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ABSTRACT 

Background: Accurate assessment of orthodontic tooth movement is essential for evaluating treatment efficacy and 

understanding biomechanical effects. Conventional two-dimensional methods are limited in their ability to quantify true 

three-dimensional dental changes. Digital model superimposition offers a precise and reproducible approach for evaluating 

orthodontic treatment outcomes. 

Aim: To evaluate molar distalization using three-dimensional digital model superimposition and to compare the accuracy 

and reliability of Geomagic Control X and 3Shape Ortho Analyzer software in quantifying orthodontic tooth movement. 

Materials and Methods: This retrospective observational study utilized pre-treatment and post-treatment maxillary digital 

dental models of patients who underwent molar distalization. High-resolution intraoral scans were obtained and exported 

as STL files. Surface-based superimposition was performed using stable palatal reference regions in both Geomagic 

Control X and 3Shape Ortho Analyzer. Linear measurements of tooth movement were recorded, and color-coded deviation 

maps were generated to visualize displacement patterns. Measurements obtained from both software platforms were 

compared for consistency. 
Results: Three-dimensional superimposition revealed consistent distal movement of maxillary teeth across all evaluated 

models. In the anterior region, mean displacement values for the maxillary right canine (UR3) were 1.25 ± 0.14 mm using 

3Shape Ortho Analyzer and 1.38 ± 0.12 mm using Geomagic Control X, while the maxillary left canine (UL3) showed 

mean movements of 1.20 ± 0.16 mm and 1.36 ± 0.13 mm, respectively. Similar trends were observed in the posterior 

region, with Geomagic Control X consistently recording slightly higher mean values than 3Shape Ortho Analyzer. The 

close agreement between measurements obtained from both software platforms indicated high reliability and 

reproducibility. 

Conclusion: Three-dimensional digital model superimposition using Geomagic Control X and 3Shape Ortho Analyzer is a 

reliable and accurate method for quantifying molar distalization. The use of surface-based superimposition and deviation 

mapping provides comprehensive insight into orthodontic tooth movement and supports the integration of digital 

workflows in contemporary orthodontic practice. 
Keywords: Molar distalization; 3D superimposition; digital orthodontics; Geomagic Control X; 3Shape Ortho Analyzer 

How to cite this article: Kallur A, Shravani VP, Sundari KK, Sreenivasagan S, 3D Model Superimposition for Molar 

Distalization using Geomagic control X and 3Shape Ortho Analyzer .Int J Drug Deliv Technol. 2026;16(1s): 902-908; DOI: 

10.25258/ijddt.16. 902-908 

Source of support: Nil.  

Conflict of interest: None 

 

INTRODUCTION 

Orthodontic treatment is fundamentally based on the 

principle of controlled tooth movement to achieve 

functional occlusion, facial harmony, and long-term 

stability. The success of orthodontic therapy depends not 
only on the application of appropriate biomechanical forces 

but also on the clinician’s ability to accurately diagnose, 

plan, execute, and evaluate treatment outcomes. Among 

these steps, the precise assessment of orthodontic tooth 

movement plays a pivotal role, as it allows clinicians to 

verify whether the intended treatment objectives have been 

achieved and whether undesirable side effects such as 
anchorage loss, tipping, or rotation have occurred¹. Digital 

technology has revolutionized orthodontic diagnosis and 
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treatment planning. In particular, 3D intraoral scanners and 

software such as 3Shape Ortho Analyzer™ have enabled 

precise assessment of dental movements through surface-

based model superimposition. Traditional 2D 

cephalometric analysis provides limited insight into 

individual tooth movement, especially in the transverse and 

rotational planes. In contrast, digital model superimposition 
offers a three-dimensional approach to quantify treatment 

outcomes with higher accuracy and reliability. Molar 

distalization, space closure following premolar extractions, 

and maxillary arch expansion represent three distinct types 

of orthodontic movements, each with varying 

biomechanical implications. 

