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ABSTRACT 

 

This retrospective study aimed at evaluating the survival rate of mini implants used for stabilizing the total 

prosthesis in patients affected by mandibular atrophy. The implants had a length of 10mm, a diameter of 2mm, and a 

monolithic spherical connection. Twenty-five patients were evaluated according to a clinical and radiographic protocol 

with a 24-month follow-up.  Repeated measures ANOVA with time (T0, T1, and T2) as a within-subjects factor and Bone 

Quality (D1, D2, D3/D4) as a between-subjects factor was performed, with a statistical significance p<0.05. The success 

rate was higher in patients with D1 and D2 interforaminal bone quality. Good primary retention and minimal prosthetic 

loading are requirements for mini-implant survival. Within the limits of this study, the technique provides for the 

immediate stabilization of removable prostheses with minimal economic and biological cost, offering a valid alternative 

to implant-supported prostheses. 

 

KEYWORDS: mini dental implants, removable prosthesis, overdentures, atrophic mandible. 

 

INTRODUCTION 

 

The rehabilitation of edentulism in atrophic jaws is quite complex when it involves fragile patients with 

compromised clinical and economic conditions. The most requested prosthetic treatment that improves the quality of life 

is the implant-supported one (1, 2). Unfortunately, the quality of bone that hosts the implant itself and the alveolar ridge 

expansion are key requirements of implant-supported prostheses, which are far from being cheap and conservative from 

a biological point of view.  

mailto:ascarano@unich.it


G. Falisi et al.    2 

Eur J Musculoskel Dis 2024 May-August;13(2SUPPL.1):S1-S7                 www.biolife-publisher.it 

 Since 2002, overdenture supported by two implants had become the first choice in prosthetic rehabilitation (3, 

4). However, more recently, mini-implants (MDIs) to support overdentures have become increasingly accepted (5-8). The 

MDIs have characteristics that distinguish them from standard implants: they have a smaller diameter (less than 3 mm); 

as a main feature, they do not consist of two pieces but are monolithic and have spherical attachments to stabilize the 

conventional prostheses. In addition, they may be used in narrow alveolar ridges (9).  

MDIs may be considered for frail patients requiring less invasive procedures, as they can be placed without 

opening a flap and performing complex surgical procedures (9, 10). Due to the low-cost and less invasive nature of MDIs 

and their ability to be flapless, it has become a new focus in implant research for rehabilitation in the inter-foraminal zone 

(11, 12). In this regard, inconsistent results on MDI survival have been reported over the years. 

The aim of the retrospective work was to evaluate the effectiveness of a new implant (EASY IMPLANT MACO) 

in stabilizing the lower removable prostheses. 

 

MATERIAL AND METHOD 

 

The authors developed a retrospective study of patients recruited between 2014 and 2017 in the following 

Institutes: the Department of Odontostomatology of the University of L'Aquila, the College of Dentistry and Implantology 

of Mexico City, and the Department of Dentistry of the Albanian University. The Ethics Committee of the Albanian 

University (n°181 prot date 24-02-2023) approved the study, and all patients signed an informed consent form.  

 

Patient selection 

One hundred and sixty patients who needed stabilization of the lower removable total denture were examined. 

All patients were studied through our new clinical protocol, which also included a gnathological evaluation by DC/TMD 

(Diagnostic Criteria for Temporomandibular Disorders) to assess the functional status of the stomatognathic system. The 

following exclusion criteria were applied for the selection of the study group:  

- smoking of more than 12 cigarettes per day; 

- risk factors such as bisphosphonate therapy, radiation therapy of the head and neck region in the previous 12 

months; 

- poor oral hygiene; 

- inability to undergo the follow-up protocol.  

 

The following inclusion criteria were applied for the selection of the study group:  

- Age over 18 years;  

- total lower edentulism or expected by post-extractive surgery due to the presence of strictly compromised teeth;  

- mandibular atrophy with type 1, type 2, type 3, and type 4 residual crest;  

- consent to participate in the study. 

