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Comparison of perceived masticatory ability in completely edentulous patients 1 
treated with thermoplastic complete denture versus single implant-retained 2 

mandibular overdenture: a single-center prospective observational study 3 

Abstract 4 

Background: This study aimed to compare the perceived masticatory ability (PrMA) in 5 
completely edentulous patients (EDPs) with thermoplastic conventional complete dentures (CDs) 6 
versus single implant-retained mandibular overdentures.  7 

Methods: The current study was conducted in the outpatient Prosthodontic Clinic, Faculty of 8 
Dental Medicine, Al-Azhar University, Cairo, Egypt. PrMA was evaluated in 45 completely 9 
edentulous patients (46% males, mean age 50.4 ± 4.7 years). Each patient received a thermoplastic 10 
PMMA complete denture (Polyan IC TM Bredent GmbH & Co.KG, Germany). The PrMA was 11 
evaluated at one-month and six-month intervals of denture use. An immediate loading single 12 
implant was placed into the mid-symphyseal for each patient, and the denture was adjusted. 13 
Subsequently, the PrMA was reevaluated after one month and six months. The data were collected 14 
and statistically analyzed (SPSS@ v.25) to assess the changes in PrMA.  15 

Results: The PrMA demonstrated improvement after six months of thermoplastic conventional 16 
denture use. However, this improvement was not statistically significant (p= 0.405). In addition, 17 
the PrMA showed a substantial increase following a single implant placement at one and six 18 
months (p<0.001) of the overdenture use compared to the conventional denture. The PrMA 19 
insignificantly improved (p= 0.397) after six months of the single implant retained overdenture 20 
use.  21 

Discussion: The study's findings indicate that using immediate loading single implant-retained 22 
mandibular overdentures significantly improved PrMA in completely edentulous patients. 23 

Keywords: Perceived masticatory ability, Single implant, Overdenture, Complete denture, 24 
Thermoplastic denture base, Edentulous Patients 25 
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Introduction: 33 

The main objective of prosthodontic rehabilitation is to restore and maintain oral function, 34 

especially the effectiveness of masticatory function (Liang et al. 2015). Edentulous patients 35 

wearing conventional dentures often experience a significant decrease in their ability to chew well, 36 

which impacts their quality of life. Furthermore, the complex neuromuscular skills required to 37 

overcome denture limitations decline with age (Goiato et al., 2008). 38 

Dentures with inadequate masticatory efficiency prevent wearers from effectively 39 

consuming high-fiber diets. Consequently, dentures must facilitate efficient chewing (van der Bilt 40 

2011; van der Bilt & Fontijn-Tekamp 2004). 41 

Denture wearers may experience limited chewing force due to the discomfort and pain that 42 

occurs when one or both dentures lose their retention or even fear of pain (Goiato et al. 2010). 43 

The perception of chewing ability among individuals strongly correlates with their oral 44 

health-related quality of life (OHRQoL). Patients with higher oral health impact profile (OHIP) 45 

scores are more prone to having chewing problems and perceived difficulty (Khalifa et al., 2013). 46 

Improving masticatory performance in CD patients benefits their overall well-being (Elmoula et 47 

al., 2018). 48 

The masticatory function can be addressed from two perspectives: firstly, as the ability to 49 

objectively break down solid food, and secondly, as an individual's response when queried about 50 

their food-chewing experiences. Masticatory performance, the objective measure of masticatory 51 

function, is often assessed by determining an individual's ability to pulverize or grind a designated 52 

food item within a predetermined number of chewing cycles. The study examined the self-assessed 53 

masticatory function of the participants (defined as masticatory ability) through oral function 54 

interviews (Feizi et al. 2016; van der Bilt 2011). 55 

Several objective techniques have been attempted to assess masticatory performance. 56 

However, they require specialized tools, materials, or intricate procedures. Experiments 57 

investigating masticatory performance have utilized natural foods, such as almonds, peanuts, 58 

carrots, and synthetic materials as test substances. (Cunha et al. 2013; Goiato et al. 2008; 59 

