










































































 

 

  

Relevance of this study 

To incorporate digital impressions in removable dentures for undergraduate dental students at the 

UWC Faculty of Dentistry, we must first provide evidence comparing digital workflow to current 

conventional practices before introducing it to undergraduates. We must keep up with the latest 

technology and trends, as the outside world is already utilising digital impressions. 

 

3.2 Study design 

This was a cross-sectional comparative study conducted at the Faculty of Dentistry Oral Health 

Centre at the University of the Western Cape. 

Sample size 

A statistician was consulted, and the sample size was calculated with power analysis. The study 

included 10 patients who required upper maxillary dentures. 

The procedure involved the following: 

• 10 impressions (conventional) 

• 10 impressions (digital impressions, with TRIOS 3 Shape scanner) were taken, making a 

total of 20 impressions 

• 10 Asiga printed models 

• 10 Phrozen printed models 

The total sample size was (n=40). The sample included 5 males and 5 females. 

The sample size was calculated using the Power Analysis One-way ANOVA feature of the 

JAMOVI software. 
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Table 2: Patient demographics 

Descriptives of the demographics 

Patients  Age  Gender 

N  10  10  10 

Missing  0  0  0 

Mean  5.50  65.3 

Median  5.50  65.5 

Standard deviation  3.03  4.35 

Minimum  1  60 

Maximum  10  71  

Sample population 

The sample population comprised patients at the Tygerberg and Mitchells Plain UWC Oral 

Health Centre, who required upper maxillary dentures. 

All patients who participated in conventional or digital impression taking in the study signed an 
informed consent form. Patients were screened by a qualified dentist according to the UWC Oral 
Health Centre Protocol. Those who met the criteria according to the inclusion and exclusion 

criteria were selected. 

Inclusion 

The inclusion criteria included the following: 

• fully maxillary edentulous patients requiring fabrication of single upper dentures 

• absence of masticatory or motor system disorder 

• -patients with ridges that have adequate height and firmness 

• Patients between the ages of 40-65 years 

Exclusion 

� Patients with denture stomatitis, ulcers, severe undercuts, mucosal abnormalities, high 

fraenum attachment, flabby ridge, and severely resorbed ridges 
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� Patients under the age of 40 and above 65 years 

Impression procedures comparing conventional and digital impressions were 

completed. The impression procedures (conventional and digital) were carried out by a 

single dentist with experience in both analogue and digital intraoral scanning. 

 

3.3 Methodology 

Impressions and dental models 

The methodology for this study replicated the study by Lo Russo (2020) in which 10 patients 

with edentulous maxillary ridges (5 females and 5 males, ages between 40-65) were included. 

 
3.3.1 To digitally compare the 3-dimensional variations existing between  
conventional (analogue) impressions taken with Impregum F and intraoral scans of the 
edentulous maxilla taken with TRIOS 5 (3Shape) scanner. 

The following two impression techniques were used: 
1. Conventional method (CI): Polyether impression material using Impregum F. This was the 

control of the study, and 

2. Digital impression (DI) taking method using an intraoral scanner Trios 5 (3 Shape). 

All included patients were exposed to the two impression-taking methods; thus, a total of 20 

impressions were completed. 

Analogue impression 

For each patient, before performing the conventional method, a preliminary impression was 
taken using irreversible hydrocolloid (blueprint) and a special tray was made using acrylic 
resin. 
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Figure 2: Conventional maxillary secondary impression with Impregum 

 

Figure 3: Conventional impression dental model 

There were 2 groups of impressions, namely (CI and DI). 
● For the (CI), secondary impressions were taken with a special tray using Impregum F, 

providing a total of 10 impressions. 

● The CI impressions were immediately scanned by the same dentist using a desktop 

scanner, Medit T510. 

● A direct scan of the conventional impression was chosen because the absence of voids and 

undercuts in the edentulous arch was expected to minimise the shadowing effect. 
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● For the (DI), a direct scan of the impression was taken using a Trios 5 (3 Shape) 

intraoral scanner, because the absence of voids and undercuts in edentulous arches was 

expected to minimise the shadowing effect, providing a total of 10 scanned edentulous 

maxillary arches. 

Intraoral scan 

Digital impressions of the edentulous maxilla (DI method) were taken using an intraoral 
scanner (Trios 5 (3 Shape)). For clear visualisation, 10 individual intraoral retractors were used to 

retract the patients’ cheeks (OptraGate Retractor, Figure 4), one for each participant as 
follows: 

 

Figure 4: OptraGate Retractor 

The participants’ edentulous arches were cleaned by air drying and wiping to dry the saliva, and 

the OptraGate Oral Retractor was used and adjusted according to the size of the 

participants’ arches. 

The scanning process was achieved by stretching the vestibular area and retracting the lip and 
cheek with the head of the intraoral scanner. 

The scanner was moved from the left maxillary tuberosity along the residual ridge to the midline, 

then to the left maxillary tuberosity. 

The scanner was then moved back to the midline along the residual ridge, and the palate was 

scanned by smooth movements along the posterior palatal seal to the vestibule and the palate. Next, 

the vestibule and palate were sequentially scanned to overlap with the scanned residual ridge. 
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Figure 5: Intraoral scan of the edentulous maxillary ridge 

Due to limitations of the digital method in making an impression of movable tissue, the 

conventional and digital methods were compared at the following four reference areas of the 

maxilla (Figure 6): 

1. Medial palatine raphe 

2. Hard palate 

3. Residual ridge 

4. Soft palate 

 

Figure 6: Areas compared by conventional and digital methods   
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Figure 7: Protocol for this study 
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3.3.2 To compare digital (3D) printed resin models (Impregum & scanned), using two 
different resins, namely, (Asiga Dentalmodel Almond) and (Phrozen Dentalmodel Beige). 

After all the patients were scanned, the digital impressions were imported into the ExoCad 

software. Each scan was trimmed to remove unnecessary data and to create a digital dental 

model. From these scans, digital models of the maxillary arches were created. The finalised files 

were then exported in STL format, which is the standard file type for 3D printing. 

The 3D printing process was carried out using the Asiga UV 3D printer. Two different printing resins 

were selected for comparison: Asiga Dentalmodel Almond and Phrozen Dentalmodel Beige. To 

decrease discrepancies and inconsistencies, the same digital files were used for both resins, and the 

same printing guidelines were used, including orientation, layer thickness, and settings. In total, 

twenty models were made, consisting of ten models printed with Asiga Dentalmodel Almond 

resin and ten models printed with Phrozen Dentalmodel Beige resin. 

Figure 8: Printed Phrozen resin model                           Printed Asiga resin model   
 

After printing, all the dental models were cleaned following the manufacturer's post-processing 

steps. This process involves the cleaning of dental models with isopropyl alcohol to remove 

residual uncured resin; this is followed by curing the model using the correct curing unit to make 

sure that there is complete polymerisation. Models were then stored in laboratory conditions to 

avoid distortion before measurement and analysis, under specific storage guidelines. 

 

 

3.4 Data collection and analysis 
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3.4.1 Data collection tool 

A statistician was consulted regarding the data analysis. The statistical software used was the 

JAMOVI version 2.7.6. The intraoral scan (DI) and the scan of the analogue impression (CI) for 

each patient were exported using WeTransfer to the Standard Tessellation Language (STL) 

format. The STL format was used because it was importable and compatible with the ExoCad 

software (DentalCad 3.1 Rijeka), which is a reverse engineering program. Each impression 

was designed to generate a digital model using the model creator. The program is designed with 

the Detect function that allows the automatic adjustment and detection of peripheries as 

needed. A 3D digital model was successfully created for model analysis. 

 
3.4.2 Model design using ExoCad software program 

For each arch of every participant, the 3D distance between the DI and comparable CI 

impressions was measured using the following procedure: 

The CI and DI STL files were imported into the ExoCad software program (DentalCad 3.1 

Rijeka) to perform a 2-phase best-fit alignment, making the DI impression the reference and the 

CI the test object. 

The 2 impressions were superimposed using 3D analysis software (ExoCad). 

An initial alignment was performed using the software's automated point-based registration 

function. During this process, ExoCad automatically generated seven reference points on the model 

surfaces to establish correspondence between the two datasets. These points were software-

generated and were not based on predetermined anatomical landmarks. Following the initial 

registration, a second alignment was performed to refine the fit between the models and improve 

the accuracy of the superimposition. 

 

An alignment was carried out with symmetry by using 7 points for comparison. Thereafter, DI and 

CI alignment were used to increase fine adjustment using 7 sample points. 

After aligning the models, a 3D distance between DI and CI was measured and recorded. 

The clinically acceptable values were defined as ranging between 0.05 mm and 0.311 mm, 

according to William et al. (2006). Although different thresholds have been reported in the 

literature, this range was selected as the benchmark for evaluating the trueness and precision of the 

digital and conventional impression techniques investigated in the present study. 

The 3D distance (mean distance between the DI and the CI) was recorded in a data collection 
sheet. 

The mean distance was calculated and measured between the trimmed DI and the trimmed CI. For 
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further visual analysis and the deviation pattern of these 3D models, a colour difference map of 

each superimposition was obtained. 

 
3.4.3 Statistical analysis 

The statistical analysis software used was JAMOVI version 2.7.6 

After all the measurements were obtained, the differences between the means for the analysed 3D 
scans (mean distance between trimmed scans) were evaluated using the Kruskal-Wallis test. 

The first group that was compared was the CI and the DI impression techniques. The mean, 

standard deviation and the p-value were calculated. 

The second group that was compared included the 2 resins, Asiga and Phrozen, against the CI 

impression techniques. The mean, standard deviation and the p-values were calculated. All tests 

indicated statistical significance at p < 0.05 mm. 

