic indices and methods have been developed as 
measuring tools to identify the treatment need and give priority 
to those who have a greater need for orthodontic treatment.5,6 
The Index of Orthodontic Treatment Need (IOTN), which is the 
most common index, was developed by Brook and Shaw,6 and 
then the esthetic component (AC) of the IOTN was added by 
Richmand et al.7 to classify patients into 3 broad groups: no need 
for treatment; possible treatment need/borderline need; and 
definite treatment need. Several studies show that IOTN and AC 
are reliable indices in the decision-making process.8,9 However, 
there are also missing parts of that index—for example, open 
bite and reverse overjet photos are not included. On the other 
hand, Hunt et al.10 reported in their cohort study that the current 

use of the AC cutoff score does not reflect lay people’s dental 
esthetic expectations. Moreover, although Grzywacz11 reported a 
significant agreement in the AC ratings between the profession-
als and 12-year-old children, they suggested moving the grade 
III-IV cases to “borderline need,” which are normally in the “no 
treatment needed” grade, would be more realistic. In the pres-
ent study, instead of the IOTN-AC index, we prepared a question-
naire with different malocclusion photos, ranging from mild to 
severe, to assess the diagnostic skills and treatment approaches 
of general dentists, and evaluate whether they can diagnose the 
orthodontic problem considering the severity of malocclusion 
and the patients’ age, and direct patients correctly for orthodon-
tic treatment to our publicly funded hospital.

METHODS

In the present study, a questionnaire was prepared using the 
photos of 8 previously treated patients (Figures 1-3), which were 
selected from the archive of Marmara University, Department of 
Orthodontics, Istanbul, Turkey, and their ideal treatments were 
planned by 3 orthodontists according to photographic, model, 
and radiological analyses as Class II functional treatment, Class 
II orthognathic surgery, Class II camouflage treatment, Class III 
facemask treatment, Class III orthognathic surgery, Class III cam-
ouflage treatment, camouflage treatment for mild open bite, and 
orthognathic surgery for severe open bite. The color images were 
converted into grayscale using Adobe Photoshop (CS2 Version 
9.0, Adobe Systems Incorporated, San Jose, CA, USA). The cepha-
lometric values of the patients are given in Table 1. The study was 
approved by Marmara University, Faculty of Dentistry, the Ethical 

Figure 1.  The extraoral and intraoral pictures of the patients with Class II malocclusion.
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Committee of Clinical Research (June 1, 2020, 2020/25, Istanbul, 
Turkey). Informed consents were signed by all of the patients 
whose photographs were used for the questionnaire and by the 
dentists willing to participate in this study.

One hundred twenty recently graduated general dentists (83 
female, mean age 24 ± 1.18; 37 male mean age 24 ± 1.95) took 
part in the survey, and they were asked to evaluate each patient’s 
photos together with the age and decide whether the patient 

needed orthodontic treatment or not. If the answer was “yes,” 
they were asked whether the patient needed orthognathic sur-
gery or not; if the answer was “yes” for this question too, they 
were asked the identify the reason (irregular teeth or both unes-
thetic profile and irregular teeth) for which the patients need 
surgical treatment; and finally, the last question asked them to 
identify the reason, if the profile was unesthetic (mandibular 
protrusion, mandibular retrusion, maxillary protrusion, or maxil-
lary retrusion) (Figure 4).

Figure 2.  The extraoral and intraoral pictures of the patients with Class III malocclusion.

Figure 3.  The extraoral and intraoral pictures of the patients with open bite malocclusion.
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Statistical analysis was performed using IBM SPSS Statistics 22 
(IBM SPSS, Turkey). The chi-square test was performed to com-
pare the data, and the significance level was set at P < .05.

RESULTS

Among all cases, according to the first question asking whether 
orthodontic treatment was needed, the only treatment for which 
there was no significant difference between the answers was 
the Class II camouflage treatment case (treatment was needed, 
57.5%; not needed, 42.5%; P > .05). For all the other cases, the 
ratio of answers describing the need for treatment was signifi-
cantly higher (Table 2).

When the need for orthognathic surgery was evaluated, all the 
results were statistically significant. In more detail, among the 

Class II cases, only the patient indicated as a surgery patient 
by the orthodontists was chosen for orthognathic surgery by 
the general dentists (66.7%) (Figure 5). For Class II camouflage 
or functional treatment cases, the percentages of those who 
reported that there was no need for orthognathic surgery were 
94.2% and 80.9% respectively (Table 2, Figures 6 and 7). Of the 
Class III cases, patients indicated as requiring orthognathic sur-
gery and facemask treatment, the answers regarding the need 
for orthognathic surgery were chosen (93.1%, 66.4% respec-
tively) (Table 2, Figures 8 and 9), and for the camouflage case, 
the answer was that there was no need for orthognathic sur-
gery (62.2%) (Table 2, Figure 10). In the presence of open bite 
malocclusion, the severe case which required orthognathic sur-
gery was answered as “orthognathic surgery needed” (81.2%) 
(Figure 11), and the mild case for which camouflage treatment 
was enough, was described as not needing orthognathic sur-
gery (74.8%) (Table 2, Figure 12).

There was no statistically significant difference only for the open 
bite camouflage case, with respect to the answers given to the 
question of whether orthognathic surgery was needed because 
of irregular teeth, or both an unesthetic profile and the irregu-
lar teeth. In all the other groups, both unesthetic profile and 
irregular teeth were chosen as reasons for orthognathic surgery 
(Table 2).

Mandibular retrusion for the Class II case (94.6%), mandibular 
protrusion for the Class III case (95.4%), and maxillary retrusion 
for the severe open bite case (44.6%) were mostly reported 
(Table 2) as the reason for orthognathic surgery.

