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INTRODUCTION
Tooth loss, especially in the case of complete loss of 
teeth on one or both jaws, is one of the most common 
and at the same time the most complex dental prob-
lems in modern society, which affects not only the 
physiological function of chewing and articulation, but 
also the psycho-emotional state of patients, their social 
adaptation and overall quality of life [1- 3].

Dental implants are a proven and reliable method of 
restoring teeth in case of complete loss, providing sta-
ble and long-lasting results. Temporary fixed orthopedic 
structures, which are placed on implants for immediate 
loading, allow patients to restore chewing function im-
mediately after surgery, which is especially important 
for maintaining quality of life during rehabilitation [4-8].

However, one of the most important aspects is to study 
the effect of such structures on the neuromuscular func-
tion and occlusal characteristics of the dentition. Failure 
to meet proper standards in restoring occlusion, as well 
as inadequate load on implants, can lead to masticatory 
muscle dysfunction, temporomandibular joint (TMJ) 

pain, and the development of joint dysfunction [9-11]. 
Therefore, a thorough study of neuromuscular character-
istics and occlusal functions in patients with temporary 
dental implant prostheses is critical to achieve stable 
treatment results and prevent possible complications. 
Insufficient attention to this aspect can lead to disorders 
in muscle activity, which, in turn, can affect the patient’s 
occlusal functions. It is also important to determine the 
optimal parameters of the load on the implants during 
different periods of treatment to reduce the risk of com-
plications, such as bone resorption around the implants, 
implant mobility with their loss [12-14].

The relevance of this study is also confirmed by 
the need to optimize approaches to the treatment of 
patients with complete tooth loss. Due to the develop-
ment of new technologies and methods, such as digital 
implant planning technologies and 3D visualization, 
methods for assessing the functional and anatomical 
parameters of the dentition are being improved, which 
can significantly improve the accuracy and effective-
ness of treatment [15-21].
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In view of the above, the study of neuromuscular 
and occlusal characteristics in patients with tempo-
rary fixed dental implant prostheses is important for 
the development of more effective and safe methods 
of rehabilitation of patients with complete tooth loss 
in one of the jaws and will contribute to the optimal 
rehabilitation process and reduce the likelihood of 
complications. This will improve the effectiveness of 
treatment and the quality of life of patients.

AIM
To analyze the chewing, neuromuscular and occlusal 
characteristics of the dentition by synchromyography 
(digital Teethan system) in patients who received a 
temporary fixed orthopedic structure for immediate 
loading with support for dental implants in case of 
complete tooth loss in one of the jaws.

MATERIALS AND METHODS
For a comparative assessment of the effect of different 
implant-supported prosthetic structures for immediate 
loading on the neuromuscular and occlusal compo-
nents of the dentition, we chose temporary acrylic 
prostheses with dentures reinforced with a cast beam, 
temporary composite prosthetic structures with a 
welded beam, and temporary prosthetic structures 
made of PMMA.

Analysis of the occlusal characteristics of the den-
to-maxillary apparatus was performed using Teethan 
digital technology. The study is aimed at improving 
the methods of rehabilitation of patients with com-
plete tooth loss in one of the jaws, which will increase 
the effectiveness of treatment and reduce the risk of 
complications.

During the surgical stage, dental implants of the 
AnyOne system made in Korea with a diameter of 3.5 
mm to 4.5 mm and a length of 10 to 13 mm were used. 

The study included a comparative assessment of 
the functional state of the masticatory muscles in 128 
patients (59 men and 69 women) prosthetized with 
temporary structures supported by 6 implants using 
three different approaches:  41 patients – temporary 
acrylic dentures with set teeth reinforced with a cast 
beam (Cr-Co) (first group), 45 patients – temporary 
composite orthopedic structures (printed on a 3-D 
printer) with a welded beam (Cr-Co), which is made by 
selective laser sintering (second group) and 42 patients 
with a temporary orthopedic structure made by milling 
from PMMA (third group).

Five functional indicators were used for the analysis: 
Poc, Bar, Tors, Impact and Asym, which were measured 

at different time points (1 week, 1 month, 3 months, 6 
months after prosthetics). To improve the perception 
of information, we visualized it in the form of graphs 
(Fig. 1, Fig. 2, Fig.3, Fig. 4, Fig. 5).

