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Objective The main purpose of this article is to study the effect of a change in the 
dominant side of chewing after prosthetics with fixed structures on implants on the 
main indicators of osseointegration, adaptation to dentures, and the clinical dental 
status of patients.
Materials and Methods In a clinical trial, an analysis was made of the adapta-
tion of 64 patients to intraosseous implant-supported fixed dentures and 56 appar-
ently healthy volunteers. The examination complex included determination of the 
functionally dominant side of chewing, gnathodynamometry and electromyog-
raphy indicators of masticatory muscles, and radiological osseointegration crite-
ria. The overall treatment outcomes were evaluated using a visual analogue scale 
and an objective medical questionnaire, “Prognosis of Adaptation to Orthopedic 
Structures.”
Results Patients were divided into two subgroups: with a change in the dominant 
side of chewing after completion of orthopaedic treatment (40 cases) and without a 
change in the dominant side of chewing (24 cases). In the second subgroup of patients, 
in contrast to the first subgroup, relatively better indicators of gnathodynamometer 
and electromyography were observed. So, in the first group, gnathodynamometry 
indicators on the dominant side were 255.7 N and in the second group 225 N after 9 to 
12 months. Electromyography indices amounted to (198.5 μV s) to (166.3 μV s) after 
9 to 12 months. Bone density remained at the required level, and overall treatment 
outcomes were higher. Namely, the compact plate of the alveolar ridge was preserved, 
and the condition of the bone tissue around the implants testified to stable osseointe-
gration. The participation of surface masticatory muscles in adaptation of patients 
to intraosseous implant-supported fixed orthopaedic structures and the necessity 
and importance of changing the dominant chewing side for the general outcomes of 
orthopaedic treatment have been discussed.
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Introduction
Dental implantation is currently one of the dynamically 
developing fields of clinical dentistry. The manufacturing of 
intraosseous (dental) implant-supported fixed orthopaedic 
structures for the restoration of bounded dentition defects 
claims to be the “gold standard” in modern orthopaedic den-
tistry. Up to 2 million implants are installed annually in the 
world; the positive results of such prosthetics are summarized 
in several large retrospective studies.1-3

It should be noted that the effectiveness (~95–96%) of den-
tal implantation is evaluated mainly based on the preserved 
osseointegration, the integrity of the mounted structure, and 
questionnaires for quality of life.4-6 Thus, Jang et al7 showed 
on the example of a large sample of patients (n = 6385) exam-
ined from 2000 to 2009 that the cumulative survival rate of 
titanium dental implants was 96.3%.

Naturally, osseointegration, which ensures the forma-
tion of a strong bond between the implant and the recipi-
ent’s osseous tissue, is the basis for the reconstruction of 
the three-dimensional (3D) dentin architectonics; therefore, 
it is recognized as the main indicator of the success of den-
tal implantation in the dynamics of the use of orthopaedic 
structures.8-10 Recently, various modifications of implant 
surface that lead to the nanorelief formation have been used 
to accelerate the formation and enhance the bond strength 
between the bone and implants.11-14

Since currently the quality of the implants and the tech-
nique of their installation have reached the optimum level, late 
complications, reducing the time limits of functioning of pros-
theses and implants, remain the only serious problem. Their 
causes are mainly associated with microtraumas during the 
orthopaedic structure functioning (inaccurate calculation of 
biomechanics plays a role here) and the impact of pathogenic 
microflora (microbial associations that colonize tissues and 
surfaces nearby the implant and in its internal interface).15-17 
They negatively affect osseointegration; as a result, it is pre-
cisely its insufficiency that dominates among the causes of 
unsatisfactory outcomes of this prosthetic option.2,18,19

In connection with the above, it seems relevant to con-
sider the influence of such factors that, outside the action 
of the infectious-inflammatory ones, can impose a negative 
effect on the stability of dental implants. The clinical task is to 
achieve almost complete immobility of the “tissue-implant” 
bond in the shortest possible time limits and to provide no 
traumatic effects and chewing overloads during operation of 
fixed orthopaedic structures.20-23

Chewing is one of the most important elements of the diges-
tive function; it is characterized by complicated motor-sen-
sory activity, which consists of rhythmic motor acts aimed at 
size reduction, food grinding, and moisturizing, which should 
lead to the formation of a bolus that can be swallowed.24,25

