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Introduction

According to the World Health Organization, total edentu-
lism (complete loss of all permanent teeth) is an important 
disability affecting a significant population [1]. Tooth loss 
influences the connection between oral and facial tissues, 
the jaw joint, muscle structure, and the nervous system 
[2–4]. Occlusal strength and masticatory performance can 
be decreased because of tooth loss [3, 5]. This condition 
has negative effects on the dietary regimens of patients [6, 
7]. Numerous studies have shown the correlation between 
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Abstract
Objectives  Total tooth loss is common in the aging population resulting in insufficient chewing function with subsequent 
weakening of the masticatory muscles. The study aims to evaluate the changes in thicknesses of the masseter and anterior 
temporal muscle in edentulous patients following the reconstruction of implant-supported fixed prostheses and compare 
them with the dentate individuals.
Materials and methods  The study was designed as a prospective, single-center, controlled clinical trial. A total of 60 partici-
pants were included in the present study. The patients were divided into two groups; Group I (Test Group): 30 edentulous 
patients who received implant-supported fixed prostheses, Group II (Control Group): 30 dentate individuals of an age and 
sex-matched group. Ultrasonography was used to measure the cross-sectional thickness of the left and right musculus mas-
seter and anterior temporalis immediately after the cementation of the prosthetic rehabilitation (T1), on the 1st (T2) and 6th 
(T3) months after rehabilitation and at a single time point in the control group.
Results  The results showed that there were significant comparison differences in muscle thickness at the baseline measure-
ments between groups while at the end of the 6th month, these differences were not significant. The muscle thicknesses of 
both the masseter and anterior temporalis muscles increased significantly at T2 and T3 compared to T1 in the test group. The 
asymmetry index between the left and right muscles in the test group and the asymmetry differences between groups also 
decreased significantly at the end of the 6th month.
Conclusion  The implant-supported fixed prostheses significantly increase the thicknesses of the masseter and anterior tem-
poral muscle together with a decrease in the asymmetry between the left and right muscles. At six months, implant-treated 
patients showed similar muscle thicknesses compared to dentate individuals.
Clinical relevance  The findings suggest that implant-supported fixed prostheses can improve the masticatory function and 
facial symmetry of edentulous patients.
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edentulism and malnutrition [8–10]. Reduced masticatory 
function results in a decrease in muscle fiber size, causing 
muscle atrophy and morphological changes [11]. The mas-
seter muscle thickness (MMT) decreases as a result of tooth 
loss [12, 13].

Complete edentulous arches can be treated with implant-
supported fixed bridges, implant-supported overdentures, 
or conventional complete prosthetic rehabilitation [3, 14]. 
Conventional complete dentures have been the primary 
treatment option for edentulous patients for many years 
[15]. However, the developments in dental materials and 
dental technology sciences have revolutionized treatment 
options for edentulous individuals with implant-supported 
fixed and/or retained prostheses [15]. Implant treatments 
are preferred more often among edentulous patients com-
pared to conventional complete dentures due to their ability 
to provide better stability, increased chewing performance, 
and a more permanent solution [16, 17]. As the number of 
the placed implants increases, the stability of the prosthe-
sis will also increase. Therefore, the ideal contemporary 
treatment protocol for all edentulous patients is implant-
supported fixed reconstruction [18, 19]. The most important 
aim of edentulous patient treatment is the restoration of their 
chewing and muscle function to be able to make it closer or 
the same as dentulous ones [20, 21].

The masticatory muscles’ thickness has been widely 
regarded as the primary determinant contributing to bite 
force in the adult population [22]. The four main muscles 
used for chewing are the masseter, medial–lateral pterygoid, 
and temporalis muscles. The masseter is the mandible’s pri-
mary elevator muscle. In the closing action of the lower 
jaw, three muscles work together: the pterygoid muscle 
contributes about 21%, the temporalis muscle contributes 
about 36%, and the masseter muscle contributes about 43% 
to the total jaw-closing muscle strength [23]. Previous stud-
ies have shown that masseter muscle thickness has a strong 
relationship with the size of the bite force, and measuring 
muscle thickness is considered a reliable method to assess 
muscle function [21, 22, 24].

