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Abstract 

Background:  Recent years have witnessed a remarkable evolution of clear aligner technology and clear aligners are 
becoming more and more versatile in treating orthodontic patients. The aim of this study was to develop an objective 
evaluation system for assessing clear aligner treatment difficulty.

Methods:  A total of 120 eligible patients (100 patients for developing and testing the evaluation system and 20 
patients for validating this system) were recruited in this retrospective cross-sectional study. Based on clinical data 
(dental models, radiographs and photographs), complexity levels of cases were evaluated by two experts and 
regarded as the gold standard. Difficulty scores were determined through an evaluation system encompassing three 
domains (dental model analysis, radiographic examinations and clinical examinations). The reliability of the evaluation 
system was examined through analyzing the agreement between complexity levels and difficulty scores. Moreover, 
multivariable linear regression test was used to examine the independent association of each variable (e.g. overbite 
and crowding) with the complexity level.

Results:  The results revealed that the assessment of treatment difficulty by this objective evaluation system sub-
stantially matched the gold standard (R2 = 0.80). The multivariable regression test revealed that complexity level was 
significantly associated with difficulty score (p < 0.001), age (p = 0.015), tooth extraction (p < 0.001), treatment stage 
(p < 0.01) and the number of difficult tooth movement (p = 0.005). This objective evaluation system elaborated in this 
study was viable and reliable in appraising clear-aligner treatment difficulty in clinical practice.

Conclusions:  We suggest orthodontists and general practitioners use this objective evaluation system (CAT-CAT) to 
appraise clear aligner treatment difficulty and to select appropriate clear aligner patients.
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Background
Recent years have witnessed a dramatic evolution of clear 
aligner technology and numerous innovations have been 
built into clear aligner [1]. Compared with traditional 
brackets and wires, clear aligner appeals to orthodontic 
patients for its advantages of invisibility, comfort and 
esthetics [2–6]. This renders more and more practition-
ers, especially general practitioners, to use clear aligner 
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for orthodontic patients [7]. However, different opinions 
exist on the ability and versatility of clear aligner in treat-
ing different types of malocclusions [8, 9], which is partly 
attributed to different levels of education and train-
ing received by practitioners. It has been reported that 
practitioners with different levels of orthodontic educa-
tion differed in aligner expertise and the management of 
aligner patients [7]. Moreover, practitioners with more 
advanced orthodontic training are better at recogniz-
ing case complexity and eliminating potential risks [10]. 
Thus, to guarantee successful treatment of clear aligner 
patients, the expertise of recognizing case complexity of 
aligner patients is very important.

Although numerous evaluation systems have been 
designed for the assessment of case complexity for tra-
ditional fixed appliances, such as peer assessment rating 
(PAR) and ABO discrepancy index (DI) [11, 12], none 
of them is developed for clear aligner. Considering that 
clear aligner has a distinct biomechanical system and 
achieves different types of tooth movements with varying 
degrees of predictability [13–16], an evaluation system 
of case complexity specifically for clear aligner treatment 
is urgently needed for both orthodontists and general 
practitioners.

Therefore, the aim of this study was to develop an eval-
uation system for the assessment of case complexity for 
clear aligner patients. We hypothesized that our evalu-
ation system would demonstrate high viability and reli-
ability in clinical practice.

Methods
Study design
Our study was a retrospective study. Two groups of 
patients were included in this study. The first group 
comprising a total of 100 consecutive patients receiving 
clear aligner treatments from Jan 2016 to Dec 2016 was 
recruited from a patient pool (treated by Prof. Lai) from 
West China Hospital of Stomatology, Sichuan University, 
Chengdu, China to develop and test the evaluation sys-
tem. Patient recruitment was not completed until a vari-
ety of malocclusion types (deepbite, openbite, crossbite, 
crowding, skeletal anomaly, etc.) were included. Moreo-
ver, the second group of 20 eligible patients (Jan 2017 
to Feb 2017) were included in this study to examine the 
external validity of the evaluation system.

