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Abstract: AIM: This study evaluated the accuracy of dental measurements made on plaster models compared with blue cam images 

and digital photographs. MATERIALS AND METHODS: The study sample comprised pre-treatment diagnostic study models of 10 

randomly selected subjects divided into three subcategories. CAD CAM and photo graphs of the model were taken and digitally analysed. 

Plaster models were analysed with a vernier caliper results were obtained. ANOVA test was done to determine the statistical significance. 

RESULTS: The dental measurements made on the two newer methods of study model analysis(FACAD and Blue-cam Generated digital 

models), compared to the conventional technique of direct measurement on plaster model using digital Vernier caliper, although 

revealed slight variations in numerical values, did not show statistically significant difference in any of the twelve dental parameters 

measured. CONCLUSION: Digital measurement using photographs in FACAD and Blue CAM generated digital models can be used as 

an alternative to the conventional measurement of plaster models using a vernier caliper. 
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1. Introduction 
 

Diagnosis is the essential process that constitutes to be a link 

between clinical examination and treatment process. Based 

on the direct clinical examination a clinician usually arrives 

at a tentative diagnosis. But this cannot be solely considered 

for treatment planning process. Hence in order to arrive at a 

final diagnosis need arises for various supporting diagnostic 

aids. These diagnostic aids usually simulate the patient’s 

dentition; give an idea about various features like the 

skeletal hard tissues and association between various 

structures in various malocclusions and facial deformity [1]. 

 

Apart from providing evidence for diagnosis, they also 

provide tool for differential diagnosis helping us diagnose 

various rare conditions. 

 

Growth related changes are difficult to assess directly from 

clinical examination since it doesn’t provide exact amount of 

changes that occur in each component of face at particular 

age. Hence in such cases it is mandatory to obtain records at 

various time intervals and to check out the normalcy in 

growth of various structures and also to determine if any 

abnormalities exist and also it is very essential to plan for 

the exact treatment needed at that particular age. Most 

essential is utilizing growth by using various growth 

modifying appliances. Hand wrist x-rays especially MP3 

radiographs provide a very valuable tool in this aspect as 

they are better correlated with skeletal maturation and 

amount of growth that is left for any treatment to be carried 

out. [2] 

 

Diagnostic records most commonly used since 1930’s 

include photographs, models, lateral cephalogram, hand 

wrist radiographs, OPG. All these diagnostic records provide 

a very essential tool in diagnosing a case [3] [4]. 

 

With the development in various fields of technology there 

is transition into more digital form. This also applies to the 

dental diagnostic tools. Digital systems are far better than 

the conventional modalities in many ways the essential one 

being more sophisticated means of communication among 

the colleagues [5]. 

 

Digital photography is the first tool of digital imaging apart 

from the conventional photos. There is no need for any film 

or processing. They provide better tool in comparison of 

several stages photographs. Intra oral and extra oral 

photographs can be visualized for better diagnosis. They can 

be electronically stored so that they don’t require any extra 

space like conventional photos. There is very little chance 

for physical damage. Communication is better with digital 

imaging systems since they be easily transferred 

electronically. 

 

Major disadvantage with the digital photographs include the 

cost, they don’t help in medico legal issues since they can be 

easily morphed [5] 

 

Digital radiography is the next advancement that has 

provided a better quality improvement in the field of 

radiographic diagnosis. It is now available for all body parts 

where any severe or rare condition can be easily diagnosed 

and treatment progress can be noted. They are instantly 

obtained unlike conventional radiographs which require 

special sensors and processing time. They also have a 

reduced exposure time compared to conventional systems. 

Effects in the radiographic images like change in brightness, 

contrast and saturation can be made whenever required. In 

digital radiography there is software that can be used to 

locate various cephalometric points. This reduces the 

working time required for tracing and analysing each 

radiograph [5]. 

 

The dental plaster model is the physical three - dimensional 

representation of the dentition and oral anatomy that the 

orthodontist can hold in their hands and view in all three 

planes of space. In addition to its role as a record for 

diagnosis and treatment planning, the dental plaster model is 

routinely used as the positive replica for the fabrication of 

oral appliances. With the physical dental model, clinicians 

have been able to perform measurements for various model 

analyses; to obtain the Kesling setup to decide on extraction 

or non-extraction treatment philosophy and to compare the 

treatment outcomes by using the pre-treatment and post 

treatment study models [6]. 
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A key process in diagnosis and treatment planning in 

dentistry is the study model analysis which helps the 

orthodontist in deciding the treatment plan. Hence, accuracy 

of study models is of utmost importance to an orthodontist. 

