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Abstract
Objective The aim of this study was to examine the distribution patterns of orthodontic and reactive forces on each 
tooth during dentition distalization using clear aligners (CAs), and to assess the impact of different elastic traction 
methods.

Materials and methods Three sets of aligners for maxillary dentition distalization were fabricated, targeting different 
tooth movements: simultaneous distalization of the first molars and second premolars; simultaneous distalization of 
the first premolars and canines; and simultaneous retraction of incisors. An in vitro orthodontic simulator, consisting 
of 14 three-dimensional sensors, was used to evaluate mechanical changes in each tooth. The orthodontic and 
reactive forces exerted by aligners, along with additional pulling forces from 1/4 inch 3.5oz elastic using different 
elastic traction methods (with hooks or buttons), were measured and subjected to comparative analysis.

Results The initial orthodontic force exerted by CAs varied across different teeth, ranging from 1.52 N to 6.77 N. 
Concurrently, the primary anchorage teeth experience reactive forces within a range of 1 N to 6.48 N. While the 
traction force on these teeth generally remained significantly smaller, staying below 0.6 N. The traction force exerted 
via hooks decayed to 84.3% and was primarily concentrated on the canines, whereas traction force applied via 
buttons transmitted approximately 96.1% and was more readily distributed to other teeth.

Conclusion Elastic traction is not sufficient to completely counteract the initial reactive forces produced by the 
deformation of CAs. It is advisable to use stronger elastics or extend aligner wear time to ensure sufficient anchorage 
protection. Utilizing traction with buttons can reduce mechanical loss and enhance the transmission of traction force 
to other teeth.
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Introduction
In recent years, more people have sought clear aligner 
therapy (CAT) for aesthetic and comfort reasons. CAs 
are increasingly used for the treatment of Class II mal-
occlusions, particularly for molar distalization, which is 
an effective non-extraction treatment option for class 
II malocclusions with mild crowding. Through sequen-
tial distalization protocols, the biomechanical design of 
CAs can achieve bodily movement of molars by 1.5 mm 
without remarkable crown tipping or vertical move-
ments [1]. However, this process inherently generates 
reactive forces on the adjacent teeth, leading to labial 
displacement and proclination of anterior teeth [2]. This 
phenomenon underlines the dual nature of CAs’ force 
delivery system—while their thermoplastic properties 
allow precise control over the molar movement [3], the 
absence of rigid anchorage increases the stress redistri-
bution on the anterior regions, especially in cases requir-
ing molars’ distalization more than 3 mm [4].

In previous biomechanical studies of CAs, a single 
3D force and moment sensor (Nano 17; ATI Industrial 
Automation, Apex, NC, USA) was used to investigate 
the forces and moments of CAs on incisor translation, 
incisor rotation, and molar distalization on the specific 
tooth [5–7]. The 3D mechanical measurement platform 
with multiple sensors allows for the study of the force 
and moment variations on multiple teeth under different 
materials or different force application designs [8–10]. 
Through an in vitro study, Kaur H [11] reported that 
the reactive forces acting on anchorage teeth adjacent 
to the displaced tooth were of clinically significance and 
exerted opposing directions. Existing evidence suggests 
that non-distalizing teeth are inherently subjected to 
mesially directed counterforces during activation of CAs. 
However, current experimental models exhibit significant 
limitations, including oversimplification of multi-tooth 
biomechanical interactions, inadequate representation 
of force gradients throughout the dental arch, and insuf-
ficient precision in quantifying reactive forces exerted on 
anchorage teeth.

The clinical predictability of molar distalization in CA 
therapy relies to some extent on latex elastic traction, 
which serves as the cornerstone biomechanical strategy 
for anchorage reinforcement during posterior segment 
retraction [12, 13]. However, the biomechanical interplay 
between CA-generated stresses and elastic traction com-
pensation remains mechanistically undefined.

This investigation advances two fundamental bio-
mechanical hypotheses: (1) The directly applied elastic 
traction forces demonstrate a significant counteractive 
effect against the aligner-induced reactive forces exerted 
on individual anchorage teeth; (2) Bonded composite 
buttons exhibit significantly enhanced stress transfer 
efficiency compared to laser-cut aligner hooks during 

orthodontic force application (Fig.  1). Using a multi-
sensor biomechanical platform, this study systematically 
quantifies real-time force distributions across the maxil-
lary dentition, while comparatively analyzing baseline 
forces during CA activation with elastic traction-induced 
compensatory forces to elucidate anchorage preservation 
mechanisms. Furthermore, two clinical traction modali-
ties—precision laser-cut CA hooks and bonded com-
posite traction buttons—are biomechanically evaluated 
to characterize their stress redistribution efficacy. The 
findings aim to establish an evidence base for optimiz-
ing elastic traction protocols, thereby mitigating adverse 
anterior displacement while maintaining predictable 
molar distalization.