DISCUSSION

Many external (hair color, make-up) and internal (skin, teeth 
and lip color) factors may affect the individual’s concept of 
beauty.12,13 Therefore, the color images were converted into gray-
scale in the present study. Black and white photographs have the 

Table 1.  Cephalometric measurements for the patients

Cases
Age 

(years)

Vertical Parameters Sagittal Parameters Dental Parameters

∑  
(°)

FMA 
(°)

Maxillary 
height (°)

SNA 
(°)

SNB 
(°)

N┴A 
(mm) ACB/Corpus

U1-SN 
(°)

IMPA 
(°)

Holdaway 
ratio

Class II surgery 18 400 29 60 78 71 -2 78/78 101 98 8/4

Class II 
camouflage

14 388 27 59 87 81 2 66/70 113 93 5/5

Class II 
functional

15 392 23 59 79 75 1 76/80 108 90 4/6

Class III surgery 19 397 29 60 82 86 -3 71/82 115 74 3/0.5

Class III 
facemask

10 394 30 59 81 83 -2 71/79 105 85 4/2

Class III 
camouflage

17 392 22 59 80 82 -1 71/78 105 91 4/2

Open bite 
surgery

18 412 37.5 65 79 76 2 73/79 106 81 8/2.5

Open bite 
camouflage

13 408 39 63 82 78 2 72/75 100 91 6/3

Figure 4.  An example of the questionnaire
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Table 2.  Evaluation of the answers given for the questionnaire

Class II 
Camouflage  

n (%)

Class II 
Surgery  

n (%)

Class II 
Functional  

n (%)

Class III 
Surgery  

n (%)

Class III 
Camouflage  

n (%)

Class III 
Facemask  

n (%)

Open bite 
Camouflage  

n (%)

Open bite 
Surgery  

n (%)

Need for 
orthodontic 
treatment

69 (57.5) 111 (78.3) 94 (78.3) 116 (96.6) 103 (85.8) 115 (95.8) 111 (92.5) 112 (93.3)

No need for 
orthodontic 
treatment

51 (42.5%) 9 (7.5) 26 (21.7) 4 (3.3) 17 (14.2) 5 (4.2) 9 (7.5) 8 (6.7)

1P NS ** ** ** ** ** ** **

Need for 
orthognathic 
surgery

4 (5.8) 74 (66.7) 18 (19.1) 108 (93.1) 39 (37.8) 77 (66.4) 28 (25.2) 91 (81.2)

No need for 
orthognathic 
surgery

65 (94.2) 37 (33.3) 76 (80.9) 8 (6.9) 64 (62.2) 39 (33.6) 83 (74.8) 21 (18.8)

1P ** ** ** ** ** ** ** **

Unesthetic 
profile and
irregular teeth

4 (100) 74 (100) 16 (88.9) 108 (100) 38 (97.4) 76 (98.7) 16 (57.1) 83 (91.2)

Irregular teeth 0 (0) 0 (0) 2 (11.1) 0 (0) 1 (2.6) 1 (1.3) 12 (42.9) 8 (8.8)
1P * ** ** ** ** ** NS **

Protruded 
mandible

0 (0) 0 (0) 2 (12.5) 103 (95.4) 22 (57.9) 48 (63.1) 3 (18.8) 28 (33.8)

Retruded 
mandible

4 (100) 70 (94.6) 8 (50) 0 (0) 0 (0) 2 (2.7) 3 (18.8) 9 (10.8)

Protruded 
maxilla

0 (0) 3 (4.05) 6 (37.5) 1 (0.9) 1 (2.6) 0 (0) 5 (31.2) 9 (10.8)

Retruded 
maxilla

0 (0) 1 (1.4) 0 (0) 4 (3.7) 15 (39.5) 26 (34.2) 5 (31.2) 37 (44.6)

1P ** ** * ** ** ** NS **

1Chi-square test.
*P < .05,**P < .01.
NS, not significant.

Figure 5.  Distribution of the answers given to the Class II orthognathic surgery case by the general dentists
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Figure 6.  Distribution of the answers given to the Class II camouflage treatment case by the general dentists

Figure 7.  Distribution of the answers given to the Class II functional treatment case by the general dentists

Figure 8.  Distribution of the answers given to the Class III orthognathic surgery case by the general dentists
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Figure 9.  Distribution of the answers given to the Class III facemask treatment case by the general dentists

Figure 10.  Distribution of the answers given to the Class III camouflage treatment case by the general dentists

Figure 11.  Distribution of the answers given to severe open bite orthognathic surgery case by the general dentists
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advantages of objectivity and simplification of facial esthetics by 
discarding those factors, and ensures that the participants can 
answer only by focusing on the profile and the malocclusion 
without being affected by other characteristics.

In dentistry, orthodontic patients are usually referred to ortho-
dontists for treatment. In some countries, the government cov-
ers orthodontic treatment financially only in public hospitals, 
which creates long waiting lists. To ensure equity in all social 
classes and to minimize waiting lists, appropriate referral plays 
an important role. O’Brien et al.4 showed that up to 45% of the 
orthodontic referrals could be classified as inappropriate. It is 
suggested that referral guidelines can help general dentists to 
select suitable patients for referral to a specialist.14 However, 
O’Brien  et  al.15 reported that referral guidelines did not signifi-
cantly influence the behavior of the general dental practitioners. 
Orthodontic referrals usually come from pediatric and general 
dentists. While orthodontists receive additional education to 
diagnose and treat different dental and skeletal malocclusions, 
the education of general dentists in orthodontics is only limited 
in dental school.16 All practitioners are advised to know treatment 
possibilities and the correct timing of application for orthodon-
tic malocclusions.17 In West Sussex, 52% of the general dentists 
could diagnose orthodontic treatment needed; however, only 
20% of them were able to decide the appropriate referral time.18 
Similar to their results, Chew and Aw19 reported that the majority 
of the referred patients did need treatment; however, many of 
these patients were too young for the orthodontic treatment. In 
their sample, about 40% of the subjects were in the mixed denti-
tion stage when referred, and only about 16% of these children 
were indicated for interceptive treatment in the mixed dentition 
stage.19 Many other studies show a high level of agreement in 
terms of an accurate orthodontic diagnosis among pediatric 
dentists, general dentists, and orthodontists.20-22 Petersen and 
Dahlström23 also concluded that general dentists and orthodon-
tists rated IOTN from intraoral photographs in a similar way.