Of the 160 patients, 30 were excluded because they were heavy smokers, 41 had elevated risk factors, 26 were 

on bisphosphonate therapy, five had temporomandibular osteoarthritis, eight had poor oral hygiene, and 25 could not 

follow the protocol. The final sample consisted of 25 subjects, including 11 men between 66 and 83 (mean age of 74.5) 

and 14 women between 65 and 78 (mean age of 71.5) (Table I). 

 

Protocol 

The sample was subjected to preventive anamnestic and CBCT imaging tests to assess bone quality and define 

a treatment plan (13) (Fig. 1). 

 

 
Fig. 1. CBCT – panorex. 
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The selected subjects underwent implant surgery using 4 mini-implants (10mm long, 2mm diameter in the inter-

foraminal area, with an insertion torque of 45 Nw) Easy implant Maco (Fig. 2). 

 

 
 Fig. 2. Easy implant Maco. 

 

This type of implant is a grade 5 titanium alloy (TiAI6V4), sandblasted and double-etch, with a surface roughness 

of 1–2 μm. Teflon o-ring attachments, as already experienced in other scientific works, were used to stabilize the definitive 

removable prosthesis. Our surgical protocol provided oral antibiotics (2 g of amoxicillin 1 hour before and 1 g every 12 

hours for 5 days) (14). Patients were asked to rinse with 0.12% chlorhexidine for 1 minute while the skin was disinfected 

with Betadine 10% skin solution. Four implants are placed in the inter-foraminal area, keeping a distance of 1.5 mm from 

the knee of the mandibular nerve. Once the insertion points were identified and marked with a dermal pencil, the mucous 

membrane was perforated with the same preparation cutter (Fig. 3). 

 

 
 

Fig. 3. Locating insertion points. 

 

The Maco Easy protocol was used to position the mini-implants. This protocol provided for using a single cutter 

with a diameter of 1.5 mm. The milling depth provided for type D1 was the entire implant length, type D2 2/3 of the 

implant length, type D3 1/3 of the implant length, and type D4 only 2 mm. of depth. A calibrated manual ratchet with an 

insertion torque of 35 N was used for the implant insertion. In the inter-foraminal areas, 4 implants were inserted for 100 

(Fig. 4). 

 

 
Fig. 4. Insertion of Implants. 
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In the same session, the patients' prostheses were stabilized through o-ring attacks and post-surgical and 

maintenance instructions were given (Fig. 5). 

 

 
Fig. 5. O-RING for prosthetic stabilization 

 

All patients were placed in a program with semi-liquid feeding for one month. Follow-up was performed in 

addition to periodic visits, during which radiographic checks assessed the state of implant response over time. Therefore, 

an orthopantomography was performed yearly (Fig. 6-7). 

 

 
Fig. 6. One-year follow-up.  

 

 

 

 
Fig. 7. Two-year follow-up.  

 

Statistical analysis 

Repeated measures ANOVA with time (T0, T1, and T2) as a within-subjects factor and Bone Quality (D1, D2, 

D3/D4) as a between-subjects factor was performed. Post-hoc tests were performed. A two-tailed value of p<0.05 was 

regarded as significant. All analyses were performed with JASP Version 0.8.0.1, downloadable at https://jasp-

stats.org/download/. Results were controlled using SPSS 24, and no discrepancy was found (Table I). 

 

 

 

 

 

 

 

 

 

https://jasp-stats.org/download/
https://jasp-stats.org/download/
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Table I. Data collected. 

 

Paz Gender Age Bone Implant 6 month 1 Year 2 Year 

1 F 67 D2 4 0 0 0 

2 F 75 D3 4 1 3 Failed 

3 F 73 D2 4 0 0 1 

4 M 66 D3 4 1 2 1 

5 F 71 D3 4 2 2 Failed 

6 M 76 D1 4 0 0 0 

7 M 80 D2 4 0 0 0 

8 M 73 D2 4 0 1 0 

9 F 67 D3 4 1 2 Failed 

10 F 65 D2 4 1 0 0 

11 M 69 D2 4 0 0 0 

12 F 70 D3 4 2 2 Failed 

13 F 78 D2 4 0 1 0 

14 M 66 D1 4 0 0 1 

15 F 72 D3 4 1 1 2 Failed 

16 F 73 D2 4 0 0 1 

17 M 66 D2 4 1 0 0 

18 F 69 D1 4 1 0 0 

19 M 68 D2 4 0 0 0 

20 F 67 D2 4 0 0 0 

21 M 74 D2 4 0 0 0 

22 M 76 D3 4 1 3 Failed 

23 F 77 D2 4 1 0 1 

24 F 72 D2 4 0 1 0 

25 M 83 D1 4 0 0 2 

 

