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ABSTRACT

Background: To accurately diagnose and formulate an orthodontic treatment plan,
measurements taken from dental stone models are crucial. Aim: The purpose of this study is
to evaluate and compare the accuracy, reproducibility and effectiveness of orthodontic
measurements made with digital study models versus those on dental stone models.
Methodology: 20 orthodontic dental stone models of the entire maxillary dentition made
using alginate impression material were made. 3 Shape, Trios intra-oral scanner was used to
scan and make digital models of the same subjects and analyzed by using the Exo-CAD 3.0
Galway software program. Linear measurements were taken physically on the dental casts
using a digital calliper and virtually on the digital models. An average of 3 values each for
arch length, inter-canine width and inter-molar width were taken from each cast. Student t-
tests were employed to evaluate the accuracy of orthodontic measurements on the digital
and dental stone models. Reproducibility was tested by using intra class correlation
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coefficient. Results: Results showed both the methods being highly accurate and reliable for
orthodontic measurements. There were no statistically significant differences between
measurements taken directly on dental stone models and those taken on digital models
utilising the EXO-CAD software program. Conclusion: Linear orthodontic measurements
taken on digital models are precise and reproducible. The findings from this study indicate
that intraoral scans are clinically acceptable for diagnosis, treatment planning and
prognosis in dentistry and that they may be utilised as a viable replacement to traditional
dental stone models.

Keywords: Diagnosis, dental stone models, digital models, accuracy, effectiveness,
reproducibility.
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INTRODUCTION:

Correct orthodontic diagnosis is where the success of treatment lies. Various diagnostic aids
such as study models, photographs, radiographs and clinical examination can be employed
to provide accurate information. And amongst all the diagnostic aids, the employment of
accurate dental stone models is a vital prerequisite for diagnosing malocclusion and
developing an appropriate treatment plan, furthermore for evaluating the treatment
progress.l! Amongst all, study casts are essential components of orthodontic records and
are fundamental to correct diagnosis, case presentation, formulating a treatment plan, and
record maintenance. They provide a 3D view of a patient’s occlusion, allowing the clinician

to assess the malocclusion in more detail than clinical examination. Compared to clinical

. . [2]
intra-oral measures, study models are more amenable to routine assessments.

Conventional study models are generally made in dental stone and present difficulties like
the chance of harm, the need for storage space, loss, and inefficient retrieval. These
problems highlight the necessity for an alternative, to counter them, computer-based digital
models are replacing analogue systems, eliminating the need for physical record storage
and maintenance.

Digital technology is becoming a crucial component of many practices used to enhance
effectiveness and quality. Digital photographs, radiography, paperless treatment records,
and 3D study models are all examples of this technology. Orthodontists are utilising this
technology for seamless data transfer, storage, and acquisition across multiple practice
locations.?!

For medico-legal purposes, the Consumer Protection Act of 1987 states that it is necessary
to retain all patient records for a minimum of 11 years.! This leads to problems of storage
in terms of space and cost, in addition to the risk of damage because of the brittle nature of
dental casts. These problems emphasise the need for an alternative method of study model
storage.

elSSN 1303-5150 @ www.nheuroquantology.com

238


http://www.neuroquantology.com/

NeuroQuantology | May 2021 | Volume 19 | Issue 5 | Page 237-249 | doi: 10.14704/nq.2021.19.5.NQ21068
Nitin Gadhiya/ ASSESSING THE ACCURACY AND RELIABILITY OF ORTHODONTIC MEASUREMENTS MADE ON DIGITAL STUDY
MODELS WHEN COMPARED WITH THOSE ON DENTAL STONE MODELS: A PROSPECTIVE CLINICAL TRIAL.

A number of time-consuming dental office tasks, such as tray selection, mixing and using
materials, disinfection of impressions, and shipping impressions to the lab, are eliminated by
digital impression systems. Additionally, sectioning and assessment of specific teeth,
individual arch form, amount of crowding and/or spacing, and type of malocclusion were all
made possible through the virtual manipulation of digital models. The user can get a
computerised diagnostic setup, practise bracket placement and indirect bonding, and
simulate a suggested treatment strategy.

Dental impressions are used to simulate the patient's intraoral environment by replication.
A high-quality model that is faithful to the original is essential to the success of the
treatment. Various materials and impression-taking procedures have been employed over
time to attain the needed precision. The fidelity and precision of the dental impression
determine its quality.[®

In response to the current pursuit of maximum accuracy and fidelity, and attempts to solve
problems related to impression materials over the last few decades, an intra-oral digital
scanning system was developed, which analyses the intraoral situation and creates a virtual
3D model.1®!