Liedberg & Owall 1995; van der Bilt & Fontijn-Tekamp 2004).  60 

Deleted: (Liang et al. 2015)61 

Deleted: the62 
Deleted:  of dentures63 
Deleted: .64 

Deleted: (van der Bilt 2011; van der Bilt & Fontijn-Tekamp 65 
2004)…66 

Deleted: is 67 
Deleted: correlated68 

Deleted: .69 

Deleted: with CDs has a beneficial effect on70 

Deleted: (Elmoula et al. 2018)71 

Deleted: personal 72 

Deleted: (Feizi et al. 2016; van der Bilt 2011)73 

Deleted: and 74 

Deleted: (Cunha et al. 2013; Goiato et al. 2008; Liedberg & 75 
Owall 1995; van der Bilt & Fontijn-Tekamp 2004)76 



3 
 

Another commonly utilized approach to assessing masticatory performance involves 77 

thoroughly evaluating the capacity to blend and manipulate a meal bolus. Two-colored chewing 78 

gum and paraffin wax have been used as test meals. (Salleh et al. 2007; van der Bilt 2011).  79 

Both subjective and objective methods can effectively measure masticatory performance. 80 

Elmoula et al. (2018) found a correlation between the subjectively evaluated PrMA and the 81 

objectively assessed masticatory efficiency. 82 

The masticatory function of the complete-denture wearers is relatively poor compared to 83 

that of healthy dentate subjects. Complete-denture wearers need up to seven times more chewing 84 

strokes than subjects with a complete natural dentition to reduce the food to half the original 85 

particle size (Emami et al. 2013; Kumari et al. 2022). Other studies have reported that patients 86 

rehabilitated with CDs demonstrated significantly lower masticatory functions (Slagter et al. 87 

1992; Wayler & Chauncey 1983) 88 

When conventional denture therapy is inadequate, it is essential to examine 89 

treatment alternatives to improve the masticatory efficiency of complete denture wearers. An 90 

alternative method is utilizing the injection-molded thermoplastic denture base (Fayad et al., 2023). 91 

The injection-molded PMMA has a microcrystalline structure, ultimately facilitating 92 

finishing and polishing. Using the injection molding method for fabricating dentures resulted in 93 

enhanced quality and durability. The injection-molded PMMA has higher microhardness and 94 

reduced surface roughness than conventional denture bases (Moslehifard et al., 2022). 95 

Thermoplastic denture bases exhibit superior aesthetics and are more embraced by patients 96 

than conventional dentures. They can serve as a substitute for individuals who have allergic 97 

reactions to polymethyl methacrylate. Due to their low weight and pliable characteristics, they can 98 

be effectively used on individuals with skeletal protuberances. The material's flexibility provided 99 

a targeted stress reduction level, eliminating denture-related problems causing oral discomfort 100 

(Singh et al. 2011). 101 

Another alternative to improve the masticatory functions for completely edentulous patients 102 

is implant placement to improve denture retention and stability, thereby improving masticatory 103 

performance (Bae et al. 2015; Fayad et al. 2016; Mohamed 2008). Despite the growing use of 104 

osseointegrated implants in rehabilitation, conventional CDs remain the most common treatment 105 
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method for completely edentulous patients, especially in underdeveloped countries (Carlsson & 121 

Omar 2010). 122 

 Numerous clinical studies have shown that utilizing implant-supported or retained 123 

prostheses for rehabilitating the mandible in individuals without teeth has proven a highly effective 124 

and gratifying treatment (Kourtis et al. 2018). Nevertheless, there is an ongoing debate regarding 125 

the minimal number of implants required for this restoration. The Single Implant Retained 126 

Overdenture has become increasingly popular due to its simple technique (Mahoorkar et al. 2016). 127 

It has been hypothesized that placing a single implant in the middle of the symphyseal 128 

region can effectively support an overdenture with a high success rate based on Albrektsson's 129 

success criterion (Albrektsson & Wennerberg 2019; Gjelvold et al. 2020). This treatment 130 

approach can also be a cost-effective therapeutic alternative to the traditional complete denture 131 