RESULTS 

 

Four subjects had D1 quality, 14 had D2, and 7 had D3. No statistical significance between these groups was 

found. As for the parameters under consideration, there was an effect of time, with a statistical significance (p<0.001) and 

significant differences over time, as reported in post-hoc tests. As for the interaction between time and bone quality, 

significant differences between D1-T2 and D3-T2, D2-T2 and D3-T2, D1-T3 and D2-T3 were reported in post-hoc test 

(p<0.001). There was a strong effect of bone quality as a between-subject factor with p<0.001 (Table II, Fig. 8). 

 

 

Table II. Repeated measures ANOVA as for within and between subjects factors. 

 

 F value P value 

Within subjects effect    

Time  43.80 < 0.001 

Time * Bone Quality 19.17 < 0.001 

Between subjects effect   

Bone Quality 64.09 < 0.001 
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Fig. 8. shows the trend over time concerning bone quality in the graph below. 

 

DISCUSSION 

 

The choice of the implant length and where to place it may be a problem when surgery has to be planned. Noble 

anatomical structures such as the alveolar nerve, the mental nerve, or the alveolar artery may represent a challenge (15). 

Therefore, MDIs with a reduced diameter would become the first choice in these cases, but the conformation of 

these implants could compromise their mechanical and biological survival (16). The literature reports inconsistent 

opinions on the implant survival of MDIs. Souza et al. showed a lower survival (85%) than that of conventional implants 

(99%) (17).  

Other works described a survival rate of immediate loading MDIs of around 95% (18). Differences in the 

assessment may have been influenced by biomechanical factors such as implant length and biological factors such as 

bone quality (19).  Failure was associated with excessive loading, resulting in fatigue fracture of the implant (20). 

Furthermore, the type of attachment system provides for different degrees of horizontal and vertical resistance against 

dislocation forces; in fact the use of resin caps would be better in reducing such loads, compared to O-rings which could 

lead to different transmission sizes of the load at the implant-bone interface, as reported by Fatalla et al. (21). Furthermore, 

the failure of the integration can be found in various factors such as the lack of primary stability, due to an over-preparation 

of the osteotomy site or to the quality of the underlying bone (22). 

Poorer-quality bone can also result in poor primary stability and subsequent failure. Many authors have 

recognized the importance of primary stability and that implants should be loaded only after reaching stability of 35 Ncm 

(23-25). In our work, the loss of implants with a length of 10mm was evaluated. As for the quality of the bone, there are 

differences between D1-D3 and D2-D3 but no difference between D1 and D2 over time. 

An effect of time was observed regarding the parameters considered, with statistical significance (p<0.001) and 

significant differences over time. As reported in the post-hoc tests, this effect is greater in patients with D3. In fact, as for 

the interaction between time and bone quality, significant differences were reported between D1-T2 and D3-T2, D2-T2 

and D3-T2, D1-T3 and D3-T3, and D2-T3 and D3-T3. A strong effect of bone quality as a between-subject factor was 

found with p<0.001. This leads us to two considerations; the first is that the quality of the bone significantly influences 

implant survival, with the D1/D2 type more compact and good for primary stability, while as for the D3/D4 type, 

bicorticalism and therefore longer implants should be exploited. The protocol is also burdened by an immediate load 

rather than a deferred one.  

 

CONCLUSIONS 

 

Within the limits of this study, although implant loss occurred in patients with bone type D3/D4, it can be 

concluded that medium-term MDI survival is close to one of the regular diameter implants. The advantages of the mini-

implant technique are the immediate stabilization of the removable prosthesis at a minimum economic and biological 

cost, offering a valid alternative to implant-supported prosthesis, especially for frail patients, thus becoming the first-

choice treatment.  

