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ABSTRACT

Objective: To evaluate the improvement in masticatory performances two weeks after posterior implant
restoration. Material and Methods: Nine patients with missing first and second molars were included in
the study. Masticatory performances were evaluated using subjective and objective methods utilizing color-
changeable chewing gum and the visual analog scale (VAS) assessment. The subjects were asked to chew
the color-changeable chewing gums before and two weeks after the posterior implant restoration. Their
expectations regarding aesthetics and function were verified on the VAS before implant placement.
Additionally, the VAS was used for the posttreatment completion rating two weeks after the implant
restoration. Results: Significant differences in masticatory performance were noted at baseline (before
implant posterior restoration) and two weeks after implant restoration (p<0.05). The posttreatment
aesthetic and functional expectations ratings significantly exceeded the expectations (p<0.05). Conclusion:
Masticatory performances were improved two weeks after implant restoration. In addition, the significant
posttreatment ratings of the patients exceeded their initial expectations. In particular, patients with poor
masticatory functions demonstrated significant improvements and satisfaction following implant restoration
compared to those with good mastication. These findings indicate that a posterior implant restoration can
increase the masticatory performance.
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Introduction

With the increase in the average life span, people are becoming increasingly aware of maintaining the
quality of life, including the dietary lifestyle [17. Dental implants are considered as one of the most common
and popular treatment options for edentulous patients, and remarkable advancements in the techniques and
materials used in the field have been made [1,27. It is known that dental implants have many advantages, such
as superior masticatory efficiency and adjacent teeth preservation, compared to other prosthetics; however,
high costs and the duration of the treatment are the main limitations of dental implant therapy [17].

Many patients are reluctant to undergo implant treatment due to the surgical procedure and are
especially apprehensive if a bone augmentation procedure is required [1,87]. Therefore, clinicians and patients
are looking for implant options that can reduce the procedure's invasiveness or increase the speed of
osseointegration [17]. Owing to the outstanding mechanical and biological properties, Roxolid SLActive
Implants (Institut Straumann AG, Basel Switzerland) offer more treatment options than many other implants
by reducing invasiveness, preserving the bone, and minimizing the extent of bone grafting. Roxolid is a high-
performance alloy specifically designed to offer higher strength than pure titanium. In principle, the SLA
surface is produced by coarse grit-blasting with 0.25-0.5 mm corundum grit at 5 bar, followed by acid-etching.
SLActive surfaces are produced with the same sandblasting and acid-etching technique; however, they are
rinsed under nitrogen protection to prevent air exposure and then stored in a sealed glass tube containing
isotonic sodium chloride (NaCl) solution. Schwarz claimed that this specific preparation process leads to a
hydroxylated/hydrated surface, which retains the high surface energy by reducing the adsorption of potential
contaminants from the atmosphere (e.g., hydrocarbons and carbonates). The SLActive surface allows for fast
and predictable osseointegration enabling a safer and faster treatment method with high treatment
predictability [47].

In general, dental implant placement's success rate is assessed according to clinical parameters, such
as stability and radiographic bone loss [57. Other than osseointegration, there has been an increasing need for
dentists to gather subjective and objective information about patients' masticatory performances before and
after dental treatment [1,37]. However, patients often find the dental terminology difficult to understand [37].
From the patients' point of view, the prosthodontic treatment's success depends on their ability to chew well.
Therefore, an evaluation of the changes in masticatory function is more appropriate than typical histological
approaches [3,67].

Some previous studies have used alveolar bone loss or implant movement to evaluate implant success
over a relatively long follow-up period, e.g., several years after implant restoration. However, most patients use
their prosthodontic implants to chew food only a few days after undergoing implant surgery [37]. Recently,
immediate placement and immediate loading have become popular in implant dentistry due to increased
demand for time-saving procedures and immediate satisfaction [2,3,57. Hence, it is important to evaluate the
changes in masticatory performances over a short period [3]. Unfortunately, there is a lack of research on the
subject and claims that mastication can be improved within a short period after implant restoration have not
been thoroughly investigated. In addition, masticatory performances may be expected to differ according to the
status or condition of the patients’ remaining teeth, even if they have only one or two missing teeth [2,37].

A method suitable for the task can objectively and reproducibly evaluate the therapeutic goals
concerning individual masticatory performance [7,87]. A measurement at the beginning of the treatment, a
comparative measurement at the end, and additional measurements during the rehabilitation process can allow

for an objective evaluation of the treatment outcome. Therefore, a method that combines high precision,
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practicability, and limited temporal or technical requirements is necessary. Apart from the described methods,
a measurement technique through color-changeable chewing gum seems most likely to fulfill these
requirements due to its simplicity and reported superior differentiability [87. A Japanese research group has
developed this method to allow for simple measurement of the masticatory performance through the change in
the chewing gum's color. The material is specially developed for that purpose and is called the Masticatory
Performance Evaluating Gum Xylitol (Lotte Co., Ltd., Tokyo, Japan) [7,87.