Materials and methods
This in-vitro study simulated CA therapy for Class II 
malocclusion correction through 2  mm full-arch maxil-
lary distalization. Sequential distalization protocols were 
digitally planned using ATreat Designer V3.0 (Wuxi EA 
Medical Instruments Technologies, China) on a stan-
dardized maxillary model (NISSIN PE-ANA009), imple-
menting the classical V-pattern strategy with 0.2  mm 
incremental tooth movements per clinical stage. Verti-
cal rectangular attachments (3 × 2 × 1 mm) were bonded 
to bilateral canines, premolars, and second molars, while 
first molars remained attachment-free [14, 15]. Three 
biomechanically distinct treatment phases were chosen 
as groups:

Group A (Posterior segment distalization) Bilateral 
first molars and second premolars underwent synchro-
nized 0.2 mm distal movement.

Group B (Middle segment distalization) Bilateral first 
premolars and canines initiated coordinated 0.2 mm dis-
tal displacement.

Group C (Anterior retraction) All incisors executed 
0.2 mm lingual retraction.
Each treatment group was further divided into three 
subgroups to evaluate traction modalities: control sub-
groups (A0, B0, C0; n = 10 aligners/group) without trac-
tion devices, intervention subgroups with precision 
laser-cut resin hooks (A1, B1, C1; n = 10 aligners/group) 
positioned at the canine gingival margin, and interven-
tion subgroups with bonded composite traction buttons 
(A2, B2, C2; n = 10 aligners/group) placed at the mesial 
contact area of the canines, as detailed in Table 1; Fig. 1.

The number of aligners per group was determined via 
precision-driven methodology to ensure measured forces 
reflect true biomechanical properties within a ± 0.05  N 
error. The pre-experimental data for canine forces in 
Group A1 showed a total variability of s = 0.057  N, 
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Table 1 Grouping information on aligners and traction methods
Groups Amount of activation(mm) Mode of traction Latex elastics size Sample size
A0 15, 16, 25, 26 distalization 0.2 - - 10
A1 15, 16, 25, 26 distalization 0.2 hook 1/4” 3.5Oz 10
A2 15, 16, 25, 26 distalization 0.2 button 1/4” 3.5Oz 10
B0 13, 14, 23, 24 distalization 0.2 - - 10
B1 13, 14, 23, 24 distalization 0.2 hook 1/4” 3.5Oz 10
B2 13, 14, 23, 24 distalization 0.2 button 1/4” 3.5Oz 10
C0 11, 12, 21, 22 retraction 0.2 - - 10
C1 11, 12, 21, 22 retraction 0.2 hook 1/4” 3.5Oz 10
C2 11, 12, 21, 22 retraction 0.2 button 1/4” 3.5Oz 10

Fig. 1 Two different methods for elastic traction. (In the Hook group, the edges of the aligner were cut in the region of the maxillary canine; for the Button 
group, two pre-made buttons were adhered to the mesial area of the canines.)
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resulting from combined machining and measurement 
errors. Based on a 95% confidence interval (Z = 1.96), a 
theoretical requirement of 6 aligners per group was cal-
culated. To address potential instability in the thermal 
forming process, 10 aligners per subgroup were ulti-
mately processed, achieving an actual margin of error of 
0.035 N. Within each subgroup, all 10 aligners were fabri-
cated from identical CAD models (intra-subgroup design 
consistency) through independent 3D printing and ther-
moforming workflows, using 0.76  mm PET-G material 
(Duran®, Scheu Dental GmbH).