Various non-invasive imaging methods, including elec-
tromyography, computed tomography, magnetic resonance 
imaging (MRI), and ultrasound scanning (US), can be 
employed to quantify the cross-section and human mastica-
tory muscles’ thickness in vivo [24–26]. Ultrasonography is 
a practical follow-up method that is reproducible, inexpen-
sive, and easier to use without ionizing radiation [25]. At 
the same time, it does not have any cumulative biological 
effects [26]. The most evident disadvantage of the technique 
is that it allows only superficial muscles to be examined. 
The masseter muscle’s superficial location provides easy 
access for ultrasound applications; therefore, it is the most 
suitable muscle for scanning [27]. Due to these advantages, 

masseter muscle thickness can be accurately measured by 
the ultrasound technique [2].

Masseter muscle thickness plays an important role in 
mastication and facial aesthetics [28]. Asymmetries are 
common and have important consequences in the human 
body. Evaluating the craniofacial complex’s functional 
symmetry of the craniofacial complex (the skull and face) 
typically involves modeling masticatory movements (chew-
ing) and analyzing muscle activity [29]. Up to date, indexes 
such as Naeije et al.’s asymmetry index are used to evaluate 
the symmetry of muscle thickness of muscle in homologous 
muscles from each side of the body [30].

It is known that the muscle thickness of masticatory mus-
cles changes due to complete edentulism. The current study 
aims to evaluate the changes in thicknesses of the masseter 
and anterior temporal muscle in edentulous patients follow-
ing the reconstruction of implant-supported fixed prostheses 
and compare these changes with dentated individuals. The 
null hypothesis of this study is that there will be no changes 
in muscle thicknesses in edentulous patients after using 
implant-supported fixed prostheses.

Materials and methods

The study received approval by the Çukurova University 
Faculty of Medicine Clinical Research Ethics Committee 
(Meeting No: 136, Decision No:63). The study was per-
formed in the Periodontology Department at Cukurova Uni-
versity (Adana, Turkey) between March 2021-June 2023 
following the guidelines of the 2008 Helsinki Declaration. 
The participants were provided with a detailed explanation 
of the study approach, and their agreement was obtained 
through both verbal and written means.

Sample size calculation

The determination of the sample size was conducted using 
the G*Power 3.1 program. As there were no previous stud-
ies with a similar design in the literature to our knowl-
edge, the medium effect size suggested by Cohen (Cohen’s 
d = 0.25) was used, and the sample size for the study and 
control groups was calculated as approximate sample size 
of n:28 (α: 0.05, β: 0.80). Since it was a follow-up study, the 
final sample size for the groups was determined as 30 and 
the total sample size as 60 in order to compensate possible 
drop-outs.
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The study population

Based on dental status, the sample selected was divided into 
two main groups. Test group consisted of completely eden-
tulous patients following the reconstruction of implant-sup-
ported fixed prostheses. Age and gender-matched control 
group (CG) was recruited from persons who were referred 
to the clinic for general periodontal prophylaxis. This group 
consisted of persons who had only a maximum of one miss-
ing posterior tooth with no previous history of periodontal 
bone loss or bruxism.

The patients with complete edentulism were selected to 
compare the masseter and anterior temporal muscle cross-
sectional thickness changes during static and dynamic activ-
ities immediately after the placement and at the 1st and 6th 
months of implant-supported fixed prostheses use. A com-
parison was also made between the test and control groups 
to evaluate the effect of loss of dentition on the masseter and 
anterior temporalis muscle thicknesses.

Inclusion criteria

	● Systemically healthy.
	● Non-smokers.
	● Dentate individuals were selected with a maximum one 

missing posterior tooth.
	● Edentulous individuals who were at least 3 months and 

a maximum 6 months of total edentulism.
	● Edentulous individuals who have never used prosthesis 

before.
	● No contraindications to implant placement.

Exclusion criteria

	● The presence of muscle disorders.
	● Myopathy in the head, neck, or shoulders.
	● Individuals who have parafunctional habits including 

bruxism and clenching.
	● Individuals having any kind of temporomandibular 

disorders.

At the end, 60 patients with similar age (test group mean 
51.8 ± 9 (36–67) vs. control group mean 49.2 ± 9.1(32–63)) 
and gender distribution (study group 15 female,15 male; 
control group 15 female,15 male) were included in the study.