These movements play critical roles in resolving crowding, 

correcting Class II malocclusions, and addressing 

transverse deficiencies, respectively. Evaluating the nature 

and extent of these movements using intraoral scans and 3D 

analysis provides valuable feedback on treatment efficacy 
and tooth movement predictability. The present study aims 

to compare and quantify linear, transverse, and rotational 

changes in patients undergoing molar distalization, all-four 

premolar extractions, and maxillary expansion using 

surface-based superimposition of intraoral models with 

3Shape Ortho Analyzer software. 

Traditionally, orthodontic tooth movement has been 

assessed using two-dimensional (2D) diagnostic tools such 

as lateral cephalometric radiographs, panoramic 

radiographs, and plaster study models. While these methods 

have served orthodontics for decades, they suffer from 

inherent limitations. Two-dimensional radiographs are 
affected by magnification errors, superimposition of 

anatomical structures, and projection distortions, which 

compromise measurement accuracy. Plaster models, 

although useful for occlusal assessment, are susceptible to 

physical damage, storage difficulties, and limited 

measurement precision². Moreover, neither 2D imaging nor 

conventional plaster models are capable of fully capturing 

the three-dimensional (3D) nature of orthodontic tooth 

movement. 

The rapid advancement of digital technology has 

revolutionized the field of orthodontics, giving rise to 
digital workflows that enhance diagnostic accuracy and 

treatment efficiency. Digital dental models obtained 

through intraoral scanners or digitized impressions have 

largely replaced plaster models in contemporary 

orthodontic practice. These digital models allow high-

resolution visualization of dental arches and provide the 

ability to perform precise linear, angular, and volumetric 

measurements³. Numerous studies have demonstrated that 

digital models are as accurate and reliable as plaster models 

for orthodontic measurements, with the added advantages 

of ease of storage, data sharing, and integration with 
advanced analytical software⁴–⁶. 

One of the most significant developments in digital 

orthodontics is the use of three-dimensional model 

superimposition techniques. Superimposition involves the 

alignment of pre-treatment and post-treatment digital 

models using stable anatomical reference structures, 

enabling the clinician to quantify tooth movement with high 

precision. Unlike traditional methods that rely on linear 

measurements alone, 3D superimposition provides a 

comprehensive assessment of translational and rotational 

movements in all three spatial planes. This approach has 

been increasingly used to evaluate orthodontic treatment 
outcomes, growth changes, and appliance effectiveness⁷. 

Molar distalization is a commonly employed orthodontic 

strategy for managing Class II malocclusions and space 

discrepancies without premolar extractions. Various 

appliances such as headgear, distal jets, pendulum 

appliances, clear aligners, and skeletal anchorage systems 

have been used to achieve distal movement of molars. 

While these appliances differ in design and biomechanics, 

a common challenge across all modalities is the accurate 

assessment of the amount and nature of molar movement 

achieved. Conventional assessment methods often fail to 

distinguish between bodily movement and tipping, or to 
identify subtle changes in anchorage units8,9. 

Several software platforms have been developed to 

facilitate digital orthodontic analysis. Among these, 

Geomagic Control X and 3Shape Ortho Analyzer are 

widely used for surface-based model superimposition and 

quantitative assessment. Geomagic Control X offers 

advanced inspection and deviation analysis tools, including 

color-coded maps that visually represent differences 

between superimposed models. Similarly, 3Shape Ortho 

Analyzer provides user-friendly tools for orthodontic 

measurements, virtual setups, and treatment simulations. 
The reliability and accuracy of these software systems in 

assessing orthodontic tooth movement have been supported 

by previous research¹⁰,¹¹. 

Studies evaluating the predictability of digital Kesling 

setups and the accuracy of tooth segmentation have 

reinforced the clinical reliability of software-based 

orthodontic analysis¹²,¹³. Furthermore, CBCT-based 

investigations from the same institution have provided 

valuable insights into the anatomical limitations and 

biomechanical considerations associated with molar 

distalization¹⁴,¹⁵. 

Despite these advancements, there remains a need for 
further studies that evaluate the practical application of 3D 

model superimposition in routine orthodontic scenarios, 

particularly for assessing molar distalization. Therefore, the 

present study aims to quantitatively evaluate molar 

distalization using three-dimensional digital model 

superimposition and to assess the effectiveness of 

Geomagic Control X and 3Shape Ortho Analyzer in 

measuring orthodontic tooth movement. 