Other researches have evaluated the efficacy of dental implant treatment based on patient satisfaction,
and in most of these studies, the patients stated that they were satisfied with the treatment [1,9,107. Since
patients who spend more money and time for their dental treatment expect satisfactory services and results, it
is important to understand the factors that influence patient satisfaction to provide better services in the future.
However, some factors could have a negative impact on patient satisfaction, as is the case of patients with
neuroticism. Several studies have examined the satisfaction levels of implant patients by comparing the
conditions before and after surgery. Besides, the evaluation of factors that influence patient satisfaction has
been performed. In one study on pain-related factors, the visual analog scale (VAS) scores of more than 60% of
patients during and after implant surgery were reported as “mild” to “moderate” in grade. Furthermore, Levi et
al. stated that patients’ expectations are another important factor that can influence the patient's satisfaction
with the implant treatment [27].

Therefore, the present study aimed to compare the masticatory performances among patients with
two missing molars and compare their expectations before and two weeks after implant restoration, using both

objective and subjective evaluation methods [2,37].

Material and Methods
Ethical Clearance

This study was approved by the ethical committee of the Faculty of Dentistry, Universitas Indonesia
(18 /Ethical Approval /FKGUI/II1/2019).

Sampling

Of 39 patients, nine patients were retrieved in September 2019 at the Dental Hospital Faculty of
Dentistry, Universitas Indonesia. The inclusion criteria included patients aged between 20 and 60 years in the
initial records, missing first and second molars, able to communicate well and cooperatively, can answer
questionnaires without the help of others, not senile, and willing to be included in the study. Patients with
fixed restorative materials (e.g., crowns or bridges) were considered to have normal teeth. The following
patients were excluded: those who had abnormal mastication due to any oral pain, temporomandibular
disorder, or severe malocclusion; had lost teeth or crowns due to severe caries; were pregnant, or had a severe

systemic disease such as diabetes or cardiovascular disease.

Clinical Procedure

An implant fixture was placed at the site of the missing teeth, and the state of the implant-bone
integration was examined in every patient prior to participation in the study. Each patient received a Roxolid
SLAactive implant endosseous of 4.1 or 4.8 mm diameter made of TiZr alloy (Institut Straumann AG, Basel
Switzerland). The implants were inserted according to each operator's normal standard operational protocol

and based on the manufacturer's standard surgical guidelines. The dental implant treatment was completed by
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the residents of the Faculty of Dentistry, Universitas Indonesia. Surgeries for implant placement followed the
same protocol in planning, antiseptic care, pre- and postoperative medication, and drilling sequences. The date
of implant restoration and the edentulous period were different among the patients. No additional surgical
procedures (e.g., sinus lifts, alveolar nerve lateralization, or bone grafts) were included in the study design.

One dentist examined each patient’s mouth and maintained the examination records. Each patient
filled out a self-assessed VAS form. The patients were asked to indicate their expectations about the aesthetic
and functional results of their dental implant treatment, ranging from 0 (indicated by the expression “worst
results”) to 10 (indicated by the expression “best results”) on a 10 cm scale in the VAS.

The specific questions asked before the treatment were: (1) On a scale of 0 to 10, how would you score the
Sunctional benefits you expect from the treatment (mastication, comfort, retention in the mouth)?; and (2) On a scale of 0 to
10, how would you score the aesthetic benefits you expect from the treatment? After completing the treatment, a week
after the final adjustments (which were usually done during three appointments after installation of the
prosthesis), they were again asked to indicate, on the same VAS, their ratings of the outcomes of the two
aforementioned parameters by answering the following questions: (1) On a scale of 0 to 10, how would you score
the functional benefits you observed from the treatment (mastication, comfort, retention in the mouth)?: and (2) On a scale
of 0 to 10, how would you score the aesthetic benefits you observed as a result of the treatment?

After completion of the assessment, the patients were asked to chew the color-changeable chewing
gum (Masticatory Performance Evaluating Gum Xylitol; Lotte Co., Ltd., Tokyo, Japan) to measure the
masticatory performance. All other implant materials, including abutments and prostheses, were installed onto
the implant fixture in the patients’ mouths. For the color change measurement, the chewing gum was placed
between two polyethylene films and flattened to a thickness of 1.5 mm using two glass plates. The color
analysis was performed by measuring the color differences before and after the mastication process. After
chewing, the values were measured utilizing a colorimeter. A recall examination was performed two weeks

later.

Data Analysis

Data were analysed using IBM SPSS Statistics Software, version 20 (IBM Corp., Armonk, NY, USA).
Descriptive statistics were used to calculate relative frequencies. Non-parametric Wilcoxon test was used to
check the technical error of measurement by comparing two paired groups with p<0.05. Non-parametric

Spearman test was used to measure the degree of association between two variables with p<0.05.

Results
Nine patients (age range, 26—55 years) were enrolled; among them, four (44.4%) were aged between 46
to 55 years old (Table 1). There was more female (66.7%), and one patient (81.7%) underwent two-implant

placements simultaneously.

Table 1. Distribution of patients based on age, sex, and implant placement.