On the contrary, in a study that evaluates orthodontic knowl-
edge of undergraduates in British dental schools, 75% did not 

expect their new graduates to be able to plan orthodontic treat-
ment. They believed that undergraduate education should be 
focused on the diagnosis of a malocclusion, rather than treat-
ment planning.24 In another study, a poor agreement was found 
in profile identification between the clinicians, and the first-year 
dental students, third-year dental students, and patient groups.25 
Heath et al.26 reported that perceptions of case complexity were 
similar between orthodontists, general dentists, orthodontic 
residents, and dental students for patients in mild cases, how-
ever orthodontic training influences the ability to recognize case 
complexity in moderate to severe cases. Their results also showed 
that most professionals believe that they had inadequate orth-
odontic training during their undergraduation studies. Similarly 
to Heath et al.26 another study showed that the perceived treat-
ment needs for normal occlusion to mild maxillary protrusion 
were not related to the level of expertise; however, for moderate 
to severe maxillary protrusion, the perceived treatments were 
different among dental students, residents, and orthodontists.27 
In the present study, we believed that the recently graduated 
general dentists would be able to diagnose dental and skeletal 
malocclusions with all their complexities as the orthodontists do, 
and decide on the treatment type according to the severity of 
discrepancy, patients’ age, and the jaw that was the source of 
the problem. 

One hundred twenty general dentists participated in our survey. 
Although the ratios of male and female participants were dif-
ferent, studies have shown that there was no significant differ-
ence between the male and female participants regarding their 
perceptions.23,28

In the literature, there are studies reporting the differences 
between professionals and lay people in the perception of dental 
esthetics using the AC assessments.10 Furthermore, the fact that 
the IOTN-AC index does not include the open bite and reverse 
overjet photos is a major omission. Therefore, in our study, a 
special questionnaire was used instead of the ICON-AC index, in 
order to assess whether general dentists are able to diagnose the 
malocclusions directly according to the type of malocclusion, 

Figure 12.  Distribution of the answers given to mild open bite camouflage treatment case by the general dentists
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severity, and patients’ age, instead of trying to compare patients 
to 10 photos, as in the ICON-AC index.

According to our results, for all cases except the Class II cam-
ouflage case, answers describing the need for orthodontic 
treatment were significantly higher; which coincided with the 
orthodontists’ plan in the present study and also with the lit-
erature findings.20-22 Among the Class II cases, only the patient 
indicated as requiring surgery by the orthodontists was cho-
sen for orthognathic surgery by the general dentists (66.7%); 
camouflage and functional treatment patients were indicated 
for orthodontic treatment at only 94.2%, and 80.9%, respec-
tively. This result might be explained by the increased knowl-
edge about the functional treatment in Class II cases among 
the general dentists in the present study, as it was reported by 
Aldrees et al.,20 that pediatric and general dentists suggested 
functional appliances more than the orthodontist did for early 
treatment. Of the Class III patients, the need for orthognathic 
surgery was chosen for both patients indicated as orthogna-
thic surgery and facemask treatment, with a ratio of 93.1% and 
66.4% respectively. These results might be explained by the 
literature findings of studies conducted in different countries, 
showing that the profiles in the range of Class II patterns are 
more favorable than the Class III pattern.28,29 This trend was 
also observed in those who needed surgical treatment. Profiles 
with mandibular prognathism have a more limited acceptable 
range. Soh  et  al.30 reported that overjet was the major occlu-
sal trait that influenced perceptions of dental esthetics; the 
greater the reverse overjet, the lower the dental esthetic rat-
ings given. Hamdan  et  al.31 concluded that Class III malocclu-
sion has a greater esthetic impairment compared to the open 
bite, and Abu Alhaija and Al-Khateeb32 also reported that severe 
reverse overjet is esthetically more unacceptable. Furthermore, 
in their study, Aldrees et al.20 showed that compared with the 
orthodontists, the pediatric dentists and general dentists did 
not select facemasks with a high frequency. These situations 
might be the reason why the general dentists in our study rec-
ommended orthognathic surgery more for the Class III patients 
than the Class II patients, and also for those who could be 
treated with a facemask appliance. In the presence of open bite 
malocclusion, general dentists preferred orthognathic surgery 
for severe cases, and the camouflage treatment for mild cases, 
with ratios of 81.2% and 74.8% respectively. Our findings coin-
cided with the literature findings which showed that mild open 
bite that could be treated orthodontically was more accept-
able for both laypeople and dental professionals; according to 
given scores, while mild open bite was in the “no need for treat-
ment or borderline need” category, severe open bite that was 
beyond the orthodontic limits was considered as esthetically 
unacceptable.32

General dentists reported that an unesthetic profile and irreg-
ular teeth were the reasons necessitating orthognathic sur-
gery, except for the mild open bite case in the present study. 
Among the orthognathic surgery cases, mandibular retrusion 
was determined as a reason for Class II malocclusion by the 
orthodontists, which coincided with the general dentists’ 
results (94.6%). In addition, Class III malocclusion occurred 

due to maxillary retrusion; however, general dentists chose 
mandibular protrusion as the reason for orthognathic surgery 
(95.4%). 

In the present study, only Class II, Class III, and open bite cases 
were used for assessment among the group of recently gradu-
ated general dentists who would start to refer orthodon-
tic patients to specialists as a part of their future clinical lives. 
However, it is also known that the ability to diagnose a case may 
increase with experience. Therefore, further studies with larger 
sample sizes from different levels of expertise would also con-
tribute to the literature. 

CONCLUSION

•	 No significant difference for the Class II camouflage case was 
found in terms of the need or not for orthodontic treatment.

•	 For Class III patients, the general dentists indicated the need 
for orthognathic surgery for both the orthognathic surgery 
patients and the facemask treatment patients.