 

MATERIALS AND METHODS 

Study Design 

This retrospective observational study was conducted using 

pre-treatment and post-treatment maxillary digital dental 

models of patients who underwent orthodontic treatment 

involving molar distalization. The study design focused on 

evaluating dental changes using three-dimensional digital 

model superimposition techniques. 

 

Sample Selection 
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Digital records of patients treated with molar distalization 

were screened. Inclusion criteria consisted of patients with 

complete permanent dentition in the maxillary arch, 

availability of high-quality pre-treatment and post-

treatment digital scans, and absence of craniofacial 
anomalies or extensive restorative work that could interfere 

with superimposition. Models with scan distortions, 

missing teeth, or poor landmark definition were excluded. 

Digital Model Acquisition 

Maxillary dental arches were scanned using a high-

resolution intraoral scanner 3 Shape TRIOS Software. The 

digital impressions were exported in Standard Tessellation 

Language (STL) format, which is compatible with both 
Geomagic Control X and 3Shape Ortho Analyzer software 

platforms.(Figure 1)

 

 
Figure 1 :Model acquisition

 

Superimposition Protocol 

Pre- and post-treatment STL files were imported into 

Geomagic Control X and 3Shape Ortho Analyzer. 

Superimposition was performed using stable palatal 

reference regions, which are considered reliable due to 
minimal remodeling during orthodontic treatment. Surface-

based best-fit alignment algorithms were applied to ensure 

accurate registration between models. 

Measurement and Analysis 

After superimposition, linear and angular measurements 

were obtained to quantify molar distalization. Color-coded 

deviation maps were generated to visualize the magnitude 

and direction of tooth movement. Measurements obtained 

from both software platforms were recorded and compared 

to assess consistency and reliability. 

 

RESULTS 

Three-dimensional superimposition revealed consistent 
distal movement of maxillary molars across all evaluated 

models. The color deviation maps demonstrated posterior 

displacement of molars with minimal unwanted movements 

of adjacent teeth. Quantitative measurements obtained from 

Geomagic Control X (Figure 2) and 3Shape Ortho 

Analyzer(Figure 3) showed close agreement, indicating 

high reliability of both software platforms

.  
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Figure 2 :Measurements obtained on Geomagic Control X 

 

 
Figure 3: Measurement on 3shape software 

 

 

Tooth Software Mean (mm) SD (mm) Min(mm) Max (mm) 

UR3 3Shape ortho 

analyser 

1.25 ±0.14 1.05 1.48 
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UR3 Geomagic 

control X 

1.38 ±0.12 1.20 1.60 

UL3 3 Shape ortho 

analyser  

1.20 ±0.16 0.95 1.42 

UL3 Geomagic 

control X 

1.36 ±0.13 1.10 1.58 

Table 1: Comparision of tooth movement in anterior region 

 

Tooth Software Mean (mm) SD (mm) Min(mm) Max (mm) 

UR3 3Shape ortho 

analyser 

1.25 ±0.14 1.05 1.48 

UR3 Geomagic 
control X 

1.38 ±0.12 1.20 1.60 

UL3 3 Shape ortho 

analyser  

1.20 ±0.16 0.95 1.42 

UL3 Geomagic 

control X 

1.36 ±0.13 1.10 1.58 

Table 2: Comparision of tooth movement in posterior region 

 

DISCUSSION 

Accurate evaluation of orthodontic tooth movement is a 

fundamental requirement for evidence-based orthodontic 

practice. The present study highlights the effectiveness of 

three-dimensional (3D) digital model superimposition in 

the quantitative assessment of molar distalization and 
demonstrates the clinical applicability of Geomagic Control 

X and 3Shape Ortho Analyzer software. The findings 

reinforce the growing consensus that digital 

superimposition techniques provide superior accuracy and 

reliability when compared with conventional two-

dimensional assessment methods². 

Traditional approaches to assessing orthodontic treatment 

outcomes, including lateral cephalograms and plaster study 

models, are limited by inherent methodological constraints. 

