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ABSTRACT 
Purpose: To evaluate the predictability of the intrusion movement of upper and lower incisors in patients with increased overbite, 
comparing the movements planned in the digital set-up with the clinical results obtained in three clear aligner systems: Invisalign®, 
Spark® and Angel Aligner®.  

Material and method: Observational, retrospective and longitudinal study of 54 patients (18 per system) with an overbite ≥4 mm. A total 
of 432 incisors were analyzed by superimposing the initial (T1) and refinement (T2) digital STL models with Nemotec® software, 
evaluating the predictability of the intrusion movement considering three variables: aligner brand, arch (upper/lower) and planned 
movement range (<2 mm, 2-4 mm, >4 mm).  

Results: The actual movement obtained (0.639 mm) was consistently smaller than that planned (1.632 mm) across all brands. Angel 
Aligner® showed the lowest mean gross difference (0.842 mm) and the lowest standard deviation (0.656), whereas Spark® presented the 
highest relative predictability (58.42%). The lower arch reached a higher relative predictability (percentage of achieved movement), 
although with larger gross differences. A critical threshold was identified at around 2 mm, with smaller movements being more predictable.  

Conclusions: Digitally planned intrusion shows significant discrepancies with the clinical outcome. Angel Aligner® offers greater overall 
consistency, Spark® greater movement potential with higher variability, and movements below 2 mm prove to be the most predictable 
across all brands.  
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INTRODUCTION 

Clear aligners have been gaining ground in modern 
orthodontics thanks to their ability to correct increasingly 
complex malocclusions, which has led to a notable rise in 
their use and to the continuous emergence of new 
commercial brands competing in a fast-growing sector [1,2]. 
Their popularity is explained by the advantages they offer 
the patient greater esthetics, comfort, ease of hygiene and 
shorter treatment and chairside times in mild to moderate 
cases despite their higher cost and a certain unpredictability 
in particular movements [3]. Systems such as Invisalign®, 
Spark® and Angel Aligner® lead the market, relying on 
digital planning software (ClinCheck®, Spark Approver™ 
and iOrtho™, respectively) and on 3D printing, which have 
improved treatment accuracy [4]; even so, there is still 
insufficient evidence on their effectiveness and predictability 
compared with conventional therapies [1]. This evolution 
has been underpinned by advances in materials, computing 
and three-dimensional planning, while the biological and 

biomechanical foundations of the discipline remain 
unchanged [5]. 

Historically, the concept of repositioning the teeth by means 
of sequential appliances dates back to Kesling’s positioners 
(1945) and to their subsequent refinement by Nahoum, who 
developed a vacuum-formed appliance [6]. The aligner era is 
officially considered to have begun in 1998, when the FDA 
approved the marketing of Align Technology’s Invisalign®, 
the first system manufactured using digital CAD/CAM 
technology [7,8].  
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In parallel, Angel Aligner® became established in China 
where it patented its technology in 2006 and launched the 
iOrtho platform in 2013 [9], while Ormco® introduced the 
Spark® system in 2017, expanding rapidly across different 
markets [10]. 

The plastic material is decisive in the behavior of the 
aligner: it must be flexible enough to allow its insertion and 
removal, yet rigid enough to apply continuous and controlled 
forces [2]. To achieve predictable movements, 
thermoplastics must combine elastic and plastic properties, 
the basis for force generation [5,11]. Among the materials 
described are PET, PET-G and polyurethane (PU) [12,13], 
and clinical performance also depends on thickness (between 
0.5 and 1 mm) and on the manufacturing process, whether 
vacuum thermoforming over physical models or direct 3D 
printing [14]. Thermoforming itself can alter the molecular 
structure of the polymer and modify the applied force system 
[12]. 

Each manufacturer uses its own material solutions. 
Invisalign® evolved from the first polymers (PC30, EX30) 
to the current SmartTrack (LD30), a 0.75 mm multilayer 
thermoplastic polyurethane/copolyester that improves 
elasticity, activation and control over the tooth surface [15]. 
Angel Aligner® uses a dual system (MasterControl and 
MasterControl S) based on modified PET-G and TPU, with 
multilayer aligners that better distribute the load on the 
periodontal ligament and alveolar bone [4,6,9]. Spark®, for 
its part, introduced the TruGEN XR material free of BPA, 
mercury, latex and phthalates, intended for finishing and 
refinement [10]. 