The corresponding maxillary arch configurations 
(different interdental spaces in Groups A/B/C) were 
instrumented with 14 Nano17 six-axis load cells (ATI 
Industrial Automation, Apex, NC, USA), rigidly affixed 
to each tooth via custom-milled titanium abutments 
(Fig. 2). To minimize errors in the assembly and fabrica-
tion of CAs, it is essential to perform force calibration 
and zeroing using a non-loading retainer prior to the 
commencement of formal measurements. The orthodon-
tic force exerted on each tooth by the CAs was measured 
in groups A0, B0, and C0. In the hook groups A1, B1, 
C1, and button groups A2, B2, and C2, measured forces 
from aligners were nullified via software compensation 
(MATLAB, version 2019b, MathWorks Inc., Natick, MA, 
USA), retaining only elastic traction contributions. Class 
II traction was simulated using 1/4-inch, 3.5 oz latex 
elastics (Ormco Corporation, Sybron Dental Specialties, 
California, USA), with an initial diameter of 6.4 mm. The 
coordinate origin of the forces measured on each tooth 
were adjusted to the predicted resistance center, which 
was defined as the center of the root cross-section at 
the 1/3 point from the root tip, and the force direction 
was calibrated using the overall dental arch coordinates 

as reference (Fig. 3). This study primarily focuses on the 
forces acting on the teeth along the Y-axis, which is par-
allel to the sagittal direction of the dental arch.

The data were presented as mean ± SD and analyzed 
using SPSS 23.0 for statistical significance. Independent 
sample t-test was performed to compare two traction 
methods. One-way ANOVA analysis was performed fol-
lowed by Bonferroni’s test to analyze the comparison 
among different latex elastics. The significance level was 
set at P<0.05.

Results
Table  2 presents the force measurements exerted on all 
teeth using different aligners and tractions in the sagittal 
direction (Fy). A0, B0, and C0 represent the initial forces 
exerted on the teeth from aligner deformation, while 
A/B/C1-2 indicate the forces received by the teeth under 
different latex elastic tractions.

Figure 4 illustrates the sagittal forces resulting from 
aligner deformation. The teeth designed for distal move-
ment received obvious orthodontic forces, while other 
teeth subjected to reactive forces. Average forces for 
bilateral first molar and second premolar distalization 
were 6.77 N and 3.77 N, respectively. For first premolar 
and canine distalization, average forces were 4.13 N and 
4.24 N, respectively. For incisor and lateral incisor retrac-
tion, forces were 3.03 N and 1.52 N, respectively. Incisor 
retraction force was significantly lower than distalization 
force in posterior teeth (p < 0.05), despite both having 
0.2 mm activation.

In Group A (posterior segment distalization), the total 
reactive force within the biomechanical system mea-
sured 21.87  N, with the second molar exhibiting peak 
mesial reactive forces (6.38 ± 1.84  N), followed by the 

Fig. 2 Test apparatus and traction support. (Each tooth was securely connected to the Nano17 load sensor to monitor the real-time force applied to the 
tooth. The 3D-printed support was used to simulate Class II intraoral traction.)
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first premolar (1.72 ± 0.42 N) and canine (1.94 ± 0.58 N), 
while incisors experienced minimal protrusive forces 
(0.33 N, 0.57 N). Group B (middle segment distalization) 
demonstrated a 36.16% reduction in total reactive force 
(13.96  N), with non-movement planned teeth register-
ing forces between 0.22 and 2.95 N (P < 0.01 vs. Group A, 
ANOVA). In Group C (anterior retraction), the total sys-
tem reactive force decreased to 11.41  N, with posterior 
teeth generated passive anchorage forces of 0.58–1.93 N, 
reflecting a 18.27% reduction in anchorage demand com-
pared to Group B at non-movement planned teeth.

The traction lengths for the hook and button groups 
were 28  mm and 31.3  mm, respectively, with the force 
value of the stretched elastics measured at 1.15 ± 0.06 N, 
showing no statistically significant differences. Figure  5 
shows force variations with different tractions, with spe-
cific values provided in Table  2. In the hook group, the 
total actual traction force in the dentition was 1.95  N, 
representing 84.8% of the bilateral initial pulling force 
exerted by the elastics. Among these, the canine experi-
enced the highest traction force at 0.37–0.62 N, followed 
by the second molar at 0.07–0.19  N, while the aver-
age traction force for the remaining teeth was less than 
0.1 N. In the button group, the total traction force in the 

dentition was 2.26  N, with 98.1% of the bilateral initial 
pulling force being transmitted. The canine experienced 
the highest traction force at 0.25–0.34 N, followed by the 
second molar at 0.17–0.23 N, while the other teeth also 
experienced traction forces ranging from 0.1 N to 0.2 N.

