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ABSTRACT
Objective: Quantitative data regarding complete dentures (CDs) adjustments may support more predictable 
treatment outcomes and reduce the need for follow-up visits. The purpose of this observational study was to 
digitally evaluate the magnitude and distribution of postinsertion adjustments in complete dentures. Material 
and Methods: Eighteen edentulous patients received maxillary and mandibular CDs (N = 36). Dentures were 
scanned before and after postinsertion adjustments, and meshes were superimposed with best-fit alignment. 
Deviations were measured in the anatomical regions of interest. Statistical comparisons were conducted with 
1-way ANOVA and Tukey tests (α=0.05). Results: In mandibular CDs, the right (0.906 ± 0.837 mm) and left 
(0.772 ± 0.925 mm) lingual sulcus showed the greatest level of correction, differing significantly from vestibular 
regions (p<0.05). Maxillary regions required smaller adjustments (0.100–0.261 mm), with no significant 
differences (p>0.05). Conclusion: Digital superimposition enabled quantitative mapping of postinsertion CD 
adjustments, with the lingual sulcus showing the largest magnitude of correction in mandibular CDs. This analysis 
may provide reference parameters to guide more predictable and evidence-based adjustments in CD treatment.

KEYWORDS
Complete denture; Computer-aided design; Dimensional measurement accuracy; Edentulous jaw; Three-
dimensional imaging.

RESUMO
Objetivo: Dados quantitativos referentes aos ajustes de próteses totais (PTs) podem contribuir para resultados de 
tratamento mais previsíveis e reduzir a necessidade de consultas de controle. O objetivo deste estudo observacional 
foi avaliar digitalmente a magnitude e a distribuição dos ajustes pós-instalação em próteses totais. Material e 
Métodos: Dezoito pacientes edêntulos receberam PTs maxilares e mandibulares (N = 36). As próteses foram 
escaneadas antes e após os ajustes pós-instalação, e as malhas foram sobrepostas por meio de alinhamento por 
melhor adaptação (best-fit). As discrepâncias foram medidas nas regiões anatômicas de interesse. As comparações 
estatísticas foram realizadas por meio de ANOVA a um fator e teste de Tukey (α = 0,05). Resultados: Nas PTs 
mandibulares, os sulcos linguais direito (0,906 ± 0,837 mm) e esquerdo (0,772 ± 0,925 mm) apresentaram o 
maior nível de correção, diferindo significativamente das regiões vestibulares (p < 0,05). As regiões maxilares 
exigiram ajustes menores (0.100–0.261 mm), sem diferenças estatisticamente significativas (p > 0,05). Conclusão: 
A sobreposição digital permitiu o mapeamento quantitativo dos ajustes pós-instalação em PT, sendo o sulco lingual 
a região com maior magnitude de correção nas próteses mandibulares. Esta análise pode fornecer parâmetros 
de referência para orientar ajustes mais previsíveis e baseados em evidências no tratamento com próteses totais.
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Prótese total; Desenho assistido por computador; Precisão da medição dimensional; Mandíbula edêntula, 
Imageamento tridimensional.
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INTRODUCTION

Edentulism affects nearly one-quarter of 
individuals over 60 years of age worldwide [1], 
and its prevalence is expected to increase with the 
population aging [2,3]. Conventional complete 
dentures (CDs) and overdentures remain widely 
prescribed because of their cost-effectiveness and 
suitability for patients unable to receive implant-
supported fixed prostheses [4,5]. However, mucosa-
supported dentures may cause traumatic ulcers, 
particularly during the adaptation period [6-8], 
leading to patient dissatisfaction and even treatment 
discontinuation [8,9], compromised stability that 
accelerates residual ridge resorption [10,11], and 
an increased risk of oral cancer [12].

Despite advances in computer-aided design 
and computer-aided manufacturing (CAD/
CAM) that have accelerated the fabrication of 
CDs [13], their long-term success still relies 
on accurate conventional impressions that 
reliably record mobile tissues [14], such as the 
mucostatic technique [15], and appropriate teeth 
arrangement to maximize prosthesis retention 
and stability [16-19]. Inadequate stability during 
lateral or protrusive movements can result in 
denture displacement [19] and, over time, lead to 
mucosal injury and patient discomfort. Additional 
contributing factors include occlusal interferences, 
inadequate maxillomandibular relationships [19], 
incorrect border molding, overextended borders, 
improper adaptation of the intaglio surface, 
irregularities or porosities in the denture 
base [8], and patient-related factors [20-24]. These 
challenges highlight the importance of regular 
follow-up visits and timely adjustments to ensure 
patient satisfaction with CDs [5,8].