RESULTS
At the early stage of adaptation (1 week), there were 
significant differences between the groups: The group 
with the cast beam showed the best results in all indi-
ces. The Bar index was 1.35 ± 0.12, and the Asym index 
was 0.96 ± 0.10, indicating good structural stability and 
even load distribution.  Group 2 (with a welded beam) 
showed intermediate values. The Bar index was 1.23 ± 
0.15 (p = 0.048 compared to the first group), and the 
Asym index was 1.05 ± 0.11 (p = 0.038). This indicates 
certain “instability” of the structure associated with 
some inaccuracies during its assembly in the surgical 
stage, but it is much better than in the third group. 
The third group (temporary structure made of PMMA) 
demonstrated the worst performance. The Bar index 
was 0.92 ± 0.20 and the Asym index was 1.22 ± 0.14 (p < 
0.001 compared to both groups). This is due to the mo-
bility of the structure and the uneven distribution of the 
chewing load. Thus, in the first week after prosthetics, 
the advantages of the cast beam stiffness were obvi-
ous, and structures based on intraoral welding proved 
to be more stable than prostheses made of PMMA. At 
the stage of 1 month after prosthetics, patients in all 
groups showed adaptation, but differences persisted. 
The first group continued to show the best results. The 
Poc index was 1.25 ± 0.14, and the Bar index was 1.34 
± 0.10, which was significantly higher than in the third 
group (p < 0.001).

The second group demonstrated improvement in 
functional performance. The Poc index was 1.18 ± 0.16, 
and Asym decreased to 0.89 ± 0.10, which was still 
higher than the first group (p = 0.034), but better than 
the third group (p < 0.001). The third group continued 
to show poor results. The Asym index was 1.12 ± 0.13, 
and the Bar index was 1.03 ± 0.18, indicating insufficient 
structural stability. Adaptation to structures using cast 
and welded beams was faster than to lamellar prosthe-
ses, as evidenced by significant differences in the Asym 
and Bar indices.

At 3 months after prosthetics, the differences be-
tween the first and second groups began to decrease. 
The first group showed stable results. The Bar index was 
1.34 ± 0.10, and the Impact index was 1.22 ± 0.11. These 
scores remained better than those of the third group 
(p < 0.001). The second group almost equaled the first 
group in most indices. The Bar value was 1.30 ± 0.13, and 
Impact was 1.20 ± 0.12 (p = 0.092 compared to the first 
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Fig. 1. Graph comparing the Poc index for the three groups at different time points 

 

 

Fig. 2.   Graph comparing the Bar index for the three groups at different time points 

 

 

Fig. 3. Graph comparing the Tors index for the three groups at different time points 

 

Fig. 1. Graph comparing the Poc index for the 
three groups at different time points

Fig. 2.   Graph comparing the Bar index for the 
three groups at different time points

Fig. 3. Graph comparing the Tors index for the three 
groups at different time points
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group). However, Asym index remained slightly higher 
(0.83 ± 0.08) compared to the first group (0.80 ± 0.07, p 
= 0.062). The third group showed a slight improvement, 
but the scores remained the worst. The Asym index was 
1.01 ± 0.10, and the Bar index was 1.05 ± 0.18, indicating 
worse adaptation. 

The results of the third month show that the cast and 
welded beam constructions provide similar functional 
stability, while the PMMA temporary prosthesis remains 
less effective.

At 6 months after prosthetics, most of the indicators 
in the first and second groups reached similar values. 
The first group continued to demonstrate the best 
results, with the Asym index at 0.75 ± 0.07 and the Bar 
index at 1.35 ± 0.07. The second group showed almost 
identical results. The Bar index was 1.33 ± 0.08, and the 
Asym index was 0.79 ± 0.06 (p = 0.048 compared to the 
first group).

The third group showed improvement, but still lagged 
behind. The Bar index was 1.11 ± 0.15, and the Asym 
index was 1.01 ± 0.10, which confirms poor adaptation 
and limited stability.

DISCUSSION
An objective analysis of the functional state of the mas-
ticatory muscles before and after dental interventions 
allows for a more accurate assessment of the patient’s 
initial condition, reasonable planning of restoration, 
and monitoring the effectiveness of treatment, regard-
less of its form (restorations, implantation, orthodontic 
intervention, etc.) [10-12].