 

REFERENCES 

 

1. Falisi G, Di Paolo C, Rastelli C, et al. Ultrashort Implants, Alternative Prosthetic Rehabilitation in Mandibular Atrophies 

in Fragile Subjects: A Retrospective Study. Healthcare (Basel). 

2021;9(2):doi:https://doi.org/10.3390/healthcare9020175 



G. Falisi et al.    7 

Eur J Musculoskel Dis 2024 May-August;13(2SUPPL.1):S1-S7                 www.biolife-publisher.it 

2. Scarano A, Di Carmine M, Al-Hamed FS, Khater AGA, Gehrke SA, Tari SR. Socket Shield Technique to Improve the 

Outcomes of Immediate Implant: A Systematic Review and Meta-Analysis. Prosthesis. 2023;5(509–526. .  

3. Feine JS, Carlsson GE, Awad MA, et al. The McGill consensus statement on overdentures. Mandibular two-implant 

overdentures are the first choice standard of care for edentulous patients. Gerodontology. 2002;19(1):3-4.  

4. Thomason JM. The McGill Consensus Statement on Overdentures. Mandibular 2-implant overdentures as first choice 

standard of care for edentulous patients. Eur J Prosthodont Restor Dent. 2002;10(3):95-96.  

5. Sivaramakrishnan G, Sridharan K. Comparison of patient satisfaction with mini-implant versus standard diameter 

implant overdentures: a systematic review and meta-analysis of randomized controlled trials. Int J Implant Dent. 

2017;3(1):29. doi:https://doi.org/10.1186/s40729-017-0092-4 

6. Lemos CA, Verri FR, Batista VE, Junior JF, Mello CC, Pellizzer EP. Complete overdentures retained by mini implants: 

A systematic review. J Dent. 2017;57(4-13. doi:https://doi.org/10.1016/j.jdent.2016.11.009 

7. Lorusso F, Mastrangelo F, Inchingolo F, Mortellaro C, Scarano A. In vitro interface changes of two vs three narrow-

diameter dental implants for screw-retained bar under fatigue loading test. J Biol Regul Homeost Agents. 2019;33(6 

Suppl. 2):115-120 DENTAL SUPPLEMENT.  

8. Scarano A, Conte E, Mastrangelo F, Greco Lucchina A, Lorusso F. Narrow single tooth implants for congenitally 

missing maxillary lateral incisors: a 5-year follow-up. J Biol Regul Homeost Agents. 2019;33(6 Suppl. 2):69-76 

DENTAL SUPPLEMENT.  

9. Singh RD, Ramashanker, Chand P. Management of atrophic mandibular ridge with mini dental implant system. Natl J 

Maxillofac Surg. 2010;1(2):176-178. doi:https://doi.org/10.4103/0975-5950.79225 

10. Bidra AS, Almas K. Mini implants for definitive prosthodontic treatment: a systematic review. J Prosthet Dent. 

2013;109(3):156-164. doi:https://doi.org/10.1016/S0022-3913(13)60035-9 

11. Duraisamy R, Ganapathy DM, Rajeshkumar S, Ashok V. Mini-Implants in Dentistry - A Review. J Long Term Eff Med 

Implants. 2022;32(3):29-37. doi:https://doi.org/10.1615/JLongTermEffMedImplants.2022041814 

12. Scarano A, Murmura G, Carinci F, Lauritano D. Immediately loaded small-diameter dental implants: Evaluation of 

retention, stability and comfort for the edentulous patient. European Journal of Inflammation. 2021;10(19–23.  

13. Mikic M, Vlahovic Z, Stevanovic M, Arsic Z, Mladenovic R. The Importance of Correlation between CBCT Analysis 

of Bone Density and Primary Stability When Choosing the Design of Dental Implants-Ex Vivo Study. Tomography. 

2022;8(3):1293-1306. doi:https://doi.org/10.3390/tomography8030107 

14. Botticelli G, Severino M, Ferrazzano GF, Vittorini Velasquez P, Franceschini C, Di Paolo C. Excision of Lower Lip 

Mucocele Using Injection of Hydrocolloid Dental Impression Material in a Pediatric Patient: A Case Report. Appl Sci. 