CDs adjustments are multifactorial, 
influenced by the degree of residual ridge 
resorption, the health of the supporting soft 
tissues, patient adaptability, the clinical and 
technical skills of practitioners and dental 
technicians, jaw relationships,  occlusal 
scheme, and other patient and treatment-
related variables [25]. Most studies addressing 
postinsertion adjustments have focused on the 
frequency of interventions [8,25-28]. Digital 
tools offer promising methods to enhance the 
accuracy and predictability of these adjustments. 
Therefore, the aim of this study was to evaluate 
by digital superimposition the magnitude and 
distribution of adjustments performed on CDs 
during postinsertion appointments. The null 

hypothesis was that different regions of the 
maxillary and mandibular CDs would show no 
quantitative differences following adjustments.

MATERIAL AND METHODS

Eighteen completely edentulous patients 
referred to the university were enrolled for 
bimaxillary CDs rehabilitation. Inclusion criteria 
comprised patients edentulous in both arches 
without recent extractions (<6 months). Exclusion 
criteria included uncontrolled systemic conditions 
(diabetes, HbA1c>7%; hypertension>140/90 
mmHg; severe cardiac disease; hematologic 
disorders) and neurodegenerative diseases with 
relevant psychomotor impairment (paralysis 
or motor dysfunction). Ethical approval was 
obtained by the local ethics committee (CAAE: 
82295424.0.0000.0075). Sample size calculation 
was performed a priori using a software program 
(G*Power v3.1.9.4; Heinrich-Heine-Universitat, 
Dusseldorf, Germany), based on the mean and 
standard deviation values obtained from a pilot 
study (maxilla: 0.20 ± 0.08 mm; mandible: 
0.48 ± 0.31 mm), based on the primary outcome 
of the study (magnitude of post-insertion 
adjustments), resulting in a total sample size of 
36 dentures (power = 0.8; α = 0.05).

Clinical procedures were performed by two 
experienced operators. Preliminary impressions 
were made with stock trays (TT model aluminum 
edentulous tray; Jon Industria e Comercio de 
Produtos Odontológicos, São Paulo, São Paulo, 
Brasil) and high–fusing compound (Godibar; 
Lysanda Produtos Odontológicos, São Paulo, 
São Paulo, Brasil) to displace soft tissues and 
record anatomic references. Initial casts were 
poured in type II dental stone and used to 
outline the basal area for the fabrication of 
custom trays with autopolymerizing acrylic 
resin (JET; Artigos Odontológicos Clássico Ltda, 
Campo Limpo Paulista, São Paulo, Brasil). Final 
impressions were made with zinc oxide eugenol 
paste (Lysanda Produtos Odontológicos, São 
Paulo, São Paulo, Brasil) using a mucostatic, 
noncompressive technique [15], and definitive 
casts were poured in type IV dental stone. Casts 
were mounted on a semiadjustable articulator 
(A7 Plus; Bio-Art Equipamentos Odontológicos, 
São Carlos, São Paulo, Brasil) with a facebow 
transfer. Occlusion rims were adjusted according 
to esthetic and functional criteria, and artificial 
teeth (Biotone; Dentsply Sirona) were arranged 
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in bilateral balanced occlusion. Dentures were 
processed in heat-polymerized acrylic resin, 
finished, and polished.

Denture bases were scanned by a single 
operator with a laboratory scanner (inEos X5, 
Denstsply Sirona, São Paulo, São Paulo, Brasil) 
after applying an opacifying spray (CEREC 
Optispray, Denstsply Sirona, São Paulo, São Paulo, 
Brasil). Standard tessellation language (STL) files 
were generated in CAD software (inLab SW 22.0.0, 
Denstply Sirona, São Paulo, São Paulo, Brasil). 
After scanning, dentures were cleaned with neutral 
detergent, immersed in 0.12% chlorhexidine for 
20 minutes, and inserted. Patients received oral 
hygiene and dietary instructions.