Subjects
The inclusion criteria were patients receiving Invis-
align® (San Jose, California, USA) clear aligner treatment 
and both genders were included. The exclusion crite-
ria included orofacial syndromes and unwillingness to 
participate. All the eligible subjects were consecutively 
included in our study.

Data collection
Prior to orthodontic treatment, clinical photographs, 
panoramic radiograph, lateral radiograph and dental 
impressions were taken for all the subjects. Dental study 
casts were made from the dental impressions. Further-
more, clear aligner treatment stages and the number of 
difficult tooth movements were recorded from the clear 
aligner software (Clincheck, San Jose, USA). Specifically, 
difficult tooth movement was automatically detected 
by the clear aligner software system based on predicted 
tooth movements (e.g., molar protraction > 5  mm), and 
the total number of teeth with difficult tooth movement 
was counted for each patient.

Ethical approval
This study was approved by the Ethical Committee of 
West China Hospital of Stomatology, Sichuan Univer-
sity (WCHSIRB-OT-2019-086). Informed consent was 
obtained from all the patients above 18 yrs old, or from 
the patients and their parents for those under 18 yrs old.

Evaluation of complexity level by two experts
Based on the clinical data (clinical photographs, radio-
graphs and dental casts), complexity levels of patients 
receiving clear aligner treatment were assessed by two 
experts (WL & HL) independently and in duplicate. The 
complexity levels assessed by the two experts ranged 
from one to ten, with one being the easiest and ten 
being the most difficult. The results of complexity levels 
assessed by the experts were regarded as the gold stand-
ard. Specifically, complexity level was comprehensively 
determined according to pre-treatment data (crowding, 
overjet, overbite, etc.) and the amount of predicted tooth 
movement (incisor retraction, molar mesialization, molar 
distalization, premolar derotation, etc.).

Difficulty scoring through the evaluation system
The difficulty scoring was conducted by two independ-
ent evaluators (ZW & QW). The complexity assess-
ment tool was an objective evaluation system that 
encompassed three major domains: dental model 
analysis, radiographic examinations and clinical exami-
nations. The assessment tool is detailed in Table  1. 
In brief, the domain of dental model analysis mainly 
included overjet, overbite, crowding, molar relation-
ship, posterior teeth and spacing. The domain of 
radiographic examinations mainly encompasses ANB 
angle, U1-SN angle and SN-MP angle. ANB is a radi-
ographic index for assessing relative sagittal positions 
between upper and lower jaws, SN-MP is an index for 
evaluating mandibular plane angle, and U1-SN denotes 
upper incisor proclination. Furthermore, the domain 
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of clinical examinations mainly included E-line and 
gummy smile. Other clinical examinations were also 
taken into consideration, including chin deviation (if 
surgery), occlusal canting, periodontitis, temporoman-
dibular disease (TMD) and generalized caries. For each 
domain, different weights were added onto different 
items.

For each subject, difficulty scoring was performed 
through the complexity assessment tool, and the sum 
of the scores of all the items was regarded as the final 
difficulty score.

Table 1  Clear aligner treatment complexity assessment tool (CAT–CAT)

Model analysis

Overjet 0-1 mm 1-3 mm 3-5 mm 5-7 mm 7-9 mm >9 mm Crossbite
2 0 4 6 8 10 2/mm

Overbite 0-1 mm 1-3 mm 3-5 mm 5-7 mm >7 mm Openbite
3 0 6 9 15 3/tooth·mm

 

Crowding 0-3 mm 3-5 mm 5-7 mm >7 mm
0 2 3 4

 

Molar 
relationship

Maintenance Distalization Mesialization

0 <2 mm 2-5 mm >5 mm <2 mm 2-5 mm >5 mm
0 3 7 3 7 12

 

Posterior teeth Openbite Crossbite Scissorbite
2/tooth·mm 4/tooth 6/tooth

 

Spacing (Largest) ≤2 mm >2 mm If not to be closed orthodontically
0 2 for one additional mm 0

 

Other Anomaly Midline deviation (x mm) Premolar  rotation Lateral incisor rotation
5/tooth (x-2)*2 2/10o 2/10o