The 3D digital models obtained with a chairside intra-oral scanner unit allow orthodontists
to scan and view the patient’s dentition readily, thereby eliminating the need for a
conventional impression and study model fabrication. The ability to transmit digital data
over the Internet, accessibility, permanent data storage, real-time feedback for higher
accuracy, reduction of clinical time, and patient discomfort associated with the use of
impression materials are some of the potential advantages of the intra-oral scanning
technique. They also allow the creation of virtual set-ups for better treatment planning and
manufacture of customized removable and/or fixed orthodontic appliances, by utilizing
rapid prototyping technology. Also, considering the current scenario of the COVID
pandemic, digital impressions have proven to be more safe compared to conventional
techniques.

During the planning of any orthognathic surgery, digital images generated from CBCT scans
and digital models are integrated into a specific programme for 3-dimensional designing and
implementing virtual surgical procedures. The advancement of digital models in
orthodontics has shown to be an outstanding alternative and may become the preferred
method of dealing with dental models in the future. The integration of the scanned models
with the digital images obtained by CBCT enables the simulation of orthodontic and surgical
movements in cases of orthognathic surgery. This greatly facilitates the diagnosis and
planning of these complex cases and substantially improves the workflow of the dental
office, reducing effective chairside time and ensuring a high level of standardization.["

The latest digital software allows for the display of models in all 3 planes of space, enabling
the orthodontist to examine numerous characteristics of the patient's dentition.

Therefore, the purpose of this study is to evaluate and compare the accuracy of orthodontic
measurements made on digital study models versus those on dental stone models.

OBJECTIVES:
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e To determine if intra-arch measurements calculated from digital models generated
with an intraoral scanner are as accurate and valid as corresponding measurements
obtained from traditional intraoral impressions.

e The overall objective of this study was to determine the accuracy and reliability of
orthodontic linear measurements made on digital dental models using a software
program.

MATERIALS AND METHODS :

MATERIALS

20 subjects with a mean range from 15-35 years were considered in the study. All subjects
had erupted permanent maxillary dentition from the second molar of one side to the
second molar of the other side, with no orthodontic appliances. Measurements were
recorded on both the conventional dental stone model and the digital model obtained from
the intraoral scanner.

Subjects participated in the study after informed consent. In the case of minors, permission
was obtained from the parents.

A. Materials, instruments and equipment used for fabrication of the samples:

1. Materials used for the fabrication of conventional Study Models
» Plastic Impression trays
» Alginate Elastomeric Impression material (Coltene, Coltoprint)
» Dental Stone (Type IV)

2. Materials used for the fabrication of Digital models
» Intra-oral digital scanner (3 Shape, Trios, Copenhagen, Denmark)

B. Equipment used for checking the accuracy of the fabricated samples:
» Digital Caliper
» Exo-CAD 3.0 Galway software program
» Laptop

METHODOLOGY

The present study was carried out at the department of Orthodontics & Dentofacial
Orthodontics at Dr D.Y. Patil University, School of Dentistry, Nerul, Navi Mumbai. Ethical
clearance was obtained from the Institutional Ethics & Research Committee at Dr D.Y. Patil
University, School of Dentistry, Nerul, Navi Mumbai. Patients who reported to the
department of Orthodontics & Dentofacial Orthodontics were considered for the study after
obtaining a willingness to participate in the study through an informed consent form.

Inclusion criteria:
1. Subjects between the ages of 15 and 35 years.
2. Complete maxillary dental arch with the exception of missing third molar.
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3. Intact soft and hard tissues.
Exclusion criteria:

1. Subjectsin primary and mixed dentition phase.
Undergoing orthodontic treatment.
Teeth showing Grade 1, Grade 2, and Grade 3 mobility.
Teeth showing loss of tooth morphology.
Grossly carious teeth.
Crowns or restorative materials on teeth.

ok wN

The method of this study was broadly divided into:
1. Fabrication of samples
A. Fabrication of conventional dental stone study models
B. Fabrication of digital models
2. Orthodontic measurements were performed on stone models using a digital calliper
and on digital models with Exo-CAD software
3. Evaluation of the accuracy and reliability of measurements made on both models

1. Fabrication of samples:

A. Fabrication of conventional study models:
Dental casts of the subjects are fabricated using alginate impression material and
disinfected and poured immediately into Type IV Gypsum dental stone.
Preparation of study models —
The hand spatulation method was used to combine 40 mL of water with 18 g of alginate
powder. The impression material was then poured onto the impression trays,
subsequently inserted in the mouths of the 20 patients, and allowed to gel. The trays were
removed once the impression material was set, rinsed with water spray, sanitized, and
dried. The casts were fabricated immediately with a type IV Gypsum dental stone. Following
the manufacturer’s directions, the stone was mixed and poured into all the alginate
impressions. All the stone casts were obtained and maintained at room temperature.

B. Fabrication of digital models:
A digital scan of the patient’s maxillary dentition was recorded using 3Shape, Trios intra-oral
digital scanner and converted into STL (stereolithography) file which was used to export the
digital model, measure and analyse orthodontic values on Exo-CAD Galway software
program.