(Krennmair & Ulm 2001; Passia & Kern 2023). 132 

In a study conducted by Liu et al. (2013) on the implant number required to retain 133 

mandibular implant-retained overdenture, it was found that a single implant is sufficient to 134 

support and distribute the load effectively to the mandibular bone in implant-retained 135 

overdentures. 136 

To our knowledge, no studies have been conducted to evaluate the PrMA (assessed 137 

subjectively) among completely edentulous patients rehabilitated with a thermoplastic acrylic 138 

denture before and after the single implant placement for each patient. The study aimed to 139 

determine the changes in the PrMA with single implant placement in completely edentulous 140 

patients, and the null hypothesis was that the placement of a single implant to retain a complete 141 

mandibular thermoplastic denture would not affect the PrMA. 142 

MATERIALS AND METHODS 143 

This study was conducted at the Faculty of Dental Medicine, Al-Azhar University, 144 

Cairo, Egypt, using a prospective study design. The study lasted 18 months, from April 145 

2022 to August 2023. The ethics committee at Al-Azhar University has approved the study 146 

protocol (Ethical Application Ref: AUAREC20220004-12). Before enrollment, all 147 
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participants received a detailed explanation of the methodology. Subsequently, written 155 

consent was obtained from all participants. 156 

Patients' selection 157 

All patients included in the study were free of any psychiatric problems or movement 158 

disorders. Patients who have previously had temporomandibular problems, including Myofacial 159 

Pain Dysfunction Syndrome (MPDS), trismus, trauma, TMJ dislocation, and ankylosis, were not 160 

included in the study. Furthermore, those with compromised oral diseases, local lesions, 161 

xerostomia, and resorbed or flabby ridges were not included. 162 

Prior research has determined that a sample size of 40 cases is adequate to conduct the 163 

study with a statistical power of 0.80, a confidence interval of 0.95, and an alpha level of 0.05 164 

(Albert et al. 2003; Goiato et al. 2010; Mohamed 2008; Tatematsu et al. 2004). Consequently, a 165 

higher sample size calculation was determined (n=50) to compensate for the possibility of 166 

edentulous participants' withdrawal due to illness, death, or challenges with the research protocol. 167 

A total of 50 completely edentulous patients were chosen randomly from patients 168 

attending the outpatient clinic at the Department of Prosthodontics. Five patients withdrew from 169 

the study, so only 45 patients were evaluated. The group consisted of 21 males and 24 females, 170 

with an average age range of 44-59 years (mean age 50.4 ± 4.77 years). 171 

All patients received a new thermoplastic PMMA conventional complete denture (Polyan 172 

IC TM Bredent GmbH & Co.KG, Germany), with even occlusion and discomfort-free. The new 173 

CDs were delivered, and the PrMA (PrMA) was evaluated one month following the denture 174 

placement, with no reported pain or discomfort (Mathew et al. 2024; Rocha et al. 2023). 175 

First stage-measurement of the PrMA 176 

The subjective approach to evaluating masticatory ability was assessing the PrMA. The 177 

measurement was conducted using a perceived difficulty of chewing (PDC) index score devised 178 

by Khalifa et al. (2013). Participants were asked to report the level of difficulty they experienced 179 

while chewing fifteen commonly consumed hard and soft foods. The scoring of this index was 180 

determined based on (PDC) scale, with a range of scores from 0 (indicating very easy chewing) to 181 

5 (indicating difficult chewing that is actively avoided). A score of zero shows very easy chewing 182 
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and satisfactory conditions, whereas a total score of 75 signifies adverse conditions and the most 188 

challenging chewing. 189 

The PrMA was measured for each patient after one month of conventional thermoplastics 190 

denture placement. The second measurement was conducted six months following the 191 

conventional thermoplastic denture placement, as recommended by Goiato (Goiato et al. 2010; 192 

Goiato et al. 2008). It was proposed that a minimum of five months was required to assess 193 

patient adaptability and functional capacity with new CDs adequately. 194 

Mid-symphyseal single Implant Placement 195 

Cone-beam computed tomography (CBCT) scans of the mandible were performed for each 196 

patient using the Kodak 9500 cone-beam 3D System scanner manufactured by Carestream 197 