Radiographic examinations

ANB  <-4o -4o ~ -2o -2o ~ 0o 0o ~ 4o 4o ~ 6o 6o ~ 8o >8o

8 6 2 0 2 6 8

U1-SN <80o 80o ~ 90o 90o ~ 100o 100o ~ 110o 110o ~ 120o 120o ~ 130o >130o If no correction
6 4 2 0 6 10 12 0

SN-MP <10o 10o ~ 20o 20o ~ 30o 30o ~ 40o 40o ~ 50o 50o ~ 60o >60o

6 4 2 0 2 6 8

Other Impaction Supernumerary Missing Transposition Root resorption Orthognathic surgery
C:R<1 C:R≥1

10 2 2 6 10 20 10

Clinical examinations

E-line -2 mm ~ 2 mm -4 mm ~ -2 mm 2 mm ~ 4mm <-4 mm >4 mm If no correction
0 4 6 6 10 0

Gummy smile <2 mm 2 mm ~ 4mm >4 mm If no correction
0 4 8 0

Other Chin deviation (if surgery) Occlusal canting Periodontitis TMD Generalized caries
5 10 10 10 10
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Reliability of the evaluation system
The reliability of the complexity assessment tool was 
determined through analyzing the agreement between 
the gold standard (complexity levels evaluated by the 
expert) and the difficulty scores obtained through the 
assessment tool.

Statistical analysis
Intra-class coefficient (ICC) was used to test the agree-
ment of complexity levels between the two experts and 
the agreement of difficulty scores between the two 
evaluators. The reliability of the assessment tool was 
analyzed through Pearson’s correlation test. Moreover, 
multivariable linear regression test was used to exam-
ine the independent association of each variable (e.g., 
overbite and crowding) with the complexity level. All 
the statistical analyses were performed in GraphPad 
Prism 7.0 and SPSS 21.0. A p value less than 0.05 was 
considered statistically significant.

Results
Patients
For the first group (n = 100), their ages ranged from 10 
to 48, with a female predominance (86%). Among them, 
64% were non-extraction patients (n = 64) and the 
remaining 36% were extraction patients (n = 36). Aligner 
stages ranged from 12 to 98, with a mean of 39. Moreo-
ver, the number of difficult tooth movement ranged from 
0 to 20, with a mean of 7.3. Similar results were found for 
the second group (n = 20).

Evaluation of complexity levels
The complexity levels assessed by the two experts were 
6.5 ± 2.3. The ICC was 0.92, indicating that the evaluation 
of treatment complexity by the two experts were in sub-
stantial agreement. The percentage of different complex-
ity levels is displayed in Fig. 1.

Evaluation of difficulty scores
The difficulty scores ranged from 6 to 59, with a mean 
of 30.7 ± 10.9. The reliability test showed that the results 
assessed by the two evaluators were in substantial agree-
ment (ICC = 0.86). The percentage of different difficulty 

Fig. 1  The percentage distribution of complexity levels as assessed by orthodontic experts
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scores is depicted in Fig. 2. Shapiro–Wilk normality test 
revealed that the difficulty scores of the subjects were 
normally distributed (p = 0.99).

Agreement between complexity level and difficulty score
As depicted in Fig.  3, Pearson’s correlation test 
revealed that complexity level and difficulty score were 

significantly correlated (R2 = 0.80, p < 0.001). Moreo-
ver, likewise, for the second group, complexity level was 
significantly correlated with difficulty score (R2 = 0.82, 
p < 0.001).

Multivariable regression test
The results revealed that complexity level was sig-
nificantly associated with difficulty score (β = 0.13, 
95% CI 0.11 ~ 0.16; p < 0.001), age (β = −0.04, 95% 
CI −0.07 ~ −0.01; p = 0.015 < 0.01), tooth extraction 
(β = 1.14, 95% CI 0.61 ~ 1.67; p < 0.001), treatment stage 
(β = 0.025, 95% CI 0.007 ~ −0.043; p = 0.009 < 0.01) and 
the number of difficult tooth movement (β = 0.09, 95% CI 
0.03 ~ 0.15; p = 0.005 < 0.05). However, it was not associ-
ated with gender (p = 0.22 > 0.05).

