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                                                                      ABSTRACT 

Aim:To evaluate masticatory efficiency and nutritional status prior and subsequent to a full mouth 

rehabilitation therapy 

Materials and Methods:The study followed the CONSORT guidelines and was a prospective clinical trial. 

This trial was conducted on ten patients who were undergoing full mouth rehabilitation. Masticatory efficiency 

was calculated before the start and 1 month post completion of rehabilitation where the subjects were given 9 

grams of peanuts (3 grams - 3 times). The participant was instructed to complete 40 chewing strokes. The 

masticated food was subsequently collected in a disposable container. Additionally, the participant rinsed their 

mouth with water twice, and the resulting rinsate was combined with the chewed food in the same disposable 

container. Following thorough mixing of the chewed food using a glass rod, the mixture was strained through a 

10 mesh sieve. This specific test serves the purpose of quantitatively assessing the chewed food. The strained 

liquid, referred to as the filtrate, was then carefully transferred into tubes and subjected to centrifugation at 

3000 revolutions per minute for a duration of 5 minutes. This centrifugal process effectively separated the 

filtrate into two distinct components: a solid pellet and a liquid supernatant. The supernatant, or the liquid 

portion, was subsequently discarded, while the pellet, or the solid residue, was weighed using a digital scale. In 

this study, masticatory performance was quantified according to the methodology proposed by Yurkstas and 

Manly. This evaluation encompassed assessing particle size, as determined by the size of the sieve employed, 

by calculating the ratio of the weight of the test food that passed through the sieve to the total weight of the test 

food that was recovered. This ratio was then expressed as a percentage. The initial wet weight of the materials 

was computed as the starting point for these calculations. The specimens were then placed in a hotair oven at 

40℃ for 8 hours and again the dry weights were measured. Fasting venous blood samples from each participant 

were collected for means of measuring hemoglobin, total serum calcium, total serum protein, and total 

cholesterol levels as indicators of nutritional status. The tests were carried out at similar intervals as chewing 

efficiency. 
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INTRODUCTION 

Full mouth rehabilitation, also known as full mouth 

reconstruction, is a comprehensive and complex 

dental treatment that aims to restore the function and 

aesthetics of the entire mouth. This type of treatment 

is typically recommended for patients who have 

extensive damage or decay to their teeth, gums, or 

jaws, or those who suffer from complex occlusal 

discrepancies Full mouth rehabilitation involves a 

combination of different dental procedures, which 

may include crowns, bridges, veneers, dental 

implants, orthodontics, and periodontal therapy. The 

specific treatments that are required will vary 

depending on the individual patient's needs and the 

extent of their dental problems.
1,2

 

Indications for full mouth rehabilitation include a 

variety of dental issues mainly involving loss of 

vertical dimension of occlusion. These factors can 

have a significant impact on a patient's quality of life, 

including their ability to speak, chew and smile 

comfortably. Additionally, untreated dental problems 

can lead to more severe health issues such as 

infections, chronic pain, and even systemic diseases.
3
 

Masticatory efficiency is defined as the number of 

strokes needed to achieve a certain particle size 

reduction . Various factors affect chewing efficiency, 

such as tooth morphology, occlusal contacts, and jaw 

movements . Studies indicate that compromised 

chewing efficiency can have adverse effects on 

nutrition, overall health, and quality of life. 

Comparing to an ideal dentate state, edentulism leads 

to a significant decrease in bite force , comminution 

of food  and Body Mass Index (BMI)  Improvement 

in masticatory efficiency as an outcome of a 

prosthetic rehabilitation is still highly debated in 

current literature, where there is a significant 

improvement for completely edentulous people, the 

results for partially edentulous people are still 

controversial.
4
 

To assess masticatory performance, various tests are 

performed that involve standardized food items such 

as chewing gums, carrots, peanuts or meat 

substitutes. The size of the particles and texture 

produced is evaluated to determine the quantitative 

measure of chewing efficiency . The results obtained 

from these tests can be used to compare pre and post-

treatment outcomes. Electromyography (EMG) and 

bite force analysis are some of the other techniques 

commonly used to assess masticatory muscle activity 

patterns, coordination and maximum bite force 

exerted .
5
 

Research has demonstrated that poor masticatory 

efficiency can lead to a variety of nutritional 

deficiencies, such as low levels of protein, calcium, 

and vitamins . This can result in a range of health 

problems, including malnutrition, osteoporosis, and 

cardiovascular disease, especially in older population 

with worn and torn dentition . Furthermore, 

compromised chewing ability can lead to digestive 

problems and reduced appetite, further promoting 

nutritional deficiencies. Full mouth rehabilitation can 

address these issues by restoring the natural structure, 

function and esthetics of the oral cavity.
6
 

There have been many researches done on comparing 

masticatory efficiency prior and subsequent to 

implant and removable rehabilitation (fixed and 

removable) but none on effect of a full mouth 

rehabilitation on the outcome. Thus, the aim of this 

study is to compare masticatory efficiency and 

nutritional status of patients prior and subsequent a 

full mouth rehabilitation. 