The current gold standard for study model analysis involves 

plaster casts measured with callipers [7] 

 

However, some of the disadvantages inherent in the use of 

plaster casts are their weight and volume, time spent on their 

fabrication, the need for a physical storage space, the risk of 

breakage and difficulty in exchanging information with 

other professionals [8][9]. 

 

Hence, electronic storage of patient information, including 

study models, eliminates problems of physical storage, 

retrieval, maintenance, and office management including 

documentation of treatment progress and communication 

between professional colleagues [10][11]. Hence, 3D digital 

dental models could offer distinct technologic and clinical 

application advantages over physical plaster models. 

 

There are various methods of obtaining a study model. The 

conventional methods of obtaining the study models include 

the use of hydrocolloid impression materials such as alginate 

or elastomeric impression material such as 

Polyvinylsiloxane to obtain a negative replica of the 

patient’s dental arch, which is poured using dental plaster to 

obtain a positive replica. Alternatives to using plaster study 

models have been suggested ranging from two dimensional 

digital models such as, occlusogram [12] photocopies of 

study models [13], photograph of study models [14] and 3 

dimensional digital models obtained by holography [15] 

[16], stereophotogrammetry [17] and stereolithographic 

models.  

 

For the acquisition of digital images of teeth, different 

procedures have been described: digitization of plaster casts 

[18] [18] [19] [20] [21] [22] [23] [24], digitization of 

impressions [25] and intraoral digital impressions [26] 

Digital Dental Technology (DDT) for fabrication of dental 

restorations including computer-aided design/computer-

assisted manufacturing (CAD/CAM) has been in 

development since the 1980s. Its rapid expansion and 

incorporation into the field of dentistry has been documented 

since the beginning of 1990s. CEREC Blue-cam connected 

to CEREC AC unit, introduced by Sirona dental systems, is 

one such method of acquiring the digital image of dentition. 

It was originally introduced for the purpose of producing 

CAD-CAM restorations as a chair side procedure, but can 

also be used for the purpose of digital archiving of study 

models. CEREC Blue-cam requires application of a 

contrasting medium, CEREC Optispray on the surface of 

dentition, prior to imaging. 

 

In addition to the above mentioned methods to obtain a 

study model, Cone Beam Computed Tomography (CBCT) 

can also be used to obtain a detailed view of the patient’s 

dentition as well as internal anatomy of the maxillary and 

mandibular bones and airway. Past studies have analyzed 

CBCT accuracy of craniofacial landmarks and determined 

that measurements were statistically significantly different 

from measurements taken with a digital calliper but still 

clinically acceptable (90% of mean differences 2.00 mm) 

[27] 

 

Studies comparing CBCT to photostimulable phosphor plate 

imaging have concluded that CBCT is more accurate [28] 

and more reliable [29]. Despite the increasing adoption of 

this technology in the field of dentistry, its current role in 

orthodontic field is limited to the diagnostics tool in 

assessment of unerupted tooth position, supernumerary 

teeth, and other certain circumstances [30].  Now, study 

model analysis can also be performed directly on 

radiographs, such as CBCT scans, without the need for 

impressions [31]. 

 

The aim of this study is to compare the accuracy and 

reliability of dental measurements using digital photograph 

of models, Blue-Cam generated digital models of casts when 

compared to plaster models.  

 

2. Material and Methods 
 

The study comprised of pre-treatment models of 10 

randomly selected patients divided into three subcategories.   

 

The sample was selected from the initial patient records at 

the Saveetha dental college.  

Each subject was in the permanent dentition in the lower 

arch with first molar to first molar without orthodontic 

appliances. Subjects with crowding in the lower anterior 

tooth region were selected. Subjects within the age group of 

15-30 years, belonging to both sexes were chosen. Subjects 

with age < 15 years and > 30 years and who have already 

undergone orthodontic prosthodontic treatment and present 

with crown or prosthesis that can affect linear 

measurements. Patients presenting with missing tooth/teeth, 

mainly canines, laterals and central incisors. Patients 

presenting with gross maxillofacial deformity (CL/CP) and 

pregnant women. 

 

The three subgroups included  

Group 1: Plaster model obtained mandibular dentition 

Group 2: Photograph of the model 

Group 3: Blue-Cam generated digital image of the model  

 

Five dental measurements were obtained from the plaster 

models using digital vernier calliper from digital 

photographs using the proprietary software of FACAD and 

from the Blue-Cam generated digital image using the 

proprietary software of Sirona Dental Systems Ltd. (CEREC 

software version 4.1). 