•	 While the general dentists chose camouflage treatment for 
the mild open bite case, they chose orthognathic surgery for 
the severe open bite cases.

•	 Both the unesthetic profile and irregular teeth were chosen 
as the reasons for orthognathic surgery. Mandibular retrusion 
for Class II patients (94.6%), mandibular protrusion for Class III 
patients (95.4%), and maxillary retrusion for open bite surgery 
cases (44.6%) were the most reported.
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Main Points
•	 As the availability and efficiency of aligner fabrication technology evolves, and with the increasing demand of patients, it seems that most 

orthodontists are going to use aligners in everyday operations.
•	 In-house production of aligners has 3 big advantages for the clinician: price, delivery timing, and doctor’s time.
•	 A large amount of time-consuming tasks in producing aligners may be delegated to a dedicated dental staff.

ABSTRACT

As digital dentistry is evolving, contemporary orthodontics is embracing clear aligners as a tool more than ever before. On the other 
hand, aligners are being marketed to patients by aligner companies in every way that is possible. The demand of the end user and the 
pursuit of the orthodontist toward less chair time has made aligners popular in the last decade. As the price for having all machinery 
needed to fabricate aligners has decreased, orthodontists may choose to fabricate aligners in-house. In-house fabrication will bring 
advantages in the price, delivery time, and doctor’s time if it is done correctly.

Keywords: Clear aligners, 3D printing, fabrication

INTRODUCTION

As we are all being educated on esthetics by all kinds of media, there is an increasing demand for esthetic cor-
rections of the face and teeth. Besides the demand for esthetic teeth, there is also a demand for more esthetic 
options in orthodontic corrections. With the help of recent advances in dental technology, orthodontic treat-
ment of mild to moderate degree can be performed successfully with clear aligners. As dentistry and ortho-
dontics go digital, the methods used to design and fabricate aligners have changed drastically, including the 
utilization of new CAD-CAM technology to make production easier. On one hand, the availability of 3D technol-
ogy has increased, while on the other hand, the price for the 3D technology utilized for the production of align-
ers has decreased, so much so that the aligners can be produced in-house or, in other words, in our own clinics.

IN-HOUSE PRODUCTION STEPS: FILAMENT VS. RESIN

A 3D model can be obtained using either a filament or a resin material. When using the filament, models are pro-
duced using FDM (Fused Deposition Modeling) printers. The main advantage of the filament model is that it is 10 
times more economical than the resin model.1 Another important advantage of the filament model is that it can 
be used immediately after the printing process. As for the resin models, postprocessing is needed after the print-
ing process. It includes alcohol washing and light curing of the model. Resin models are built with resin rising in 
a resin tank, and because of this, the surface of the model is covered with resin following the procedure. Washing 
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removes the resin from the outer surface of the 3D model, which 
takes approximately 15 minutes. A  clinician may do the clean-
ing in 3 ways: she/he may rinse the model manually by using 
a plastic box to shake the model in a rinsing solution, with the 
cap tightly closed. Second, she/he may use an ultrasonic cleaner 
manufactured for the dentistry or jewelry industry. Third, she/he 
may use a cleaner manufactured specifically for aligner produc-
tion. All 3 methods can be utilized for successful cleaning.

Curing and Labeling
The resin model is built by light curing of the resin, layer by layer. 
Therefore, following the printing process, the resin model is not 
absolutely cured. There is a need for a final light curing. For final 
curing, the models should be cured for approximately 30 min-
utes under ultraviolet light. After final curing, the models are 
ready for the aligner forming procedure. All models should be 
labeled before exporting the STL files from the software because 
models at different stages of treatment of various patients may 
be printed on the same table simultaneously. Labeling is an easy 
procedure: a custom text is placed in a convenient site on the 
model to be embossed or engraved at a chosen depth and font 
size with the help of the software. However, the formed aligners 
would not have labels if the labeling number were not on the 
teeth; so while trimming and polishing, there is a risk of putting 
the aligner in the wrong box. (The clinician may put the label on 
a surface of a tooth, but this causes difficulty while removing the 
aligner and may also cause discomfort because of the irregular 
surface of the label.) Therefore, the person trimming the aligners 
should put the aligners on the models that they belong to but 
should not totally fit the aligner to the model. Fitting and remov-
ing the aligner multiple times on the model before packaging 
may deform the aligner.

Plastic Foils to Fabricate Aligners
There are a few types of plastic foils fabricated for aligner pro-
duction. These are polyurethane derivatives, PET (polyethylene 
terephthalate), and PET-G derivatives. Companies are focused on 
improving the qualities of the plastic foils in terms of elasticity, 
durability, and resistance to coloring and microcracking under 
force and oral environment. There is no consensus among the 
orthodontists regarding the number of days before the patient 
begins to wear the next aligner. Some orthodontists claim that 
they use some kind of tooth movement acceleratory device or 
method to enable their patients change aligners every 3 days.2 
Some ask their patients to change the aligners every 7, 10, or 15 
days depending on their daily wear time. Studies confirm that 
the aligners exert force on the teeth for 48 hours, and after that, 
the force decreases rapidly to a minimum. When the patient 
changes the aligner, the same cycle continues. The elasticity of 
the material is experimented in vitro in many studies.3,4 However, 
till now there is no study in the literature that compares the 
effect of material composition of the plastic foil on treatment 
efficiency or treatment duration.

In-house production of aligners has 3 big advantages for the 
clinician: (1) price, (2) delivery time, and (3) doctor’s time.

THE FIRST ADVANTAGE OF IN-HOUSE ALIGNERS

When the clinician produces her/his own aligners, the price of the 
aligners is very economic compared with the price of the align-
ers bought from companies. If the clinician is producing her/his 
own aligners, the cost of 1 single aligner comprises the cost of a 
3D model print plus the plastic foil cost. When it comes to costly 
software, the numbers of software to be used for the purpose 
of aligner fabrication are increasing, which means that prices 
are going to decrease rapidly in the near future. Furthermore, 
besides buying a license for a year, monthly or case-based 
choices for payment are available. Also, the prices of 3D printers 
are more attainable every year, again due to an increase in the 
availability of 3D printers. Besides expensive printers, there are a 
vast number of more reachable models. Lastly, the thermoplas-
tic aligner forming machine is already present in a lot of clinics, 
where the orthodontists are already into fabricating orthodontic 
appliances.