Our results confirm that the type of temporary ortho-
pedic structure has a significant impact on neuromus-
cular adaptation and occlusal stability in patients with 
complete tooth loss. Our study is in line with previous 

 

Fig. 4. Graph comparing the Impact Index for the three groups at different time points 

 

 

Fig. 5. Graph comparing the Asym index for the three groups at different time points 

 

Fig. 4. Graph comparing the Impact Index for the 
three groups at different time points

Fig. 5. Graph comparing the Asym index for the 
three groups at different time points
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Thus, the results of our study confirm the effectiveness of 
cast and welded beams as temporary implant structures. 
They ensure rapid patient adaptation, stability of neuromus-
cular balance, and reduce the risk of complications. Further 
studies should be aimed at evaluating long-term results, 
in particular after the transition to permanent prosthetics.

CONCLUSIONS
1.	� The study found that the use of a cast beam in tem-

porary structures provides the highest functional 
stability of the masticatory muscles at all stages of 
observation. Stiffness of the structure and uniform 
load distribution contributed to the best perfor-
mance of the Poc, Bar, Tors, Impact and Asym indices.

2.	� The welded beam showed comparable results to the 
cast beam, especially at 3 and 6 months after pros-
thetics. Slight differences in the Asym index indicate 
a slightly lower stability of the structure in the early 
stages of adaptation, however, by the 6 month these 
differences these differences practically disappear. 
This makes it possible to consider the welded beam 
an effective alternative to the cast one.

3.	� Temporary prostheses made of PMMA showed the 
worst results for all indices at all stages of observa-
tion. The instability of the structure and uneven dis-
tribution of the chewing load significantly affected 
the adaptation of the masticatory muscles, which 
confirms the limited use of them for temporary 
prosthetics on implants in patients with complete 
tooth loss in one of the jaws.

4.	 �Based on the data obtained, it is recommend-
ed to use cast or welded beams for temporary 
implant-supported structures in patients with 
complete loss of teeth in one of the jaws, as they 
provide rapid adaptation of patients and stability 
of the masticatory muscle function. Temporary 
prostheses made of PMMA should be used only 
in exceptional cases when other designs cannot 
be used.

studies that indicate the importance of stiffness and 
accuracy of fixation of orthopedic structures to achieve 
optimal functional outcome [5, 6].

In the study, a group of patients with temporary 
prostheses on a cast beam demonstrated the best 
functional results in the early stages, due to the high 
rigidity of the structure and even load distribution. The 
second group – with a welded beam – showed similar 
results to the first group at 3 and 6 months, confirming 
the effectiveness of this approach. In contrast, PMMA 
structures were significantly inferior in terms of stability 
and load symmetry, indicating that their use in such 
clinical cases is limited.

The data on the superiority of the cast beam over 
polymeric structures confirm the findings of Doroshen-
ko O and  Shepelynskiy O. (2024), who emphasize that 
stiffer structures contribute to a more even distribution 
of the masticatory load and reduce the risk of TMJ dys-
function [22]. At the same time, the results of the second 
group, in which welded beams were used, show that 
welding is a promising alternative, which is confirmed 
by the study by Galucci GO. et al. (2018), which states 
that immediate loading of implants is possible provided 
the structure is stable [23].

The poor results of PMMA constructions are consis-
tent with the data of Frazer R.Q. et al. (2005), which indi-
cate insufficient stability of acrylic prostheses compared 
to metal frames [24]. The high Asym index and low Bar 
in this group confirm the presence of load asymmetry, 
which can lead to hyperactivity of individual muscles 
and functional imbalance.

The methodology for assessing neuromuscular 
activity using digital synchromyography (Teethan) 
allowed us to objectively assess the functional effec-
tiveness of different types of temporary structures, 
which is important for individualizing the approach to 
rehabilitation. Similarly to the study by Saracutu O.I. et 
al. (2021), we found that digital analysis methods can 
detect early signs of dysfunction and optimize design 
solutions [25, 26].