The functional significance of occlusal disorders for the 
masticatory system has been extensively studied, primarily 
because of the idea that they may have an undesirable effect 
on the dentofacial system.26 Various electrophysiological and 
video-fixing techniques have been proposed for the dynamic 
study of the chewing function.27-29

The restoration of occlusal surfaces, by definition, is 
accompanied by the restructuring of the chewing link of 
the dentition. In general, addiction to dentures can take 
from several weeks to 3 to 4 months; afterward, a stable 
type of chewing is usually formed, and the situation in the 
oral cavity stabilizes, usually no less than for 3 to 5 years.30 
When restoring lost teeth with intraosseous implant- 
supported dentures, a functioning area of the chewing appa-
ratus appears with new loads that extend directly to the 
osseous tissue, bypassing the reflex areas of periodontal 
tissue. This is inevitably accompanied by intensification of 
osteolysis processes, which in turn can exacerbate overload 
of supporting teeth. In case of a change in the position of 
the lower jaw and the height of the lower third of the face, 
new conditions are created for the activity of the masticatory 
muscles and the temporomandibular joint.31 New occlusal 
relationships change the perception and transfer of chewing 
pressure on the underlying tissues, as a result, the nature of 
the chewing movements of the lower jaw changes. Often this 
may even require a change in the dominant chewing side.32

The dentition defects arising because of tooth extraction 
and their deformation lead to the formation of persistent 
habitual occlusion, sometimes not coinciding with the 
predominant side of chewing. This creates an adverse 
effect on the dentofacial system, which leads to complica-
tions.33 In dental practice, there are many cases confirm-
ing changes in the chewing surface of teeth and dentitions 
on the dominant side of chewing and the need to study it 
when prosthetics are on dental implants.34 There is a lack 
of stability information on the predominant dominant side 
of chewing in the norm and in the absence of teeth and 
other pathological conditions. The nature of the occur-
rence of a change in the dominant side of chewing and its 
stability after the completion of orthopaedic treatment 
with the use of designs based on dental implants has not 
been studied.35

Conclusions It has been established that a change in the functionally dominant chew-
ing side is accompanied by relatively unstable indicators of chewing function, which 
is combined with increased loads on the installed prostheses during 3 to 6 months of 
adaptation. This must be taken into account when planning an individual patient adap-
tation complex for dental orthopaedic structures.
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The purpose of the research was to study the effect of a 
change in the dominant side of chewing after prosthetics 
with fixed structures on implants on the main indicators 
of osseointegration, adaptation to dentures, and the clinical 
dental status of patients. In the absence of proper attention 
to this problem, distant moistening of prosthetics on dental 
implants may occur, such as temporomandibular joint dys-
function, progressive bone loss, gum recession, and inflam-
matory complications, which in turn can lead to the loss of a 
dental implant.

Materials and Methods
Organization of Clinical Groups
In this study, we observed the dynamics of orthopaedic 
treatment and the subsequent period of adaptation 
(rehabilitation) of 64 people aged 22 to 67 years with a 
partial absence of teeth. The patients were 28 men and 
36 women. The reference group consisted of 56 people 
(27 men and 29 women) aged 21 to 66 years, who came to 
the dentist with limited minor defects in the dentition in the 
lower jaw (1–3 teeth) and who had no diseases оf hard tis-
sues and periodontal diseases at the time of the examination; 
they have satisfactory oral hygiene.

To be included in the clinical group, in accordance with 
the Clinical Recommendations of the Dental Association 
of Russia (Decree No. 15 of September 30, 2014), patients 
met the following criteria: the presence of permanent 
teeth, limited minor defects in the dentition in the lower 
jaw (1–3 teeth), lack of pathology of the temporomandib-
ular joint, the absence of diseases of the oral mucosa, lack 
of dentition and malocclusion, the absence of pronounced 
periodontal pathology, and the absence of prostheses on 
implants before the age of 18 years. Exclusion criteria: the 
presence of somatic and mental illness, pregnant and lactat-
ing women and persons with removable orthopaedic struc-
tures and orthodontic appliances. All patients gave conscious 
informed consent to participate in the study in accordance 
with the current legislation of the Russian Federation.