Dental/Kodak in the United States. For each patient, a mid-symphyseal dental implant was placed 198 

(Dentis,  Dalseo-gu, Daegu, Korea). The mandibular denture was prepared for insertion following 199 

a two-day implant placement period. The locator attachment (Dentis, Dalseo-gu, Daegu, Korea) 200 

was affixed to the fixture and secured with a screwdriver. 201 

The resilient cap was placed over the male part of the attachment and then transferred to 202 

the base of the denture using a marker on the cap. Subsequently, the lower denture was inserted in 203 

the patient's mouth, marking the corresponding cap area on the fitting surface of the denture. The 204 

resilient cap (female part) housing was formed on the fitting surface of the denture in the 205 

designated area using a round bur rotating at a low speed. 206 

The denture was examined in the patient's mouth to ensure the absence of interference. 207 

Auto-polymerizing acrylic resin was placed in the space created in the denture base. A small 208 

amount of resin was injected intraorally into the dry metallic cap. 209 

The denture was placed in the patient's mouth, and the patient was advised to close their 210 

mouth, causing the metal cap to be fitted into the base of the denture. After the acrylic resin had 211 

solidified, the denture was removed from the mouth and examined, and any surplus material was 212 

eliminated using an appropriate bur.  213 
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The PrMA was measured for each patient after one month of single implant-retained 220 

mandibular overdenture placement, and The final measurement was conducted after six months. 221 

Statistical analysis 222 

Data were collected, and the statistical analysis was conducted using IBM SPSS Statistics 223 

V25 software (Armonk, NY: IBM Corp). The level of statistical significance was set at 0.05 for 224 

all tests. The normality of continuous data was assessed using the Shapiro-Wilk test. Quantitative 225 

data were expressed as range (minimum and maximum), mean, standard deviation, and median. 226 

Descriptive statistics of mean and standard deviation were reported. The Mann-Whitney test 227 

compared two groups with non-normally distributed quantitative variables. 228 

In contrast, the Kruskal-Wallis test compared groups with non-normally distributed 229 

quantitative variables. The  Friedman tests were employed to compare quantitative variables that 230 

do not follow a normal distribution across more than two periods or stages. The post-hoc paired 231 

comparison was conducted utilizing the Wilcoxon signed-rank test (5% statistical significance). 232 

 233 

Results 234 

The PrMA was evaluated among completely edentulous patients using a thermoplastic 235 

PMMA denture base at one month and six months of complete denture placement. After placing a 236 

single implant-retained mandibular overdenture, the PrMA was reevaluated at one month and six 237 

months. 238 

The sample included 50 completely edentulous patients who were randomly selected. A 239 

total of 45 patients were assessed, one being discharged due to medical issues and four opting 240 

not to continue the study. The patients comprised 21 male and 24 female patients (Table 1). The 241 

mean age of the selected patients was 50.46  years, ranging from 44 to 59 years.  242 

Table (2) shows the mean and standard deviation of the PrMA measurements at different 243 

intervals. The PrMA for each participant was obtained by collecting each food PrMA score (from 244 

0 to 5). The mean value for PrMA one month and six months following the placement of the new 245 

denture was 37.8 ±10.5 and 36.3 ± 10.3, respectively. The mean value for PrMA after the single 246 

implant placement at one month and six months was 28.6 ±8.4 and  26.9 ± 8.5, respectively (Table 247 

2).  248 
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 263 
The results of the Kolmogorov-Smirnov and Shapiro-Wilk tests, which were used to assess 264 

the normality of the data (Kim 2012; Kim 2013), showed that the data were not normally 265 

distributed, as illustrated in Table (3). 266 

The nonparametric Friedman test was used for within-subject design due to the non-normal 267 

distribution of the data. The post-hoc paired comparison was done using the Wilcoxon signed rank 268 

test  [30, 31]. The Friedman test (Table 4) showed a statistical significance difference between 269 

different measurements of PrMA at various intervals.  270 

The multiple comparisons between different mean measurements of PrMA at various 271 

intervals  (Table 5) showed no statistical difference in PrMA recorded after one month of denture 272 

insertion and PrMA recorded after six months of denture insertion [ P > 0.05]. Mid-symphyseal 273 

single Implant placement resulted in a substantial increase in the PrMA. In addition, there was a 274 

highly statistically significant difference between the PrMA recorded before and after single 275 

implant placement [ P < 0.05]. 276 

 The study sample was subdivided into three subgroups based on age range: (1) < 47 277 