Clinical procedures

The implant planning was done by baseline cone beam com-
puted tomography to evaluate the bone level, quality, and 
location of anatomical landmarks for edentulous patients 
(test group). All tomographs were obtained with calibrated 
and standardized main radiological characteristics (expo-
sure parameters: 90 kV, 10 mA, 27 s scan time; voxel size: 
0.4 mm).

Six or seven dental implants were surgically inserted 
into the edentulous maxilla and mandible (total 12–14 
implants) of each patient. All surgical procedure was per-
formed according to standard procedures. There were no 
surgical models used. All surgeries were performed under 
local anesthesia (Ultracine D-S Fort Adrenaline®, İstanbul, 
Türkiye). The residual alveolar bone’s shape and anatomi-
cal markers determined the number and location of the 
implants. The angulations of the implants were checked 
with parallel pins during the surgery. The implants were 
inserted with 1–2 mm below the level of the alveolar crest 
to improve primary implant stability. Implants were closed 
with a surgical closure screw. The sutures were removed 
after 10–12 days. After the operation, patients received 2 g 
of penicillin twice a day for 10 days or in case of penicil-
lin allergy, clindamycin 300 mg every 6 h for 7 days. All 
patients rinsed their mouths twice a day for 10 days with an 
antimicrobial chlorhexidine solution. They were advised to 
eat a soft, nutritious diet. After 3 months of healing and the 
osseointegration phase, healing abutments were placed and 
then the fixed implant-supported prosthesis stage started. 
Intercuspal-centered contacts were ensured to be evenly dis-
tributed among all occlusal systems. The prostheses were 
checked in terms of aesthetics, centric relationships, and 
occlusion. The prosthetic rehabilitation was cemented with 
polycarboxylate cements on the abutments.

Muscle thickness measurements for the test group were 
performed on three different periods and at a single time 
point for the control group. Ultrasonography was conducted 
to assess their masticatory muscles (masseter and ante-
rior temporalis) immediately after the cementation of the 
prosthetic rehabilitation (T1), on the 1st (T2) and 6th (T3) 
months after rehabilitation. The cross-sectional thickness of 
the left and right musculus masseter and anterior temporalis 
was recorded for all individuals. The primary outcome of 
this study was the dimensional changes in muscle thickness 
measured over three different periods in the same patient 
and a comparison of the results with dentate individuals.

Ultrasonographic evaluation

The assessment thickness of the masseter and anterior 
temporalis muscles was bilaterally measured using a USG 
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arch, parallel to the temporal bone, and perpendicular to 
it, the temporal muscle’s anterior part was examined. This 
particular site is situated directly anterior to the hairline’s 
anterior boundary.

Symmetrical changes in muscle thickness were measured 
on both the left and right sides. Up to our knowledge, there 
is no existing formula to detect the asymmetry of muscle 
thicknesses in the literature however, the following formula 
was developed by Naeije et al. to calculate the variation in 
muscle activity between right and left sides.

Asymmetry index=
Rightmasseter activity− −Leftmasseter activity
Rightmasseter activity+Left masseter activity × 100

In the current study, this original formula was modified to 
use the muscle thickness measurements instead of the mus-
cle activity to evaluate the asymmetry of the muscles.

Each measurement was carried out three times at five-
minute intervals to minimize measurement errors. The 
thickness used for statistical data analysis was determined 
by calculating the average of the three measurements on 
each side. Patients were given rest between data collection 
periods to prevent muscle fatigue. The same measurement 
protocol was repeated at each evaluation period for the test 
group.

device (B-mode, 7 MHz ultrasound scanner and probe (lin-
ear), Clarius Mobile Health, Vancouver, Canada). The same 
radiologist performed all scanning and measurement proce-
dures (HDY). The calibration of the researcher was assessed 
by a baseline test of 10 volunteers who were not enrolled 
in this study. Ultrasonographic measurements of these vol-
unteers were recorded at 1-week intervals. The intra-class 
correlation of coefficient (ICC) was calculated for intra-
observer reproducibility for muscle thickness measurement 
to verify calibration and consistency. The ICC value was 
equal to 0,93 (0.73–0.98 = confidence interval of 95% ) and 
excellent agreement was observed (p < 0.001).

