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ABSTRACT  

Introduction. Digitization in daily dental practice is a challenging process and digital techniques are often limited to 

fabrication of the prostheses and not used in the clinical settings. The accuracy and reproducibility of virtual 3D printed 

and dental stone casts have not been clarified in full. Moreover, the impact of discrepancies between casts produced 

from modified and conventional impressions on the clinical performance of definitive restorations is still of 

considerable scientific and practical interest. Therefore, the purpose of this study was to make a comparison of 

conventional and modified impression techniques of lower jaw with single remaining teeth in terms of correctness and 

reproducibility of the basic prosthodontic procedures.  

Materials аnd methods. Five patients with mandibular single remaining teeth were included into the clinical trial. 

Definitive impressions were taken using open-mouth conventional impression technique (CIT) and closed-mouth 

modified impression technique (MIT). A total 10 dental stone casts obtained from the both techniques were digitized 

using a 3D laboratory model scanner and transferred to a dental 3-dimensional modeling software. Digital model 

images were superimposed and Distance Measurement Tool of Exocad software was used to evaluate dimensions 

between the marked points. Collected data were statistically analyzed by using Microsoft Excel software with non-

parametric Wilcoxon–Mann–Whitney U test to determine results.  

Results and discussion. The present computer-aided clinical trial results indicated, that digital models created  from CIT 

and MIT demonstrated dissimilar surface detail reproduction in particular  denture foundation regions. Retromolar pads 

were the only relatively invariable parts of the basal seat with no divergence in cross section values. There was no 

significant variation of imprinting residual alveolar ridges (Z=0.119; p≤0,05) and vestibular side (Z =-0.1569; p≤0,05) 

overall by CIT and MIT regardless of the type of bone atrophy. Observing location of the lingual side peripheral tissues 

up to 4.7 mm deeper on the MIT in comparison to CIT–created models, confirmed by statistically significant 

(Z=3.3127; p≤0,05)  difference in mandibular foundation surface z-score,  was considered as important  prerequisite  for  

a better denture’s  border seal.  

Conclusions: 1. Combining functional impression taking and centric occlusion registration enables clinicians to 

integrate morphological and biomechanical factors of denture design and thus to customize prosthodontic procedures. 2. 

Results of digital analysis confirm higher model accuracy with respect to peripheral foundation tissues and buccal shelf 

region reproduction, obtained from  closed-mouth modified impression technique under occlusal loading. 

 

INTRODUCTION. Digital dentistry has a 

growing potential, and digital data are 

currently used in the various restorative 

processes (1–4). A concept of intraoral digital 

impressions was introduced  in the early 

1980’s. , and possible benefits of digital vs. 

conventional impression techniques were 

evaluated (5–7). Intraoral scanners  can be 

integrated in implant dentistry for guided 

surgery, but data is lacking regarding    the 

ability of different scanners to capture high-

quality impressions with minimal distortion in 

long-span restorations or in patients with 

dental implants (8–10).  It was concluded 

(11–13), that the trueness and precision of 

acquired images could be influenced by 

restoration type and scanning technology. 

However, digitization in daily dental 

practice is a challenging process, and digital 

techniques  are often limited to fabrication of 

the prostheses and not used in the clinical 

settings (14–16). Until now, limited evidence 
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is available for the retention and stability of 

removable dental restorations fabricated with 

modified impression techniques compared 

with those fabricated with conventional 

impressions (17–19). The accuracy and 

reproducibility of virtual, 3D printed and 

dental stone casts  have not been clarified in 

full: despite reported accuracy of 3D-printed 

dental casts, several studies revealed cast 

distortion - tendency to contraction, 

buccolingual and anterioposterior expansion, 

vertical deviations (20–22).  Moreover, the 

impact of discrepancies between casts 

produced from modified and conventional 

impressions on the clinical performance of 

definitive restorations is still of considerable 

scientific and practical interest (23,24). 

Therefore, the purpose of this study was to 

make a comparison of conventional and 

modified impression techniques of lower jaw 

with single remaining teeth in terms of 

correctness and reproducibility of the basic 

prosthodontic procedures. 

MATERIALS AND METHODS. Five 

patients ( 3 women and 2 men, aged 53-71 

years) , with  mandibular single remaining 

teeth, at least six months after the last tooth 

extraction, with no signs of masticatory or 

TMJ disorders and completely restored 

maxillary dentition, considered candidates for 

overdentures fabrication, were included into 

the clinical trial.  All patients signed informed 

consent forms before enrolling in a clinical 

trial. Prosthodontic procedures were 

performed by the same clinician.  For each 

patient, a preliminary alginate impression 

(Tropicalgin, Zhermack) was obtained using 

stock tray for partially edentulous jaws.  