REFERENCES
	 1.	� Sam A, Currie K, Oh H et al. Reliability of different three-dimensional cephalometric landmarks in cone-beam computed tomography: 

A systematic review. Angle Orthod. 2019;89(2):317–332. doi: 10.2319/042018-302.1.   DOI

	 2.	� Antonacci D, Caponio VCA, Troiano G et al. Facial scanning technologies in the era of digital workflow: A systematic review and network 
meta-analysis. J Prosthodont Res. 2023;67(3):321–336. doi: 10.2186/jpr.JPR_D_22_00107.   DOI

	 3.	� Jedliński M, Mazur M, Grocholewicz K, Janiszewska-Olszowska J. 3D Scanners in Orthodontics-Current Knowledge and Future 
Perspectives-A Systematic Review. Int J Environ Res Public Health. 2021;18(3):1121. doi: 10.3390/ijerph18031121.   DOI

	 4.	� Kustrzycka D, Marschang T, Mikulewicz M, Grzebieluch W. Comparison of the Accuracy of 3D Images Obtained fromDifferent Types of 
Scanners: A Systematic Review. J Healthc Eng. 2020:2020:8854204. doi: 10.1155/2020/8854204.  DOI

	 5.	� Angelone F, Ponsiglione AM, Ricciardi C et al. Diagnostic Applications of Intraoral Scanners: A Systematic Review. J Imaging. 2023;9(7):134. 
doi: 10.3390/jimaging9070134.   DOI



Analysis of neuromuscular and occlusal characteristics of the dentition in patients with temporary fixed orthopedic...

1123

	 6.	� Mai HN, Lee DH. Accuracy of Mobile Device-Compatible 3D Scanners for Facial Digitization: Systematic Review and Meta-Analysis. J Med 
Internet Res. 2020;22(10):e22228. doi: 10.2196/22228.  DOI

	 7.	� Ferreira JB, Christovam IO, Alencar DS et al. Accuracy and reproducibility of dental measurements on tomographic digital models: a 
systematic review and meta-analysis. Dentomaxillofac Radiol. 2017;46(7):20160455. doi: 10.1259/dmfr.20160455.  DOI

	 8.	� Thawri SR, Paul P, Reche A et al. 3D Technology Used for Precision in Orthodontics. Cureus. 2023;15(10):e47170. doi: 10.7759/cureus.47170.  
DOI

	 9.	� Ishida Y, Kuwajima Yu, Ogawa K et al. 3D digital analysis of tooth movement with magnets and elastics in vitro. Heliyon. 2021;7(7):e07507. 
doi:10.1016/j.heliyon.2021.e07507.  DOI

	10.	� Hofmann EC, Süpple J, von Glasenapp J et al. Indirect bonding: an in-vitro comparison of a Polyjet printed versus a conventional silicone 
transfer tray. Angle Orthod. 2022;92(6):728–737. doi: 10.2319/122021-925.1.  DOI

	11.	� Saccomanno S, Saran S, Vanella V et al. The Potentialof Digital Impression in Orthodontics. Dent. J. 2022;10:147. doi:10.3390/dj10080147.  DOI

	12.	� Plattner J, Othman A, Arnold J, von See C. Comparative Study between the Overall Production Time Digitally Versus Conventionally 
Produced Indirect Orthodontic Bonding Trays. Turk J Orthod. 2020;33(4):232–238. doi: 10.5152/TurkJOrthod.2020.18079.   DOI

	13.	� Felter M, Lenza MMO, Lenza MG et al. Comparative study of the usability of two software programs for visualization and analysis of 
digital orthodontic models. J Dent Res Dent Clin Dent Prospects. 2018;12(3):213–220. doi: 10.15171/joddd.2018.033. DOI

	14.	� Choi EA, Park JH, Erdenebat T et al. Surgical treatment of a skeletal Class III patient using customized brackets based on the CAD/CAM 
virtual orthodontic system. Angle Orthod. 2021;91(5):692–704. doi: 10.2319/060820-528.1.  DOI

	15.	� Bachour PC, Klabunde R, Grünheid T. Transfer accuracy of 3D-printed trays for indirect bonding of orthodontic brackets. Angle Orthod. 
2022;92(3):372–379. doi: 10.2319/073021-596.1.  DOI

	16.	� Koller S, Craveiro RB, Niederau C et al. Evaluation of digital construction, production and intraoral position accuracy of novel 3D CAD/ 
CAM titanium retainers. 2023;84(6):384–391. doi: 10.1007/s00056-022-00393-8.  DOI

	17.	� Schwärzler A, Nemec M, Lettner S et al. 3D printed indirect bonding trays: Transfer accuracy of hard versus soft resin material in a 
prospective, randomized, single-blinded clinical study. Dent Mater. 2023;39(11):1058–1065. doi: 10.1016/j.dental.2023.09.011.  DOI