The patients were positioned in such a way that the 
Frankfurt horizontal plane was maintained parallel to the 
floor during the imaging process. (Fig. 1) A water-soluble 
transmission gel was used between the probe and the skin to 
effectively transmit sound waves. USG measurements were 
analyzed for right-left m. masseter and right-left m. anterior 
temporal muscles in both the contracted (maximum bite) 
and the relaxed positions in each patient. (Fig. 2)

The resting state of the masseter muscle is characterized 
by the mouth being slightly open, approximately 8–9 mm, 
while exhibiting minimal electromyographic activity. Con-
traction of the muscle occurs when the jaws close and the 
teeth come into contact. The assessment of the thickness of 
the masseter muscle was conducted at the maximum width 
between the lateral side of the mandibular ramus and the 
muscle’s external fascia, specifically in the middle third of 
the mandible’s ramus. One centimeter above the zygomatic 

Fig. 1  Positioning of the USG probe for the masseter (A) and anterior temporalis (B) muscle measurements
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Results

A total of 60 patients were enrolled in this study, and all 
patients completed the study. There were no statistical dif-
ferences in terms of age (mean test group 51.8 ± 9 (36–67); 
mean control group 49.2 ± 9.1(32–63) p = 0.278)) and gen-
der distribution (study group 15 female,15 male; control 
group 15 female,15 male) between groups.

Table 1 presents a summary of the average cross-sectional 
thickness of the masseter and anterior temporalis muscles 
in both the relaxed and contracted positions, for both the 
left and right sides for the control and test group (prosthesis 
insertion, 1st and 6th month post-insertion). There was a sta-
tistically significant difference in anterior temporal muscle 
thickness at both T1 and T2 time points (p < 0.05) between 
the test and controls. MMT in the test group was statistically 
significantly lower than in the control group at baseline 

Statistical analysis

The IBM SPSS Statistics 20 (Armonk, NY: IBM Corp.) pro-
gram was used for statistical analysis. A level of significance 
of 0.05 was used for all tests. A summary of quantitative 
variables was provided using mean ± standard deviation, 
frequency (%), or median (maximum- minimum). Sha-
piro-Wilk tests were utilized to confirm the distribution’s 
normality. Time-dependent changes in muscle thickness 
measurements and asymmetry index were examined by the 
Friedman test. For pair-wise comparisons of time-depen-
dent changes, the Wilcoxon signed-rank test with p-value 
correction was used.

Mann-Whitney U test was used for comparisons between 
the muscle thicknesses of the control group and the study 
group at each time point.

Fig. 2  Cross-sectional thicknesses of the masseter and anterior of temporalis muscles. (a) Relaxed state masseter (b) Contracted state masseter (c) 
Relaxed state anterior of temporalis (d) Contracted state anterior of temporalis
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biting force is associated with muscle activity [16]. The 
activity level of the masseter muscle can be directly inferred 
from its thickness: the more active the muscle, the greater 
the muscle thickness [33]. In the present study, the increase 
in muscle thicknesses from baseline to the 6th month in the 
test group may be attributed to improved masticatory func-
tion after rehabilitation. This is consistent with the aim of 
fixed treatment, which is to provide rehabilitation as similar 
as possible to dentulous individuals. In inter-group compari-
sons, there was a statistical difference for both masseter and 
temporal muscle thicknesses at T1, and a difference only 
in temporal muscle thickness at T2. This can be explained 
by the different speeds of neuromuscular adaptation of the 
muscles.

Prolonged periods of low muscle activity or underutiliza-
tion can lead to atrophy of the muscles, both at the mac-
roscopic and microscopic levels. The cross-sectional area 
of the masticatory muscles in edentulous patients is nota-
bly reduced in comparison to dentulous patients [34]. In 
this study, higher thicknesses were measured in the control 
group than in the test group at the beginning, which supports 
the literature. Bhoyar et al. observed that the thickness of 
the masseter muscle was substantially thinner in a popula-
tion of edentulous participants aged 44–55 years compared 
to dentulous ones [22]. The same study also found that 
while complete dentures can help to increase the masseter 
muscle’s thickness, they do not fully restore it to the same 
thickness as in dentulous patients. In a study by Müller et 
al., implant-supported prostheses were found to be related 
to higher masseter muscle thickness and chewing efficiency 
than conventional total prostheses in edentulous patients. 
In the same study, although implant-supported fixed pros-
theses were associated with higher chewing efficiency than 
overdenture prostheses, the masseter muscle thickness was 
the same in both groups and lower than fully dentate par-
ticipants [34]. In contrast to this finding, masseter muscle 
thickness was even thicker in the test group at the end of 
six months compared to dentate individuals in the present 
study.