THE SECOND ADVANTAGE OF IN-HOUSE ALIGNERS

Duration is the second advantage, which means that the clini-
cian can deliver the aligners very fast. After the digital scanning 
of patients’ teeth, digital setup takes approximately 30 minutes 
for a moderate case. In an easy case where the molars do not 
move, it takes about 15 minutes for setup.

The advantage of the procedure is that some of the most time-
consuming steps can readily be delegated to a staff member, 
following a short education. There is an increase in the number 
of software available in the market. The principles and work 
sequence are nearly the same for all these software packages. 
The first step is the preparation of the model, which includes 
loading of the models, orientation, cutting excess data, filling 
the gaps in the models, and marking the teeth. This is a proce-
dure that should always be carried out in the same way, without 
any need for orthodontic expertise by dental staff. The second 
step is the digital setup where the clinician constructs the treat-
ment plan (aligns the teeth on the arch form suitable for the 
patient, determines the movement sequence and speed, puts 
the necessary attachments, and determines the need for IPR, 
elastic wear, etc.). The last step is the exporting of the digital 
setup models, which includes labeling and deciding the height 
of the models, which can also be done by a dental staff. As tech-
nology evolves, in the upcoming versions of the aligner soft-
ware, the first and third stages, carried out in the same way, 
such as model preparation and exporting will be done by the 
software. In the near future, besides self-segmentation and 
exporting, autoalignment is going to be a new feature of the 
aligner software.

With the use of a DLP printer, it takes approximately an hour to 
get 3 models at a time. Postprocessing takes about 30 minutes. 
Vacuum or pressure forming of the aligners takes about 5 min-
utes for each aligner. To summarize, a clinician can deliver the 
aligners to patient in the same day taking impressions.
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THE THIRD ADVANTAGE OF IN-HOUSE ALIGNERS

Contrary to general belief, when aligners are fabricated in the 
clinic, the clinician spends less time compared to ordering the 
aligners from a company. When produced in-house, it takes a 
total clinician time of 15 to 30 minutes for obtaining the series of 
digital setup models for the case. Next is the printing of the 3D 
models and the forming of the aligners from thermoplastic foils, 
which will be handled by the clinic staff. Forming and trimming 
of the aligner from the plastic foil is a standard procedure, which 
can be easily done successfully by an educated staff member. 3D 
printers have user-friendly manuals, and the printing procedure 
can also be done by the staff. When compared with the aligners 
produced by a company outside of the clinic, 1 big advantage 
of in-house aligners is that the clinician quickly makes the align-
ing and staging which is in his mind instead of writing a recipe 
to the company technician, who is most of the time not even a 
dental technician. Depending on the company, sometimes this 
technician may not even know the basic rules of dental align-
ment. If the clinician is making her/his own digital setup, there 
will be no digital setup evaluation process sent by the company 
or modifications that should be evaluated repeatedly. Another 
big disadvantage when working with companies is that the clini-
cian cannot decide when the digital setup would be ready for 
a submitted case. Even if the company has a message system 
that alerts the clinician that the digital setup plan is ready to be 
evaluated, it may not be a suitable time for the clinician. Also, 
it is not guaranteed that the digital setup treatment plan sent 
by the company will be the final one. As a whole, the clinician 
has a complete time control on the procedure when an in-house 
aligner system is used.

While constructing a system for fabricating the aligners in-house, 
for the safety of all the steps and for the continuity of the system, 
the clinician should learn and practice all the steps in detail—
including the tips and tricks—and have full control on the pro-
cedure. At any stage of the fabrication, when something does 
not work, it should be the clinician who will be diagnosing and 
solving the problem in order to conduct a healthy procedure.
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Main Points
•	 It is favorable to modify the location of elastics by changing the teeth used for elastic wear as treatment progresses, for distalization with aligner 

therapy.
•	 Torquing of maxillary incisors, amount of crowding, overbite, overjet, and amount of retraction of maxillary and mandibular incisors are the factors 

that play an important role in staging OTM for space closure with aligners. 
•	 The tendency for underperformance of aligners for intrusion, extrusion, and rotational correction can be overcome by performing overcorrection 

during the staging of OTM.

ABSTRACT

The recent trend in orthodontics has shown an increased shift toward aligner therapy. For years, orthodontists have used fixed pread-
justed appliances for orthodontic treatment. Even though fixed appliances have been highly efficient in the treatment of orthodontic 
malocclusions, they are not as esthetic as clear aligners. The purpose of this article is to review the staging of orthodontic tooth 
movement (OTM) with aligner therapy.

Keywords: Aligner therapy, preadjusted edgewise appliance, complex orthodontic tooth movement

INTRODUCTION

Orthodontic treatment has experienced a shift in the market, with an increasing demand for aligners.1-3  The main 
benefit of aligner therapy is the superior esthetics and the use of appliances that are removable, compared to 
fixed orthodontic appliances. This makes it an attractive option for adult orthodontic patients. However, a limita-
tion of aligner therapy is the lack of predictable and efficient orthodontic treatment for complex malocclusion. 
Aligners have been reported to be less effective in certain orthodontic tooth movements (OTMs) such as torqu-
ing, extraction space closure, intrusion, and rotations.1,4,5