This study also examined the distribution of traction 
forces applied by different sizes of elastics (Supplemen-
tary Table S1). As the elastic force increases, the force 
exerted on each tooth correspondingly increases; how-
ever, it remains significantly smaller than the initial reac-
tive forces caused by aligner deformation.

Discussion
During sequential distalization protocols using CAs, 
second molar movement can be effectively controlled 
through aligner biomechanical design alone [16]. How-
ever, anchorage reinforcement becomes critical when 
extending distal displacement to first molars or second 
premolars, as these orthodontic movements generate 
clinically significant reactive forces that may compromise 
treatment outcomes through undesirable anterior seg-
ment protrusion [1, 17]. Clinically, Class II elastic traction 
remains the primary method to counterbalance these 
reactive vectors through posteriorly directed forces [17]. 

Fig. 3 Definitions of the coordinate axis. (The Y-axis was parallel with the sagittal direction of the dental arch, and force was presented in a positive value 
when directed backward.)
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To systematically quantify these biomechanical interac-
tions, we established three distinct treatment phases: 
Group A (posterior segment), Group B (middle segment), 
and Group C (anterior segment), each representing pro-
gressive distalization stages. Multiaxial force-moment 
sensors precisely mapped the real-time orthodontic 
forces and reactive force distribution across all maxil-
lary teeth during these phases. Furthermore, comparative 
biomechanical analysis of elastic traction methods (hook 
vs. button) demonstrated distinct force distribution pat-
terns, establishing an evidence-based protocol to match 
traction modalities with clinical anchorage requirements.

Initial orthodontic force and reactive force
The biomechanical foundation of CA dentition distaliza-
tion therapy lies in sagittal displacement-induced inter-
proximal space modulation: when programmed tooth 
movement alters proximal contact relationships, the 
resultant geometric discrepancy between the aligner and 
dentition upon seating creates localized elastic deforma-
tion [18]. This deformation generates reciprocal forces 
— acting on both the target tooth (via intentional strain 
energy storage) and adjacent teeth (through passive strain 
redistribution) — with vector orientations opposing the 
direction of aligner recovery [19]. The biomechanical 
heterogeneity observed in orthodontic force magnitudes 
arises from different aligner deformation mechanisms.

In groups A and B, first molar demonstrated signifi-
cantly higher distalization forces (6.77  N) compared to 
premolars (3.77 N, 4.13 N) and canines (4.24 N), poten-
tially attributable to its larger crown volume, which may 
increase the cross-sectional area of aligner deformation 
at mesial and distal contact surfaces, thereby amplifying 
strain energy generation. This morphological difference 
also contributed to Group A’s elevated total reactive force 
(21.87  N vs. Group B: 13.95  N), suggesting heightened 
anchorage control requirements.

Group C exhibited further reductions in incisor retrac-
tion forces (1.52–3.03  N) and total system reactivity 
(11.41  N) relative to Group B. Mechanistically, anterior 
retraction engaged two deformation zones at the distal 
aspects of lateral incisors, whereas Group B’s middle-
segment distalization involved four deformation zones: 
mesial aspects of canines and distal aspects of first pre-
molars bilaterally. This halved deformation zone quantity 
directly reduced elastic energy storage capacity.

Force vector analysis quantified differential anchor-
age demands, with Group A requiring 2.3-fold greater 
total posterior anchorage than Group C. These findings 
emphasize two biomechanical principles: Deformation 
quantity (number of activation zones) and deformation 
area size (crown dimensions modulating elastic energy 
storage) collectively govern force generation. Clinically, 
anchorage reinforcement protocols should be tailored Ta
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to deformation patterns (quantity and morphology) 
observed during specific treatment phases, enabling pre-
cise biomechanical control aligned with aligner activa-
tion characteristics.

Simon et al. [14] quantified molar distalization forces 
via sensor measurements, reporting average values of 
1.1 ± 0.8  N (with attachments) and 0.8 ± 0.7  N (without 
attachments). The lower measured force values may be 
attributed to the sensor’s movable design, which induces 
micromovement of teeth during force application, 
thereby dampening the instantaneous force peaks. Elk-
holy’s in-vitro study demonstrated that a 0.75 mm-thick 
aligner generated 4.49  N of force for 0.25  mm incisor 
palatal displacement [20], aligning with our experimen-
tal force ranges. Crucially, these in-vitro measurements 
reflect initial force peaks arising from aligner defor-
mation, whereas actual intraoral forces transmitted 
to teeth are attenuated — periodontal ligament (PDL) 

hydrodynamics mediate force redistribution through 
physiological tooth displacement [21].