Goncalves et al. used three types of prostheses (con-
ventional removable dental prostheses, implant-supported 
removable dental prostheses, or partial implant-fixed den-
tal prostheses) for 2 months each in 12 partially edentulous 
patients, in their study [35]. Masseter and temporal muscle 
thicknesses during rest and maximal clenching were evalu-
ated by ultrasonography. In the study, the chewing efficiency 
was statistically higher in the group using fixed-supported 
implants. Although the masseter muscle was thickest in the 
fixed-supported implant group, no statistically significant 
difference existed between the groups.

There are only a few studies available so far in the lit-
erature examining possible correlation between masseter 

(p < 0.001), but this difference was not present at T2 and 
T3 time points. MMT was measured even slightly higher in 
the test group (although not statistically significant) than the 
controls at the end of the 6th month. The average of all mus-
cle thickness measurements showed statistically significant 
increases in both the contracted and the relaxed positions 
from baseline to the 1st and to 6th months in test group. 
This increasing trend was significant for all muscle thick-
ness measurements in both resting and contracted states 
from baseline to the 1st month (p < 0.001), baseline to the 
6th month (p < 0.001), and from the 1st month to the 6th 
month (p < 0.001).

Left masseter muscle thicknesses were generally greater 
than right masseter muscle thicknesses in both contrac-
tion and resting positions at initial T1 measurements in 
test group. Asymmetry with a left-sided predominance 
was observed. The asymmetry ratios of the masseter mus-
cle thickness decreased statistically from baseline to the 
1st month (p < 0.05) and from baseline to the 6th month 
(p < 0.05), while there were no statistically significant dif-
ferences in asymmetry change between the 1st and 6th 
months (p > 0.05). Intergroup comparisons of the asymme-
try index for masseter muscles yielded similar results, such 
as muscle thickness changes. There was a statistical differ-
ence between the groups at T1(p < 0.05), no difference was 
observed at T2 and T3. (p > 0.05) (Table 2).

The asymmetry of the temporal muscle thicknesses 
between the right and left sides decreased over time in both 
contraction and resting positions, although this decrease 
was not statistically significant. However, statistically sig-
nificant differences were observed at T1 and T2 in the com-
parison between groups. (p < 0.05) (Table 2) (Fig. 3).

Discussion

The current study showed significant increases in masseter 
and temporal muscle thicknesses, both in contraction and 
at rest, following the placement of fixed implant-supported 
prostheses in edentulous patients reaching similar muscle 
thicknesses of dentate individuals at six months. Thus, the 
null hypothesis was rejected. In addition, the asymmetry 
difference between the left and right masseter muscle thick-
nesses decreased significantly over time in the test group.

Implant-supported prostheses offer several advantages 
compared to conventional removable prostheses, such as 
increased longevity, improved function, better stabiliza-
tion and retention, psychologically easier acceptance by 
patients, and more aesthetic results. In addition, it has been 
reported that the decrease in masticatory efficiency [31] and 
biting force due to tooth loss is corrected over time with 
implant-supported prostheses [32]. It has been shown that 
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muscle thickness and its EMG activity [36–38]. Georgiakaki 
et al. have found that muscle thickness was strongly corre-
lated to electromyographic maximum activity in the mas-
seter muscles while Oliveria et al. did not find significant 
correlations between thickness and activity of masseter 
muscles [36, 37]. Comparing edentulous patients treated 
with immediate loading fixed implant-supported prostheses 
with dentate patients, similar EMG activity in the masseter 
muscle was discovered by Mostoyei et al. to that of dentate 
patients immediately after loading [20]. After 6 months of 
follow-up, no change in results was observed. The research-
ers interpreted this finding as evidence that the restoration of 
masseter muscle contraction capacity occurs immediately, 
without requiring adaptation over time. In contrast, the find-
ings of the present study showed that the masseter muscle 
thickness increased in stages from baseline to six months. 
The increase from initial to 6 months rates can be attrib-
uted to enhanced chewing function following rehabilitation. 
Based on the literature, this follow-up period was chosen 
because a neuromuscular adaptation was observed six to 
twelve months later.