We further performed multivariable linear regres-
sion test to analyze the association between the com-
plexity level and the items in the evaluation system. As 
displayed in Table  2, we found that complexity level 
was significantly correlated with overjet (β = 0.18, 
95% CI 0.09 ~ 0.27; p < 0.001), overbite (β = 0.14, 95% 
CI 0.08 ~ 0.20; p < 0.001), crowding (β = 0.43, 95% CI 
0.24 ~ 0.61; p < 0.001), molar relationship (β = 0.23, 
95% CI 0.14 ~ 0.33; p < 0.001), posterior teeth (β = 0.17, 
95% CI 0.11 ~ 0.24; p < 0.001), other model analysis 
(β = 0.15, 95% CI 0.08 ~ 0.22; p < 0.001), ANB (β = 0.13, 

Fig. 2  The percentage distribution of difficulty scores as evaluated through clear aligner treatment complexity assessment tool (CAT–CAT)

Fig. 3  Agreement between complexity level and difficulty 
score. Pearson’s correlation test revealed that the two items were 
significantly correlated (R2 = 0.80)
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95% CI 0.04 ~ 0.22; p = 0.006 < 0.05), U1-SN (β = 0.23, 
95% CI 0.14 ~ 0.32; p < 0.001), SN-MP (β = 0.24, 95% 
CI 0.03 ~ 0.44; p = 0.02 < 0.05), E-line (β = 0.21, 95% CI 
0.14 ~ 0.29; p < 0.001) and other clinical examinations 
(β = 0.08, 95% CI 0.01 ~ 0.16; p = 0.03 < 0.05). Yet, it 
was not associated with spacing (p = 0.96 > 0.05), other 
radiographic analysis (p = 0.23 > 0.05) or gummy smile 
(p = 0.18 > 0.05).

Discussion
Clear aligner differs from conventional fixed appliances 
in biomechanics. For clear aligners, tooth movements 
are achieved through compressive force on teeth pro-
duced by elastic changes of aligners. In contrast, teeth 
are moved through both compressive and traction forces 
generated by the interaction between brackets and arch-
wires. Moreover, distinct from fixed appliances, the clear 
aligner system suffers from a significant disadvantage: 
teeth may “escape” from the aligners (off-tracking) and 
force applications cannot be adequately applied on these 
teeth [17]. This phenomenon results in varying degrees 
of predictability for different types of tooth movements, 
with molar distalization being the most predictable (88%) 
while incisor extrusion being the least (30%) [13–16]. The 
evaluation system of treatment complexity elaborated in 
this study was designed specifically for the clear aligners 
and our results revealed that the assessment of treatment 

complexity by this objective evaluation system sub-
stantially matched the gold standard results by the two 
experts (R2 = 0.80).

To date, several evaluation systems for assessing 
treatment complexity are available for conventional 
fixed appliances, e.g., PAR and DI [11, 12]. PAR system 
appraises treatment complexity based on model analy-
sis only, and DI system evaluates treatment complexity 
through analysing dental models and radiographs. How-
ever, neither of above systems includes soft tissue analysis 
for the assessment of treatment complexity. The evalu-
ation system described in this study took all the three 
tissues (dental, skeletal and soft tissues) into considera-
tion. The scoring rules in this evaluation system for clear 
aligners were based on those in PAR and DI with modi-
fications according to the unique characteristics of clear 
aligner treatment. Specifically, less weight was assigned 
to the tooth movement that was easy for clear aligners 
(e.g., molar distalization), while more weight to difficult 
tooth movement with clear aligners (e.g., molar mesi-
alization). On the other hand, all the evaluation systems, 
including our present one, assess treatment difficulty 
through summing up difficulty points of all independent 
items, (e.g., overbite, overjet and molar relationship), but 
PAR and DI systems fail to evaluate treatment difficulty 
in a dynamic way. For example, a full-cusp Class II molar 
relationship is considered to be more difficult than Class 
I relationship. In effect, in clinical scenarios, full-cusp 
Class II molar relationship is clinically acceptable and 
molar movement is not necessarily required. Thus, for 
molar movement, the treatment difficulty is the same for 
a Class I relationship and a full Class II relationship. The 
only difference was the overjet: a patient with full-cusp 
Class II were more difficult due to a larger overjet that 
should be corrected rather than due to molar relation-
ship. Thus, no point was added for patients whose molar 
relationship will be maintained in our present evaluation 
system. Therefore, molar relationship was evaluated in a 
dynamic way in our evaluation system, rather than a sim-
ple classification of molar relationship.