Definitive impressions were taken using  

open-mouth conventional impression 

technique (CIT, control) as the clinical 

reference with a custom trays, fabricated of  

transparent acrylic resin heat- cured plates 

(Erkodent, Erkodur 1,5mm, 1,25x1,25 mm), 

and closed-mouth  modified impression 

technique (MIT) using a novel individual tray 

(Speedex Kit, Coltene).  

A total 10 dental stone (Elite Model-3d 

class,ivory, Zhermack)  casts obtained from 

the both techniques  were digitized using a 3D  

laboratory model scanner (Medit Identica 

T300, Korea). The scan files were transferred 

to a Dental 3-dimensional modeling software 

(DentalCAD 2.3 Matera, Exocad), study and 

control (MIT and CIT-created) digital model 

images were superimposed with their anterior 

and posterior  (right and left) segments.  Then 

points of countable convexity (residual ridge 

crest) - concavity (vestibular and 

alveololingual sulcus) were marked on images 

cross-sections, produced perpendicular to the 

mandibular residual alveolar  ridge crest lines 

(cut step 1 mm).  Distance Measurement Tool 

of Exocad software was used to evaluate 

dimensions between the points marked and 

the  reference (digitally calculated) horizontal 

plane on each image cross-section in 

vestibular, residual ridge crest and lingual 

areas . Collected data were statistically 

analyzed by using  Microsoft Excel software .  

Due to high variance and non-normal 

distribution in performed dataset, we used 

non-parametric Wilcoxon–Mann–Whitney U 

test to determine results. A Z-score beyond 

normal distribution (critical value) would 

confirm a significant difference between 3 

marked areas; level of significance was 

reported as a p- value. Results of statistical 

analysis in this study were considered 

significant when p ≤ 0.05. 

RESULTS and DISCUSSION. A 

fundamental objective   of a prosthetic 

treatment is the patient's satisfaction and that 

the outcome of the treatment should meet the 

patient's expectation of functional and esthetic 

rehabilitation. According to P. Ahlholm et al. 

(2018), the minimum requirements to ensure 
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the quality of prosthetic treatment   call for 

preparation of appropriate clinical datasets 

and, subsequently, workflow handling in 

denture fabrication (5). Rehabilitation with 

complete overdenture is a treatment for 

patients with single remaining teeth/roots and 

includes several stages such as coded 

diagnosis, preliminary impression followed 

by definitive impression, measurement of the 

centric relation (CR) and occlusal vertical 

dimension (OVD), wax denture try-in, and 

delivery of definitive denture.   Residual 

alveolar ridge, consisting of the denture 

bearing mucosa, submucosa, periosteum and 

underlying bone , plays a pivotal role in 

supporting dental prosthesis. Nevertheless, 

ridge conditions are considered to be the 

primary limiting factor for the removable 

denture stability ( quality to be firm, steady, 

or constant to resist displacement by 

functional horizontal or rotational stresses), 

upon which the patient’s acceptance of the 

finished prosthesis is mainly dependent  

(25,26). Thus, the achievement of maximum 

denture stability   - the distinguishing factor 

between success and failure - appears to be 

the major objective throughout the clinical 

procedure. 

 Accurate models are critical to ensure 

dentures’ quality. Although current 

technologies enable 3D models to be created 

with accuracy within the limits of clinical 

imaging spatial resolutions, this is not always 

achieved in practice (13,24). Thus, the present 

study was focused on the comparison  of CIT 

and МIT of taking impressions in 

representing patient’s with single mandibular 

remaining teeth  clinical data: shape of the 

residual alveolar ridge, depth and width of the 

buccal and lingual flanges, OVD. 

The present computer-aided clinical trial 

consisted of CIT and MIT application, dental 

stone casts fabrication and 3D models 

creation, superimposition of digital  images 

and computer modeling, automated 

calculation  and data analysis (Fig.1).  
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Fig.1. Stages of the clinical trial 

    

In order to improve utility of the MIT and to 

reduce patient visits, newly designed 

mandibular custom impression tray was made 

up with occlusal rim adaptable in determining 

OVD. Adding occlusal rim to the surface of 

the tray helped to keep mandible and hold 

tongue in its physiological position during 

impression taking and proper forming of wash 

material during set up.  

 

Following is a description of the 6-step 

prosthodontic procedures as a part of the 

clinical trial.  