It is expected that both sides of the muscle work simi-
larly when evaluating masticatory function. Bilateral sym-
metric chewing is important for the proper stimulation of 
the supporting structures [39]. Wilding et al. reported that 
bilateral chewing increased chewing efficiency [40]. Zhu 
et al. compared three groups of patients who used remov-
able prostheses, implant-supported removable prostheses, 
and implant-supported fixed prostheses to examine the 
effects of dental implant rehabilitation on masticatory func-
tion [41]. The study showed that implant therapy increased 
masticatory efficiency. In addition, the masticatory muscle 
asymmetry index was found to be significantly lower in the 
implant-supported fixed dental prosthesis group) than in 
the traditional removable dental prosthesis group and the 
implant-supported removable dental prosthesis group at 17 
months of follow-up. In accordance with this, the current 
study also supports that the asymmetry differences between 
muscle thicknesses decrease significantly over time both 
inter- and intra-groups. This inter-group decrease was 
already significant at the 1st month for the masseter muscle 
while the temporal muscle differences could be detected at 
the 6th month. This can be explained by the same neuro-
muscular mechanism as muscle thickness increases. The 
intra-group analysis showed a significant baseline asymme-
try between the muscle thicknesses at the test group which 
can be explained by malocclusion/malfunction due to tooth 
loss, as the asymmetry between the muscle thicknesses 
decreased after the denture was placed. Mandibular angle 
values and facial appearance are significantly influenced by 
the shape, function, and thickness of the masticatory mus-
cles [42, 43]. Asymmetry of the masseter muscle can cause 
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were excluded, it is almost impossible to detect these dis-
orders before the prostheses are placed in edentulous indi-
viduals. This situation may have modified the actual muscle 
thickness measurements. The findings of the study show the 
effect of implant-supported fixed prosthesis treatment on 
masticatory muscles in edentulous patients. However, these 
data should be supported by further studies with a larger 
sample size, longer evaluation periods, different implant 
types/numbers/locations, different prosthesis types and dif-
ferent novel imaging techniques.

Conclusion

The implant-supported fixed prostheses significantly 
increase the thicknesses of the masseter and anterior tem-
poral muscle together with a decrease in the asymmetry 
between the left and right muscles. At six months, implant-
treated patients showed similar muscle thicknesses com-
pared to dentate individuals.
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one side of the jaw to appear larger or more prominent than 
the other. This can negatively affect facial aesthetics and this 
condition can negatively impact an individual’s self-esteem 
and social life. The reduction of asymmetry between the 
masseter muscles also positively affects facial morphology. 
This indirectly and positively enhances the quality of life of 
patients who wear prostheses.

The age of the patient and the duration of edentulism 
exert a detrimental impact on the macro- and microscopic 
architecture of the masticatory muscles [44]. Considering 
this effect, to ensure standardization, the study included 
patients who had been edentulous least 3 months and maxi-
mum 6 months of total edentulism and had never used a 
prosthesis before within a similar age group.

Previous research has demonstrated the accuracy of 
ultrasonic imaging in evaluating masseter muscle thickness 
[2, 21, 23]. Ultrasound is better than other imaging methods 
for examining the musculoskeletal system because it has 
high resolution, can produce dynamic images, and allows 
for real-time comparisons [45]. Therefore, ultrasound imag-
ing was preferred in this study.

The study is limited by its small sample size and its 
relatively short evaluation period. In addition, although the 
examiner was calibrated, the measurements may be influ-
enced by technique-dependent factors such as the pressure 
exerted on the muscle by the probe, the probe’s angulation, 
and the correct definition of the muscle image. Furthermore, 
although patients with a history of bruxism and clenching 

Fig. 3  Boxplot graph for the asymmetry index changes in time
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