The multivariable regression test revealed that com-
plexity level was positively correlated with difficulty 
score (β = 0.13, 95% CI 0.11 ~ 0.16; p < 0.001), indicat-
ing that complexity level will be increased by 0.13 if dif-
ficulty score is increased by one. Moreover, we found 
that complexity level was positively associated with tooth 
extraction and the number of difficult tooth movement. 
Although clear aligners are able to manage extraction 
patients with good treatment outcomes [18, 19], pre-
molar extractions followed by anterior teeth retraction 
requires meticulous design of aligner biomechanics, 
which will definitely increase treatment complexity. Dif-
ficult tooth movement was defined by the clear aligner 

Table 2  Multivariable regression analysis 
of  the  association between  multiple indices 
and complexity level

*p < 0.05 indicates statistical significance

Index Regression coefficient (β)
(95% CI)

p value

Dental model analysis

Overjet* 0.18 (0.09, 0.27)  < 0.001

 Overbite* 0.14 (0.08,0.20)  < 0.001

Crowding* 0.43 (0.24, 0.61)  < 0.001

Molar relationship* 0.23 (0.14, 0.33)  < 0.001

Spacing (the largest) −0.01 (−0.17, 0.16) 0.96

Posterior teeth* 0.17 (0.11, 0.24)  < 0.001

Other model analysis* 0.15 (0.08, 0.22)  < 0.001

Radiographic examinations

ANB* 0.23 (0.04, 0.22) 0.006

U1-SN* 0.23 (0.14, 0.32)  < 0.001

SN-MP* 0.24 (0.03, 0.44) 0.02

Other radiographic examinations 0.06 (−0.04, 0.17) 0.23

Clinical examinations

E-line* 0.21 (0.14, 0.32)  < 0.001

Gummy smile 0.18 (−0.09, 0.45) 0.18

Other clinical examinations* 0.08 (0.01, 0.16) 0.03
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software based on predicted distances of movement for 
each tooth, e.g., molar intrusion greater than 5 mm. Con-
ceivably, a higher complexity level is anticipated with a 
larger number of difficult tooth movements. Interest-
ingly, we found that complexity level was negatively asso-
ciated with patient age (β = −0.04, p = 0.015 < 0.05). This 
may be attributed to a selection bias that adult patients 
with high treatment complexity were not included in this 
study given that patients with greater age had smaller 
number of difficult tooth movement (p = 0.01 < 0.05).

For the domain of model analysis, the multivari-
able regression test revealed that complexity level was 
positively associated with all items except for spacing 
(Table  2). A large overjet requires premolar extractions 
and subsequent upper anterior retraction, while large 
overbite requires large amounts of lower incisor intru-
sions. All of these tooth movement types are considered 
to be difficult for clear aligners. Therefore, we put more 
weights on these two items (e.g., 10 points will be added 
for a patient with an overbite greater than 9  mm and 9 
points for a patient with an overbite of 6 mm). Treatment 
complexity is higher among patients with more crowd-
ing (p < 0.001). However, we did not put much weight on 
this item since severe crowding could be easily resolved 
through premolar extraction and subsequent minimal 
incisor retraction (most of the extraction space is used 
for resolving crowding rather than incisor retraction). 
As mentioned above, we evaluated molar relationship in 
a dynamic way: zero point was added for patients with 
molar relationship maintenance (Class I, full-cusp Class 
II or full-cusp Class III). Considering molar mesializa-
tion is more difficult than molar distalization with clear 
aligners [20], we put more weights on molar mesializa-
tion. For posterior teeth, all the three types of malocclu-
sions (openbite, crossbite and scissorbite) are difficult 
to treat and thus we added much weight on this item, 
e.g., 10 points will be added for patients with a posterior 
tooth with a 5-mm openbite (2 pts/tooth·mm). For the 
item of spacing, we only analyzed the largest space since 
patients with one space of 5 mm will be more difficult to 
treat than those with several small spaces totaling 5 mm 
(if the spaces are to be closed orthodontically). Moreo-
ver, if a space will not be closed orthodontically (e.g., 
closure through implants), no point will be added. For 
other model analyses, tooth anomaly, midline deviation, 
premolar rotation and incisor rotation were also corre-
lated with complexity level. As is well documented, tooth 
movement is achieved through elastic changes of align-
ers, and adequate aligner wrapping is critical for achiev-
ing the predicted tooth movement. Any tooth anomaly 
will reduce the adequacy of aligner wrapping, making 
tooth movement less predictable. Hence, five points will 
be added for each abnormal tooth. It has been reported 