During Group A’s molar/premolar distalization, the 
second molars — as the sole anchorage units in the dis-
tal arch — sustained equivalent mesial reactive forces 
(6.38 ± 1.84  N) to the applied distalization forces, creat-
ing reciprocal mesialization risks. Conversely, reactive 
forces in the mesial arch dissipated through a force dis-
sipation gradient, progressing from the first premolars 
and canines (1.72–1.94 N) to the incisors (0.33–0.57 N) 
(Fig.  4). In Group B’s premolar/canine distalization, the 
incisor region experienced significant reactive forces 
(1.09–2.27  N), necessitating reinforced anterior anchor-
age devices. In Group C, the incisor retraction generated 
forward reactive forces that were relatively uniformly 
distributed across posterior anchorage teeth in the distal 
arch (0.61–1.48  N), demonstrating coordinated force-
sharing through collective anchorage contribution. 

Fig. 5 Comparison of sagittal forces applied to maxillary teeth using two traction methods. (A: Simultaneous distalization of the first molars and second 
premolars; B: Simultaneous distalization of the first premolars and canines; C: Simultaneous retraction of incisors.)

 

Fig. 4 Sagittal forces experienced by maxillary teeth during distalization across three groups. (The teeth designed for distal movement are marked in red.)
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Experimental biomechanical data confirm the critical 
role of grouped anchorage mechanics in CA systems. 
Non-target teeth positioned mesially or distally relative 
to the aligner’s deformation direction passively stabilize 
as anchorage groups. As these groups expand in tooth 
number, the reactive force distributed to each anchorage 
unit decreases proportionally.

The biomechanical principles highlighted in this study 
are further supported by parallel investigations in the 
field. Finite element analyses reveal that anchorage loss, 
including the labial movement of maxillary anterior 
teeth and the mesial movement of distalized maxillary 
posterior teeth, occurs during the maxillary dentition 
distalization process [4, 19, 22–24]. However, the appli-
cation of elastic traction can mitigate anchorage loss and 
enhance the success of maxillary dentition distalization 
with CA. Specifically, the palatal mini-screw anchor-
age system demonstrates superior biomechanical char-
acteristics and greater efficacy compared to the buccal 
mini-screw anchorage system [22, 24], with its effective-
ness surpassing that of Class II elastics [24]. Theoretical 
models suggest that reducing the aligner coverage on the 
distal surfaces of molars during premolar distalization 
could effectively decrease anchorage loss and improve 
the overall efficiency of molar distalization [23], however, 
clinical application requires additional reinforcement of 
anterior anchorage. Additionally, according to the case 
report by Mario Greco et al. [16]. micro-implants can be 
inserted and rigidly linked to the second molar following 
its distalization to the target position. This dual-action 
approach not only stabilizes the molar but also provides 
indirect anchorage for the anterior segment, thereby 
minimizing anchorage loss.

Reactive force and traction force
Contrary to our initial hypothesis, experimental data 
conclusively demonstrate that elastic traction forces 
applied to CAs fail to significantly counteract CA-
induced reactive forces on anchorage teeth (P < 0.01). 
Quantitative analysis revealed that the maximum trac-
tion force (0.62 N) measured during elastic activation on 
canines amounted to only 32–53% of the initial reactive 
forces (1.16–1.94  N) generated by aligner deformation 
(Table  2). This critical insufficiency in force compensa-
tion directly explains the observed anchorage loss even 
when mini-screw implants were applied [4, 25, 26]. These 
findings refute Hypothesis 1, confirming that CA-gener-
ated reactive forces dominate the initial biomechanical 
system, while elastic traction serves primarily as a modu-
lating rather than neutralizing influence.

However, in the actual clinical process, the balance 
between these two forces is continually shifting. The 
orthodontic force decreases over time until it disappears, 
due to tooth movement and mechanical degradation of 

orthodontic materials [14, 27]. The reduction in elastic 
force is most pronounced during the first 1–2  h, after 
which the degradation of force value decreases steadily, 
consistently maintaining over 60% of the initial force 
value within 48 h [28, 29]. Therefore, by regularly replac-
ing the latex elastics during the use of the same aligner, 
the traction force will progressively approach and ulti-
mately exceed the reactive force.