Touareg spiral titanium implants manufactured by ADIN 
Dental Implant Systems Ltd and SPI implants made by Alpha-
Bio Tec Ltd (both Israeli companies) were mounted in the 
area of defects on the lower jaw, 124 implants, for further 
manufacturing of fixed prostheses. The volume of bounded 
defects for dental prosthetic rehabilitation was one to two 
teeth strictly on one side, so that it was possible to assess 
objectively the consequences of a change in the dominant 
chewing side, in the event of this process.

Full-fledged osseointegration of implants was recorded 
by 2.5 to 3.0 months on the lower jaw, and by 5 to 6 months 
on the upper jaw from the moment of implantation, which 
was confirmed by resonance frequency analysis using Osstell 
Mentor implant stability meters. Implant stability quotient 
(ISQ) indicators made on average 57.7 [55.8 ÷ 59.4] relative 
units in all patients, which testified to full osseointegra-
tion and high stabilization of implants. This was the basis 
for referring patients to the orthopaedic stage of treatment. 
The patients were examined before fixing the orthopaedic 

structure, in 3 to 6 and 9 to 12 months from the beginning 
of the study.

The osseointegration control methods included dental 
radiographic techniques—orthopantomography, focused 
dental radiography (Orthophos XG 3 DS apparatus; Sirona 
Dental Systems, Germany).

The results were evaluated separately by cortical plate 
(no change, thinning, and/or violation of its integrity) and 
osseous tissue around the implant (no change, horizontal, 
and/or vertical alveolar ridge resorption). The signs of cor-
tical plate thinning and occurring trabecular bone porosity 
in the peri-implant zone were primarily considered as X-ray 
criteria for incomplete osseointegration and/or threat of 
osseointegration failure.33

These studies were supplemented by local densitome-
try. Visualization of brightness in shades of gray made it 
possible to obtain informative curves of changes in osse-
ous tissue density in horizontal and vertical projections, 
as well as to determine the average osseous tissue density 
in individual parts of the jaw (►Fig. 1).

Finally, the distribution of the osseous tissue density 
was obtained in the vertical section, alveolar and deep 
intraosseous horizontal sections, in the gap between the 
tooth and the implant (two implants). When assessing 
the osseous tissue density values, the data obtained on 
the basis of the analysis of digital orthopantomograms 
using the SIDEXIS SIRONA radiovisiographic program, the 

Fig. 1 The course of densitometric determination of osseous tis-
sue density on orthopantomography and focused radiovisiographs. 
(A, B) Vertical sections: perpendicular from the cortical plate toward 
the alveolar ridge, in the projection of the interdental spaces and/or 
in the spaces between the teeth and implants. (C) Alveolar horizontal 
section: perpendicular to the previous ones at a distance of at least 
2 mm (usually 2.5–3.0 mm) from the buccal edge of the alveolar 
ridge, crossing the implant section. (D) Intraosseous horizontal sec-
tion. Under the implant, at least 2 mm (usually 2.5–3.0 mm) deeper 
than its tip, in parallel to the previous section. (E) Additional horizon-
tal section: between the midpoint along the length of the implant 
and the similar point of the adjacent tooth root or implant (23, in our 
modification).
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Orthophos XG 3 DS apparatus software, were taken as 
approximate boundaries of the norm.

In particular cases, 3D computed tomography was used. 
The study was performed using a Hyperion X9 dental 
digital tomography (MyRay, France). The condition of 
the existing teeth, periapical tissues, osseous tissue, in 
particular, in the peri-implant region, was evaluated on 
the tomograms.

A chewing function was studied prior to the treatment 
beginning 3 to 6 and 6 to 12 months after the placement 
of intraosseous implant-supported fixed dentures. Before 
the beginning of treatment, a preferential (functionally 
dominant) side of chewing was established using a 
functional test, which, as expected, turned out to be with a 
predominance of the right side in a ratio of ~2:1 with isolated 
cases of a mixed type, when it was impossible to determine 
the dominant chewing side. As known, the innervation of the 
maxillofacial region and limbs coincides on the side; hence, 
the dominant side of chewing coincides with the dominant 
human hand in 95% of cases, in the absence of local causes 
(e.g., dentin pathologies or partial loss of teeth).36