. 2021;11(13):5819.  

15. Alshenaiber R, Silikas N, Barclay C. Does the Length of Mini Dental Implants Affect Their Resistance to Failure by 

Overloading? Dent J (Basel). 2022;10(7):doi:https://doi.org/10.3390/dj10070117 

16. Scurria MS, Morgan ZVt, Guckes AD, Li S, Koch G. Prognostic variables associated with implant failure: a 

retrospective effectiveness study. Int J Oral Maxillofac Implants. 1998;13(3):400-406.  

17. de Souza RF, Ribeiro AB, Della Vecchia MP, et al. Mini vs. Standard Implants for Mandibular Overdentures: A 

Randomized Trial. J Dent Res. 2015;94(10):1376-1384. doi:https://doi.org/10.1177/0022034515601959 

18. Griffitts TM, Collins CP, Collins PC. Mini dental implants: an adjunct for retention, stability, and comfort for the 

edentulous patient. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2005;100(5):e81-84. 

doi:https://doi.org/10.1016/j.tripleo.2005.06.018 

19. Mundt T, Schwahn C, Stark T, Biffar R. Clinical response of edentulous people treated with mini dental implants in 

nine dental practices. Gerodontology. 2015;32(3):179-187. doi:https://doi.org/10.1111/ger.12066 

20. Allum SR, Tomlinson RA, Joshi R. The impact of loads on standard diameter, small diameter and mini implants: a 

comparative laboratory study. Clin Oral Implants Res. 2008;19(6):553-559. doi:https://doi.org/10.1111/j.1600-

0501.2007.01395.x 

21. Fatalla AA, Song K, Du T, Cao Y. A three-dimensional finite element analysis for overdenture attachments supported 

by teeth and/or mini dental implants. J Prosthodont. 2012;21(8):604-613. doi:https://doi.org/10.1111/j.1532-

849X.2012.00883.x 

22. Falisi G, Foffo G, Severino M, Di Paolo C, Bianchi S, Bernardi S. SEM-EDX Analysis of Metal Particles Deposition 

from Surgical Burs after Implant Guided Surgery Procedures. Coatings. 2022;12(2):240.  

23. Tomasi C, Idmyr BO, Wennstrom JL. Patient satisfaction with mini-implant stabilised full dentures. A 1-year 

prospective study. J Oral Rehabil. 2013;40(7):526-534. doi:https://doi.org/10.1111/joor.12053 

24. Falisi G, Severino M, Rastelli C, et al. The effects of surgical preparation techniques and implant macro-geometry on 

primary stability: An in vitro study. Med Oral Patol Oral Cir Bucal. 2017;22(2):e201-e206. 

doi:https://doi.org/10.4317/medoral.21286 

25. Malchiodi L, Scarano A, Quaranta M, Piattelli A. Rigid fixation by means of titanium mesh in edentulous ridge 

expansion for horizontal ridge augmentation in the maxilla. Int J Oral Maxillofac Implants. 1998;13(5):701-705.  

 

 

 



  
 

 
 

   

Received: 24 April 2024 
Accepted: 20 May  2024 

 
 

ISSN 2038-4106  print 
ISSN 2975-044X online  

Copyright © by BIOLIFE 2024 

This publication and/or article is for individual use only and may not be 
further reproduced without written permission from the copyright 

holder. Unauthorized reproduction may result in financial and other 

penalties. Disclosure: All authors report no conflicts of interest relevant 
to this article. 

 Eur J Musculoskel Dis 2024 May-August;13(2SUPPL.1):S8-S13    www.biolife-publisher.it 

 

European Journal of Musculoskeletal Diseases 
ISSN 2038-4106 print - ISSN 2975-044X online 

 

 
Evaluation Study 

INFRARED THERMOGRAPHIC EVALUATION OF 

TEMPERATURE MODIFICATIONS INDUCED DURING 

IMPLANT SITE PREPARATION WITH CONICAL DRILLS 

S.R. Tari1, S.A. Gehrke2, M. Elkabir3 and A. Scarano1 

 
1Department of Innovative Technologies in Medicine & Dentistry, University of Chieti-Pescara, Italy; 
2Department of Research, Bioface/PgO/UCAM, Montevideo, Uruguay, Department of Biotechnology, 

Universidad Católica de Murcia (UCAM), Murcia, Spain; 
3Department of Surgery, University of Tripoli, Tripoli, Lybia 

 

Correspondence to: 

Antonio Scarano, M.D., D.D.S. 