 

MATERIALS AND METHODS 

Study Design 

The current study is a prospective clinical trial that 

followed the standards published by Consolidated 

Standards of Reporting Trials. Ethical clearance was 

obtained from Ethical Committee of Saveetha Dental 

College and Hospitals, Chennai- 

SRB/SDC/PROSTHO-2003/22/TH-025. 

Results:All of the patients showed a statistically significant improvement in masticatory efficiency post full 

mouth rehabilitation (p <.001) which was calculated with Yurkstas and Manly formula. There was no 

significant relationship between age, gender and occlsal scheme provided to the masticatory efficiency pre 

and post FMR. Paired sample t test revealed that haemoglobin, total serum protein and total ionic calcium 

showed a significant improvement post full mouth rehabilitation at 1 month follow up (p<0.05). There was 

no statistically significant difference in cholesterol values. 

Conclusion:We can conclude that full mouth rehabilitation leads to a notable increase in masticatory 

efficiency. A significant improvement in nutritional status was also seen post completion of therapy. There was 

no influence of age, gender and occlusal scheme on chewing efficiency. 
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Sample Size Calculation 

The sample size for the present trial was based on the 

methodology and results of the study by P.Pera et al.
7
 

A power analysis was established by G*Power 

version 3.0.1(Franz Faul universitat , Kiel, 

Germany). Total minimum calculated sample size of 

5 patients rounded to final 10 patients to 

accommodate an attrition rate of 15% would yield 98 

% power to detect significant differences, with effect 

size of 2.208 and significance level at 0.05. 

Recruitment of Participants 

 

The present study took place from March 2021 to 

January 2023. In accordance with the ethical 

standards laid down in the 1964 declaration of 

Helsinki and its later amendments, this prospective 

clinical trial was conducted with a cohort of ten 

participants within the age range of 41 to 70 years. 

The selection of these participants adhered to 

predefined inclusion and exclusion criteria. Before 

their formal inclusion in the study, each participant 

provided informed written consent. A comprehensive 

briefing was provided to the participants, elucidating 

the study's nature, the treatments administered, the 

expected duration of follow-up, as well as potential 

advantages and risks associated with the treatment. 

Participants were duly informed of their absolute 

freedom to discontinue their participation in the 

study at any point, without any adverse impact on the 

treatment course they might require. In accordance 

with the 'CONSORT' guidelines (fig. 1), each phase 

of this clinical trial was meticulously executed and 

reported. This meticulous approach was undertaken 

to ensure the highest standards of research ethics and 

transparency in the study's execution and 

documentation. 

Inclusion Criteria 

● Patients with loss of vertical dimension 

(Turner and Missirlian Classification). 

● Patients with severe attrition. 

● Patients with occlusal plane discrepancy. 

● Patients with esthetic concerns like 

Amelogenesis Imperfecta. 

● Patients with not >1 teeth missing in one 

sextant. 

Exclusion Criteria 

● Long span edentulous area. 

● Patients requiring implant placement or a 

removable prosthesis. 

● Mentally unstable patients. 

● Patients with temporomandibular joint 

disorders. 

Figure 1. CONSORT Flowchart 

 

Outcome Measures 

Nutritional Status (Blood Tests) 

In the current trial, fasting venous blood samples 

from each participant were collected for means of 

measuring hemoglobin, total serum calcium, total 

serum protein, and total cholesterol levels as 

indicators of nutritional status. The tests were carried 

out before the start of full mouth rehabilitation and 1 

month after the therapy was completed. This was 

done as the turnover rate of albumin (protein) in 

serum is 3 weeks.
8
All the parameters reflect the 

dietary intake of the patient and the body’s 

homeostasis. 