(n=13), (2) from 47 - 52 (n=14), and (3) > 52 (n=18). The Mann-Whitney test ( Table 6)  was 278 

used to test the effect of gender on the PrMA at different intervals. The results showed no 279 

statistically significant effect of gender on the PrMA at various intervals. The Kruskal-Wallis test 280 

( Table 7)  was used to test the impact of different age groups on the PrMA at different intervals. 281 

The findings indicated that gender did not significantly affect the PrMA at various intervals. 282 

 283 
Discussion 284 
 285 

the current study's results reported that the placement of a single mid-symphyseal implant 286 

significantly affected the PrMA of the study groups. Therefore, the null hypothesis has been 287 

rejected.  288 

Patients with oral diseases that may compromise the masticatory function were excluded 289 

from the study. Due to the detrimental impact of xerostomia on quality of life and its correlation 290 

with decreased masticatory function (Moriya et al. 2012), patients with xerostomia were also 291 

excluded from the study. 292 
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In this study, masticatory ability was assessed using questionnaires. However, this method 302 

needs to be objective for repeatability. Consequently, it is more reasonable to evaluate masticatory 303 

function using a combination of questionnaires and clinical assessments. Previous studies 304 

indicated that subjective evaluations of self-perceived chewing ability were as valid as objectively 305 

assessed masticatory efficiency. Both methods have proven equally effective in clinical practice 306 

(Limpuangthip et al., 2021). 307 

In the case of a completely edentulous wearer, the subjective criteria may be more critical 308 

than the chewing tests. Therefore, questionnaires are regarded as a valuable tool (Boretti et al. 309 

1995). In addition, in complete denture wearers, the subjective criteria may be additionally 310 

explanatory as the complete denture quality has been significantly related to patient satisfaction 311 

and perceived chewing ability (Yamaga et al. 2013). 312 

The perceived masticatory index for each participant was determined using natural test 313 

foods due to their regular consumption in daily life and familiarity with patients  (Mangano et al., 314 

2017). 315 

The thermoplastic denture base material selected in this study was based on its utilization 316 

of the injection molding technique, which allows for a controlled polymerization process. The 317 

flask design facilitates a constant flow of material through the sprue channel, compensating for 318 

polymerization shrinkage and yielding superior dimensional accuracy compared to compression 319 

molding (Khan et al., 2022). It also shows significantly better flexural strength and higher flexural 320 

modulus, resulting in minimal deformation before fracture (Patankar et al., 2022). 321 

 Multiple clinical studies have verified that the adaptation period for both new CDs and new 322 

mini-implant overdentures opposing maxillary CDs is typically one month. The PrMA was 323 

assessed one month after the denture placement, as documented by (Hayakawa et al. 2000; Poljak-324 

Guberina et al. 2022; Topic et al. 2022). The second measurement was conducted after six months, 325 

as recommended by Goiato et al. [2, 5], who suggested that more than five months were needed to 326 

evaluate patient adaptation and functional capacity with new CDs. 327 

The immediate loading implant procedure has demonstrated reliability and effectiveness in 328 

various clinical contexts. It reduces the treatment time by the possibility of immediate implant 329 

functionality by positioning within 48‒72 hours after fixture placement (Mangano et al. 2017; Raes 330 

et al. 2018). Loading single implants has proven its efficacy and reliability as a treatment approach 331 

(Raes et al., 2018). 332 
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Single implant placement has been suggested to address some of the forthcoming 360 

limitations of using two or more implants. The two-implant overdenture has demonstrated efficacy 361 

and was proposed as the minimum standard of treatment that should be offered to completely 362 

edentulous mandible patients. However, the current increase in dental initial and ongoing 363 

maintenance makes the two-implant overdenture inaccessible to a significant number of financially 364 

disadvantaged elderly individuals. Studies anticipated the chair side time and the cost of 365 

fabricating the two-implant overdenture to be 1.75 times more than single-implant overdenture. 366 