	18.	� Jaber ST, Hajeer MY, Khattab TZ, Mahaini L. Evaluation of the fused deposition modeling and the digital light processing techniques in 
terms of dimensional accuracy of printing dental models used for the fabrication of clear aligners. Clin Exp Dent Res. 2021;7(4):591–600. 
doi: 10.1002/cre2.366. DOI

	19.	� Adel SM, Vaid NR, El-Harouni N et al. Digital model superimpositions: are different software algorithms equally accurate in quantifying 
linear tooth movements? BMC Oral Health. 2022;22(1):103. doi: 10.1186/s12903-022-02129-x.   DOI

	20.	� Grassia V, Ronsivalle V, Isola G et al. Accuracy (trueness and precision) of 3D printed orthodontic models finalized to clear aligners 
production, testing crowded and spaced dentition. BMC oral health. 2023;23(1):352. doi:10.1186/s12903-023-03025-8.  DOI

	21.	� Proschenko А, Proschenko N, Shemelko M et al. Otsinka yakosti likuvannia patsiientiv z funktsionalnymy rozladamy zubo-shchelepnoho 
aparatu, poiednanykh z dentoalveoliarnoiu formoiu hlybokoho prykusu [Assessment of the treatment quality of patients with functional 
disorders of the dento-magular apparatus combined with the dentoalveolar form of deep bite]. Klinichna ta profilaktychna medytsyna. 
2024;(4):26–32.  doi: 10.31612/2616-4868.4.2024.04 (Ukrainian) DOI

	22.	� Doroshenko O, Shepelynskiy O. Study of the functional fctivity of masticatory muscles in patients with complete loss of teeth, rehabilitated 
with different designs of dental prostheses. Modern Medicine, Pharmacy and Psychological Health. 2024;16(2):75-80. doi: 10.32689/2663-
0672-2024-2-11. DOI

	23.	� Galucci GO, Hamilton A, Zhou W et al. Implant placement and loading protocols in partially edentulous patients: A systematic review 
Clin Oral Implants Res. 2018:29(16):106-134. doi: 10.1111/clr.13276. 

	24.	� Frazer RQ, Byron RT, Osborne PB et al. PMMA: an essential material in medicine and dentistry. J Long Term Eff Med Implants. 2005;15(6):629-
39. doi: 0.1615/jlongtermeffmedimplants.v15.i6.60. DOI

	25.	� Saracutu OI, Pollis M, Cagidiaco EF et al. Repeatability of Teethan® indexes analysis of the masseter and anterior temporalis muscles 
during maximum clenching: a pilot study. Clin Oral Investig. 2023;27(9):5309-5316. doi: 10.1007/s00784-023-05150-8.

	26. 	�Krymovskyy KG, Zhehulovych ZE, Storozhenko KV, Babaskin YI. Nowadays and the future of the 3d digital technologies in modern 
orthodontics. Wiad Lek. 2024;77(10):2047-2056. doi:10.36740/WLek/195140.

This study was conducted as part of the research work of the Department of Dentistry of the Bogomolets National 
Medical University on the topic: “Interdisciplinary approach to the prevention, treatment and rehabilitation of patients 
with periodontal diseases and functional occlusion disorders” (2024-2026, No state registration 0123U105134).

CONFLICT OF INTEREST
The Authors declare no conflict of interest

https://doi


Stanislav Y. Vefelev et al. 

1124

CORRESPONDING AUTHOR
Nina S. Proshchenko
Bogomolets National Medical University
13 T. Shevchenko blvd., 01601 Kyiv, Ukraine
e-mail: khrolnina@gmail.com

ORCID AND CONTRIBUTIONSHIP
Stanislav Y. Vefelev: 0000-0002-6368-0440  
Nina S. Proshchenko: 0000-0001-7317-6590  
Olena O. Astapenko: 0009-0009-1906-5078  
Nadiya V. Chervonna: 0009-0003-4499-5399  

 – Work concept and design,  – Data collection and analysis,  – Responsibility for statistical analysis,  – Writing the article,  – Critical review,  – Final approval of the article

RECEIVED: 07.02.2025
ACCEPTED: 29.04.2025 C R E AT I V E  C O M M O N S  4 . 0

mailto:khrolnina@gmail.com