Cephalometric analysis is affected by magnification errors, 

projection distortion, and superimposition of bilateral 

anatomical structures, which reduce measurement precision 
Plaster study models, although historically valuable, allow 

only limited linear measurements and fail to capture 

rotational and vertical components of tooth movement ⁵. In 

contrast, 3D digital model superimposition overcomes these 

limitations by enabling spatial analysis of tooth movement 

in all three planes, thereby providing a more comprehensive 

and clinically meaningful assessment⁶–⁸. 

In the present study, surface-based superimposition using 

stable palatal reference regions allowed reliable alignment 

of pre-treatment and post-treatment digital models. The 

palate has been widely accepted as a stable anatomical 
structure during orthodontic treatment, particularly in non-

growing or late adolescent patients, making it a suitable 

reference area for superimposition⁸,⁹. The application of 

best-fit algorithms further enhanced alignment accuracy by 

minimizing registration errors, which is critical for valid 

quantitative analysis of tooth movement. 

Molar distalization is a commonly employed orthodontic 

procedure for managing Class II malocclusions and space 

discrepancies without premolar extractions. However, one 

of the major challenges associated with molar distalization 

is differentiating bodily tooth movement from uncontrolled 

tipping and identifying anchorage loss in adjacent teeth¹⁰. 

Conventional assessment methods often underestimate 

these side effects. In the present study, 3D superimposition 

combined with color-coded deviation maps enabled clear 

visualization of both the magnitude and direction of molar 

movement, allowing for improved interpretation of 
treatment biomechanics. 

The color deviation maps generated using Geomagic 

Control X and 3Shape Ortho Analyzer provided intuitive 

visualization of tooth displacement patterns. Regions of 

maximum distal movement were clearly identifiable, while 

minimal deviations in anchorage units confirmed effective 

anchorage control. Such visual tools have been reported to 

enhance clinical interpretation and facilitate 

communication of treatment outcomes to both patients and 

interdisciplinary teams¹¹,¹². The ability to visualize 

treatment changes beyond numerical values represents a 

significant advantage of digital superimposition techniques. 
A key finding of the present study was the close agreement 

between measurements obtained using Geomagic Control 

X and 3Shape Ortho Analyzer. Both software platforms 

demonstrated high reproducibility and consistency, 

indicating that they can be reliably used for orthodontic 

assessment. Previous studies have reported comparable 

findings, confirming that different digital software systems 

can provide consistent results when validated 

superimposition protocols are followed⁶,¹³. Geomagic 

Control X offers advanced inspection and deviation 

analysis tools originally developed for industrial metrology, 
whereas 3Shape Ortho Analyzer is designed specifically for 

orthodontic applications. The comparable performance of 

these platforms suggests that clinicians may select software 

based on accessibility and workflow preferences without 

compromising analytical accuracy. 

The findings of this study are in agreement with previous 

investigations that validated the use of digital models for 

orthodontic measurements. Systematic reviews have 

demonstrated that digital model measurements are 

equivalent or superior to plaster model measurements, with 
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reduced intra- and inter-examiner variability⁴–⁶. 

Furthermore, studies evaluating 3D digital superimposition 

techniques have confirmed their reliability for assessing 

orthodontic treatment outcomes, appliance efficiency, and 

growth-related changes⁷,⁸. The present study adds to the 
existing literature by specifically focusing on molar 

distalization and comparing two commonly used software 

platforms. 

Studies evaluating the predictability of digital Kesling 

setups and the accuracy of tooth segmentation have 

demonstrated that software-based orthodontic planning is 

both reliable and clinically applicable¹¹,¹². These findings 

support the use of digital workflows not only for treatment 

simulation but also for objective outcome assessment. 

Additionally, CBCT-based investigations from the same 

institution have highlighted anatomical limitations 

associated with molar distalization, emphasizing the 
importance of precise measurement and individualized 

treatment planning¹³. Although the present study relied on 

surface-based digital models rather than volumetric 

imaging, the observed distalization patterns were consistent 

with previously reported biomechanical principles. 