The trimming line which defines how far the aligner extends 
over tooth and gingiva influences movement control, 
comfort, stability and esthetics [9,16]. Invisalign® usually 
employs a scalloped edge that follows the gingival contour; 
Angel Aligner® allows its height to be varied with three 
combinations (scalloped, straight at 2.5 mm or mixed) [9]; 
and Spark® opts for a straight edge that slightly covers the 
gingiva to improve retention [10]. These variations affect the 
stability of the aligner and its efficacy in specific movements 
such as intrusion [17,18]. 

Biomechanics is the core of treatment: only an adequate 
expression of force triggers the biological response of the 
periodontium and an efficient movement [19]. The behavior 
of the aligner depends on the direction and magnitude of the 
movement, the properties of the material, the thickness, the 
fit, the trimming design and the activation, and discrepancies 
persist between the planned virtual result and the clinical one 
[5,11,20]. The aligner generates the movement through 
millions of contact points between the plastic and the crown, 
according to a position programmed at each stage [11]. 
Within this framework, intrusion is one of the most 
demanding movements, highly dependent on the rigidity of 
the material and on auxiliary attachments [3]; relative 
intrusion (through proclination of the crown, more 

predictable) is distinguished from absolute intrusion (pure, 
along the long axis of the tooth) [5]. 

Each system approaches intrusion differently. With G5 and 
G8, Invisalign® incorporated pressure areas, optimized 
attachments and bite ramps that adjust the force according to 
the vertical position of each tooth, as well as sequences such 
as the “frog pattern” and conventional rectangular 
attachments to secure anchorage [21,22,23]. Spark® does 
not establish predefined protocols, leaving the 
biomechanical approach to the clinician’s judgment, and 
there is no specific literature on the matter. Angel Aligner® 
uses conventional and precision attachments, pressure areas 
and bite raisers, calculated by means of its masterforce 
artificial intelligence system [9]. 

Despite the broad clinical acceptance of aligners, doubts 
persist about their biomechanical predictability in complex 
movements such as incisor intrusion in increased overbites, 
and comparative studies that simultaneously evaluate 
different brands under a homogeneous methodology are 
scarce. Therefore, the general aim of this work was to 
determine the predictability of the amount of intrusion 
movement of the upper and lower incisors in patients with 
overbite, comparing the set-up planning with the results 
obtained through the superimposition of STL models in 
Nemotec® software, as well as to analyze the differences 
between arches and the relationship between the planned 
magnitude and the accuracy achieved. 

MATERIAL AND METHOD 

Study Design 

A retrospective, observational and longitudinal study was 
carried out to evaluate the predictability of the intrusion 
movement of the upper and lower incisors (leveling of the 
curve of Spee) in 54 patients treated with aligners, 
distributed into three groups of 18 (Invisalign®, Spark® and 
Angel Aligner®). In each case, the initial STL model was 
superimposed on that of the first refinement, and the amount 
of planned intrusion movement was compared with the 
amount produced clinically. 

Sample Selection 

The search for patients was carried out in the database of the 
Invisalign Doctor Site platform of the Master’s Degree in 
Digital Advanced Orthodontics of the Universidad Europea 
de Madrid (coordinating center) and in the corresponding 
platforms of patients treated at the private practice of Dr. 
Romina Vignolo Lobato, in Majadahonda (Madrid). After 
selecting the patients on the platforms of each system 
(Invisalign®, Spark® and Angel Aligner®), the progress 
notes of the clinical records were exhaustively reviewed to 
confirm compliance with the criteria; patients who did not 
meet them were excluded. 

Inclusion Criteria 
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• Patients treated with Invisalign® (Align Technology),
Spark® and Angel Aligner® clear aligner therapy.

• Patients in permanent dentition.

• Patients treated in both arches.

• Patients with an intraoral scan at the start of treatment and
at refinement that includes the palate with good definition of
the palatal rugae.

• No restriction regarding Angle classification.

• Patient with a pre-treatment overbite of at least 4 mm.

• Completion of the first series of aligners without mid-
treatment correction.

• Good compliance with constant aligner wear.

Exclusion Criteria

• Failure to complete the initial series of aligners.

• Poor compliance with aligner wear.

• Patient with primary or mixed dentition.

• Previous and active periodontal disease.