 
3.4.4 Materials used 

The following materials were used: 

• Impression trays: Edentulous Stock trays and Special trays 

• Impression materials: Impregum Penta, 3M ESPE 

• Gypsum Stone: ISO Type IV 

• Pentamix 3M ESPE 

• Intraoral scanner: Trios 5,3 Shape 

• OptraGate Retractor 3M ESPE 

• Desktop scanner: Medit T510 

• 3D printer: Asiga UV 3D printer 

• Resins: Asiga Dentalmodel Almond and Phrozen Dentalmodel Beige. 

•  

3.5 Ethics 
 
3.5.1 Ethical consideration 

Ethical clearance was obtained from the Biomedical Research Committee of the University of the 

Western Cape, UWC’s Faculty of Dentistry, as well as the Provincial Government of the 

Western Cape (PGWC).   

The researcher agreed to protect the identity of the patients. To ensure the anonymity of the 

patients, a code was placed on the data sheet, and the patients’ names were not included on the data 

sheets. Personal information and clinical data were not shared. Only the intraoral 
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impressions were used for this study. 

The patients were required to provide us with a signed consent form, in which they were 

informed that their participation was voluntary and anonymous. 

The participating patients received completed maxillary acrylic dentures that were processed 

according to the patients’ Uniformed Patient Fee Schedule (category H). 

Patients treated in government hospitals are charged according to the level of the hospital 

providing the treatment, the category of medical staff providing the treatment, and the income of 

the patient. The categories provide full subsidisation for patients who are pensioners or 

unemployed. Any participant who earns less than ZAR250,000 per individual or ZAR 350,00 per 

family, per annum, is classified as the “OTHER” income category. 

 
3.5.2 Ethical clearance 

After receiving ethical clearance from BMREC (BMREC reference number BM23/ 6/21), the data 

were collected. All patients received a detailed explanation about the study and how they were 

expected to participate. They were given the choice to decide if they would like to 

participate or not. Those who agreed to participate signed an informed consent form, which 

contained a detailed explanation of the study. 

 

3.6 Data collection and management 

Data were collected after ethical clearance was received. Data were collected by one dentist who 

was trained in taking impressions using digital intraoral scanners (training was completed 

before data collection). 

Data collected were stored on an electronic platform. In addition, any data exported to statistical 

programmes (such as Excel) was stored on the UWC institutional research data repository, 

Kipapu.  
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Chapter 4  
RESULTS OF THE STUDY 
 

4.1 Results 

This chapter covers the data collected and obtained, and includes the aims and objectives of the 

study. 

Objective 1: To digitally compare the 3-dimensional variations existing between 

conventional (analogue) impressions taken with Impregum F and intraoral scans of the 

edentulous maxilla taken with a TRIOS 5 (3 Shape) scanner. 

 

Figure 9: Superimposition of the conventional (analogue) and the oral scan (digital) 
models 

The CI and DI impressions were scanned with a desktop scanner (T510, Medit.Co., Seoul, 

Korea) and superimposed using ExoCad analysis software (DentalCad 3.1 Rijeka). The STL 

files of the CI impressions were superimposed onto the DI impressions using surface-matching 

software, and the best fit algorithm was used.   
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Figure 10: Colour bar indicating measurements in mm 

A colour deviation map was used to show the distance between the CI and DI superimposed 
models. 

The blue colour indicates that the CI impression technique is more depressed, and the 

Red/yellow colour indicates that the CI impression technique is less depressed. 

The blue colour shades indicate the distance ranging between 0 - 0.02mm, with the red colour 

shades indicating the distance ranging from 0.08 - 1mm. 

A distance ranging between 0 - 0.05mm indicates close contact with no gap between the 

impressions, and a distance ranging between 0.05 - 0.311mm is clinically accepted (Williams et 

al., 2006). 

 

Figure 11: Superimposition of analogue vs 3D impressions at the medial palatine raphe 
measurement in mm 

The distance measured between the CI and the DI impressions at the medial palatine raphe was 

0.097mm, which is relatively higher than the other regions and remains clinically acceptable. 

The superimposition shows a mixture of colour distribution of green and blue, with less red  
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and yellow, indicating a high variation when compared to the other landmarks. The midline 

surface area is less uniform and irregular, making it difficult to capture data. These 

irregularities and deviations are minor and do not compromise the clinical quality of the 

impression techniques. The anatomical characteristics of these landmarks, such as a raised 

ridge and the presence of thin mucosa, contribute to these deviations. These may result in 

material distortion during the CI impression technique and light scattering during the DI 

impression technique, which may result in a mismatch when superimposing the two. 

The overall colour mapping indicates that blue and green are widely spread in this landmark, 

which confirms that both digital and analogue methods achieved a good match at the midline 

area. Therefore, both digital and analogue methods can still be considered accurate and 

dependable for recording the midline area of the maxilla. 

Figure 12: Superimposition of analogue vs 3D impressions at the Hard Palate measurements in (mm) 

The superimposition at the hard palate between the CI and the DI impressions was 0.057mm, 

which falls under the clinically acceptable range of 0.05 - 0.3mm. This limited deviation shows the 

reproducibility and high accuracy of the DI impression in comparison to the CI impression. The 

colour mapping indicates blue and green as the predominant colour pattern, while red and 

yellow are less, which indicates that the two impression techniques have high levels of trueness and 

are closely matched. The hard palate consists of immovable, firm tissue and allows both 

techniques to record stable and consistent impressions.   

These results are consistent with previous studies, which indicate that the hard palate often 

shows low deviation due to its firm anatomy and absence of compressible tissue. The stable 

structure of the hard palate minimises dimensional changes during both digital intraoral 

scanning and conventional impression techniques. This indicates that both the CI and DI 
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impression techniques are reliable and accurate in recording this landmark. Consequently, it is a 

stable reference for assessing the impression accuracy. 

 

Figure 13: Superimposition of analogue vs 3D impression at the Residual Ridge 

measurements in (mm) 

The distance measured between the CI and the DI impressions at the residual ridge was 

0.052mm, which indicated close contact or no gap between the 2 impressions (Rokhshad et al., 

2022). The residual ridge was the region with the lowest deviation when compared to the other 

landmarks. This indicated that it was the most accurate and stable region when taking 

impressions. The colour in this landmark is mainly blue and green, with very red and yellow 

surfaces, which indicates minimal deviation and a high degree of accuracy between the two 

impression techniques. The residual ridge has reduced tissue mobility and firm mucosal 

support. These characteristics contribute to the high accuracy in this region. This makes the DI 

impression technique comparable in precision to the CI impression technique. All of these 

factors indicate that the residual ridge is a stable and reliable landmark for impression making, and 

it is a strong reference point for evaluating overall impression accuracy in the edentulous 

maxilla.  
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Figure 14: Superimposition of analogue vs 3D impression at the Soft Palate in (mm) 

The distance measured between the CI and the DI impressions at the soft palate was 0.204mm, 

which falls in the clinically acceptable range and would not significantly affect the fit and 

function of a denture. This anatomical landmark showed more colour variation when compared to 

the other landmarks in the maxilla. This difference is expected because of the anatomical 

characteristics of the soft palate, which has movable, compressible tissue and may result in 

reduced accuracy, causing both CI and DI impression techniques to be more prone to 

deformation. Both the CI and DI impression techniques are reliable in recording this landmark, 

despite the deviations.  
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4.2 Statistical analysis 

Statistical analysis was completed using JAMOVI version 2.7.6. The first analysis 

performed was the superimposition of CI and DI impressions at all 4 landmarks, namely, the 

residual ridge, the hard palate, the soft palate, and the medial palatine raphe. 

The Shapiro-Wilk test was employed to determine the normality of the data distribution. 

Ideally, the p-value should be greater than 0.05, and the mean and the standard deviation can be 

reported. 

Table 3: Descriptives between the CI and the DI impression techniques 

Descriptives in all four anatomical landmarks of the maxilla 

Residual  Hard  Soft  Medial  Palatine  

Ridge  Palate  Palate  Raphe 

N  10  10  10  10 

Missing  0  0  0  0 

Mean  0.104  0.0694  0.148  0.0876 

Standard  0.0447  0.0237  0.0805  0.0973 

deviation 

Minimum  0.0520  0.0180  0.0410  0.0170 

Maximum  0.167  0.0970  0.258  0.358 

Shapiro-Wilk W  0.880  0.910  0.917  0.575 

Shapiro-Wilk p  0.129  0.282  0.331  <.001  

Table 3 shows the descriptive statistics to evaluate the accuracy of digital impressions at all four 

anatomical landmarks of the maxilla: the residual ridge, hard palate, soft palate, and medial palatine 

raphe. There were no missing values at any of the landmarks that were assessed on all ten digital 

scans of the patients. All the outcomes, including mean values, standard deviations, and ranges, are 

presented in Table 3.   
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The residual ridge had a mean deviation of 0.104 mm and a standard deviation of 0.0447 mm, 

with values ranging from 0.052 mm to 0.167 mm. This range indicates that the surface 

morphology at the residual ridge is consistent and stable, and shows that the scanning technique 

ensured that this landmark was captured with excellent accuracy. 

The hard palate indicated a mean value of 0.0694 mm and an SD of 0.0237 mm. This anatomical 

landmark had a low deviation of 0.018 mm and a maximum of 0.097 mm. When the hard palate is 

compared to other anatomical landmarks, it had the lowest mean deviation, which made it the 

most reproducible, repeatable, and consistent anatomical landmark when using a digital 

technique. The hard palate is firm and smooth, which played a role in the improved light 

reflection and the stability of the scanning technique. 

The soft palate had a higher mean deviation of 0.148 mm with an SD of 0.0805 mm and a higher 

range between 0.041 mm and 0.258 mm. The increased range of this anatomical landmark is 

due to its compressible and movable tissue, which can result in inaccurate and poor 

reproducibility during impression taking and scanning. Another contributing factor to the 

differences in deviations was the soft tissue flexibility that resulted in limited and poor scanning and 

accessibility at the posterior border. 