Gnathodynamometry
Normal biting forces—part of the force that is actually used 
by a person on individual teeth or parts of the jaw. It should 
be distributed evenly between all groups of teeth forming 
a dense fissure-tubercular contact. Chewing pressure was 
evaluated using gnathodynamometry (GDM) by means of 
the Vizir E-1000 apparatus (Elektropribor Central Research 
Institute, St. Petersburg, Russia). The functionally dominant 
side of chewing in this method was determined by the pre-
dominance of chewing forces. The study was performed on 
molars; the result was expressed in N. This technique made it 
possible to objectively measure the efforts of the masticatory 
muscles to adequate loads on the tooth periodontal tissues 
under normal and pathological conditions of the dentition.35 
Before each procedure, a presanitized elastic shock absorber 
was put on the sensor and it was proposed to squeeze the 
sensor between the first upper and lower molars of both 
sides of the jaw until there were unpleasant sensations in the 
periodontal of these teeth. The obtained values were entered 
in an individual card.

Surface Interference Electromyography
The study was performed using the NMA-4–01 Neuromin 
apparatus (Medicom MTD NKPF; Taganrog, Russia). After 
frequency-amplitude filtering, the absolute value of the 
maximum and average electromyography (EMG) ampli-
tudes (μV) and the force value (μV∙s) were calculated in 
accordance with the manufacturer’s instructions. With 
surface EMG of the masticatory muscles, a high repro-
ducibility of measurements was shown, and information 
was obtained on the preference of this technique in cases 
when it is necessary to study the general organization of 
the motor apparatus activity.37 The functionally dominant 
side of chewing in this method was determined by the pre-
dominance of amplitude indicators (μV). Registration was 
performed by bipolar electrodes with a constant area and a 

fixed distance between them. Used rectangular electrodes 
with an area of 50 m2. mm (10` 5 mm), mounted on an insu-
lating platform 40/20 mm with an interelectrode distance 
between the centers of the electrodes of 20 mm. The bio-
electric activity of the masticatory muscle (m. Masseter) 
was recorded symmetrically on both sides. The insulating 
platform was located in the area of the motor point of the 
muscle, anatomically corresponding to the distribution area 
of the end plates of the terminal branches of the nerve, so 
that one recording electrode was directly above the motor 
point and the other was shifted toward the tendon, so that 
the longitudinal axis of the bipolar electrode was located 
along the muscle. The motor point was determined by pal-
pation at the site of greatest muscle convexity at its maxi-
mum arbitrary contraction, as well as according to existing 
schemes for clinical use. During recording, the subjects sat 
without the support of the head and maintained its natural 
position. They were asked to grit their teeth with maximum 
force. Muscular activity was recorded for 5 seconds with 
the greatest possible compression of the teeth. The examin-
ees were asked to squeeze as much as possible teeth in the 
position of maximum contact of the upper and lower teeth 
and maintain this level of tension throughout the recording 
period. Then the curve was recorded with muscle relaxation 
for 5 seconds. The indicated cycle was repeated 10 times. 
When recording the received signal, a digital high-pass fil-
ter of 2000 Hz and a low-pass filter of 3 Hz were used, the 
sweep speed was 50 milliseconds/d, and the sensitivity at 
rest was 50 μV/d, with an arbitrary muscle contraction— 
500 μV/d. EMG signals were stored in computer memory 
for subsequent analysis. The effectiveness of this method is 
described in the paper “Estimation of the functional state of 
the chewing link of the dental jaw system according to diag-
nosynametry and electromyography in persons 18–35 years 
with pregniture primo” Shemonaev Victor Ivanovich; 
Mashkov Alexander Vladimirovich; Maloletkova Anna 
Alekseevna; Badrak Evgeny Yuryevich; Klauchek Sergey  
Vsevolodovich, 2014.