Masticatory Efficiency 
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The subjects were then given 9 grams of peanuts (3 

grams - 3 times). The subject was then asked to 

perform 40 masticatory strokes. The masticated food 

was gathered and placed within a disposable 

container. The participant was then provided with 

water for mouth rinsing, a process repeated twice, 

and the resultant rinsate was likewise introduced into 

the same disposable vessel. Following thorough 

mixing of the chewed food facilitated by a glass rod, 

it underwent filtration through a mesh sieve with a 

size of 10. This test helps to determine the 

quantitative estimation of the chewed food. The 

filtrate was then collected in tubes and centrifuged at 

3000 rpm for 5 minutes. The filtrate split into a solid 

pellet and a liquid supernatent. The supernatent was 

then discarded and the pellet was measured in a 

digital scale. Chewing performance in current study 

was calculated by the method suggested by Yurkstas 

and Manly.
9
  

Performance assessment encompassed an evaluation 

for any particle size, as determined by the size of the 

sieve employed. This evaluation was achieved by 

dividing the weight of the test food that successfully 

passed through the sieve by the total weight of the 

test food that was collected. This resulting fraction 

was subsequently expressed as a percentage. Initially, 

the first wet weight was meticulously determined. 

The test specimens were subsequently subjected to a 

hot air oven set at a temperature of 40℃ for a 

duration of 8 hours. Following this drying process, 

the dry weights of the specimens were reevaluated 

and recorded. This was done both before the start and 

1 month after completion of full mouth rehabilitation.  

Statistical Analysis 

Descriptive and Inferential statistics were analyzed 

by IBM SPSS version 22.0 (IBM Corp. Released 

2011. IBM SPSS Statistics for Windows, Version 

22.0. Armonk, NY: IBM Corp). Descriptive statistics 

such as mean and standard deviation were calculated 

for quantitative variables. Qualitative data was 

represented using percentage/proportion.  

The p value was fixed at 0.05. Data normality was 

checked using the Shapiro Wilk test and it revealed 

that all variables follow normal distribution. 

Therefore parametric tests are applied to analyze the 

data. Paired student t-test was done to compare 

masticatory efficiency and nutritional status 

(Haemoglobin, total serum protein, total serum 

cholesterol, total ionic calcium) before and after full 

mouth rehabilitation for all the subjects. One way 

ANOVA was carried out to evaluate relationship 

between the occlusal schemes, age and gender to the  

difference in chewing efficiency pre and post 

treatment. 

Ethics Statement 

This study was conducted in accordance with the 

ethical guidelines set forth in the Declaration of 

Helsinki (1964) and its later amendments. Ethical 

approval was obtained from the Ethical Committee 

of Saveetha Dental College and Hospitals, Chennai 

(Approval number: SRB/SDC/PROSTHO-

2003/22/TH-025). The research adhered to the 

Consolidated Standards of Reporting Trials 

(CONSORT) guidelines for clinical trials. 

Informed Consent Statement 

Prior to their participation, all subjects were provided 

with a detailed explanation of the study's objectives, 

procedures, potential benefits, and risks. Each 

participant voluntarily signed a written informed 

consent form before enrollment in the study. They 

were informed of their right to withdraw from the 

study at any stage without any impact on their 

treatment. Confidentiality of personal data was 

strictly maintained throughout the study. 

 

     RESULTS 

Descriptive 

The present study recruited a total of 10 participants, 

5 females and 5 males with 40% of patients falling 

under 51-60 years of age group (Figure 2). 

 

        
 

Figure 2. Pie chart representing the distribution 

of study participants based on age 

 

Each participant underwent a fully tooth supported 

full mouth rehabilitation therapy by various post-

graduate students under the guidance of faculty in the 

Department of Prosthodontics and Implantology. 
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Canine guided occlusion was given in 7 cases and 

group function in others.  

Chewing Efficiency 

All of the patients showed a statistically significant 

improvement in masticatory efficiency post full 

mouth rehabilitation (p= .000) which was calculated 

with Yurkstas and Manly formula (Table 1,2 and 

Figure 3). 

Table 1. Values of dry weight, wet weight of the 

chewed peanuts in grams with standard deviation 

and chewing efficiency of patients pre and post 

full mouth rehabilitation. 

 
 

Table 2. Paired t test with df and p values for 

comparison of pre and post FMR chewing 

efficiency 

 

 

 
Figure 3. Bar graph depicting the pre and post 

masticatory efficiency of all the patients included in 

the study 

There was an increase both in the wet weight and dry 

weight post FMR as well. There was no significant 

relationship between age, gender and occlusal 

scheme provided to the masticatory efficiency pre 

and post FMR (p>0.05). 

Nutritional Status 

Paired sample t test revealed that haemoglobin, total 

serum protein and total ionic calcium showed a 

significant improvement post full mouth 

rehabilitation at 1 month follow up (p<0.05). There 

was no statistically significant difference in 

cholesterol values (Table 3,Table 4 and Figure 4). 