The medial palatine raphe had a mean deviation of 0.0876 mm and an SD of 0.0973 mm, and 

indicated the biggest range of values (0.017 mm to 0.358 mm). The morphology of this 

anatomical landmark has a narrow and irregular surface, which had an effect on this high 

variability. 

Shapiro–Wilk test was the normality test used for this data. The results showed that the residual 

ridge (W = 0.880, p = 0.129), hard palate (W = 0.910, p = 0.282), and soft palate (W = 0.917, p = 

0.331) had a normal distribution, as their p-values were more than 0.05, and the medial palatine 

raphe (W = 0.575, p < 0.001) was not normally distributed. 

Kruskal-Wallis test, which is a non-parametric test, was used because the medial palatine raphe 

was not normally distributed. This test was used to compare the deviations at four maxillary 

anatomical landmarks: residual ridge, hard palate, soft palate, and medial palatine raphe. The 

results showed that there were no statistically significant differences between the four 

landmarks with a p-value of 0.437. This indicated that the impressions were taken with similar   
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accuracy across all four anatomical landmarks. The Kruskal–Wallis test indicated that the 

scanning technique had consistent and reliable results for all areas of the maxilla. 

Table 4: Kruskal-Wallis test 

Kruskal-Wallis test 

χ²  df  P 

Residual Ridge  9.00  9  0.437 

Hard Palate  9.00  9  0.437 

Soft Palate  9.00  9  0.437 

Medial Palatine Raphe  9.00  9  0.437 

 

The descriptive analysis indicated that all four anatomical landmarks of the maxilla could be 

captured with acceptable accuracy using CI and DI impression techniques. However, the hard 

palate showed the least deviation, and the medial palatine raphe indicated the greatest 

variability. This indicates that the anatomical characteristics of each landmark play a role in the 

accuracy of the impression, and one needs to pay attention to the irregular and soft surfaces of the 

maxilla when assessing the DI and CI impression techniques. 
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Figure 15: Box plot showing the median of CI and DI at the residual ridge 

The median was 0.10mm, which means that half of the values were above this point and half 

were below. This indicates that there was a deviation at the residual ridge. The values that 

ranged between 0.065mm - 0.135mm indicate that the variations between the patients were 

minimal. There were no extreme outliers, which indicates that the results are reliable and 

consistent. The box plot indicates that there was a small difference between the impressions in 

the residual ridge. 
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Figure 16: Box plot showing the median of CI and DI at the hard palate 

The median at the hard palate was 0.07mm, and the range was 0.02mm - 0.10mm. The box plot of 

the hard palate indicates the most accurate and consistent values, which shows that the 

scanner had good precision in that landmark. 

 

Figure 17: Box plot showing the median of CI and DI at the soft palate  
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The median at the soft palate was 0.12mm, and the range was 0.04 mm - 0.26 mm, with the 

highest IQR range. This landmark indicates the highest variability, which was caused by the 

flexibility and the movement of the soft tissue while scanning the mouth. 

 

4.3 Objective 2: To compare digital (3D) printed resin models (Impregum & 
scanned), using two different resins, namely, (Asiga Dental model Almond) and 
(Phrozen Dental model Beige). 

This analysis was done to compare the differences between the 2 resins used to print denture 
models. 

 
4.3.1 The differences between superimposition of the Asiga Dental Almond Resin model to 
the CI models at all landmarks, namely, residual ridge, hard palate, soft palate and the 
medial palatine raphe. 

Table 5: Superimposition of Asiga printed models to CI models 

Descriptives at the four landmarks 

Residual Ridge Hard Palate Soft Palate Medial Palatine Raphe 

N  10  10  10  10 

Missing  0  0  0  0 

Mean  0.113  0.0956  0.176  0.0986 

Standard  0.0955  0.0446  0.0698  0.0325 

deviation 

Minimum  0.0150  0.0190  0.0150  0.0360 

Maximum  0.290  0.180  0.248  0.148 

Shapiro-Wilk W  0.907  0.977  0.860  0.941 

Shapiro-Wilk p  0.261  0.946  0.076  0.567   
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Residual ridge 

The values at the residual ridge between the superimposition of Asiga printed models and the CI 

models show that the M = 0.113mm, the SD = 0.0955mm, and the p-value was 0.261mm. The 

p-value was > 0.05mm, indicating no significant deviation. 

Hard palate 

The mean value at the hard palate was 0.0956mm, the SD = 0.0446mm, and the p-value was 

0.946mm. The p-value was > 0.05mm, indicating no significant deviation. 

Soft palate 

The mean value at the soft palate was 0.176mm, the SD = 0.0698mm, and the p-value was 

0.076mm. The p-value was > 0.05mm, indicating no significant deviation. 

Medial palatine raphe 

The mean value at the medial palatine raphe was 0.0986mm, the SD = 0.0325mm, and the p-

value was 0.567mm. The p-value was > 0.05mm, indicating no significant deviation. 

Only the mean and the standard deviation were reported because the Shapiro-Wilk p-value was 

greater than 0.05mm, which indicates that the data were normally distributed; therefore, the 
median was not calculated. These results support the null hypothesis and indicate no significant 

deviation. 

The superimposition of the CI and DI at all four landmarks was assessed, and the statistics 

indicated that the soft palate had a higher mean deviation, which indicated that it was the least 

accurate landmark compared to the other landmarks. The medial palatine raphe showed the 

lowest mean and SD value, which showed that it was the most consistent and was a more reliable 

landmark, whereas the hard palate and the residual ridge showed stable measurements. 

The Shapiro-Wilk test was employed to determine normality at all four anatomical landmarks, 

and the results and values indicated a normal distribution (p-value > 0.05).    

 

https://uwcscholar.uwc.ac.za/home



 

61  

4.3.2 The differences between the superimposition of the Phrozen Dental model Beige Resin 
model and the Conventional impression models at all landmarks, namely, residual ridge, 
hard palate, soft palate and the medial palatine raphe. 

The following analysis was performed to demonstrate the difference between the 

superimposition of Phrozen printed denture models and conventional impression models. 

Table 6: Superimposition of Phrozen printed models compared to CI models 

Descriptives at the four landmarks 

Residual  Hard  Soft  Medial  Palatine  

Ridge  Palate  Palate  Raphe 

N  10  10  10  10 

Missing  0  0  0  0 

Mean  0.0997  0.0803  0.0990  0.0688 

Standard  0.0672  0.0158  0.0579  0.0348 

deviation 

Minimum  0.0180  0.0520  0.0190  0.0190 

Maximum  0.241  0.0990  0.192  0.136 

Shapiro-Wilk W  0.900  0.922  0.960  0.957 

Shapiro-Wilk p  0.220  0.371  0.782  0.754  

The mean value at the residual ridge was 0.0997mm, the standard deviation was 0.067mm, and the 

p-value was 0.220mm. The mean value at the hard palate was 0.0803mm, the standard 

deviation was 0.0158mm, and the p-value was 0.371mm. The mean value at the soft palate was 

0.0990mm, the standard deviation was 0.0579mm, and the p-value was 0.782mm. The mean 

value at the medial palatine raphe was 0.0688mm, the standard deviation was 0.0348mm, and the 

p-value was 0.754mm.  
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Only the mean and the standard deviation were reported because the Shapiro-Wilk p-value was > 
0.05mm, which indicates that the data were normally distributed; therefore, the median was not 
included. 

 

4.4 Individual descriptive analysis at all four anatomical landmarks 

The following tables illustrate and compare the mean deviation values (in millimetres) recorded at 

the four anatomical landmarks of the edentulous maxillary ridge, namely, residual ridge, 

hard palate, soft palate, and medial palatine raphe. The first column illustrates CI vs DI 

measurements in mm, and the 2nd and 3rd columns illustrate the difference between the two 

resins that were used, namely, the Asiga and Phrozen resin models. 

Table 7: Patient 1 

Region CI vs DI Asiga Phrozen 

Residual Ridge 0.052 0.156 0.062 

Hard Palate 0.057 0.117 0.082 

Soft Palate 0.204 0.248 0.112 

Medial Raphe 0.097 0.089 0.049  

The CI vs DI methods indicated the least deviations in most of the landmarks, which indicates the 

accuracy of the two methods. The deviations remained within the clinically acceptable range 

for the fabrication of dentures. Models that were printed with Asiga resin had the most 

deviations. These deviations were more prevalent on the soft palate, and this indicated that this type 

of resin was the least accurate. The Phrozen printed models had deviations that were less than the 

Asiga resin models in all anatomical landmarks. Overall, the soft palate indicated the highest 

deviations, which were due to the challenges in capturing the movable and flexible tissue.   
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Table 8: Patient 2 

Region CI vs Dl Asiga Phrozen 

Residual Ridge 0.132 0.016 0.055 

Hard Palate 0.057 0.088 0.087 

Soft Palate 0.112 0.136 0.053 

Medial Raphe 0.050 0.095 0.099 
 

The deviations between CI and DI were minimal, indicating that digital impressions are 

comparable to conventional techniques. The residual ridge showed the largest deviation (0.132 

mm), indicating that it was the most variable anatomical landmark, whereas the hard palate 

and medial palatine raphe showed the least deviations, indicating their rigid and stable nature. 

Among the 3D-printed models, Asiga resin indicated the highest accuracy at the residual 

ridge (0.016 mm) with the highest deviations at the soft palate (0.136 mm), while Phrozen 

resin indicated the least deviations at flexible soft tissue landmarks such as the soft palate (0.053 

mm). This indicates that material selection significantly affects the accuracy of printed models, 

especially in anatomical landmarks with compressible soft tissue. 