Overall treatment outcomes and adaptation to 
implant-supported fixed structures were evaluated using 
two tests. Visual analogue scale (VAS) allowed for the assess-
ment of the patient’s subjective opinion about the treat-
ment outcomes in dynamics, the result was expressed in 
cm when measuring a special scale on the questionnaire,38 
values from 5.1 to 7.0 cm were interpreted as satisfactory, 
and those below 5.0 cm were considered unsatisfactory. The 
medical questionnaire Prognosis of Adaptation to Orthopedic 
Structures39 was used as an objective method. According to 
this questionnaire, the dysadaptation coefficient (DAC) was 
calculated in points. Results above 10 are considered a sign of 
incomplete adaptation to orthopaedic structures.34

Statistical analysis was performed using the Statistica 10.0 
software (StatSoft Inc., United States). Since the normal dis-
tribution hypothesis was rejected, nonparametric criteria 
were used: the distribution was expressed as the median 
and the interval between the first and third quartiles (Me 
[Q1 ÷ Q3]) and the Mann–Whitney U test (p < 0.01) to com-
pare the samples.
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Results
After application and fixation of the intraosseous 
implant-supported fixed dentures, there was a change in 
the dominant side of chewing in 40 (62%) patients (18 men 
and 22 women) within 3 to 6 months, which we regarded 
as a return to the status that existed before the formation of 
the bounded defects and without a change in the dominant 
side of chewing in 24 (38%) patients (9 men and 14 women). 
Several such cases were explained by compromise changes 
in the nature of chewing due to the presence of defects in 
the dentition on the nonprosthetic side. These patients were 
referred to the first subgroup, while patients retaining the 
same dominant chewing side (usually the right side) as 
before treatment were referred to the second subgroup.

The Radiological Study
Radiographs taken prior to the beginning of the orthopaedic 
stage of treatment and at different periods of the use of fixed 
dentures showed the absence of signs of osteoresorption or 
other osseous tissue pathology in the implantation region in 
the vast majority of cases (90% in the first clinical subgroup, 
and 95.8% in the second subgroup). The compact alveolar ridge 
plate was preserved; the state of osseous tissue around the 
implants indicated stable osseointegration.

After the patients began to use orthopaedic dental struc-
tures, some patients showed radiological signs of the osse-
ous tissue pathology in the jaws in the peri-implant region; 
however, the frequency of their detection was insignificant 
(►Table  1). The number of cases found is representative 
enough to obtain these results and conclusions.

In the first clinical subgroup, changes in osseous tissue 
were recorded in 3 to 6 months of follow-up in one case, and 
in 9 to 12 months in three other cases. The total frequency of 
the detected changes was 10.0%; they affected the cancellous 
bone, and in one case, the trabecular bone and the bone plate 
of the alveolar ridge. In the second clinical subgroup, changes 
were detected in only one patient in 9 to 12 months, and they 
affected the trabecular bone.

The revealed signs testified to the initial stages of osteo-
resorption and consisted of moderate atrophy of the alveolar 
ridge (less than a quarter of the implant length), thinning of 

the bone plate, and unilateral horizontal resorption of the 
osseous tissue around the implant. In the future, they could 
progress, and in this connection, they were regarded as 
peri-implantitis risk factors.

Measurement of the Osseous Tissue Density
Because of quantitative processing of X-ray densitograms, 
the data were obtained on the dynamics of the average osse-
ous tissue density in the peri-implant region in patients of 
these clinical subgroups. They are presented in ►Table 2.

The data obtained indicate that in patients of both clini-
cal subgroups signs of full osseointegration of the implants 
persist by 9 to 12 months of observation; moreover, in the 
second group, a decrease in the thickness and density of the 
bone plate and the trabecular bone immediately under the 
implant is somewhat less intense than in the first clinical 
subgroup. This is probably associated with a more adequate 
distribution of loads on the implant due to the absence of a 
change in the dominant side of chewing.

Thus, according to the results of X-ray control, during the 
use of the intraosseous implant-supported fixed dentures, 
stable osseointegration remained for 12 months of observa-
tion. Cases of osseous tissue pathology did not exceed 10% 
in clinical subgroups; according to the results of the osseous 
tissue density determination, they could be attributed only 
to the initial manifestations of osteoresorption.

Quantitative data obtained from the examination of 
these patients using GDM and EMG are presented in ►Fig. 2.  
In the experimental group, chewing pressure made on aver-
age 233.0 [223.8 ÷ 240.5] N on the dominant chewing side, 
and 196.7 [189.5 ÷ 204.4] on the non dominant side.