One to three follow-up visits (3 to 5 days 
intervals) were scheduled until resolution of 
discomfort. Traumatic ulcers were identified 
by inspection and marked using a standardized 
protocol: marking of injuries using a copying pencil, 
denture insertion in maximum intercuspation, 
denture removal and mucosa examination 
under focal light. Adjustments were performed 
incrementally with a tungsten carbide bur (Maxicut 
PM, American Burrs, Palhoça, Santa Catarina, 
Brasil), followed by finishing and polishing with 
acrylic polishing rubbers (PM Ultra-Technique Kit, 
American Burrs, Palhoça, Santa Catarina, Brasil). 
Once patients reported comfort, final scans were 
performed following the same protocol.

Initial and final scans were superimposed 
using CloudCompare software (version 2.13.2; 
CloudCompare Project). To ensure consistency 
and eliminate inter-examiner variability, all digital 
procedures and analyses were performed by a 
single calibrated operator. An initial alignment 
was executed by selecting three stable anatomical 
landmarks, followed by best-fit registration. 
Subsequently, fine registration was achieved 
using the Iterative Closest Point (ICP) algorithm, 
configured with a random sampling limit of 
50,000 points and a convergence criterion based 
on a Root Mean Square (RMS) difference of 1.0 x 
10-5. The digital deviations were then quantified 
using the Cloud-to-Mesh distance tool, and color-
coded distance maps were generated to visualize 
dimensional changes. To identify the points of 
maximum deviation within each specific region, 
the Point Picking tool was utilized. The maximum 
discrepancy was recorded for the following 
anatomical reference areas: the labial frenulum, 
right and left buccal sulcus, and posterior palatal 

border in the maxilla; and the labial and lingual 
frenulum, right and left vestibular sulcus, and 
right and left lingual sulcus in the mandible.

Quantitative analyses were conducted in a 
statistical software program (JAMOVI version 
2.3.13; The Jamovi project). For the deviation 
found for each anatomical site, means and 
standard deviations were calculated. One-way 
ANOVA was used for comparisons, with Tukey 
post hoc tests for pairwise analyses (α=0.05).

RESULTS

The results demonstrated distinct patterns 
of material removal between maxillary and 
mandibular prostheses (Figures 1 and 2).

For maxillary CDs, no statistically significant 
differences were observed among the evaluated 
regions (p = 0.777; F = 0.367) (Table I). The 
greatest adjustment was observed at the posterior 
palatal limit (0.256 ± 0.782 mm).

In contrast, mandibular complete dentures 
exhibited significant regional variation (p < 0.001; 
F = 6.387) (Table II). The greatest material 
removal occurred in the right lingual sulcus 
(0.906 ± 0.837 mm) and the left lingual sulcus 
(0.772 ± 0.925 mm). These regions showed 
significantly greater adjustment compared with 
the inferior labial frenum (0.250 ± 0.532 mm), 
the lingual frenum (0.189 ± 0.334 mm), the right 
buccal sulcus (0.228 ± 0.394 mm), and the left 
buccal sulcus (0.317 ± 0.473 mm) (p < 0.05). No 
statistically significant differences were observed 
among these latter regions (p > 0.05).

DISCUSSION

Digital analysis of CD adjustments allowed 
the visualization and quantification of material 
removal during postinsertion visits. In clinical 
practice, adjustments are usually based on 
visual inspection [6], pressure-indicating 
paste [6,8,26,27], copying pencil [6], and pressure 
indicating ink [27], which identify overextensions 
and traumatic injuries but provide only qualitative 
information. Since studies have mainly addressed 
the frequency of adjustments [8,25-27], the 
absence of quantitative data may lead to excessively 
conservative or aggressive corrections, extending 
the number of follow-up visits.

In this study, the null hypothesis was partially 
rejected, as different regions of the mandibular 
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Figure 1. Color-coded map with quantitative deviations in a maxillary CD.

Figure 2. Color-coded map with quantitative deviations in a mandibular CD.

Table I. Mean and standard deviation (mm) of maxillary dentures adjustments

Region Mean* SD

Maxillary labial frenum 0.261A 0.477

Maxillary right buccal sulcus 0.100A 0.197

Maxillary left buccal sulcus 0.189A 0.361

Posterior limit of the palate 0.256A 0.782

*Equal letters indicate absence of significant differences (Tukey Post-Hoc Test p>.05).
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CDs exhibited quantitative differences following 
adjustments, whereas no significant differences 
were observed among the maxillary regions. The 
mandibular lingual sulcus showed the greatest 
adjustment need (right: 0.906 ± 0.837 mm; 
left: 0.772 ± 0.925 mm). This region has been 
repeatedly reported as the most frequent site 
of ulceration [6,8,26,27], attributed to tongue 
dynamics, thin mucosa, and the risk of overextension 
from attempts to increase retention [26]. The 
present findings reinforce the importance of 
careful functional border molding in the lingual 
mandibular region, since excessive extension may 
compromise patient comfort and interfere with 
tongue movements during speech and mastication. 
Although increased flange extension is often 
pursued to improve denture retention and stability, 
the results suggest that overextension in this 
area may lead to a greater need for postinsertion 
corrections and additional follow-up visits.