Table 9: Patient 3 

Landmark CI vs DI Asiga Phrozen 

Residual Ridge 0.167 0.055 0.018 

Hard Palate 0.091 0.180 0.079 

Soft Palate 0.074 0.180 0.019 

Medial palatine Raphe 0.042 0.099 0.075 
 

The deviations between the CI and DI impression methods were very small, with the residual 

ridge indicating the highest deviations (0.167mm), showing that it was the most variable 

anatomical landmark. The medial palatine raphe indicated the lowest deviations (0.042mm), 

indicating high stability. The Phrozen resin-printed models indicated consistent accuracy at the 

residual ridge, while the Asiga resin-printed models indicated deviations at the soft palate, 

which suggests increased variability in reproducing compressible tissue. 
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Table 10: Patient 4 

Landmark CI vs DI Asiga Phrozen 

Residual Ridge 0.084 0.290 0.182 

Hard Palate 0.092 0.083 0.052 

Soft Palate 0.258 0.221 0.140 

Medial Palatine Raphe 0.068 0.087 0.051  

The CI and DI impressions indicated relatively low deviations, with the residual ridge at 0.084 mm 

and the hard palate at 0.092 mm, indicating that rigid structures were captured accurately. The soft 

palate showed the highest deviation (0.258 mm), reflecting the difficulty of scanning flexible and 

mobile soft tissue areas. The Phrozen resin-printed models consistently showed the least 

deviations compared to the Asiga resin-printed models, especially in compressible anatomical 

landmarks such as the soft palate (0.140 mm) and the residual ridge (0.182 mm), indicating 

better reproducibility of anatomical details. 

Table 11: Patient 5 

Landmark CI vs DI Asiga Phrozen 

Residual Ridge 0.061 0.015 0.112 

Hard Palate 0.097 0.104 0.099 

Soft Palate 0.222 0.015 0.064 

Medial Palatine Raphe 0.066 0.036 0.039 
 

The CI and DI impression techniques showed low deviations, which confirms that digital 

impressions closely matched the conventional impression technique in most anatomical 

landmarks. The soft palate consistently showed higher differences because it is a flexible and 

movable tissue. The Asiga printed resin models demonstrated the lowest deviations in three of the 

four landmarks, while the soft palate showed the largest differences. The Phrozen printed 
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resin models indicated moderate accuracy and performed well in the hard palate and medial 

palatine raphe, as they are stable landmarks. 

Table 12: Patient 6 

Landmark CI vs DI Asiga Phrozen 

Residual Ridge 0.122 0.167 0.049 

Hard Palate 0.075 0.019 0.058 

Soft Palate 0.251 0.230 0.031 

Medial Palatine Raphe 0.048 0.148 0.136 
 

The Phrozen resin-printed models indicated the highest accuracy in the residual ridge and soft 

palate, which demonstrates strong performance in both rigid and flexible tissues. The 

Asigaresin-printed models showed the best results in the hard palate, suggesting that it 

captured stable, non-mobile structures very reliably. DI and CI impressions showed their 

best performance in the medial palatine raphe, where the firm midline structure allows precise 

scanning. However, digital techniques indicated the highest deviations in the soft palate, 

which is likely due to the mobility of this tissue during scanning. 

Table 13: Patient 7 

Landmark CI vs DI Asiga Phrozen 

Residual Ridge 0.058 0.085 0.095 

Hard Palate 0.018 0.092 0.097 

Soft Palate 0.041 0.217 0.137 

Medial Palatine Raphe 0.358 0.092 0.089 
 

The DI impression technique demonstrated excellent accuracy in all landmarks except the soft 

palate, which indicated slightly higher deviations. The Phrozen printed resin models indicated the 

highest accuracy in the soft palate and the residual ridge, which indicates that it is good at 

reproducing flexible landmarks. The Asiga printed resin models indicated that they are 

effective at reproducing stable and rigid anatomical structures. 
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Table 14: Patient 8 

Landmark CI vs DI Asiga Phrozen 

Residual Ridge 0.162 0.019 0.241 

Hard Palate 0.055 0.063 0.070 

Soft Palate 0.135 0.170 0.192 

Medial Palatine Raphe 0.017 0.075 0.044 
 

The CI and DI impression technique indicated accuracy in the hard palate and medial raphe. 

This shows that digital scanning can closely match conventional impressions in these specific 

anatomical landmarks. Phrozen resin indicated slightly higher deviations in some areas, 

especially the residual ridge and soft palate, but remained clinically acceptable. The Asiga 

printed resin models consistently showed the lowest deviations (0.019 mm), indicating that it 

captured the supporting landmarks of the denture most accurately. 

Table 15: Patient 9 

Landmark CI vs DI Asiga Phrozen 

Residual Ridge 0.065 0.230 0.113 

Hard Palate 0.081 0.067 0.088 

Soft Palate 0.122 0.124 0.159 

Medial Palatine Raphe 0.058 0.129 0.087 
 

The CI and DI impression technique remained accurate in all four anatomical landmarks, 

especially in the medial palatine raphe and the residual ridge. The Phrozen resin-printed models 

were moderate in all landmarks, with small deviations in the soft palate. The Asiga resin-printed 

models indicated good results in the hard palate and soft palate, and showed higher deviations on 

the residual ridge. 

Table 16: Patient 10 

Landmark CI vs DI Asiga Phrozen 

Residual Ridge 0.135 0.097 0.070 

Hard Palate 0.071 0.143 0.091 

Soft Palate 0.059 0.218 0.083 

Medial Palatine Raphe 0.072 0.136 0.019  
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The CI and DI impression technique demonstrated consistent accuracy in all four anatomical 

landmarks, especially in the soft palate and the hard palate. The Phrozen resin-printed models 

performed well in the residual ridge and the medial palatine raphe and showed low deviations in 

stable anatomical landmarks. The Asiga resin-printed models indicated higher deviations in the 

soft palate and the hard palate. 

Overall, the findings indicated that no single impression or printing technique demonstrated 

universal superiority across all anatomical regions, with accuracy varying according to patient-

specific anatomy, the region assessed, and the printer used. In general, the residual ridge and 

soft palate areas that play a major role in denture stability and posterior seal were more 

accurately reproduced by the Phrozen printer, whereas the Asiga printer yielded better accuracy in 

the hard palate and occasionally in the posterior palatal seal region, although it also 

demonstrated isolated outliers, such as higher deviation values along the residual ridge. Digital 

impressions indicated reliable mid-palate accuracy but consistent limitations in capturing 

mobile and deformable tissues, especially in the soft palate, which corresponds with known 

challenges and limitations of intraoral scanning in fully edentulous arches. Clinically, areas with 

higher deviation values (>0.15 – 0.20 mm), especially on the soft palate and residual ridge, may 

affect the fit of the denture, the retention, and the effectiveness of the posterior palatal seal, 

increasing the need for post-insertion adjustments. The hard palate and mid-palatal region 

consistently indicated less distortion across all techniques, indicating their stability and ease of 

capture. These patterns indicated that printer or impression method selection may be optimised by 

clinical priorities, for instance, choosing Phrozen when posterior adaptation is critical or Asiga 

when palatal region reproduction is important, while digital impressions remain 

advantageous for midline and mid-palatal accuracy.  
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Chapter 5 

DISCUSSION 

The purpose of this study was to compare the 3-dimensional variations between conventional and 

digital impressions taken with Impregum F and intraoral scans of the edentulous maxilla using 

a TRIOS 5 intraoral scanner. It further compared two types of 3D printing dental resins, namely 

Asiga Dentalmodel Almond and Phrozen Dentalmodel Beige, to evaluate how the selection of 

resins may affect and influence dental model accuracy. 

Objective 1: To digitally compare the 3-dimensional variations existing between 

conventional (analogue) impressions taken with Impregum F and intraoral scans of the 

edentulous maxilla taken with the TRIOS 5 (3 Shape) scanner. 

The digital impression techniques, when compared to conventional impressions, indicated that they 

were within the clinically accepted range of 0.05 mm – 0.31 mm. The residual ridge, the hard 

palate, the soft palate, and the medial palatine raphe had minimum mean deviations. The hard 

palate exhibited a mean deviation of 0.18 mm, the residual ridge was 0.05 mm, the medial 

palatine raphe was 0.05 mm, and the soft palate showed the highest deviation of 0.86 mm. 

This indicated that digital scanning is comparable to conventional impression techniques 

across the four anatomical landmarks (Fujii et al., 2019). Overall, both impression methods, the 

conventional and the digital, produced models with minimal deviations across all four measured 

anatomical landmarks, with most measurements below 0.2 mm (Fujii et al., 2019). 

The low deviations recorded at the residual ridge and hard palate were due to the anatomical 

stability and rigidity of these landmarks. The residual ridge is regarded as the primary support area 

for complete dentures and requires accurate replication to ensure good retention, stability, and 

overall success of a denture. Similarly, the hard palate’s non-compressible anatomy results in 

consistent impressions, whether obtained digitally or conventionally. The soft palate showed 

higher deviations due to its mobile and flexible anatomy, making it difficult to capture 

accurately (Crawford et al., 2024). The medial palatine raphe, while generally stable, presented an 

outlier in one patient, indicating that inter-patient anatomical deviations can affect the results.  
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Clinician experience and following proper scanning protocols were important in achieving 

accuracy with digital impressions; therefore, the Trios 5 was used to capture the anatomical 

landmarks. This is supported by the findings of Lo Russo et al. (2023) and Schimmel et al. 

(2021), who indicated that scanner accuracy is mostly dependent on proper, consistent scanning 

protocols and clinician experience. Potential errors in digital scanning are expected from 

inadequate scan stitches, reflections from saliva and soft tissue movement. Similarly, 

conventional impressions may be affected by tray movement during border moulding and 

improper material handling. Both methods, therefore, require precision, clinician experience, 

skill, and consistent attention to detail during clinical procedures. 