• Use of temporary anchorage devices.

Working Methodology

The study material was obtained from stereolithography 
(STL) files acquired with the iTero® and 3Shape® intraoral 
scanners. The superimposed models were labeled as T1 
(initial STL of the first phase of the ClinCheck®/Spark 
Approver™/iOrtho™) and T2 (initial STL of the refinement 
phase) (Figure 1). Before starting the study, the overbite 
was evaluated on the T1 models to confirm the inclusion 
criterion of ≥4 mm [21]. 

Figure 1. a. Initial STL model (T1). b. Initial model of the first refinement (T2). 

The models were imported into the NemoCast® tool from 
NEMOTEC S.L. and placed in the frontal plane. The 
overbite was measured between two antagonist teeth (central 
or lateral incisors) with the greatest vertical overlap, 
according to the American Board of Orthodontics 
classification system, by marking the incisal edge of the 

maxillary incisor and measuring in millimeters on the grid. 
As support for the software, the Meazure® and Pointofix® 
tools were used, which allow linear tracings and 
measurements on a tenth-of-a-millimeter scale outside the 
study models (Figure 2) [21]. 

Figure 2. Measurement of the overbite with the Nemotec® software (NemoCast). Use of auxiliary tools: Meazure® and 
Pointofix®. 

To analyze the individual movements, the models were 
imported into the NEMOSTUDIO® software and each 
model was oriented in the three planes of space. In the upper 
jaw, the occlusal plane was defined as a straight line passing 

through the midpoint of the right and left incisal edges and 
the cusp tips of the bilateral first molars (Figure 3) [24,25]. 
In the lower model, the occlusal plane was established 
according to Braun’s technique, by means of a straight line 
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joining the midpoint between the incisal edges of the 
mandibular central incisors and the distobuccal cusp of the 

second molar on each side (Figure 4) [26]. 

Figure 3. Orientation of the upper model with the Nemotec® software (NemoCast). 

Figure 4. Orientation of the lower model with the Nemotec® software (NemoCast). 

Once oriented, the initial set-up model (T1, reference) was 
superimposed on the final achieved model (T2, from the first 
refinement set-up). In the upper jaw, the reference zone was 
the palatal rugae, defining at least five points in the medial 
two thirds of the third ruga of both hemiarches (Figure 5). 

In the mandible, the best-fit method was used over the four 
reference areas described by Stucki et al., choosing the one 
whose root mean square (RMS) error was closest to 0.3 mm 
or, ideally, lower (Figures 6 and 7) [27]. 
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Figure 5. Superimposition of upper STL models T1 and T2 using five reference points. Root mean square error. Nemotec® 
software (NemoCast). 

Figure 6. Mandibular reference areas defined by Stucki et al. [27]. 

Figure 7. Superimposition of lower STL models T1 and T2 using reference area 1. Nemotec® software (NemoCast). 
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The amount of intrusion was quantified with the program’s 
millimeter grid in frontal view: a horizontal line (from 
mesial to distal) was drawn on the incisal edges of each 
incisor as a fixed reference point, and the distance between 
the parallel lines passing through the midpoints of the incisal 
margin of T1 and T2 corresponded to the intrusion of each 
tooth (Figure 8) [2,21]. Finally, predictability was analyzed 
by comparing the digital planning set-up with the 
measurements of the T1 and T2 models; predictability was 

calculated as the actual movement obtained × 100 divided by 
the movement proposed in the set-up table 
(ClinCheck®/Spark Approver™/iOrtho™), obtaining the 
mean difference between what was planned and what was 
actually achieved. The statistical analysis was performed 
with JASP software (2023) - JASP (version 0.17.1), 
applying a two-way ANOVA, Tukey post-hoc contrasts and 
the intraclass correlation coefficient; a value of p < 0.05 was 
considered significant. 

Figure 8. Linear measurements of the upper and lower incisors of the T1 and T2 models. 

RESULTS 

Descriptive Statistics 

The final sample comprised 54 patients (18 per system) and 
the 8 incisors of each patient (12, 11, 21 and 22 in the upper 
arch; 32, 31, 41 and 42 in the lower arch), for a total of 432 
incisors. The teeth whose planned movement was not 

intrusion (but extrusion) were removed from the analysis, 
leaving 364 teeth. The mean expected movement for the 
whole sample (1.632 mm) was consistently greater than the 
actual movement obtained (0.639 mm), evidencing a clear 
discrepancy between the software prediction and the clinical 
result, a trend common to the three brands (Table 1). 