1. Custom  tray was fabricated over the 

primary cast from acrylic resin heat-cured 

plates instead auto polymerizing resin to be 

transparent with occlusal rim and 

cylindrical spaces above the remaining 

teeth/roots to facilitate impression taking 

under bite pressure with simultaneous 

determining of the OVD and centric 

occlusion recording. The same custom tray 

subsequently can be used as a template for 

ball attachment positioning upon the 

mandibular alveolar ridge.  

2. Custom tray was not adjusted to be 2 

mm short of the functional depth of the 

labial and lingual sulci.  

3. Areas of overextension were 

indicated by exposure of the tray borders 

while try-in with light body material 

without adhesive usage.  If necessary 

procedure was repeated and borders were 

corrected by trimming the tray in 

corresponding area. Tray was ready to 

apply after all borders were smoothly 

rounded and  made no discomfort to a 

patient in close mouth position after 

determining OVD. 

4. A final application of light body 

elastomer material (Speedex, Coltene 

medium/light body) using the closed-

mouth technique was made after covering 

the tray with adhesive. After the tray was 

seated onto the ridge, and the labial and 

lingual borders were molded with 

physiological oral soft tissue movements 

by asking a patient to perform swallowing 

while material is setting up. 
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5.  If impression taking was preceded 

properly custom tray stayed seated on 

alveolar ridge after mouth opening. 

Afterwards patient repeated opening-

closure for several times and OVD with 

vinylpolysiloxane  (Occlufast Rock, 

Zhermack)  could have been fixed. 

6. Once light-body and bite registration 

elastomeric materials were set, the 

impression was removed, disinfected, and 

inspected.  

 

   In patients with severely resorbed ridges 

the main aim of the impressing procedure was 

to gain maximum area of coverage. The 

results indicated, that digital models created 

from CIT and MIT demonstrated dissimilar 

surface detail reproduction    in particular  

denture foundation regions (Fig.2).

  

 

Fig. 2. Output from the test : Wilcoxon–Mann–Whitney U test results displayed in box plots 

showing insignificant statistical difference in vestibular(Z=-0.1569) and residual ridge (Z=0.119) 

areas and opposing significant difference (Z=3.3127) in lingual area. Horizontal lines within boxes 

are medians, and dot symbols are Wilcoxon mean scores on the y-axis.  

 

Retromolar pads were the only relatively 

invariable parts of the basal seat with no 

divergence in cross section values of the 

images studied. We have also found no 

significant variation of imprinting residual 

alveolar ridges by CIT and MIT regardless of 

the type of bone atrophy (Z=0.119; p≤0,05). 

Residual alveolar ridges are considered as 
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secondary, while buccal shelves  - primary 

mandibular supporting structures, most 

capable to make firm contact with denture 

base and to resist its vertical displacement 

under occlusal load (25). At the same time,  

despite statistically non-significant difference  

between measuring points on the vestibular 

side overall (Z =-0.1569; p≤0,05), in all pairs 

of models clinically important ( related to the 

guiding an optimum extension of the denture 

base limiting structures) anatomic findings 

were detected (Fig.3).

  

 

Fig.3. Distal vestibular and lingual areas of denture base (marked by dash dotted lines) 

influenced most by the extension of the impression border. 

 

Thus, displacement of actively movable 

mucosa, overlying masticatory muscles under 

finger pressure (CIT) during functional 

probes, yielded in vertical extension of the 

impression borders in distobuccal zones 

adjacently to the buccal shelves.  On the other 

hand, location of buccal sulci contours up to 

1.6 mm bilaterally higher on a MIT cast 

comparing to CIT casts might help to reduce 

space between denture base and basal seat and 

enhance denture’s functional stability.  

     Contrarily, the posterior (in 

retromylohyoid space) extension of the 

lingual flange, resting in the alveololingual 

sulcus, usually assists in mandibular denture 

retention, thus making it more stable and 

comfortable. Observing location of peripheral 

tissues     up to 4.7 mm deeper on the MIT in 

comparison to CIT –created models, 

confirmed by  statistically significant 

(Z=3.3127; p≤0,05)  difference in mandibular 

foundation surface z-score,  was considered as 

important  prerequisite  for  a better denture’s  

border seal.     

Conclusions: 1. Combining functional 

impression taking and centric occlusion 

registration enables clinicians to integrate 
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morphological (shape of edentulous 

mandibular ridge) and biomechanical 

(masticatory force distribution) factors of 

denture design and thus to customize 

prosthodontic procedures.  

2. Results of digital analysis confirm 

higher model accuracy with respect to 

peripheral foundation tissues and  buccal shelf 

region (a primary mandibular stress support 

area) reproduction, obtained from  closed-

mouth modified impression technique under 

occlusal loading. 
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