Digital impression techniques provide several advantages beyond accuracy. They reduce the 

waste of dental impression materials, dental stone, and impression trays, contributing to lower 

costs (Joda & Zarone, 2017; Zhang, Suh & Lee, 2016). Chairside time for both clinicians and 

patients, and laboratory turnaround times, are significantly reduced. Digital dental models and 

patient information can also be stored electronically, allowing easy modifications which 

improve workflow efficiency and reduce chances of mistakes and errors. The digital process 

contributes to improved patient comfort and makes the procedures standard across clinicians, 

which is very vital in educational systems where multiple students take dental impressions. 

Many factors can affect the accuracy of digital and conventional impression techniques. 

The differences in ridge form, tissue mobility, saliva, tongue movement, and patient 

cooperation all play an important role in these deviations (Chebib et al., 2019; Fang et al., 2019). 

For digital impressions, reflections from saliva may cause data loss, especially in posterior or 

palatal anatomical landmarks. In conventional impressions, variations can be caused by 

improper handling of the dental tray and movement of the tray while seating it in the mouth, and 

border moulding or uneven material setting. All these factors were taken into account and 

minimised in this study, but complete control is difficult to achieve in clinical settings, and this 

emphasises the importance of multiple measurements and larger sample sizes in future research 

to improve reliability. 

The Trios 5 intraoral scanner was the scanner of choice for this study because of its high 

precision and reliability in capturing the anatomy of edentulous maxillae. This scanner 

provides real-time three-dimensional images, which ensure that accurate landmarks such as the 

residual ridge, medial palatine raphe, and soft palate are recorded (Fujii et al., 2019). This type of 

scanner supports a fully digital workflow, which reduces the need for impression materials,    
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ensures safe electronic storage of models and patient information, and allows easy 

modifications of dental models when required (Joda & Zarone, 2017; Zhang, Suh & Lee, 2016). 

The Trios 5 scanner is user-friendly, which minimises operator fatigue and facilitates the 

learning process, which is very important in the educational and clinical environment. 

Objective 2: To compare digital (3D) printed resin models (Impregum, & scanned), using 

two different resins, namely, (Asiga Dentalmodel Almond) and (Phrozen Dentalmodel 

beige). 

Both Asiga and Phrozen resins indicated clinically acceptable values when compared with 

conventional models, with all mean values ranging below 0.2 mm in all four anatomical 

landmarks, namely, the hard palate, soft palate, residual ridge and the medial palatine raphe. 

This range of values is generally considered acceptable in prosthodontics and digital dentistry, as 

deviations below 0.2 – 0.3 mm are unlikely to affect the clinical fit or function of a denture. 

Despite these overall results, a closer analysis indicated the important differences between the two 

resins. 

The Phrozen resin printed models indicated consistent distribution with consistently fewer 

deviations and lower variability across all four anatomical landmarks compared to the Asiga 

resin. This deviation was evident at the soft palate, where the Asiga dental resin models showed a 

mean of 0.176 mm, which was double the mean of the Phrozen models (0.099 ). These results 

indicate that not all dimensional resin printing materials, such as ASIGA and Phrozen, produce the 

same results and that material selection is vital. 

Different scanners and materials can have different properties, levels of precision, and 

tolerance to environmental factors (Ender et al., 2016). Many scanners perform better with 

glossy or moist surfaces, while others have difficulty capturing soft tissue anatomy. 

Different impression materials are more dimensionally stable or mucocompressive than others. 

Both impression methods need good clinician skills to achieve good results. In conventional 

techniques, errors can occur during tray selection, border moulding, or mixing and handling of 

impression materials and pouring of the denture model (Reddy et al., 2013). Digital edentulous 

scanning, on the other hand, needs an experienced clinician and requires knowledge and 

experience in manipulating the scanner, understanding scanning strategies, and controlling   
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environmental factors such as light reflection, saliva, and soft tissue movement (Russo et al., 

2021). 

 

5.1 Relevance of this study 

The digital impressions obtained in this study showed deviations that were within the clinically 

acceptable range of 0.05 – 0.311 mm across all measured anatomical landmarks of the 

maxillary ridge. The residual ridge, hard palate, and medial palatine raphe demonstrated 

minimal discrepancies and deviations, while higher deviations were recorded in the soft palate. 

These findings show that the digital workflow, specifically scanning of the edentulous 

maxillary ridge, can achieve accuracy levels comparable to conventional impressions 

(Achmadi et al., 2025; Tahmaseb et al., 2018). 

The residual ridge indicated fewer deviations for most patients, which indicates that both 

analogue and digital impressions can capture this landmark reliably. This is vital because the 

ridge is the main support area for the denture. The hard palate likewise showed low deviations, 

supporting the idea that this rigid anatomical structure is straightforward to record using both 

approaches (Goodacre et al., 2020). The soft palate indicated higher deviations, which were 

expected because it is a compressible, mobile area and is more difficult to scan or record. The 

medial palatine raphe showed the largest outlier in one patient, but the rest of the values 

remained within acceptable limits. 

These findings support the growing evidence that digital scanners can be used successfully for 

edentulous maxillary impressions. The trueness and precision seen in this study show that 

digital impressions are becoming reliable enough to consider their introduction into 

undergraduate teaching. Before teaching digital workflows to students, it is important to create 

evidence that these methods are accurate and clinically acceptable. This study contributes to that 

evidence. It also helps universities keep up with international trends, as many dental 

professionals worldwide now use digital workflows in their daily practice (Miyazaki and Hotta, 

2011). 

Overall, the results of this study suggest that digital impressions can be safely incorporated into 

removable prosthodontics without compromising accuracy. This supports the gradual 

introduction of digital workflows in the next three years for undergraduate students.   
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In conclusion, digital impression techniques and 3D-printed models demonstrated accuracy 

when compared to conventional methods across most anatomical landmarks of the edentulous 

maxilla. Accurate reproduction of the residual ridge, hard palate, and medial palatine raphe 

supports clinical reliability, while higher deviations in the soft palate highlight the need for 

careful scanning and operator training. Material selection, scanner type, and adherence to 

standardised protocols remain important factors influencing outcomes. Digital workflows 

provide numerous advantages, including reduced material usage, improved patient comfort, 

decreased chairside and laboratory time, and enhanced reproducibility. These findings support the 

gradual implementation of digital workflows in removable prosthodontics, particularly in 

undergraduate programs, without compromising clinical accuracy or patient outcomes. 
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Chapter 6 

CONCLUSION 
 

6.1 Conclusion 

This study focused on comparing the dimensional variations between the conventional 

impression technique and the digital impression technique in maxillary edentulous ridges. It 

further compared and evaluated two 3D-printing dental model resins that are commonly used in 

digital dentistry. These resins were Asiga Dentalmodel Almond and Phrozen Dental model 

Beige, which are used during the process of denture fabrication to produce dental models. The 

study was motivated by the limited scientific evidence supporting the use and integration of digital 

impression techniques for edentulous maxillary arches in clinical settings and dental education. 

Digital dentistry is rapidly evolving, and this study aimed to contribute to the growing body of 

evidence in this field. 

This study mainly focused on the ability of these techniques to accurately reproduce oral 

structures by measuring trueness and precision. The results showed that both digital and 

conventional methods can produce clinically acceptable outcomes, although each technique has its 

own challenges. The findings support the use and continued development of digital techniques while 

acknowledging that traditional impression techniques remain relevant and effective in certain 

clinical situations. This study aimed to provide evidence regarding whether digital impression 

techniques are comparable to, or can match, conventional impression techniques, which remain 

the gold standard for impression making in edentulous maxillary arches (Lo Russo et al., 2023). 

This study utilised the Trios 5 (3shape) intraoral scanner for the digital impressions and 

Impregum F for conventional impression techniques. Dimensional variations were measured at 

four anatomical landmarks, namely the residual ridge, hard palate, soft palate and the medial 

palatine raphe. The findings of this study are important for clinical dentistry education and 

future research pathways.   

These findings do highlight areas for further investigation, such as improving the recording of 

flexible soft tissue anatomy, evaluating different resin materials for precision, and optimising 

scanning techniques and protocols to reduce variability (Ender et al., 2016; Chebib et al., 2019). 

This study provides a foundation for future research aimed at improving digital workflows and 

evaluating their influence on clinical outcomes, patient satisfaction, and educational 
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effectiveness. The clinical study bridges the gap between emerging technology and practical 

application in dental education and research. 

The results of this study demonstrated that digital impressions are comparable to 

conventional impressions, with clinically acceptable deviations ranging between 0.05mm - 

0.31mm across all four anatomical landmarks. The variations observed between the two 

techniques were small and not significant and therefore did not adversely affect the denture 

retention, clinical fit and stability. The hard palate and the residual ridge were the anatomical 

landmarks that indicated the lowest deviations, with mean values ranging between 0.0694mm and 

0.104mm. This may be attributed to the scan and record because of their firm and immovable 

tissue. 

Future research should focus on larger sample sizes to improve the statistical strength of the 

findings. Including a greater number of participants would account for variability in edentulous 

anatomy, ridge shapes, tissue resilience, and patient-related factors such as saliva, tongue 

mobility, and overall cooperation, which can all affect the accuracy of an impression (Chebib 

et al., 2019; Fang et al., 2019). Having a large number of patients would aid in having more 

comparisons between digital and conventional techniques across a big number and different 

anatomical features, ensuring that observed deviations are representative of real-world clinical 

conditions. 

Further investigation into different 3D-printing materials and resin types is very important. As this 

study indicated, variations between two resins, namely, Phrozen and Asiga, can have an 

effect on the dimensional accuracy and the ability to reproduce delicate soft tissue areas. Future 

research could use newer and more resins with improved dimensional stability, surface fidelity, 

and suitability for mucostatic or mucocompressive techniques (Ender et al., 2016). Comparisons 

across multiple materials would aid in identifying which resins are most suitable for 

applications in clinical dentistry, particularly in areas of high functional or aesthetic 

importance. 