Aligner therapy works by sequentially moving the teeth in small amounts with consecutive aligners to reach 
to the final orthodontic outcome. The technique of moving the teeth with successive thermoplastic appliances 
worn consecutively by the patient was contributed to the orthodontic community by Kesling.6 However, in 
the late 1990s, with the launch of Invisalign aligners by AlignTechnology, aligners gained more popularity and 
changed the landscape of the orthodontic market. Using CAD/CAM in the production technology, aligners could 
be manufactured at a much faster pace than before. However, there have been controversies in the utility of 
aligners in the treatment of severe or complex malocclusions. Some proponents of aligner therapy have sug-
gested the use of aligners for complex tooth movements such as orthodontic space closure, distalization, and 
intrusion. However, some others suggest using it for orthodontic treatment of mild malocclusion.7,8
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An important aspect in the success of aligner therapy is the stag-
ing of the OTM with the aligners. Owing to the lack of literature 
on the staging of OTM with aligners, most clinicians base their 
interpretations on expert opinions. Thus, there is an unmet need 
for more information on the topic of staging OTM with aligners. 
With an increasing number of orthodontic aligner manufactur-
ers jumping into the orthodontic market, and the constantly 
evolving nature of aligner materials, attachments, and mechan-
ics, it is important to evaluate the current information regarding 
aligners and staging for complex tooth movements. Thus, this 
review is conducted to establish the staging of OTM and how to 
maximize the efficiency of OTM with aligners.

Staging of OTM
Staging of OTM refers to the breakdown of the intended move-
ment of teeth in a sequential manner with aligners. The impor-
tance of this concept lies in understanding OTM principles and 
their application. Aligners serve as a tool to achieve OTM, but the 
basic principles of OTM remain the same as in fixed preadjusted 
appliances. The current review will address some of the core 
principles of OTM with fixed preadjusted edgewise appliances 
(PEA) and aligners, and clinical modifications to achieve efficient 
OTM with aligners. 

General Concepts
The staging of OTM refers to the sequential movement of the 
teeth with the aligner trays. The tooth that is moved the most is 
known as the leading tooth. It is the staging of the leading tooth 
that determines the total number of aligner trays. The degree of 
movement of a tooth with each tray determines its velocity in 
terms of staging. While staging the OTM, some teeth may require 
only linear movements, other teeth may require only rotational 
movement, while some may require both linear and rotational 
tooth movements. Thus, the linear and rotational velocities of 
the teeth may be staged separately. All the teeth included in the 
staging with aligner therapy are moved simultaneously. This con-
cept is similar to that with PEA, where all the teeth that are brack-
eted move with the insertion of the wire. Although, the degree 
of movement of the teeth may be different, It has been reported 
in the literature that slowing down the tooth movements may 
lead to better tracking and predictability of treatment with 
aligners.8-10 The leading tooth is the tooth that requires the most 
stages or aligner trays to achieve the predicted tooth movement. 
Thus, the staging of OTM with aligners can be carried out such 
that the velocity of tooth movement for the teeth other than the 
leading tooth can be slowed down to achieve better expression 
of tooth movement.

Distalization with Aligner Therapy
Distalization with aligners can be achieved with the sequential 
movement of the posterior teeth. For example, if the second 
molars are present, then the second molars are distalized first, 
followed by the first molars, followed by the premolars, and so 
on.11 Newton’s third law states that there is an equal and oppo-
site reaction to an applied force, and this applies to both fixed 
preadjusted appliances and aligners.12 It is important to under-
stand that just as in a conventional distalization appliance such 
as pendulum, distal jet, etc., the proclination of anteriors may 

occur due to the forward direction of force on the anterior teeth 
(opposite to the distalizing force on the posteriors).13

The concept of reinforced anchorage states that when multiple 
teeth are pitted against a single tooth, the magnitude of the side 
effects is diluted because the force gets distributed over multiple 
teeth.14 The model of sequential distalization takes advantage of 
this principle. Thus, when the second molars are distalized, the 
first molars and all the teeth anterior to it on both sides act as 
the anchor unit.15 This leads to fewer side effects on the anterior 
teeth. In addition, the wearing of elastics, and change in posi-
tion of the elastics as the orthodontic treatment progresses, help 
in reinforcing anchorage. It has been shown that the maxillary 
first molar can be distalized effectively with aligners in combina-
tion with intermaxillary elastics by 2.25 mm, without significant 
effects on the vertical dimension.11 When sequential orthodontic 
distalization is done for second molars and first molars, the Class 
II elastics can be worn from the mandibular first molars to the 
maxillary second premolars to serve as an additional anchorage 
to prevent flaring of the maxillary anterior teeth.11,16 The position 
of the elastics can be changed to a normal Class II elastic from 
the mandibular molar to the maxillary canine when the second 
premolars and first premolars are distalized. Thus, rather than 
just applying distal force on all the maxillary teeth at the same 
time, proper planning and staging of force application and direc-
tion can help in preserving anchorage and treating Class II mal-
occlusions, with esthetic results.

Space Closure with Aligner Therapy
Space closure mechanics with aligners need detailed planning 
because of the complexity of OTM involved in space closure. 
Aligners apply intermittent forces, as they are removable orth-
odontic appliances. Thus, tipping is easily accomplished with 
aligners, but bodily movement is difficult.17 Orthodontic space 
closure often requires translation movement of the teeth in 
order to achieve parallel root positioning of teeth adjacent to 
the extraction space. Furthermore, it is important to maintain 
the torque of the maxillary anterior teeth in extraction cases.18 
However, the torquing control with aligners is poor. It has been 
reported that imprecision in the torquing aspects of maxillary 
incisors ranges from 0.5° to 8.5°.19 This is a wide range, and an 
imprecision of 8.5° may lead to considerable lingual tipping of 
the maxillary anteriors. Inadequate torque control in extraction 
cases can lead to consequences such as poor esthetics, running 
out of overjet before complete space closure, increased maxillary 
incisor gingival display due to lingual tipping, and extrusion.19,20