In contrast, adjustments in the maxilla 
differed from previous studies, which often 
identified the posterior palatal seal [8,27] or 
vestibular sulcus [6,26] as the most frequently 
corrected regions. Here, all maxillary regions 
required only minimal to moderate adjustments. 
This may be related to the maximum extension 
technique used for CDs, in which preservation 
of the posterior palatal seal area is prioritized 
to improve denture retention and stability. The 
absence of significant differences among maxillary 
regions, in contrast to the mandibular findings, 
may also reflect the greater biomechanical 
challenges associated with mandibular denture 
adaptation, including reduced support area, 
increased mobility of surrounding tissues, and 
tongue-related functional dynamics.

Impression techniques also influence 
adjustment requirements, as slight overextensions 
can result from excess impression material or tray 
pressure, particularly in mobile areas. Besides, 

the junction between mobile and nonmobile 
mucosa is not always distinct [26]. Nevertheless, 
Drago [25] reported no significant differences 
among impression or border molding methods on 
the number of postinsertion visits. However, the 
present findings suggest that small inaccuracies 
during border molding may have clinically 
relevant effects in anatomically sensitive regions, 
particularly in the mandibular lingual sulcus, 
where functional movements are more complex 
and tissue tolerance may be lower.

Digital quantification of postinsertion 
adjustments for CDs may help clinicians anticipate 
regions with greater likelihood of requiring 
correction. Quantitative mapping of material 
removal enables the identification of anatomical 
regions that are more prone to overextension and 
tissue trauma, contributing to more individualized 
denture refinement protocols. Such information 
may also support teaching and clinical training 
by providing objective reference values for 
postinsertion corrections.

Future studies should integrate patient-
related variables into this analysis. Patient 
experience may be relevant, as first-time denture 
wearers have been reported to require more 
adjustments than experienced wearers [23]. 
The adaptation period is also a critical factor, 
as substantial improvement in masticatory 
performance occurs within 3 months of new 
denture use [24], which can influence the 
development of new lesions. Significant 
associations between adjustments and age, sex, 
and systemic conditions may also exist. Such 
relationships were not observed by previous 
studies [21,22], though D’Souza et al. [23] found 
an increased number of postinsertion visits by 
patients with cardiovascular disorders, while 
Kivovics et al. [26] reported greater frequency 
of traumatic ulcers among men – which may be 
related to diet habits of hard food [20].

Table II. Mean and standard deviation (mm) of mandibular dentures adjustments

Region Mean* SD

Mandibular labial frenum 0.250B 0.532

Lingual frenum 0.189B 0.334

Mandibular right buccal sulcus 0.228B 0.394

Mandibular left buccal sulcus 0.317B 0.473

Right lingual sulcus 0.906A 0.837

Left lingual sulcus 0.772A 0.925

*Different letters indicate significant differences (Tukey Post-Hoc Test p < 0.05).
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Under the limitations of this study, the 
findings offer reference parameters to support 
more predictable and evidence-based post-
insertion adjustments in CDs, potentially reducing 
follow-up visits and enhancing patient satisfaction. 
The greater material removal observed in the 
mandibular lingual sulcus suggests that this region 
requires special attention during post-insertion 
adjustments, in order to minimize traumatic lesions 
and improve patient comfort. Practitioners should 
carefully evaluate flange extension and tissue 
compression in this area during denture delivery 
and follow-up appointments, particularly in patients 
reporting discomfort during tongue movement 
or functional activities. Early identification and 
correction of denture borders may contribute to 
faster adaptation, fewer traumatic ulcers, and 
reduced need for additional adjustment visits.

CONCLUSION

Digital superimposition enabled objective 
quantification and mapping of postinsertion 
adjustments in complete dentures in this study. 
The mandibular lingual sulcus was identified 
as the area with the greatest extent of material 
removal in mandibular CDs, while maxillary CDs 
required smaller adjustments in all sites.
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