Future studies could also include evaluations of the dentures and the quality of life outcomes, 

such as denture fit, retention, stability, patient comfort, and prosthesis longevity. Including these 

factors would provide a more comprehensive understanding of the advantages and limitations of 

digital workflows and would contribute to evidence-based recommendations for both clinical 

practice and dental education. 

In summary, the results showed that the accuracy of an impression is influenced more by 

anatomical landmarks than by impression technique alone. Both impression methods 
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demonstrated differences that were within clinically acceptable limits, supporting the 

use of digital impressions and 3D-printed models in edentulous maxillary arches. Phrozen 

printed resin models consistently demonstrated reliable performance across all four anatomical 

landmarks, whereas Asiga printed resin models demonstrated greater variability in soft tissue 

landmarks. Digital impressions were generally accurate, although small differences were 

observed in the posterior regions and mobile tissues. These findings provide evidence that both 

digital impression technique and 3D-printed models are suitable for clinical application in 

removable prosthodontics. 

 

6.2 Limitations 

This study aimed to compare the accuracy of digital and conventional impression techniques 

for maxillary edentulous ridges. The results provided valuable findings regarding the 

functioning and application of both techniques. However, several limitations need to be 

acknowledged, investigated, recognised, and discussed. Understanding these limitations 

provides a clearer interpretation of the results and allows for improvements in future research 

within the digital field of dentistry. 

The main limitation of this study was the small sample size. Increasing the sample size could 

assist in reaching clearer and more generalised conclusions. Only a limited number of 

participants were included, which restricts the ability to generalise the findings to a larger 

population. 

Another limitation of this study was the operator experience and technique sensitivity associated 

with both conventional and digital impression methods. Although all impressions in this study 

were performed by the same operator to maintain consistency, small variations in handling 

technique may still influence accuracy. The type of materials and equipment used in the study also 

represents a limitation. Only one type of intraoral scanner and one impression material were 

used. Therefore, the findings of this study mainly apply to specific materials and devices 

investigated and may differ when other systems are used. 

This study did not include certain clinical aspects of a complete denture, such as retention, 

stability, patient comfort, and functional outcomes. Although measuring dimensional 

accuracy is important, it does not fully reflect how well a denture will fit or function in a real 

clinical situation (Bidra et al., 2019). Digital impressions may provide good surface accuracy; 

however, if the denture does not seat properly because of the soft tissue deviations, the clinical 

outcome may still be less satisfactory. Further studies are therefore needed to analyse the quality 

of life between the two impression techniques. 
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Errors during data processing may occur within the digital workflow. During the digital intraoral 

scanning process, the scanning software stitches multiple images together to créate complete 3D-

model. Overlapping or mismatching of captured images may occur, which can result in errors 

(Osnes et al., 2020). These minor distortions may affect the overall accuracy of the digital 

impression and subsequently influence the fit of the denture. To minimise these errors, clinicians 

and technicians should ensure that scanners are properly maintained and that software is regularly 

updated. 

During the fabrication of printed denture models, additive manufacturing errors may occur. 

Resin type, printer calibration, and post-curing procedures are factors that can affect the accuracy 

of the printed denture models. Even when these stages are carefully controlled, minor dimensional 

changes may occur during polymerisation or post-processing. Consequently, some variation 

between the printed and scanned datasets is expected and should be considered when analysing 

results. 

The field of digital dentistry is advancing rapidly, with frequent updates to scanners, software, and 

printers. The technology used in this study may soon be replaced by newer and more accurate 

systems, which may produce different results. Therefore, while this study reflects the accuracy of 

systems available at the time of the investigation, the findings should be interpreted within the 

context of the rapidly evolving nature of digital technologies (Steinmassl et al., 2017). 

 

6.3 Recommendations 

Although this study achieved its objectives, several areas require further investigation to provide 

a more comprehensive understanding of the application of digital scanning in complete denture 

fabrication. This part of the chapter gives several recommendations for future research and 

clinical practice based on the limitations and findings of this study. 

Future studies should include the complete denture fabrication process and evaluate the quality of 

life associated with both conventional and digital workflows. This would require the fabrication of 

dentures using both impression techniques, followed by an assessment of important clinical 

outcomes such as denture retention, stability, comfort, and function, as well as how these factors 

affect the patient’s quality of life. These factors are very essential when evaluating the overall 

success of complete dentures but were not included in this study. 

Digital impressions have been proven to provide high trueness and precision, but that does not 

mean that the fabricated denture will fit comfortably or stay retentive during patient function. 

In clinical practice, a denture’s success depends on how well it performs during activities such as 
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eating and speaking, rather than solely on the dimensional accuracy of the digital model.   

Future research should therefore compare complete maxillary dentures fabricated using digital 

and conventional methods, and assess quality of life, such as patient satisfaction, comfort, 

function and speech. Future studies could also include and assess long-term retention and 

stability, which are vital when evaluating a complete denture. Such studies would help bridge 

the gap between laboratory measurements and clinical outcomes and determine whether the 

advantages of digital workflow, including faster production, easier data storage, and fewer 

manual steps, translate into improved patient outcomes and quality of life (Bidra et al., 201 

This study focused primarily on the dimensional accuracy of impressions. Future research should 

include patient-centred outcomes, such as patient adaptation to dentures, comfort during 

function, aesthetics, and overall satisfaction with treatment. 

Patient feedback is one of the most important measures of the success of dental prostheses. 

Even if a denture is technically accurate, it may not perform well if it causes soreness, 

instability, or difficulty in speech. This can also be achieved by including questionnaires 

and interviews about patient comfort, confidence, and satisfaction, which would provide a 

complete understanding of which method, digital or conventional, offers a better overall 

experience. 

Future research should also investigate whether dentures made from digital impressions 

maintain their retention, fit, and accuracy over time compared with dentures fabricated from 

conventional impressions. A recall and follow-up system could be initiated because of changes 

in the oral tissues that is due to bone resorption, wear, and muscle movement; this will help 

to further assess and evaluate changes in denture fit, patient satisfaction, and the need for 

adjustments or relining of the dentures. This would give critical feedback and information 

about the reliability of digital dentures compared to conventional dentures. 

Digital impressions need to focus on evaluating different skills compared to conventional 

impression techniques. Future studies could compare how operator experience can influence the 

quality of digital impressions compared to that of analogue impressions. Future studies could 

include both experienced clinicians and dental students to determine whether digital scanner 

accuracy is operator dependent (Russo et al., 2021). This information would help dental schools 

and training institutions to develop better education programs that prepare students for the 

increasing use of digital technologies in prosthodontics. 

Only one type of scanner and one impression material were used in this study, while there are 

many other materials, scanners and systems that could have been used. Future research could 
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focus on and include different scanners for comparison, such as TRIOS, Medit, or iTero, to identify 

which scanner has better results and performance in edentulous maxillary ridges. The use of a 

variety of resins that are used for printing and milling could also be done. Resin materials could 

be evaluated to see how they influence the fit and strength of dentures. Some resins may show 

better stability, less shrinkage, or higher wear resistance. Comparing these would help clinicians 

and students choose the best materials for long-lasting dental prostheses (No-Cortes et al., 2022). 

In conclusion, this study focused on the accuracy of impression techniques, not on the full 

denture fabrication process. The construction and clinical evaluation of dentures were not 

included, but could be included for future studies. A future research study could include 

comparing patient comfort, denture retention, stability, and overall satisfaction between 

conventional and digital dentures. While this study showed that digital impressions can achieve good 

accuracy, more research is needed to confirm whether they also result in better-fitting, more 

comfortable, and more functional dentures in the patient’s day-to-day life. Incorporating these 

patient-based evaluations and outcomes into future studies will assist in determining which 

technique provides the best long-term benefits to patients.  

https://uwcscholar.uwc.ac.za/home



 

 

  

REFERENCES 

Achmadi, A.A., Rikmasari, R., Oscandar, F. and Vita Mulya Passa Novianti, V.M.P. (2025) 

‘Accuracy of 3Shape TRIOS 5 intraoral scanner for maxillary arches’, Nature Dental Research. 

Alharbi, N., Wismeijer, D. and Osman, R. (2016) ‘Factors influencing accuracy of 3D-printed 

dental models: A review’, Clinical Oral Investigations, 20(7), pp. 1351–1360. 

Alsaidan, A., Alotaibi, N., Alqahtani, A. and AlQahtani, F. (2021) ‘Advances in dental impression 

materials: A review’, Journal of Clinical and Experimental Dentistry, 13(5), pp. e465–e473. 

Ansari, A.S., Alsaidan, M.A., Algadhi, S.K., Alrasheed, M.A., Al Talib, I.G., Alsaaid, A.K. and 

Ansari, S.H. (2021) ‘Impression materials and techniques used in fixed prosthodontics: A 

questionnaire-based survey to evaluate the knowledge and practice of dental students in Riyadh 

city’, Journal of Family Medicine and Primary Care, 10(1), pp. 514–520. 

Azab, A., Abdelhady, W.A., Elwakeel, E., Ashraf, M., Wally, R., Soliman, A., Mohamed, M.A. 

and Abozaid, D. (2025) ‘Systematic review and meta-analysis of mechanical properties of 3D-

printed denture base materials’, Scientific Reports, 15(3), pp. 1–10. 

Beuer, F., Schweiger, J. and Edelhoff, D. (2008) ‘Digital dentistry: An overview of recent 

developments for CAD/CAM generated restorations’, British Dental Journal, 204, pp. 505–511. 

Bidra, A.S., Agar, J.R. and Taylor, T.D. (2019) ‘Digital complete dentures: A review of current 

clinical techniques’, Journal of Prosthetic Dentistry, 122(6), pp. 502–509. 