In patients of the first clinical group, before the beginning 
of the orthopaedic stage of treatment, the values of this indi-
cator were close to the following: in the first subgroup chew-
ing pressure amounted to 227.3 [219.5 ÷ 234.8] N, and in the 
second subgroup it was 225.3 [215.0 ÷ 237.1] N on the dom-
inant side; on the nondominant side chewing pressure made 
190.8 [183.9 ÷ 196.6] and 197.8 [185.6 ÷ 206.3] N, respec-
tively. Differences between the groups were not significant 
during this observation period.

The period of 3 to 6 months from the beginning of the use 
of prostheses was accompanied by a significant increase in 

Table 1  The frequency of detecting radiological signs of incomplete and/or delayed osseointegration in patients of the clinical 
group

Indicator Time limits First subgroup Second subgroup

Bone plate Beginning 0 0

3–6 months 0 0

9–12 months 1/40 (2.5%) 0

Trabecular bone Beginning 0 0

3–6 months 1/40 (2.5%) 0

9–12 months 3/40 (7.5%) 1/24 (4.2%)a

Total deviations Beginning 0 0

3–6 months 1/40 (2.5%) 0

9–12 months 4/40 (10.0%) 1/24 (4.2%)a

aSignificant differences between the groups.
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chewing pressure up to 262.3 [249.2 ÷ 273.7] N on the dom-
inant side (increase in12.4%) in the first subgroup, and to 
225.2 [215.0 ÷ 236.4] N on the nondominant side (increase 
in 14.8%). For the second subgroup, only a slight tendency to 
such a change was noted.

During 9 to 12 months of observation the increased value 
of the indicator remained in the first subgroup, reaching up 
to 255.7 [245.4 ÷ 264.9] N on the dominant side; in the sec-
ond subgroup, the indicator values were within the estab-
lished biological norm on both sides. The EMG amplitude 
in the experimental group was 1.42 [1.35 ÷ 1.49] mV on the 
functionally dominant side and 1.19 [1.12 ÷ 1.24] mV on  
the nondominant side; the average muscle contraction force 
was 151.4 [145.7 ÷ 157.6] μV s and 98.6 [93.6 ÷ 103.3] μV∙s, 
respectively.

The data given in ►Fig. 2 show that prior to start the ortho-
paedic treatment stage, patients of the clinical group demon-
strated lower EMG amplitudes: 1.27 [1.16 ÷ 1.36] mV on the 
dominant side and 0.89 [1.80 ÷ 0.97] mV on the nondomi-
nant side. During the period of adaptation to dentures, the 
EMG amplitudes in this subgroup increased to 1.67 [1.54 ÷  
1.79] mV and 1.43 [1.33 ÷ 1.51] mV, respectively. During 
time limits, they decreased slightly, but exceeded the values 
in the reference group by 7.0 and 10.0%. For the second sub-
group, this dependence was not observed, and at all periods 
of observation, the EMG amplitude values were close to those 
in the experimental group.

A similar picture was revealed in the analysis of the 
average EMG force. Before the beginning of the orthopae-
dic treatment stage, the numerical value of the indicator 
was 165.0 [153.2 ÷ 175.9] μV∙s on the dominant side in 
the first subgroup, and 122.6 [112.0 ÷ 133.6] μV∙s on the 
nondominant side; during 3 to 6 months this indicator was 
236.6 [122.5 ÷ 149.4] μV∙s and 175.1 [162.8 ÷ 187.2] μV∙s  
(an increase of more than in a third); during 9 to 
12 months of observation it was 198.5 [186.7 ÷ 210.1] μV∙s  
and 140.8 [131.4 ÷ 149.9] μV∙s, respectively. In the sec-
ond subgroup, the values of the average reduction force 
varied within 143.0 to 166.3 μV s on the dominant side, 
and within 99.4 to 116.0 μV∙s on the nondominant side. 
These differences were interpreted as signs of tension in 
the masticatory muscles and more intensive processes of 
adaptation to fixed orthopaedic structures in response to a 
change in the dominant side of chewing.

Assessment of Overall Treatment Outcomes
Treatment outcomes were determined in these subgroups of 
the first clinical group on the scales of subjective and objec-
tive assessment. These quantitative results are presented in 
►Table 3.