To achieve a protective anchoring effect through trac-
tion, orthodontists can balance the force differences not 
only by reducing the activation amount per step or by 
replacing the elastic bands with those of greater strength, 
but also by adjusting the wearing time of each aligner to 
achieve temporal force balance. Moreover, we can lever-
age the inherent torque control advantages of CAs by 
applying strategic lingual crown torque to prevent labial 
tipping of anterior teeth [30].

Comparison of different traction methods
Our findings substantiate Hypothesis 2, demonstrat-
ing that bonded composite buttons achieve significantly 
higher force transmission efficiency (98.1% force reten-
tion) compared to laser-cut aligner hooks (84.8% force 
retention). This discrepancy stems from fundamental 
biomechanical principles: According to the Kirchhoff-
Love thin plate theory [31], tension applied at the mate-
rial’s edge leads to higher bending stress, making the 
material more susceptible to elastic deformation. Strain 
energy accumulation predominantly localizes at the 
material’s periphery in the hook group, inducing 15.2% 
force transmission loss through mechanical hysteresis. 
Conversely, central force application (button group) 
achieves 98.1% force transmission efficiency through 
optimized strain energy convergence, limiting parasitic 
energy loss to 1.9%. Therefore, the force applied to inci-
sors, premolars, and molars in the button group is signifi-
cantly higher (p < 0.05, Fig. 5).

The differences in traction force experienced by the 
canines are related to the localized deformation of the 
aligners by the hook traction. Additionally, in hook trac-
tion, a portion of the elastic band is secured between the 
aligner and the tooth, creating direct contact with the 
canine. This results in frictional force acting directly on 
the canines, increasing the tensile force applied to them.

Previous investigations into differential traction meth-
odologies have predominantly relied on three-dimen-
sional finite element analyses. Liu et al. [32] compared 
conventional buttons (bonded to canines) versus laser-
cut aligner hooks, demonstrating that aligner-based trac-
tion application provides enhanced anterior and molar 
anchorage preservation. Ji L’s comparative analysis of 
laser-cut hooks versus angle buttons (bonded to align-
ers) revealed that angle button traction achieves superior 
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sagittal control of anterior teeth while simultaneously 
optimizing horizontal and vertical molar control [25].

In summary, the traction force in the hook group 
is primarily concentrated on the canines. In contrast, 
button traction reduces force loss and enhances force 
transmission within the aligner, making it beneficial for 
preserving the anchorage of incisors and posterior teeth, 
ultimately facilitating optimal clinical outcomes. Further-
more, the use of elastic traction via buttons in clinical 
practice offers several additional advantages. Firstly, but-
tons can be placed on the canines and mandibular molars 
to avoid cutouts in the aligner, ensuring that the design 
of the attachments remains unaffected. Secondly, the 
application of traction via buttons is easier for patients to 
manage. Lastly, the adhesion of the button occurs during 
the aligner manufacturing process, which can save chair 
time.

Limitations
This study had several limitations. Firstly, the study uti-
lized petroleum jelly to lubricate the surface of the mod-
els; however, it did not fully simulate the humidity of the 
oral environment. Secondly, the study concentrated on 
the initial force associated with the deformation of the 
aligner, necessitating further research to understand the 
variations in orthodontic and anchoring forces as tooth 
movement occurs. Finally, the study only simulated 
the force value and direction of Class II traction during 
static occlusion; thus, the effects of mouth opening and 
mandibular movement on traction force require further 
investigation.

Conclusions
This study systematically elucidates the biomechanical 
mechanisms underlying sequential distalization and elas-
tic traction in CA therapy. Three treatment phases dem-
onstrated distinct force distribution patterns, revealing 
that deformation quantity and deformation area size col-
lectively determine orthodontic force and reactive force 
intensity. Non-target teeth positioned mesially or distally 
relative to the CA’s deformation direction passively stabi-
lize as anchorage groups, with reactive forces per tooth 
decreasing as anchorage groups expand in tooth number.

Hook-based traction concentrates forces primarily on 
canines, whereas button traction achieves superior force 
transmission efficiency by centralizing strain energy con-
vergence, thereby distributing traction forces more effec-
tively across multiple teeth.

Critically, elastic traction cannot fully counteract the 
initial reactive forces generated by CA deformation. To 
achieve better biomechanical equilibrium, clinicians 
must account for inherent force attenuation and phase-
specific aligner wear duration during treatment planning.
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