2. Measurements made on the sample:
Linear orthodontic measurements were measured on the dental stone models with a digital
calliper and on the digital models with the Exo-CAD software programme.

3. Evaluation of the Accuracy and Reliability:
The following dental arch measurements were recorded from the occlusal aspect for both
the conventional dental stone models and the 3D virtual models -

1. Maxillary arch length - the distance between the contact point of the central incisors
and a frontal plane through the most posterior surface of the first permanent
maxillary molars.
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Arch Length being measured on a maxillary digital model using Exo-CAD software
program.

2. Inter-canine width — the distance between the occlusal tips of the maxillary canines.

242

Inter-canine width being measured on a maxillary study model using Digital Calliper

3. Inter-molar width - the distance between the right and the left permanent maxillary
first molar mesiobuccal cusp tips.

Inter-molar width being measured on a maxillary study model using Digital Calliper
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Inter-molar width being measured on a maxillary digital model using Exo-CAD software
program.

On 20 dental stone models, for every subject, each value was measured 3 times and a mean
average was calculated. The corresponding values were similarly measured on the 20
intraoral digital scans of the patients.

RESULTS:

Statistical Analysis:

e All the acquired data was compiled on an MS Office Excel Worksheet.

e Means and standard deviations were used to express descriptive statistics for each
group.

e To evaluate the reproducibility of the measurements, an intra-class correlation
coefficient test was performed.

e A comparison of the orthodontic measurements between dental stone models and
digital models was done using the Student t-test.

e In the aforementioned tests, a p value less than or equal to 0.05 (p<0.05) was
considered to be statistically significant. SPSS software version 20 was used to
perform all analyses.

The intra-class correlation test for inter-examiner error demonstrated strong correlations
between the three sets of measurements performed on dental stone models. Inter-molar
width presented the highest inter-examiner reliability (0.99).

Table no.1: Reproducibility of the orthodontic measurements made on dental stone
models.

Orthodontic measurement | ICC coefficient P value
Arch Length 0.97 <0.001*
Inter-Canine Width 0.96 <0.001*
Inter-Molar Width 0.99 <0.001*

elSSN 1303-5150 @ www.nheuroquantology.com

243


http://www.neuroquantology.com/

NeuroQuantology | May 2021 | Volume 19 | Issue 5 | Page 237-249 | doi: 10.14704/nq.2021.19.5.NQ21068
Nitin Gadhiya/ ASSESSING THE ACCURACY AND RELIABILITY OF ORTHODONTIC MEASUREMENTS MADE ON DIGITAL STUDY
MODELS WHEN COMPARED WITH THOSE ON DENTAL STONE MODELS: A PROSPECTIVE CLINICAL TRIAL.

Graph no.1l: Reproducibility of the orthodontic measurements made on dental stone
models.
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On comparing the arch length between dental stone models and digital study models from
table no 2, the mean difference between the two methods was -0.90.
The P value calculated using the student t-test is 0.214 which is statistically not significant.

Table no.2: Comparison of arch length between dental stone models and digital study
models

Arch Length (in | Dental Stone | Digital study | P value (Student t-
mm) model model test)
Mean 36.45 37.35
0.214
standard 2.12 2.42
deviation
Mean difference -0.90

Graph no.2: Comparison of arch length between dental stone models and digital study
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In table no 3, inter-canine width between dental stone models and digital study models are
compared, and the mean difference between the two is -0.26.
The P value calculated using the student t-test is 0.695 which is statistically not significant.

Table no.3: Comparison of inter-canine width between dental stone models and digital
study models

Inter Canine Width | Dental Stone | _. . P value (Student t-
. Digital study model
(in mm) model test)
Mean 34.94 35.20
0.695
Standard deviation | 1.24 2.65
Mean difference -0.26

Graph no.3: Comparison of inter-canine width between dental stone models and digital
study models
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On comparing the inter-molar width between dental stone models and digital study models
from table no 4, the mean difference between the two is -0.97.
The P value calculated using the student t-test is 0.408 which is statistically not significant.

Table no.4: Comparison of inter-molar width between dental stone models and digital
study models

Inter Molar Width | Dental Stone | Digital study | P value (Student t-
(in mm) model model test)
Mean 52.42 53.39
0.408
Standard 2.47 4.53
deviation
Mean difference -0.97
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Graph no.4: Comparison of inter-molar width between dental stone models and digital
study models
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DISCUSSION:

Accurate diagnosis and treatment planning are critical to the effectiveness of orthodontic
therapy. Orthodontic models are used to measure the degree of obliquity and the
incompatibility between the arch form and tooth dimensions. They are extensively utilised
to create three-dimensional images of the dental arches at every stage of orthodontic
treatment.[14]

For several years, dental stone models have served as the gold standard for dentition
examination. However, they have significant drawbacks, such as labour-intensive
processing, a significant need for physical storage space, brittleness, deterioration, and
possible loss during transport.[!