The use of the torquing auxiliaries follows the same principle 
as that of progressing to a heavy archwire such as a 19 × 25 SS 
wire in fixed preadjusted appliances, to fill the slot before space 
closure and incisor retraction. In a PEA, the torquing of the arch-
wire due to the couple generated from the interaction of the 
bracket and wire slot helps in maintaining incisor torque dur-
ing the retraction. The same concept should be applied to the 
aligner system as well. However, it has been reported that the 
moment/force (M/F) ratios achieved with aligners are not the 
same as with fixed orthodontic appliances.21 Previously, it has 
been reported that the accuracy for the torquing movements 
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with aligners was less than 51.5%.22 However, in more recent 
studies, there are conflicting findings on the accuracy of the 
torquing movement with aligners. While some authors have 
reported torquing accuracy to be as high as 72.9%, others have 
reported lower accuracy for torquing movements, at around 
56%.19,23 Thus, to produce adequate torquing of incisors with 
aligners, the authors recommend prescribing overcorrection 
during the staging of orthodontic treatment. For the incisors, 
power ridges can be added to enhance the torque.19 However, 
it should be noted that due to the couple generation, power 
ridges and torquing lead to some intrusive effects on the max-
illary incisors. Additionally, the attachments when bonded to 
maxillary anteriors can lead to unesthetic appearance and can 
be an issue with adult patients.24 The torquing of the incisors 
can be staged to take effect at the same time as the incisor 
retraction takes place. In clinical experience, the authors usu-
ally start the torquing 2-3 trays before the incisor retraction. 
This additional torquing of maxillary incisors can help to pre-
vent the uncontrolled lingual tipping during retraction and 
avoid issues such as running out of overjet prior to the comple-
tion of space closure. Additionally, the authors, in their clinical 
practice, also modify the prescription with an additional distal 
crown tip on the posterior teeth––the second premolars and 
first molars and second molars––if present (in first bicuspid 
extraction case), before the space closure. The purpose of this 
feature is to reduce the mesial tipping of the molars during 
the space closure. These prescriptions of additional torquing 
of maxillary incisors and the distal crown tip of the maxillary 
posterior teeth during the staging of space closure can help in 
decreasing the roller coaster effect, namely posterior open bite, 
incisor extrusion, and anterior deep bite during the retraction.

Cases with moderate to severe crowding, such as blocked-out 
canine or discrepancies exceeding 8 mm may be considered a 
better option to resolve with extraction therapy with aligners, as 
a significant amount of extraction space will be used in resolv-
ing the crowding. A recent study reported that mild to moder-
ate crowding of less than 6 mm was successfully resolved with 
non-extraction therapy with aligners, without excessive pro-
clination of the incisors. However, non-extraction orthodontic 
treatment for patients with crowding of more than 6 mm led to 
excessive proclination of the incisors.25 Thus, with sound clinical 
judgment and appropriate diagnosis, extractions may be indi-
cated in the treatment of patients with severe crowding, using 
aligners. Typical extraction patterns in orthodontic treatment 
include maxillary and mandibular first or second premolars.14,26 
As the average size of maxillary first and second premolars is 7-8 
mm, the extraction leads to space of approximately 15 mm in 
the upper arch. In a case with 10 mm crowding, if extractions are 
performed, the amount of space remaining after the crowding 
is resolved is less than 5 mm. The control of torquing of anterior 
teeth may be expected to be better in such small spaces than 
in a case with mild crowding requiring 15 mm of space closure 
with retraction of anterior teeth. However, in such cases, there 
are still challenges regarding alignment, rotational correction, 
and mesiodistal tipping movements with aligners, which can 
be managed to a satisfactory degree by building overcorrection 
into the aligners during the staging process.4,23

The staging of OTM for extraction cases should be performed 
after taking into consideration the overbite, overjet, and dental 
and skeletal malocclusion. Patients with Class II Division 1 mal-
occlusion tend to have proclination of the maxillary anteriors, 
increased overjet, and deep overbite.14 In such cases, the over-
bite correction should be performed simultaneously while stag-
ing the orthodontic space closure.27 If there is an increased Curve 
of Spee in the lower arch, the Curve of Spee should be flattened 
by extrusion of posteriors, intrusion of anteriors, or a combina-
tion of the 2 (most common approach).28 Bite turbos can be used 
with aligners to enhance the bite-opening effect with a com-
bination of intrusion of mandibular anteriors and extrusion of 
posteriors. At the same time, the maxillary space closure should 
be staged to retract the canines and the incisors.28 There is a ten-
dency for the canines to have a distal crown tip while performing 
retraction of canines, which leads to a mesial root tip. This ten-
dency can be counteracted by adding the anti-tip attachments 
while staging the retraction. The anti-tip attachments can help 
to generate moment to cause distal root tipping of the maxillary 
canines while the force is delivered to the canines to move them 
distally.27 However, the complete expression of the mesio-distal 
tip programmed into the aligner system is not always achieved. 
The imprecision of the canine mesiodistal tip has been reported 
to range from 0.6° to 5°.19 Thus, it may be helpful to build-in an 
additional distal root tip or mesial crown tip in the canine while 
staging the retraction of the maxillary canine. The authors rec-
ommend adding 5° to 10° of mesial crown tip in the canine to 
be expressed throughout the staging of the canine retraction. 
In extraction cases, a critical aspect in the staging of OTM is the 
use of elastics. It has been suggested that elastics worn from the 
initial stage of OTM can help to reduce the treatment time and 
achieve better correction of overjet and anteroposterior discrep-
ancies such as Class II subdivision malocclusions.29

Intrusion and Extrusion with Aligner Therapy
An analogy of intrusion and extrusion mechanics with fixed pre-
adjusted appliances can help to understand the biomechanics 
with aligners. It has been reported that segmental arch mechan-
ics with PEA can lead to true intrusion of incisors, ranging from 
1.5 mm to 1.9 mm.30 However, with a continuous archwire, true 
intrusion is rarely achieved because of the difficulty in guiding 
the intrusion force through the center of resistance of the inci-
sors. The Burstone intrusion arch may help to direct the force 
distal to the lateral incisor so that it is closer to the center of resis-
tance of the maxillary incisors.31 However, the general consensus 
is that an intrusion greater than 1-2 mm is difficult to achieve 
without the use of a temporary anchorage device (TAD).14,30-32