Variables N %

Age (Years)

26—35 2 22.2

36—45 3 38.8

46—55 4 444
Gender

Male 3 33.3

Female 6 66.7
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Total Implant Placement
1 8 68.3
>1 1 31.7

The indicator of masticatory performance (using the color-chewing gum method) showed significant
increases after dental implant posterior restoration (before = 72.83 + 9.68 vs. after = 82.98 + 6.41), presumably
due to recovery at the site of the missing molars (p<0.05).

A 10% increase in masticatory performance was observed two weeks after the implant restoration
compared with the edentulous state before implant placement. The average VAS ratings for aesthetics and
function before and after implant treatment are shown in Table 2. The outcome significantly exceeded the
pretreatment expectations. In addition, positive correlations were found between the expectations and
posttreatment ratings for aesthetic outcomes (Spearman’s rho = 0.49; p<0.05) and function (Spearman’s rho =

0.62, p<0.05).

Table 2. Comparison of average VAS patient pretreatment and posttreatment ratings.

Visual Analog Scale Esthetics Function p-value*
Before After Before After

Average 5.0 9.1 5.1 9.0 <0.05

Confidence Interval 0.62 0.42 0.74 0.49 <0.05

*Wilcoxon test.

Discussion

The reduction in masticatory function due to tooth loss can cause significant problems, including
difficulties with food mixing and swallowing [2,3,67]. For patients with a missing tooth in the molar area,
dental implants are considered the primary option [97]. However, the improvement in masticatory function in
patients with implant restorations using subjective and objective masticatory evaluation methods has not been
measured so far.

Existing studies have identified changes in masticatory performances before and after implant
restoration in the molar area. In this study, a self-evaluation VAS assessment was used to measure the
inconvenience associated with implant placement and to evaluate the aesthetic and functional posttreatment
ratings of dental implant therapies in the patients [27. In addition, color-changeable chewing gums were used
to obtain quantitative analysis parameters of the various changes in masticatory function following implant
restoration [87. The color-changeable gum appears to be the easiest to use among the different methods
available. Both techniques described in this review (visual matching with published color scales vs. colorimetric
measurement) can be used to evaluate the masticatory performance in the color-changeable gum method. The
evaluation should be based on color scales if the sample sizes are large enough to detect tiny differences [87.

We evaluated the changes in masticatory performance to detect the short-term improvements gained
from an implant restoration. Two weeks is a relatively short period to evaluate the masticatory function,
particularly when compared with previous studies that evaluated masticatory functions ranging from two
weeks to five years after restoration with removable dental prostheses or partial implant fixed dental
prostheses [3,6,117. For several decades, dental implant restoration has been used to address the need for
immediate functional and aesthetic rehabilitation in patients [5,117. It is important for patients to experience
immediate success. The majority of the previously conducted studies have evaluated the survival rate of the

implant restoration after long periods. Kang et al. [87 reported that patients' oral health-related quality of life
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with implant prostheses increased rapidly. In keeping with these findings, the present study provides evidence
for the short-term improvement in masticatory performance after implant restoration [ 37.

An interesting aspect is the wide range (0—10) of posttreatment function ratings, which indicate that
patients were highly sensitive to minor variations in prosthetic function. In a recent survey, Baracat et al. [2]
observed a contradictory result regarding gender-related attitudes about dental appearance. They assumed
that Swedish women were more sensitive to dental appearance deficiencies; instead, they found that men
emphasized the importance of dental appearance more than women [27]. The common belief is that women are
more interested in their appearance than men [5,9,10,127.

Another result of the present study that deserves highlighting is that we found a positive correlation
between pretreatment expectations and the final posttreatment ratings for both aesthetics and function, as
Kang et al. [37] suggested. These correlations indicate that patients’ expectations influence their satisfaction. It
also emphasizes that the dental professional should assess patients' expectations to predict how they will
evaluate their dentures after treatment [8,97. Several important factors influencing patients’ expectations
before dental implant treatment and evaluation after treatment, such as previous prosthodontic experiences,
personality traits, implant position, and other factors, were not evaluated in the present study [1,5,9-117]. We
believe that further research involving larger numbers of patients and covering a wider range of variables
should be conducted to increase our knowledge about the patients' pretreatment expectations and the final
evaluation after dental implant therapies.

There were several limitations to the present study. Oral conditions such as caries, hypersensitivity,
crack, and periodontitis, which could affect implant placement, were not considered in the exclusion criteria. In
addition, we did not consider other restorative materials in the remaining dentition, although these could have
affected the masticatory performance. Furthermore, the bite force is strongly related to mastication and oral

conditions.

Conclusion

This study confirmed that masticatory performance, as evaluated subjectively using the VAS and
objectively using the color-changeable chewing gum method, could increase two weeks after implant
restoration. The enhancement in masticatory performance was particularly high in patients with poor
mastication before the implant restoration. In addition, the patients’ aesthetic and functional posttreatment
ratings of dental implant therapies were significantly higher than their expectations before these therapies. A
positive correlation was observed between the expectations and the posttreatment completion ratings for both

aesthetics and function.
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