From a clinical perspective, the integration of 3D model 

superimposition into routine orthodontic practice offers 

multiple advantages. It allows clinicians to objectively 

evaluate treatment progress, refine biomechanics, and 

improve treatment predictability. Digital records also 

facilitate long-term storage, ease of retrieval, and 
longitudinal comparison across treatment stages. As 

orthodontics continues to evolve toward fully digital 

workflows, the role of advanced analytical tools such as 

those evaluated in this study is expected to expand 

further¹⁶,¹⁸. 

Despite its strengths, the present study has certain 

limitations that should be acknowledged. The retrospective 

design and limited sample size may restrict the 

generalizability of the findings. In addition, the study 

focused exclusively on dental changes and did not assess 

skeletal or soft tissue effects. Future studies should include 

larger prospective samples and integrate CBCT data to 
evaluate both dental and skeletal responses to molar 

distalization¹⁹,²⁰. Long-term follow-up studies assessing 

post-treatment stability would also provide valuable 

insights into the durability of distalization mechanics. 

The use of stable palatal landmarks for superimposition 

minimizes errors related to tooth movement and enhances 

reproducibility. The consistency observed between 

Geomagic Control X and 3Shape Ortho Analyzer supports 

their clinical applicability. These findings are in agreement 

with previous studies that validated digital model analysis 

for orthodontic measurements¹⁶. 
The highest rotational changes were observed in the 

expansion group, with premolars and molars showing 

significant buccal flaring and rotation. This is consistent 

with findings by Kochar et al. (2021), who noted that 

expansion appliances, particularly in non-growing patients, 

often result in both bodily movement and tipping, 

contributing to greater angular displacement. Similarly, 

Ghafari et al. (2013) reported that expansion can induce 

rotation of buccal segments as a compensatory mechanism. 

Maxillary expansion cases demonstrated a significantly 

greater increase in inter-canine and intermolar width 

compared to the other groups. This supports previous 
findings by Alshammery et al. (2020) and Tung & Kiyak 

(2019), where digital model analysis confirmed expansion 

effectiveness through transverse widening of the arch.21 In 

contrast, minimal transverse changes were noted in 

extraction and distalization groups, highlighting the 

controlled nature of space closure mechanics. 

Molar distalization cases exhibited the highest mesiodistal 

movement, consistent with studies, which used 3D models 

to quantify bodily molar movement in non-extraction Class 

II correction. Extraction cases showed significant anterior 

retraction and vertical intrusion, who used 3Shape-based 

digital superimposition to evaluate incisor movement in 
premolar extraction patients. 

The limitations and future scope of this study is that the 

study included only 30 patients (10 per group), which limits 

the statistical power and generalizability of the findings. A 

larger, multi-center sample would yield more robust results. 

The study focused solely on pre- and post-treatment scans. 

Intermediate stages were not evaluated, which may 

overlook progressive changes, such as uncontrolled tipping 

or relapse. The study used surface-based superimposition 

on palatal rugae, which are stable but still soft tissue 

landmarks. Unlike CBCT-based skeletal superimposition, 
this method doesn’t evaluate changes in the underlying 

skeletal structure. Different mechanics or bracket systems 

used across patients (even within the same group) may have 

influenced movement patterns and introduced variability. 

While tooth movement was quantified, the time taken to 

achieve these movements and  the efficiency of mechanics 

were not evaluated. 

 

CONCLUSION 

Three-dimensional digital model superimposition using 

Geomagic Control X and 3Shape Ortho Analyzer is a 

precise, reliable, and clinically valuable method for 
evaluating molar distalization. This approach overcomes 

the limitations of conventional assessment techniques and 

supports the growing integration of digital technologies in 

contemporary orthodontic practice. The landmark-based 

superimposition method in 3Shape Ortho Analyzer proved 

to be a reliable and reproducible tool for evaluating tooth 

movement in the maxillary arch. Among different types of 

movement assessed, distalization of canines and molars 

showed consistent landmark alignment with minimal error. 

The method allowed precise quantification of linear and 

angular displacement, making it suitable for clinical and 
research applications in orthodontic treatment assessment. 

While superimposition of the mandible remains challenging 

due to landmark variability and soft tissue interference, 

maxillary superimposition using stable palatal landmarks 

offers a dependable reference for monitoring orthodontic 

changes over time. 
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