 

Table 3. Descriptives of haemoglobin, total 

protein, serum ionic calcium and total cholesterol 

with normal values pre and post full mouth 

rehabilitation for all the patients.  
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Figure 4. Stacked bar graph depicting the pre and 

post FMR values of haemoglobin, total protein and 

serum ionic calcium for all patients. 

 

 

Table 4. Paired sample t test with df and p values 

for all the parameters included for nutritional 

status (p<0.05 is taken as significant)  

 

DISCUSSION 

Full mouth rehabilitation is a comprehensive dental 

treatment approach aimed at restoring the function, 

aesthetics, and occlusal stability of the entire 

dentition. It involves a combination of restorative, 

prosthetic, and periodontal procedures tailored to 

address various dental issues, such as extensive tooth 

loss, occlusal discrepancies, and functional 

impairments. By considering the unique needs and 

goals of each patient, full mouth rehabilitation aims 

to improve oral health, enhance masticatory function, 

and ultimately enhance the individual's overall 

quality of life. The complexity and individualized 

nature of full mouth rehabilitation make it a 

multifaceted and challenging endeavor, requiring 

careful planning, collaboration among dental 

specialists, and a comprehensive understanding of 

the patient's specific dental needs and expectations.
10

 

 

 Effect of FMR on Masticatory Efficiency 

Masticatory efficiency refers to the ability to 

effectively chew and grind food, leading to the 

formation of a bolus that can be easily swallowed 

and digested. It plays a vital role in nutrient intake, 

digestion, and overall nutritional status.
11,12

 

Evaluating masticatory efficiency provides insights 

into the functional outcomes of full mouth 

rehabilitation, especially in cases where individuals 

have experienced significant dental issues or have 

undergone extensive dental procedures. 

The present study is a prospective clinical trial 

carried out in 10 adults who underwent full tooth 

supported full mouth rehabilitation by different post 

graduate students. An individual pre and post 

treatment comparision was done thereby reducing 

risk of bias. 

The assessment of masticatory efficiency can be 

performed using various methods, including 

subjective assessment (patient-reported outcomes), 

objective measurements (particle size distribution 

analysis), or functional tests (such as chewing 

performance tests using artificial test foods). These 

assessments help quantify the effectiveness of 

mastication, the degree of impairment, and potential 

improvements resulting from full mouth 

rehabilitation. In current study particle size 

distribution of peanuts was evaluated after specific 

masticatory strokes, when passed through a 10 mesh 

sieve. Particle size distribution analysis stands out as 

the preferred method for calculating masticatory 

efficiency due to its ability to capture the complexity, 

heterogeneity, and dynamic nature of the mastication 

process. Its ability to provide detailed information 

regarding food particle breakdown during chewing 

allows for a comprehensive assessment of 

masticatory efficiency.
13 

 

All the patients showed a significant increase in 

masticatory efficiency along with the wet and dry 

weight (p<0.05).  

Although no previous studies have evaluated 
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chewing efficiency for FMR patients, there have 

been multiple publications on comparison of chewing 

efficiencies pre and post prosthodontic rehabilitation. 

Providing support to full prosthetic dental solutions 

through oral implants appears to yield favorable 

impacts on parameters such as the thickness of the 

masseter muscle, the maximum bite force, and 

overall chewing efficiency. However, it's worth 

noting that the specific design and nature of the 

implant-supported prosthetic apparatus employed 

may exert varying degrees of influence on the extent 

of these effects.
14-18

  

Differences in various attachment systems have also 

been seen in implant supported overdentures.  

There is contradictory evidence on the need for a 

shortened dental arch or restoration with a removable 

partial dentures, where some studies demonstrate that 

only implant supported replacement beyond SDA 

show significant improvement in chewing efficiency 

on other hand some have established that a 

removable prosthesis beyond SDA helps in 

improving chewing efficiency 
19

 and some say that 

SDA is equivalent to an RPD .
20 

 

Effect of Full Mouth Rehabilitation on Nutritional 

Status 

The current literature is highly contradictory on the 

effects of various prosthetic rehabilitations on 

nutrient intake.
21-23

 This is predominantly because 

nutritional intake is shaped not solely by the function 

of chewing but also by a multitude of other factors, 

including habits, preferences, cultural practices, as 

well as financial and logistical considerations . 