 

The data was tabulated using Microsoft Excel 2009 

spreadsheet followed by statistical analysis using Statistical 

Package for the Social Sciences software (SPSS software 

version 17) To assess intra examiner reliability, records were 

re-assessed and the dental measurements were made on all 

the 30 records, twice by the same examiner at 1 week 

interval (T1 and T2). 

 

Intra class Correlation Coefficient, was used to compute 

correlation for the little’s index measured at two different 

times, by the same examiner, in Group 1, Group 2 and 

Group 3 separately 
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3. Results 
 

The descriptive statistics for dental measurements made on 

plaster models, digital photographs and Blue-cam Generated 

digital models, for each of the parameters measured. The 

mean irregularity index value with plaster models were 

7.6+2.8 and in the digital measurement with FACAD mean 

value was 8.3+3.1 and with blue cam group the mean value 

was 7.9+3.  

 

ANOVA test was performed to determine the significance of 

the study values. 

 

However, there was minimal/no difference in this parameter 

when it is measured by using any of the 2 digital formats 

used in the study (P=1) .The results were not statistically 

significant. 

 

The dental measurements made on the two newer methods 

of study model analysis(FACAD and Blue-cam Generated 

digital models), compared to the conventional technique of 

direct measurement on plaster model using digital Vernier 

calliper, although revealed slight variations in numerical 

values, did not show statistically significant difference in 

any of the twelve dental parameters measured 

Descriptives 

LITTLEINDEX 

 N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum Maximum 

Lower Bound Upper Bound 

Plaster models 10 7.6800 2.80864 .88817 5.6708 9.6892 4.00 13.90 

CAD CAM 10 7.9200 3.09185 .97773 5.7082 10.1318 3.00 13.70 

Photographs 10 8.3400 3.13836 .99244 6.0949 10.5851 4.20 14.60 

Total 30 7.9800 2.92379 .53381 6.8882 9.0718 3.00 14.60 

 
ANOVA 

LITTLEINDEX 

 Sum of Squares Df Mean Square F Sig. 

Between Groups 2.232 2 1.116 .123 .885 

Within Groups 245.676 27 9.099   

Total 247.908 29    

 

Post Hoc Tests 
Multiple Comparisons 

Dependent Variable: LITTLEINDEX 

Bonferroni 

(I) MODELS (J) MODELS Mean Difference (I-J) Std. Error Sig. 
95% Confidence Interval 

Lower Bound Upper Bound 

Plaster models 
CAD CAM -.24000 1.34901 1.000 -3.6833 3.2033 

PHOTOGRAPHS -.66000 1.34901 1.000 -4.1033 2.7833 

CAD CAM 
Plaster models .24000 1.34901 1.000 -3.2033 3.6833 

PHOTOGRAPHS -.42000 1.34901 1.000 -3.8633 3.0233 

PHOTOG  RAPHS 
Plaster models .66000 1.34901 1.000 -2.7833 4.1033 

CAD CAM .42000 1.34901 1.000 -3.0233 3.8633 
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4. Discussion 
 

In the present study the accuracy and reliability of two 

newer methods of study model analysis using FACAD and 

Blue-Cam (CEREC AC) generated digital models were 

compared to conventional plaster models measured using 

digital Vernier calliper.  

To determine the accuracy of the newer methods, dental 

measurements were obtained, and little’s irregularity index 

was calculated using all the three methods. To assess the 

intraexaminer reliability, were reassessed and the dental 

measurements were made on all the 30 records, twice by the 

same examiner at 1 week interval. 

 

The present study showed that the dental measurements 

made using the study models obtained from the two newer 

techniques, did not reveal any statistically significant 

differences when compared with the ‘gold standard’ plaster 

models measured using digital Vernier calliper. Further, 

there were no statistically significant differences between 

the measurements made in both the digital formats. This is 

in accordance with several studies comparing plaster model 

with other digital imaging   

 

The intraexaminer reliability was also good to excellent 

when the measurements were repeated on the three different 

methods of study model acquisition, by the same operator at 

1 week interval. 

 

In addition to the usefulness of plaster models, the Blue-cam 

generated digital model and digital photographs can also be 

used as an alternative to other methods of digital model 

acquisition and archiving, and for performing accurate 

measurement for study model analysis for orthodontic 

purposes - diagnosis and treatment planning.[32] 

 

5. Conclusion 
 

The dental measurements made on the two newer methods 

of study model analysis (FACAD and Blue-cam Generated 

digital models), compared to the conventional method of 

direct measurement on plaster model using digital Vernier 

calliper, did not show statistically significant differences in 

the little’s irregularity index measurement. 

Hence digital measurement using photographs in FACAD 

and Blue CAM generated digital models can be used as an 

alternative to the conventional measurement of plaster 

models using vernier callipers. 
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