Bland, J.M. and Altman, D.G. (1986) ‘Statistical methods for assessing agreement between two 

methods of clinical measurement’, The Lancet, 1(8476), pp. 307–310. 

Braian, M. and Wennerberg, A. (2019) ‘Trueness and precision of five intraoral scanners for 

scanning edentulous and dentate complete-arch mandibular casts: A comparative in vitro 

study’, Journal of Prosthetic Dentistry, 122(2), pp. 129–136.e2. 

Chang, Y., Maeda, Y., Wada, M., Gonda, T. and Ikebe, K. (2018) ‘Influence of mandibular residual 

ridge morphology on pressure distribution during impression procedures: A model 

experiment’, International Journal of Prosthodontics, 31, pp. 370–374. 

Chebib, N., Kalberer, N., Srinivasan, M., Maniewicz, S., Perneger, T. and Müller, F. (2019) 

‘Edentulous jaw impression techniques: An in vivo comparison of trueness’, Journal of Prosthetic 

Dentistry, 121(4), pp. 623–630. 

https://uwcscholar.uwc.ac.za/home



 

80  

Chochlidakis, K., Papaspyridakos, P., Tsigarida, A., Romeo, D., Chen, Y.-W., Natto, Z. and Ercoli, 

C. (2020) ‘Digital versus conventional full-arch implant impressions: A prospective study on 16 

edentulous maxillae’, Journal of Prosthodontics, 29(4), pp. 281–286. 

Choi, J., Lee, S. and Park, J. (2023) ‘Accuracy of 3D-printed dental models for edentulous arches 

fabricated by different printing technologies’, Journal of Prosthodontic Research, 67(5), pp. 468–

476. 

Drancourt, N., Auduc, C., Mouget, A., Mouminoux, J., Auroy, P., Veyrune, J.-L., El Osta, N. and 

Nicolas, E. (2023) ‘Accuracy of conventional and digital impressions for full-arch implant-

supported prostheses: An in vitro study’, Journal of Personalized Medicine, 13(5), p. 832. 

Abdelrahman, O.M., Abdallah, M.F., Kaddah, A.F. and Hassan, N.A. (2025) ‘Accuracy of digital 

impressions obtained by different intraoral scanners compared with the laboratory scanner for 

implants placed in partially edentulous mandible: An in vitro study’, Egyptian Dental Journal, 71, 

pp. 611–618. 

El-Refay, H.M., Abdelaziz, M.S., Cheta, N.M. and Abdallah, M.F. (2025) ‘Evaluation of Medit 

i700 for edentulous maxillary arch scanning’, Journal of Prosthodontics [online]. Available at: 

[insert URL] (Accessed: 22 September 2025). 

Elsharkawy, Y.M.M. (2025) ‘Comparative in vitro study on wear resistance, microbial adhesion 

and colour stability of denture base materials’, BMC Oral Health, 25(6), pp. 1–9. 

Ender, A., Attin, T. and Mehl, A. (2016) ‘In vivo precision of conventional and digital methods of 

obtaining complete-arch dental impressions’, Journal of Prosthetic Dentistry, 115, pp. 313–320. 

Fang, Y., Fang, J.H., Jeong, S.M. and Choi, B.H. (2019) ‘A technique for digital impression and 

bite registration for a single edentulous arch’, Journal of Prosthodontics, 28, pp. e519–e523. 

Faur, A.B., Rotar, R.N. and Jivănescu, A. (2024) ‘Intaglio surface trueness of denture bases 

fabricated with 3D printing versus conventional workflow: A clinical study’, BMC Oral Health, 

24, p. 671. Available at: https://bmcoralhealth.biomedcentral.com/articles/10.1186/s12903-024-

04439-8 (Accessed: 10 November 2025). 

Jamjoom, F.Z., Aldghim, A., Aldibasi, O. and Yilmaz, B. (2024) ‘Impact of intraoral scanner, 

scanning strategy, and scanned arch on the scan accuracy of edentulous arches: An in vitro 

study’, Journal of Prosthetic Dentistry, 131(6), pp. 1218–1225. 

Jain, S., Sayed, M.E., Khawaji, R.A.A., Hakami, G.A.J., Solan, E.H.M., Daish, M.A., Jokhadar, 

H.F., AlResayes, S.S., Altoman, M.S., Alshehri, A.H., Alqahtani, S.M., Alamri, M., Alshahrani, 
https://uwcscholar.uwc.ac.za/home

https://bmcoralhealth.biomedcentral.com/articles/10.1186/s12903-024-04439-8
https://bmcoralhealth.biomedcentral.com/articles/10.1186/s12903-024-04439-8


 

81  

A.A., Al-Najjar, H.Z. and Mattoo, K. (2024) ‘Accuracy of three intraoral scanners in recording 

impressions for full-arch dental implant-supported prostheses: An in vitro study’, Medical Science 

Monitor, 30, e946624. 

Jung, S., Park, C., Yang, H.-S., Lim, H.-P., Yun, K.-D., Ying, Z. and Park, S.-W. (2019) 

‘Comparison of different impression techniques for edentulous jaws using three-dimensional 

analysis’, Journal of Advanced Prosthodontics, 11(3), pp. 179–186. 

Khorasani, E., Mokhlesi, A., Arzani, S., Ghodsi, S. and Mosaddad, S.A. (2024) ‘Are there clinical 

differences between 3D-printed and milled complete dentures? A systematic review and meta-

analysis’, Journal of Prosthetic Dentistry, 132(4), pp. 455–463. 

Kontis, P., Güth, J.F. and Keul, C. (2025) ‘Accuracy of intraoral scans of the edentulous maxilla: 

An in vitro study’, Clinical Oral Investigations, 29, p. 342. 

Lo Russo, L., Guida, L., Zhurakivska, K., Troiano, G., Chochlidakis, K. and Ercoli, C. (2023) 

‘Intaglio surface trueness of milled and 3D-printed digital dentures designed from intraoral 

scans’, Journal of Prosthetic Dentistry, 129(1), pp. 131–139. 

No-Cortes, J., Ayres, A.P., Lima, J.F., Markarian, R.A., Attard, N.J. and Cortes, A.R.G. (2022) 

‘Trueness, 3D deviation, time and cost comparisons between milled and 3D-printed resin single 

crowns’, European Journal of Prosthodontics and Restorative Dentistry, 30, pp. 107–112. 

Osnes, C.A., Wu, J.H., Venezia, P., Ferrari, M. and Keeling, A.J. (2020) ‘Full-arch precision of six 

intraoral scanners in vitro’, Journal of Prosthodontic Research, 64(1), pp. 6–11. 

Persson, A.S., Andersson, M., Oden, A. and Sandborgh-Englund, G. (2008) ‘Computer-aided 

analysis of digitized dental stone replicas by dental CAD/CAM technology’, Dental Materials, 24, 

pp. 1123–1130. 

Phoenix, R.D., Cagna, D.R. and DeFreest, C.F. (2017) Stewart’s Clinical Removable Partial 

Prosthodontics. 5th edn. Hanover Park: Quintessence Publishing. 

Prakash, J. (2024) ‘Biocompatibility and dimensional stability of 3D-printed dental resins: A 

systematic review’, Journal of Clinical Oral Research, 11(1), pp. 45–59. 

Quaas, S., Rudolph, H. and Luthardt, R.G. (2007) ‘Direct mechanical data acquisition of dental 

impressions for the manufacturing of CAD/CAM restorations’, Journal of Dentistry, 35, pp. 903–

908. 

https://uwcscholar.uwc.ac.za/home



 

82  

Reddy, S.M., Mohan, C.A., Vijitha, D., Balasubramanian, R., Satish, A. and Kumar, M. (2013) 

‘Pressure produced on the residual maxillary alveolar ridge by different impression materials and 

tray design: An in vivo study’, Journal of Indian Prosthodontic Society, 13(4), pp. 509–512. 

Russo, L.L. and Salamini, A. (2018) ‘Single-arch digital removable complete denture: A workflow 

that starts from the intraoral scan’, Journal of Prosthetic Dentistry, 120, pp. 20–24. 

Russo, L.L., Salamini, A., Troiano, G. and Guida, L. (2021) ‘Digital dentures: A protocol based 

on intraoral scans’, Journal of Prosthetic Dentistry, 125, pp. 597–602. 

Schimmel, M., Akino, N., Srinivasan, M., Wittneben, J.G., Yilmaz, B. and Abou-Ayash, S. (2021) 

‘Accuracy of intraoral scanning in completely and partially edentulous maxillary and mandibular 

jaws: An in vitro analysis’, Clinical Oral Investigations, 25, pp. 1839–1847. 

Srivastava, G., Padhiary, S.K., Mohanty, N., Molinero-Mourelle, P. and Chebib, N. (2023) 

‘Accuracy of intraoral scanners for recording completely edentulous arches: A systematic 

review’, Dentistry Journal, 11(10), p. 241. 

Tasaka, A., Uekubo, Y., Mitsui, T., Kasahara, T., Takanashi, T., Homma, S., Matsunaga, S., Abe, 

S., Yoshinari, M., Yajima, Y. and Sakurai, K. (2019) ‘Applying intraoral scanners to residual ridges 

in edentulous regions: An in vitro evaluation of inter-operator validity to confirm trueness’, BMC 

Oral Health, 19, p. 264. 

Taymour, N., Abdul Hameed, S.M., AlGhamdi, M.A., El Sharkawy, Z.R., Farid, Z.S. and Ahmed, 

Y. (2025) ‘Accuracy of new-generation intraoral scanners in digitizing all-on-four implant models 

with varying posterior implant angulations: An in vitro trueness and precision 

evaluation’, Prosthesis, 7(4), p. 74. 

Zhang, F., Suh, K.-J. and Lee, K.-M. (2016) ‘Validity of intraoral scans compared with plaster 

models: An in vivo comparison of dental measurements and 3D surface analysis’, PLOS ONE, 

11(6), e0157713. 