However, it's noteworthy that the findings from the 

current study revealed a substantial rise in protein, 

calcium, and iron (related to hemoglobin) 

consumption following full-mouth rehabilitation, 

even in the absence of any dietary guidance from the 

research team. This is in agreement with previous 

studies on change in dietary intake.
24-25

  

Furthermore, individuals who wear removable 

dentures and experience reduced chewing efficacy 

are at a heightened nutritional risk, primarily because 

they tend to have a lower frequency of consuming 

fruits and vegetables. It appears that enhanced 

masticatory capability is linked with a higher 

likelihood of making healthier dietary selections 

among patients who have undergone prosthodontic 

rehabilitation. The augmented calcium intake 

subsequent to the utilization of Full Mouth 

Rehabilitation (FMR) is closely linked to enhanced 

bone health, fortifying both the structure and 

functionality of bones, consequently mitigating the 

risk of osteoporosis and associated fractures . 

Elevated iron levels may be correlated with an 

increased consumption of meat, a factor that could 

potentially elevate cholesterol levels.
26 

 

However, it's noteworthy that no discernible 

variation in cholesterol levels was observed 

following FMR, suggesting that the heightened iron 

intake might be attributed to an increased 

consumption of vegetables and/or lean meats. 

 

Effect of Age and Gender on Masticatory 

Efficiency 

The ability to orally process foods can affect food 

intake and food choices among vulnerable 

populations, including elderly and consumers with 

decreased eating capability. Masticatory function is 

frequently impacted in the elderly population. In fact, 

research indicates that as individuals age, there is a 

progressive rise in the number of cycles required to 

adequately chew a standard piece of food. This 

aging-related phenomenon is associated with greater 

particle size reduction during chewing and an 

extended duration of the chewing sequence.
27 

In a 

study by Ikebe et al
28 

showed that age does not 

directly impact masticatory performance within an 

individual's own set of teeth. This discovery implies 

that the decline in masticatory performance 

associated with age can be mitigated if one retains 

their natural teeth. The influence of age is presently 

understood as the consequence of a cumulative effect 

of various stressors on orofacial structures and 

function. In current study no difference was found 

between masticatory efficiency and age groups of 

patients. It should be noted that unlike other cross-

sectional studes the age gap between the subjects was 

not huge. 

Regarding gender, the influence on chewing 

efficiency is less clear. Some studies have suggested 

that there may be gender differences in masticatory 

performance, with males generally exhibiting higher 

chewing efficiency than females. These differences 

have been attributed to variations in muscle mass, 

bite force, and jaw morhology between genders.
29,30

 

However, conflicting findings have also been 

reported, and the influence of gender on chewing 

efficiency remains a subject of debate.
31,32

 In current 

trial there was no difference seen (p>0.05). 

 

Effect of Occlusal Scheme on Masticatory 

Efficiency 

Several investigators have studied the effect of 

occlusal schemes on chewing ability, both 

objectively and subjectively in complete denture 

patients. Results of studies have shown different 

results for different study designs, which have led to 
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controversy in the outcomes 
33

no difference was 

noted between canine guided and group function 

occlusion in current trial. 

In conclusion, evaluating masticatory efficiency and 

nutritional status in full mouth rehabilitation plays a 

critical role in assessing the functional outcomes and 

nutritional well-being of patients. Objective 

assessment methods and biochemical markers help 

quantify the impact of full mouth rehabilitation. In 

the context of evaluating different types of 

prostheses, paired studies represent a more robust 

design. This choice minimizes the impact of 

intraindividual confounding factors, enhancing the 

validity of the comparisons being made. 

It is essential to acknowledge and consider potential 

limitations that may affect the study's findings and 

conclusions. Some possible limitations include a 

small sample size which may limit the statistical 

power and the ability to detect significant differences 

between the pre and post-intervention groups 

accurately. The trial's findings may be influenced by 

selection bias as the participants might not be 

representative of the broader population. Differences 

in patient demographics, treatment techniques, and 

clinical settings could affect the generalizability of 

the results to other populations or contexts. The trial's 

duration may impact the ability to capture long-term 

changes in masticatory efficiency and nutritional 

status accurately. Short-term assessments may not 

fully reflect the sustained effects of full mouth 

rehabilitation on these outcomes. Recognizing and 

transparently discussing these limitations is essential 

for researchers and clinicians to understand the 

potential impact and applicability of the study's 

conclusions. 

Future scope involves inclusion of other types of full 

mouth rehabilitations (tooth tissue supported vs. 

shortened dental arch) with a larger sample size and 

longer follow ups so that results are more indicative 

of generalized population. 

 

CONCLUSION 
Within limitations of the current trial, we can 

conclude that full mouth rehabilitation leads to 

significant increase in masticatory efficiency. A 

significant improvement in haemoglobin, serum total 

protein and serum ionic calcium levels post 

completion of therapy. There was no influence of 

age, gender and occlusal scheme on chewing 

efficiency. 
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