The presented data show that after application and fixation 
of the intraosseous implant-supported fixed dentures, the pro-
cess of regaining the usual dominant chewing side is accompa-
nied by a relative deterioration in the overall treatment results 
according to the subjective VAS and objective DAC rating scale.

During the period of adaptation to dentures (3–6 months 
from the start of operation), the VAS indicators decreased 
by 22.3% in patients of the first subgroup, while in patients 

Table 2  Average osseous tissue density in the dynamics of 
adaptation to intraosseous implant-supported fixed dentures 
(Ме [Q1÷Q3])

Time limits First subgroup Second subgroup

Tooth root—implant gap

Beginning 0.39 [0.30 ÷ 0.46] 0.42 [0.33 ÷ 0.51]

3–6 months 0.44 [0.33 ÷ 0.50] 0.47 [0.38 ÷ 0.55]

9–12 months 0.45 [0.34 ÷ 0.51] 0.48 [0.42 ÷ 0.58]

Tissue under the implant

Beginning 0.42 [0.33 ÷ 0.51] 0.43 [0.34 ÷ 0.53]

3–6 months 0.47 [0.39 ÷ 0.56] 0.51 [0.43 ÷ 0.61]

9–12 months 0.43 [0.35 ÷ 0.54] 0.46 [0.37 ÷ 0.56]

Compact plate

Beginning 0.65 [0.59 ÷ 0.73] 0.70 [0.62 ÷ 0.75]

3–6 months 0.62 [0.53 ÷ 0.68] 0.67 [0.57 ÷ 0.71]

9–12 months 0.57 [0.48 ÷ 0.64] 0.62 [0.50 ÷ 0.69]a

ap < 0.05 between groups by the Mann–Whitney U criterion.

Fig. 2 Functional indicators of the chewing link of dentition. EMG, 
electromyography.
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of the second subgroup these values reduced only by 9.3% 
(p < 0.01). In the reference group, the average score was 9.6 
throughout the study.

Small differences persisted by 9 to 12 months of follow-up. 
Similarly, in patients of the first subgroup, in 3 to 6 months 
after application and fixation of the intraosseous implant-sup-
ported fixed dentures DAC was 2.21 times higher than the 
value in the second subgroup (p < 0.01). In 9 to 12 months, the 
DAC values differed by 1.53 times in the subgroups.

Discussion
Analyzing the obtained results, we proceeded from the 
notion that the indicators of the two chewing function 
research methods employed quite well reflect the specificity 
of adaptation to dentures and complement each other when 
used together.37

Using the finite element method, Alvarez-Arenal et al35 
came to the conclusion that in terms of loads along the axis 
of the implant and abutment it is not recommended for 
repeated forces to exceed 150 N, while for lateral and rota-
tional loads even 40 N forces may be negative.

Furthermore, the picture in the oral cavity that we 
observe before prosthetics is connected in many respects 
with dynamic changes in the interocclusal ratios, which, by 
definition, themselves are not normal at the time of obtain-
ing the occlusogram.

In their recent big review, Graves et al40 indicate that there 
is a debate about how much occlusion plays an important 
role in the subsequent implant stability and the peri-implan-
titis incidence. They conceive that these discussions are more 
likely determined by the extreme diversity of the implants 
and their design. Other things being equal, the closer to 
physiological norms the occlusal surfaces are formed, the 
lower the risk of developing late complications of dental 
implantation.

The emergence of the so-called solid free-form manufac-
turing technologies or rapid prototyping technologies gave 
the opportunity to manufacture specially designed products 
directly from a computer model with specific shapes and 
porosity.

In this case, the occlusal relief of the restored tooth is 
selected from the data bank and customized for a particular 
patient. At the same time, there are limitations due to the 

lack of long-term studies or clinical trials, especially in rela-
tion to the prediction of the life cycle of such prostheses.41

Anyway, Diment et al8 show in a large meta-analysis 
that out of 350 evidence-based clinical trials comparing the 
results of 3D printing for clinical purposes using routine 
technologies 58.3% of studies were in the oral and maxillo-
facial surgery field, which included dentistry and orthopae-
dic surgery of the jaw, face and skull, and those covering the 
musculoskeletal system (23.7%) made up the second group. 
It was concluded that the 3D-printed devices outperformed 
their conventional comparators. At the same time, it is clear 
that more rigorous and long-term assessments are needed to 
determine if 3D-printed devices are clinically relevant before 
they become part of standard clinical practice.