that a midline deviation less than 2 mm was accepted by 
the general population [21]. Thus, only the amount of 
midline deviation greater than 2 mm was counted in our 
evaluation system. Rotations of premolar and lateral inci-
sors are difficult to correct in clear aligner system, since 
premolars are round or oval in shape and lateral incisors 
are short from the occlusal view (clear aligners are not 
able to exert adequate tangent forces that are crucial for 
derotation).

The domain of radiographic examinations encompasses 
ANB, U1-SN, SN-MP and other radiographic examina-
tions. The deviations of ANB and SN-MP from their nor-
mal ranges are indicative of the abnormal development 
of upper and lower jaws, which will increase clear aligner 
treatment complexity. Proclined upper incisors require 
space  gaining and subsequent retraction of incisors. 
Thus, treatment complexity is increased among patients 
with abnormal U1-SN values. Moreover, tooth impaction, 
supernumerary teeth, missing teeth, tooth transposition, 
root resorption and severe skeletal problems needing 
orthognathic surgery increased clear-aligner treatment 
difficulty and we put different weights on these items 
according to their influence on treatment complexity. 
The multivariable regression test showed that complex-
ity level was associated with all items in the domain of 
radiographic examinations except for other radiographic 
examinations. This could be attributed to the fact that 
small number of patients had these other radiographic 
problems (e.g., impaction), making this index (other radi-
ographic examinations) similar among patients with dif-
ferent complexity levels. Thus, further studies with larger 
sample sizes are warranted.

The domain of clinical examinations had three indices: 
E-line, gummy smile and other clinical examinations. The 
multivariable regression test found that complexity level 
was correlated with E-line and other radiographic exami-
nations, while not with gummy smile. Likewise, this may 
be due to that small number of patients required gummy 
smile correction. An abnormal E-line (e.g., 4 mm denotes 
lips are protrusive by 4  mm in reference to E-line) 
requires space gaining and anterior teeth retraction, 
thereby increasing aligner case difficulty. Moreover, all of 
the indices (chin deviation, occlusal canting, periodonti-
tis, TMD and generalized caries) in “other clinical exami-
nations” increased clear aligner treatment complexity. 
Thus, we put different weights on these indices.

The patients in the second group were included for 
examining the external validity of the complexity assess-
ment tool. Our results revealed that the difficulty scores 
(obtained through assessment tool) were significantly 
correlated with complexity level (assessed by experts) 
with an R2 of 0.82. This finding was consistent with that 
from the first group, indicative of the external validity of 
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this assessment tool. However, the limitation of this pilot 
study was relatively small sample size. Thus, future stud-
ies with larger sample sizes in different clinical settings 
among different races are warranted to further confirm 
the validity of this complexity assessment tool.

Conclusion
The objective evaluation system (CAT-CAT)  elaborated 
in this study is viable and reliable in appraising clear 
aligner treatment difficulty in clinical practice. We sug-
gest orthodontists and general  practitioners use this 
evaluation system to appraise clear aligner treatment dif-
ficulty and to select appropriate clear aligner patients.
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