However, as technology has evolved and digital alternatives have been integrated into
private practice, diagnosis and treatment planning have shifted from a typical 2D method to
an advanced 3D approach. The utilisation of digital technology addresses the demand for
multiple-doctor practices, numerous practice locations, and increasing patient numbers,
while also allowing for effective and convenient information sharing, storage and retrieval.
Orthodontics is constantly incorporating newer materials and state-of-the-art technology,
making the fully equipped three-dimensional orthodontic office a reality.!!

Because of the similarities of the obtained results, the proven hypothesis here is conclusive
of the fact that there is no statistically significant difference evident in the accuracy and
reliability of the orthodontic measurements among the digital and conventional dental
stone models.

When comparing various techniques of archiving treatment records, stone models
necessitate a substantial amount of work and physical storage space due to their size and
weight. Despite these drawbacks, as well as the possibility of model loss or damage,
stone models remain the gold standard in clinical and research applications.
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As with any new technique, accuracy must be evaluated by comparing it to existing
standards—in this study, dental stone models with digital models obtained using direct
intra-oral scanners.

Exo-CAD 3.0 Galway software program was used with the 3 Shape scanner to assess the
accuracy of measurements. The sample size appeared to be acceptable since it was more
than the calculated minimum and additionally because comparable sample sizes had been
utilised in previous studies involving digital models.!711

An ICC value of 0.9 and above indicates excellent reliability, which was obtained for all the 3
variables. The values obtained for dental stone and digital modes for arch length were
36.45 + 2.12 and 37.35 + 2.42, 34.94 + 1.24 and 35.20 + 2.65 for inter-canine width and
52.42 + 2.47 and 53.39 + 4.53 for inter-molar width respectively.

The linear measurements on the digital models did not indicate any statistically significant
differences when compared to measurements made with a digital calliper on dental casts.
The EXO-CAD software programme made it simple to locate points on digital models. A
single click on two points enables the application to automatically calculate a linear
measurement. This programme also allows you to move the images along the three axes of
rotation and magnify them. When the simulated image is magnified anatomical features can
be observed more precisely, in comparison to plaster models.

The measurements of the arch length and arch width on the digital models were valid,
according to Sousa et al.['®l, They reported identical values for the linear measurements
acquired from the digital models, in accordance with this investigation.

Similar to previous investigations by Zilberman et al.[® (2003), Bell et al.[*/(2003), Quimby et
al.’!(2004), Stevens et al.[*91(2006) and Okunami et al.l'?1(2007), this study demonstrated
high reproducibility of measurement in both plaster and digital models.

Studies comparing plaster and digital (Ortho-Cad) models by Zilberman et al.[8], Quimby et
al.®], and Bootvong et al.['3l concluded that both techniques are effective and can be
reproduced when evaluating tooth size and dental arch widths. Quimby et al.”®! further
stated that aspects such as ease of storage and reduced measurement times using
digital technology are expected to make this approach beneficial to orthodontists.

“There are no universal standards for defining model accuracy. However, in orthodontics, it
is generally accepted that measurement accuracy up to 0.1mm is adequate for clinical
purposes and does not compromise the diagnostic value of a model - William Proffit” [16]

CONCLUSIONS:

The crux of this study portrays those linear orthodontic measurements taken directly from
intraoral scans of patients have excellent reproducibility and accuracy.

On the whole, digital casts have an upper hand over dental stone models in the daily work
of record maintenance, transfer across dental offices and laboratories, are relatively easy to
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use and retrieve, aid in patient education, and can be accessed at any time for diagnostic,
clinical, and informative purposes. Even when they appear larger on the screen, digital casts
are precisely calibrated to produce results that are identical to those in real life. The more
recent versions of digital software come with tools for performing indices like the Bolton,
Moyers, Tanaka, and arch length discrepancy studies, which are helpful for
formulating treatment plans. When compared with conventional methods used on stone
casts, this procedure seems to be simpler, faster and has a decreased error of
measurement. As scanning technologies advance to become more efficient, direct scanning
may become more readily accepted within the orthodontic setting.

Therefore, the following conclusions can be drawn from the present study -

1. Digital measurements of arch length, inter-canine width, and inter-molar width on
digital models had a reproducibility identical to direct measurements made with a
digital calliper on traditional dental stone models.

2. Measurements of arch length, inter-canine width and inter-molar width on digitised
models demonstrated excellent accuracy.

3. Digital study models can be considered as a substitute to cast models, occupying less
space and academics with acceptable degrees of precision and reliability of
orthodontic linear measurements.

“Diagnosis is the name of the game now, more than ever, in an increasingly litigious
environment.—T.M. Graber”
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