Table 1. Descriptive statistics of the expected and obtained intrusion movements and the mean gross difference between 
brands. 

Brand Expected mov. (mm) Achieved mov. (mm) Gross difference (mm) SD of difference 

Angel Aligner® 1.479 0.637 0.842 0.656 

Invisalign® 1.749 0.604 1.145 0.996 
Spark® 1.650 0.685 0.965 0.974 

Total 1.632 0.639 0.993 0.900 
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Angel Aligner® stood out for the lowest mean gross 
difference (0.842 mm) and the lowest standard deviation 
(0.656), suggesting greater consistency. Invisalign®, by 
contrast, presented the highest mean gross difference (1.145 
mm) and the highest standard deviation (0.996), indicating
considerable variability. When studying the predictability

ratio (obtained / expected movement × 100), Spark® was the 
brand with the highest relative predictability (58.42%), 
although with a very high standard deviation, followed by 
Angel Aligner® (40.93%) and Invisalign® (26.64%) 
(Graph 1). 

Graph 1. Range and predictability of the intrusion movement by brand: Angel Aligner®, Invisalign® and Spark®. 

The analysis by arch showed a consistent pattern of greater 
discrepancies in the lower arch across all brands, due to 
larger planned magnitudes, but with a higher percentage 
predictability. Spark® exhibited the most marked contrast: 
the lowest mean gross difference of all the groups in the 
upper arch (0.155 mm) versus a notable increase in the lower 
arch (1.392 mm). In terms of ratio, the lower arch reached a 

higher relative predictability (43.0%) than the upper arch 
(37.7%), although it should be borne in mind that a higher 
predictability percentage does not imply lower variability 
(Graph 2). For treatments of the upper arch, Spark® could 
be preferable, whereas Angel Aligner® would be the safest 
option when high predictability is required in both arches. 

Graph 2. Range and predictability of the intrusion movement by arch (upper and lower). 

When analyzing the planned movement range, the gross 
difference increased progressively with magnitude in the 
three brands. In movements smaller than 2 mm, Spark® 
presented the lowest mean difference (0.482 mm); in the 2-4 
mm range the discrepancies grew markedly (up to 1.893 mm 

in Spark®), and in the few cases above 4 mm the largest 
differences were observed. This increase suggests a direct 
relationship between the planned magnitude and the loss of 
accuracy. 
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Inferential Statistics 

An analysis of variance (ANOVA) was applied to examine 
the differences in means by brand and by expected 
movement range. The two-way ANOVA identified 
statistically significant effects for both the aligner brand (F = 

7.702; p < 0.001) and the arch (F = 77.367; p < 0.001), as 
well as a significant interaction between the two (F = 6.918; 
p = 0.001), which led to rejecting the null hypothesis and 
confirming significant differences in predictability between 
brands and arches (Table 2). 

Table 2. ANOVA of the gross difference between brands and arches (type III sum of squares). 

Factor Sum of squares df Mean square F p 

Brand 9.983 2 4.991 7.702 < 0.001 

Arch 50.136 1 50.136 77.367 < 0.001 

Brand × Arch 8.966 2 4.483 6.918 0.001 

Residuals 231.994 358 0.648 — — 

Levene’s test indicated heteroscedasticity (F = 9.498; p < 
0.001), which advises some caution, although the ANOVA 
is robust to this violation given the large sample sizes; the Q-
Q plot showed a satisfactory fit to the normality of the 
residuals, especially in the central region. The Tukey post-
hoc analysis revealed significant differences between Angel 
Aligner® and Invisalign® (p = 0.003) and between 
Invisalign® and Spark® (p = 0.002) Invisalign® being the 
brand with the greatest differences, with no differences 
between Angel Aligner® and Spark® (p = 0.985). 

Regarding the expected movement range, the ANOVA 
showed a significant effect on the obtained movement 
(F(2,361) = 29.230; p < 0.001). The Tukey contrast 
identified a highly significant difference between the group 
of movements smaller than 2 mm and the 2-4 mm group 
(mean difference −0.504 

mm; p < 0.001), with no significant differences between the 
remaining groups. These results indicate a turning point 
around 2 mm, beyond which increases in the planned 
movement do not translate into proportional increases in the 
actual movement. 