Studies of 804 patients at the Osaka Dental University, 
divided into the pre- and postimplantation groups and sub-
groups depending on the number of remaining dental sup-
ports according to the Eichner classification, showed that 
the subjective assessment of the treatment expectations and 
outcomes is very variable and multifaceted. The participants 
were tested using the general questionnaire—the General 
Oral Health Assessment Index and the oral health-related 
quality of life questionnaire. Whereas before the beginning 
of treatment, the total score on the questionnaire signifi-
cantly depended on the volume of the forthcoming prosthet-
ics, after the treatment is completed, there was practically 
no dependence. The authors once again emphasize that in 
assessing the results of orthopaedic treatment in dentistry, 
much depends on the subjective expectations of the patient.20

The treatment satisfaction questionnaire was specifi-
cally developed to evaluate the importance of age, gender, 
readiness for improved oral hygiene, specific treatment 
duration, and implantation volume. In total, 182 patients 
underwent the survey, and the duration of the use of pros-
theses reached on average 2.5 to 5.0 years. A significant 
relationship was found between the comfort indicator 
and previous informing the patient about the nature and 
features of the upcoming treatment, between the general 
experience of treatment with dentists and the conscious 
decision to choose dental implantation as a method of 
such treatment. The obtained results emphasize the need 
to transmit logical, truthful information to patients when 
considering the upcoming treatment using dental implan-
tation. The most informed patient will have realistic 

Table 3  Indicators of adaptation to intraosseous implant-supported fixed dentures (Ме [Q1÷Q3])

Indicator Experimental group Clinical group

Time limits First subgroup Second subgroup

VAS, cm 9.6 [9.2 ÷ 9.8] Beginning 7.2 [6.7 ÷ 7.8]* 7.5 [7.0 ÷ 8.1]*

3–6 months 5.6 [5.2 ÷ 6.0]* 6.8 [6.1 ÷ 7.6]*#

9–12 months 8.0 [7.4 ÷ 8.5] 8.7 [7.8 ÷ 9.1]

DAC, un – 3–6 months 11.5 [11.1 ÷ 11.8] 5.2 [4.8 ÷ 5.5]#

9–12 months 6.7 [6.4 ÷ 6.9] 4.4 [4.0 ÷ 4.6]#

Abbreviations: DAC, dysadaptation coefficient; VAS, visual analogue scale.
Note: * and # denote comparisons and significant differences. 
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expectations, which are realized finally in a high degree 
of satisfaction.25

Our study has shown that adaptation to fixed dentures 
is accompanied by a period of relatively high and unusual 
loads on the mounted dentures owing to increased func-
tional activity of the masticatory muscles. As a result, 
within 3 to 6 months’ period of adaptation to intraosseous 
implant-supported nonfixed dentures, almost two-thirds of 
patients returned to the usual functionally dominant side 
of chewing. This process, as the results of our study showed, 
is accompanied by a temporary decrease in satisfaction 
with the treatment outcomes, both from the point of view 
of the dentist and the patient. This, in particular, is associ-
ated with a period of relatively high and unusual loads on 
the mounted dentures because of the increased functional 
activity of the masticatory muscles. Uncontrolled loads on 
the intraosseous implant-supported dentures can provoke 
microtraumas, infection penetration into the osseointegra-
tion zone and contribute to its violation due to the develop-
ment of secondary complications up to the loss of implants.

Conclusions
The period of 3 to 6 months from the date of placing the 
intraosseous implant-supported fixed dentures is charac-
terized by frequent changes in the dominant chewing side, 
relatively unstable chewing function indicators with a pre-
dominance of increased load on the chewing muscles and 
mounted dentures. Relatively low indicators are typical of 
these patients according to the subjective VAS rating scale 
and objective medical questionnaire with the calculation  
of DAC.

The above facts indicate that the change in the dominant 
side of chewing is a serious factor affecting the patient’s 
adaptation to implant-supported fixed structures, and it is 
expedient to consider these factors when planning an indi-
vidual patient adaptation complex for dental orthopaedic 
structures.
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