However, both demonstrated adequate clinical efficacy and patient satisfaction (Mahoorkar et al. 367 

2016). The novelty of the current study is that the treatment provided to the study group comprised 368 

the advantages of the resilient thermoplastic resin and its cushioning effect. This resulted in 369 

enhanced support and retention offered by the dental implant.  370 

After six months of denture placement, the results revealed an improvement in the 371 

masticatory function with a conventional complete thermoplastic denture. Furthermore, regarding 372 

single implant placement, an improvement was observed after six months of single implant-373 

retained mandibular overdenture. However, there was no statistically significant difference (table 374 

5). The improvement may be attributed to increasing adaptation and subsequent denture stability 375 

after six months of use.  376 

This result contradicts the findings of Hazari et al.(Hazari et al. 2015). They found a 377 

statistically significant difference after six months, which may be attributed to their study's 378 

different assessments and thermoplastic materials. This improvement is highly substantial since 379 

complete thermoplastic dentures offer a more straightforward and cost-effective treatment 380 

alternative than other options, such as implant-supported dentures. Moreover, they substantially 381 

improve stability and retention for patients who struggle with adapting to conventional mandibular 382 

dentures. These results are consistent with the study conducted by Berretin-Felix et al.(Berretin-383 

Felix et al. 2008), who illustrated that the type of dental treatment used directly correlates with 384 

masticatory efficiency. 385 

 386 

This study showed a significant difference in PrMA evaluated after six months of service 387 

compared to the perceived masticatory ability assessed after six months of single implant-retained 388 

mandibular overdenture. This finding corroborates Rocha et al. (2023), who found that the 389 
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treatment with mandibular overdentures supported by a single implant in the mandibular 404 

symphysis region improved masticatory efficiency over conventional CDs. 405 

There was a significant difference between the evaluation of PrMA after six months of 406 

conventional dentures and the assessment done one month after using a single implant retained 407 

mandibular overdenture (Table 3). This finding demonstrates the considerable enhancement 408 

following the placement of a single implant. Additionally, the masticatory function significantly 409 

improves after treating mandibular implant overdentures. Most studies on implant treatment and 410 

oral function showed a significant improvement of the objective masticatory performance in the 411 

mandibular overdenture (Fontijn-Tekamp et al. 2004). 412 

The study of Rocha et al. (Rocha et al. 2023) evaluated the masticatory function 413 

objectively. It confirmed the importance of using a single implant to improve the masticatory 414 

function for completely edentulous patients. 415 

The findings indicated that gender had no impact on the PrMA (Table 6), which aligns with 416 

the results of Elmoula et al. [7]. In addition, the results showed that the various age groups within 417 

the study sample had an insignificant effect on the PrMA (Table 7). These results are inconsistent 418 

with those of Haiari Hirai et al. (1994), who investigated the age-related changes in masticatory 419 

function in complete denture wearers. They found that both the masticatory performance and the 420 

chewing score decreased significantly due to aging. This finding may be attributed to the different 421 

age ranges of patients selected in this study. 422 

This study's limitation is that it did not assess the impact of alveolar ridge height and 423 

denture retention on the results. Furthermore, it is essential to consider the correlation between 424 

self-assessed masticatory ability (SAMA) and psychological status. The study's findings provide 425 

evidence that participants with a higher score of depression, anxiety, and stress experience 426 

decreased masticatory ability. 427 

It is also crucial to highlight the diagnostic aspect and preexisting preparation before 428 

denture fabrication. Human factors in planning and technical performance are decisive for 429 

rehabilitation success. 430 

Therefore, future investigations should prioritize an integrated approach encompassing 431 

many aspects and incorporating dental care with other treatments, such as nutritional counseling 432 

to improve eating habits and physiotherapy to improve patients' quality of life. 433 

Conclusion 434 
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The study demonstrated a significant improvement in PrMA in completely 452 

edentulous patients after rehabilitation with single implant-retained mandibular 453 

overdentures. 454 

 455 
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