  

https://uwcscholar.uwc.ac.za/home



 

83  

 

APPENDIX 1: QUESTIONNAIRE 
 

Project Title: A Comparative study of full maxillary edentulous ridge using analogue 

impression technique and digital impression technique.  

Researcher: Yonela Zintle Putuma-Gqalangile 

Please initial the boxes to show your agreement and understanding of what is 

expected for this study.  
1. I confirm that I have read and understood the information sheet explaining the above 

research project, and I have had the opportunity to ask questions about the project. 

2. I understand that my participation is voluntary and that I am free to withdraw at any time 

without giving any reason and without there being any negative consequences. In 

addition, should I wish to withdraw, I may contact the lead researcher at any time to do 

so. 

3. I understand my responses and personal data will be kept strictly confidential. 

4. I give permission for members of the research team to have access to my responses without 

revealing any part of my identity. 

5. I understand that my name will not be linked with the research materials and that I will not be 
identified or identifiable in the reports or publications that result from the research. 

6. I hereby agree that my anonymised responses collected through the questionnaire can be used 
for this research. 

7. I agree that the anonymised data collected can be used in future research. 
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72  

In terms of the requirements of the Protection of Personal Information Act (Act 4 of 

2013), personal information will be collected and processed: 

☐ I hereby give consent for my personal information to be collected, stored, processed and 

shared as described in the information sheet.  

☐ I do not give consent for my personal information to be collected, stored, processed and 

shared as described in the information sheet. 

___________________ 

Name of Participant 

(or legal representative) 

Name of person taking consent  

(If different from lead researcher) 

__Ronel Maart________ 

__________________ 

Supervisor 

 

___________________ 
Date 

Date 

10/04/2023_________ 

Date 

 

____________________ 

Signature 

Signature 

___ 

Signature1 

Copies: All participants will receive a copy of the signed and dated version of the consent form 

and information sheet for themselves. A copy of this will be filed and kept in a secure location 

for research purposes only. 

73 

10 / 04 / 2023 YONELA ZINTLE PUTUMA GQALANGILE 
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Should you have any questions regarding this study and your rights as a research 

participant, or if you wish to report any problems you have experienced related to the 

study, please contact: 

BMREC 

UWC 

Private Bag x17 

Bellville 

7535 

Tel: + 27 21 959 4111 

Email: research-ethics@uwc.ac.za 
  

HOD: 

Ronel Maart 

Supervisor: 

Ronel Maart 

Researcher: 

Yonela Zintle 

Putuma-Gqalangile 

https://uwcscholar.uwc.ac.za/home
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APPENDIX 2: INFORMATION SHEET 

UNIVERSITY OF THE WESTERN CAPE 

Private Bag X1, Tygerberg 7505, South Africa 

Tel: +27 21-959 3181 Fax: 27 21-931 2257 

E-mail: ypINFORMATION SHEET 

Project Title: A Comparative study of full maxillary denture using analogue impression 

technique and digital impression technique.  

What is this study about? 

This is a research project being conducted by Dr Yonela Zintle Putuma-Gqalangile, 

Prosthetic Department, Faculty of Dentistry at the University of the Western Cape. We 

are inviting you to participate in this research project because you display the 

characteristics intra-orally that are required for this study. The purpose of this study is 

to compare the conventional impression method and digital method for edentulous 

maxillary ridges and compare 2 different resins used in printing cast models. 

What will I be asked to do if I agree to participate? 

You will be asked to be in the clinics during your treatment and provide consent for your 

impressions to be used for evaluation and during the study. 

Would my participation in this study be kept confidential? 

The researcher undertakes to protect your identity and the nature of your 

contribution. To ensure your anonymity, your name will not be included on data 

sheets; a code will be placed on the data sheet. To ensure your confidentiality, the 

printed data sheets will be kept in a locked filing cabinet, and data will be stored on the 

researcher’s password-protected laptop. 

Only the intraoral impressions will be used for this study. 

Name: 
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Signature: 

Date: 

What are the risks of this research? 

There may be some risks from participating in this research study. All human 

interactions and talking about oneself or others carry some amount of risk. We will 

nevertheless minimise such risks and act promptly to assist you if you experience any 

discomfort, psychological or otherwise, during the process of your participation in this 

study. Where necessary, an appropriate referral will be made to a suitable 

professional for further assistance or intervention.    

What are the benefits of this research? 

This research is not designed to help you personally, but the results may help the 

investigators to learn more about introducing digital technology in Prosthetics. We 

hope that, in the future, other people might benefit from this study through improved 

understanding of the benefits of digital technology. 

Do I have to be in this research, and may I stop participating at any time? 

Your participation in this research is completely voluntary. You may choose not to 

take part at all. If you decide to participate in this research, you may stop 

participating at any time. If you decide not to participate in this study or if you stop 

participating at any time, you will not be penalised or lose any benefits for which you 

otherwise qualify. 

What if I have questions? 

This research is being conducted by staff in the Prosthetics Department at the 

University of the Western Cape. If you have any questions about the research study 

i t s e l f ,  p l e a s e  c o n t a c t  Y o n e l a  Z i n t l e  P u t u m a - G q a l a n g i l e  a t :   

yputumagaolangile@uwc.ac.za. 

To report any adverse or unexpected effects emergent from this research, please 
contact the ethics committee below: 

Biomedical Research Ethics Committee 

Research and Postgraduate Division 
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University of the Western Cape 

Private Bag X17 

Bellville 7535 

Tell: 0219594111 

Email: research-ethics@uwc.ac.za 

Name: 

Signature:   

Date 
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APPENDIX 3: RAW DATA 

Table 1: CI and the DI impression techniques. 

Patients Residual Ridge Hard Palate Soft Palate 
Medial Palatine 

Raphe 

1 0.052 0.057 0.204 0.097 

2 0.132 0.057 0.112 0.050 

3 0.167 0.091 0.074 0.042 

4 0.084 0.092 0.258 0.068 

5 0.061 0.097 0.222 0.066 

6 0.122 0.075 0.251 0.048 

7 0.058 0.018 0.041 0.358 

8 0.162 0.055 0.135 0.017 

9 0.065 0.081 0.122 0.058 

10 0.135 0.071 0.059 0.072 
 

Table 2: Superimposition of Asiga printed models to analogue impressions 

Patients Residual Ridge Hard Palate Soft Palate 
Medial 

Palatine Raphe 

1 0.062 0.082 0.112 0,049 

2 0.055 0.087 0.053 0.099 

3 0.018 0.079 0,019 0.075 

4 0.182 0.052 0.140 0.051 

5 0.112 0.099 0.064 0.039 

6 0.049 0.058 0.031 0.136 

7 0.095 0.097 0.137 0.089 

8 0.241 0.070 0.192 0.044 

9 0.113 0.088 0.159 0.087 

10 0.070 0.091 0.083 0.019   
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Table 3: Combined data of all the tables 

Patients 

1 

Residual Ridge 

0.156 

Hard Palate 

0.117 

Soft Palate 

0.248 

Medial Palatine 

Raphe 

0.089 

2 0.016 0.088 0.136 0.095 

3 0.055 0.180 0.180 0.099 

4 0.290 0.083 0.221 0.087 

5 0.015 0.104 0.015 0.036 

6 0.167 0.019 0.230 0.148 

7 0.085 0.092 0.217 0.092 

8 0.019 0.063 0.170 0.075 

9 0.230 0.067 0.124 0.129 

10 0.097 0.143 0,218 0.136 

1 0.062 0.082 0,112 0,049 

2 0.055 0.087 0.053 0.099 

3 0.018 0.079 0,019 0.075 

4 0.182 0.052 0.140 0.051 

5 0.112 0.099 0.064 0.039 

6 0.049 0.058 0.031 0.136 

7 0.095 0.097 0.137 0.089 

8 0.241 0.070 0.192 0.044 

9 0.113 0.088 0.159 0.087 

10 0.070 0.091 0.083 0.019 
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Table 4: Patient Demographics 

Patients Age Gender 

1 61 Male 

2 70 Male 

3 65 Male 

4 60 Male 

5 71 Male 

6 66 Female 

7 70 Female 

8 68 Female 

9 60 Female 

10 62 Female 
 

Tel: +27 21 959 4111 

Email: research-ethics@uwc.ac.za 
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APPENDIX 4: BMREC APPROVAL LETTER 2023-2024 

Directorate: DVC: Research and Innovation 

-ethics@uwc.ac.za 

28 August 2023 

Dr Y Putuma-Gqalangile 
Prosthetics 

Faculty of Dentistry

BMREC Reference Number: 

Project Title: 

Approval Period: 

 

BM23/6/21 

A comparative study of full maxillary edentulous ridges using 

analogue impression technique and digital impression technique. 

25 August 2023 – 24 August 2024 

I hereby certify that the Biomedical Science Research Ethics Committee of the University of the 

Western Cape approved the scientific methodology and ethics of the above-mentioned research project. 

Any further amendments, extensions or other modifications to the protocol must be submitted to the Ethics 

Committee for approval. 

Please remember to submit an annual progress report at least two months before the expiry date. 

Failure to submit your annual progress report on time will result in the immediate lapse of your 

ethics approval, and you will have to resubmit an entirely new ethics application. 

For permission to conduct research using student and/or staff data or to distribute research 

surveys/questionnaires, please apply via: https://sites.google.com/uwc.ac.za/permissionresearch/home 
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The permission letter must then be submitted to BMREC for record-keeping purposes. 

The Committee must be informed of any serious adverse event and/or termination of the study.  

Ms Patricia Josias 
Coordinator: Research Ethics 

University of the Western Cape 

NHREC Registration Number: BMREC-130416-050 University of the Western Cape, Robert Sobukwe Road, 

Bellville 7535, Republic of South Africa  
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