Finally, to assess reliability, the intraclass correlation 
coefficient was calculated one month after the initial 
measurements, remeasuring 10% of the randomly selected 
patients. The ICC3,1 coefficient (Shrout & Fleiss, 1979) was 
0.989 (95% CI: 0.979-0.994), indicating an almost perfect 
concordance between the initial and repeated measurements 
and lending robustness to the results. 

DISCUSSION 

The most relevant finding of this study was the consistent 
difference between the digitally planned intrusion movement 
(1.632 mm) and the one obtained clinically (0.639 mm) in 
the three systems. This discrepancy is in agreement with 
what was described by Shahabuddin et al., who observed 
corrections of approximately 49% of the planned value, and 
by Castroflorio et al., with predictabilities of upper incisor 
intrusion with Invisalign® between 41.8% and 50.3% 

[21,25]; along the same lines, Kravitz et al. reported a mean 
intrusion accuracy of 41.3% [28]. From a biomechanical 
standpoint, the initial intrusion force decays after 24-48 
hours [3] and the forces generated by PET-G for incisor 
intrusion are less efficient than for other movements [20], to 
which the loss of material rigidity after intraoral use is added 

[15,18]. 

The differences between brands Angel Aligner® with the 
greatest consistency and Spark® with the highest relative 
predictability may be attributed to the composition and 
thickness of the materials and to the specific design of each 
system [6,12,14,35]. Previous studies indicate that the 
biomechanical response pattern of each system in the initial 
phase tends to be maintained throughout the refinements, so 
these findings have predictive value for anticipating 
behavior in subsequent phases [36,37]. The identification of 
a critical threshold at 2 mm is consistent with the inverse 
relationship between planned magnitude and predictability 
described by several authors and supports the planning of 
incremental movements through successive refinements 
[2,23,24,38]. 

Regarding the arches, the higher percentage predictability of 
the lower arch, despite its larger gross differences, could be 
explained by anatomical factors and by a more favorable 
force distribution, although with greater variability of the 
results [3,5,26,33]. As for the methodology, superimposition 
on the palatal rugae is considered highly reproducible as it is 
not affected by treatment [31,32], and intraobserver 
reliability was very high [33]. Limitations worth noting are 
the retrospective nature, the small sample size in movements 
greater than 4 mm considered exaggerated deep bite 
according to Nanda and the scarcity of previous studies on 
Spark® and Angel Aligner® [28,29,30,34]. Likewise, the 
analysis treated each incisor as an independent unit when the 
eight incisors come from the same patient and share 
common factors (compliance, supporting bone and 
planning); this clustering violates the independence 
assumption of the ANOVA, so in future work a linear mixed 



SciTech Central Inc. 
J Oral Health Dent (JOHD) 642 

J Oral Health Dent, 8(1): 634-644  Adriana HL & Romina VL 

model with the patient as a random factor would be 
preferable. Finally, auxiliary elements such as bite ramps 
and skeletal anchorage with miniscrews could improve the 
predictability of intrusion, although the available evidence is 
still heterogeneous [22,37,39,40]. 

CONCLUSIONS 

1. There is a consistent discrepancy between the digitally
planned intrusion movements and the clinical results
obtained, generally smaller than expected in the three
brands; the digital set-up, although valuable, does not
guarantee absolute predictability.

2. Angel Aligner® offers the most consistent results (lowest
mean gross difference and lowest standard deviation),
Spark® presents the highest relative predictability but with
notable variability, and Invisalign® shows the greatest
overall variability.

3. A critical threshold is identified at around 2 mm: smaller
movements are significantly more predictable, regardless of
the brand, and increases above that threshold do not translate
into proportional increases in the actual movement.

4. The two-way ANOVA confirms significant differences
between brands and between arches, as well as a significant
interaction; the Tukey post-hoc analysis reveals particularly
notable differences between Angel Aligner® and
Invisalign®, as well as between Invisalign® and Spark®.
The large sample size supports the robustness of the findings
despite the detected heteroscedasticity.

5. From a clinical perspective, the choice of system can be
optimized according to the the specific objectives of the
treatment: Angel Aligner® when predictability and
consistency are the priority, Spark® when the aim is to
maximize movement (especially in the upper arch), and the
three brands with comparable performance in the lower arch.
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