With aligner therapy, it has been reported that anterior intru-
sion is inefficient.3,23 Recent studies have reported maxillary 
incisor intrusion to be around 33%.23 The main mechanics for 
the overbite correction in patients with deep overbite has been 
found to be the proclination of mandibular teeth.33 The combi-
nation of intrusion of maxillary incisors and extrusion of man-
dibular molars also plays a role in resolving the deep overbite 
with aligner therapy.33 Thus, the authors recommend building all 
3 aspects into the staging, such as proclination of teeth, maxil-
lary and mandibular incisor intrusion, and extrusion of posterior 
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teeth, to achieve effective bite-opening in patients with deep 
overbite. However, some posterior intrusion usually occurs with 
aligner therapy, and thus posterior open bite is a typical side 
effect observed with aligner therapy.34 This may occur due to the 
intrusion of posterior teeth due to the thick layer of thermoplas-
tic appliance between the maxillary and mandibular posterior 
teeth, resulting in a “bite-block” effect. However, in most cases, it 
is not a major concern and can be corrected easily with elastics. 
In cases with mild anterior open bite, the posterior intrusion can 
be helpful in closing the bite and achieving proper overbite.35 
Thus, aligners have a contrasting effect on bite closure, com-
pared to fixed appliances which tend to open the bite slightly 
with continuous archwire mechanics.9,35

On the other hand, recent studies have suggested that extrusion 
of incisors is a more predictable movement than intrusion.23,34,36 
Traditionally, aligners were considered to be poor at performing 
extrusive movements, but with evolving mechanics and a bet-
ter understanding of aligner mechanics, extrusion can now be 
achieved more predictably.10,23,36 Some studies have suggested 
that when the intrusion of posterior teeth was planned with 
aligners, anterior teeth extrusion occurred as a side effect.33 Thus, 
in order to close an anterior open bite, if a significant posterior 
intrusion is desired with aligners, then a treatment plan with 
TAD must be taken into consideration.37,38 For Non-TAD-based 
mechanics, the tendency for incisor extrusion should be recog-
nized and should be included in the staging. Aligners may be 
helpful in closing a dental open bite where the patient does not 
present with adequate incisor display, by incisor extrusion.

Rotational Correction with Aligner Therapy
Rotational movements are not easily achieved with fixed braces 
or aligners. In a preadjusted appliance, the engagement of the 
wire into the bracket helps to generate the couple necessary to 
generate rotational movement.39 With aligners, such a couple is 
difficult to achieve. The rotational accuracy of the tooth move-
ment is reported to be low with aligners.23 The highest accuracy 
for rotation with aligners has been reported for maxillary central 
and lateral incisors, which is still less than 51%.10,23 Thus, this ten-
dency of underperformance of aligners for rotational correction 
of teeth should be taken into consideration while staging OTM. 
Specific resin attachments to generate the opposite forces with 
aligners for rotational correction may help in achieving better 
rotational control for canines and premolars.4 The correction of 
the rotations of mandibular molars is found to be more accurate 
with aligners than premolars. One reason for this can be that the 
mandibular molars are not as rounded as premolars and have 
more surface area, therefore the aligners can fit the tooth bet-
ter to deliver the required forces. Furthermore, the higher the 
degree of rotation of the tooth, the harder it is to achieve the 
complete rotational correction.22,23 To overcome this tendency, it 
has been suggested to do overcorrection of the rotated teeth by 
10% (11/10 rule) or by a 5° overcorrection beyond ideal position, 
to achieve better results with rotational movements using align-
ers.40 Thermopliers can be a useful adjunct in aligner cases with 
significant rotations.40 Recent studies have found that the accu-
racy of rotational correction with aligners is higher for maxillary 
premolars than maxillary canines.41 In addition, the directionality 

of rotation, especially for canines, has also been reported to 
have an effect on the accuracy of the rotational correction. For 
example, for maxillary canines, mesial rotation can be performed 
relatively better and with higher accuracy of 52%, compared to 
the distal rotation, which has a lower accuracy of 37%.23 Thus, a 
higher degree of overcorrection can be prescribed for rotational 
movements of maxillary canines than premolars, and specifically 
for distal rotation. Overall, it is a general consensus that the accu-
racy of the rotational correction is poor, and thus overcorrection 
even greater than 10% may be required to achieve complete 
derotation.15 The authors recommend the overcorrection to be 
about 20%, and that slowing down the rotational movements 
to about 1° per aligner tray while staging can achieve better 
rotational correction, as it has been shown in previous studies 
stating that increasing the amount of rotational movement to 
more than 1.5° per aligner tray leads to decreased accuracy.22 
Additionally, when staging the OTM for correction of rotations, 
overcorrections should be built-in toward the end of the treat-
ment so that other predictable movements have been achieved. 
When the overcorrection trays are used for rotational correc-
tion, the aligner trays often stop tracking, and thus building the 
overcorrection during the end of treatment ensures successful 
completion of OTM for other teeth.

OTM depends on multiple factors. Various parameters such 
as the crown anatomy, root length, dilacerations, the density 
of alveolar bone, age, and sex of the patient can influence the 
OTM. In this review, comprehensive information regarding how 
aligners can be used for complex OTMs is presented. However, 
clinicians have to consider patient-related factors and use sound 
clinical judgment and skills while performing the staging and 
formulating the treatment plans.

CONCLUSION

The staging of OTM with aligners can help achieve better orth-
odontic treatment outcomes. The limitations of aligner therapy 
must be taken into consideration while staging the orthodontic 
treatment, in order to limit the side effects. Tipping of teeth may 
be more easily achieved with the use of aligners than by torqu-
ing. Thus, the torque control should be initiated from initial aligner 
trays while staging orthodontic treatment. Overcorrection for rota-
tions may help to achieve better correction. The principles of OTM 
do not change with the type of appliance used. If such principles 
are comprehended, and the modifications in the execution of the 
appliance are made, better treatment outcomes can be achieved.
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