Strada Marcello Mucci 38/B, 

66100 Chieti, Italy 

e-mail: ascarano@unich.it 

 

ABSTRACT 

 

Several research studies have explored the impact of drilling on bone healing. Various factors have been 

identified as affecting the increase in temperature during surgical preparation for implant placement. These factors include 

drill design, material, depth of drilling, sharpness of the cutting instrument, drilling velocity, pressure exerted on the drill, 

preference for graduated or one-step drilling, intermittent versus continuous drilling, and the presence or absence of 

irrigation. This research aimed to measure the temperature fluctuations in cortical bone and at the tip of the drills while 

preparing implant sites using a conical implant drill. The drill system was evaluated in a laboratory using cortical bone 

from bovine femurs. This system used a conical drill with triple twist and triple twist drills. Site preparation commenced, 

and the temperatures of the cortical bone and the tip of the drill were recorded using infrared thermography. The average 

temperature recorded in the cortical bone during implant preparation was 30.2±0.5°C while the average temperature 

recorded at the tip of the drill during implant site preparation was 32.1±0.5°C. No statistically significant differences were 

observed in the temperatures recorded in the cortical bone and at the tip of the drill. The experimental setup employed in 

this study successfully measured the temperature changes in both the cortical bone and the tip of the drills. The 

temperature changes at the drill's tip seemed to be related to the tool's geometric shape. The results of this study show that 

drill geometry significantly impacts how much heat is produced when implant sites are being prepared. The drill's design 

or form could explain the increased temperature at the drill's tip. 

 

KEYWORDS: dental implant, drilling, heat generation, osseointegration, infrared thermography 

 

INTRODUCTION 

 

Dental implants have become a popular and reliable option for replacing missing teeth, with high success rates 

(1). They depend mainly on achieving adequate bone healing and establishing osseointegration (2).  The complex process 

of bone healing around dental implants includes the activation of periosteal and endosteal lining cells, the growth and 

differentiation of pre-osteoblasts into osteoblasts, the production and mineralization of osteoid matrix, and the final 

organization of the bone-implant interface (3, 4). Primary healing must occur for a dental implant to be successful (3). 

Thus ensuring the implant location is prepared without stress (5).  
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While creating the implant site, friction between the drill and bone inevitably generates heat. If not properly 

managed, this heat can lead to a detrimental complication known as thermal damage. On the other hand, heat produced 

by drilling during implant site preparation may cause bone damage. Research suggests that temperatures exceeding 47°C 

for over a minute can be harmful. Higher temperatures and extended thermal exposure enhance this danger and can 

compromise bone tissue repair (6), delayed healing, bone loss, and pain. In addition to mechanically harming the affected 

bone, dental site preparation raises the temperature of the surrounding bone in the vicinity of the implant site. 

Over the past ten years, numerous researchers have endeavored to characterize the interface structure between 

implants and bone (4, 7, 8). A predictable degree of success in integrating implants with bone has been attained through 

implementing a gentle surgical technique under sterile conditions, a healing period devoid of loading, and introducing 

macroretentive commercially pure titanium implants (9). A few studies have examined how drilling affects bone mending 

(10); after drilling holes in the bone and implanting dental crowns, cellular and molecular reactions begin, constituting the 

wound-healing response (3). An approximate temperature of 56°C is produced during surgical preparation for implant 

insertion. Interestingly, alkaline phosphatase becomes denatured at this temperature, which slows down the mending of bones 

(11). 

Necrosis brought on by high temperatures has previously been documented in the literature (12). The authors of this 

study have previously utilized a thermocouple and infrared thermographic to measure temperature changes induced during 

implant site preparation in a bovine rib model (2, 12). Subsequently, they developed a model to visualize temperature 

changes during implant site preparation under saline irrigation. A study employing external irrigation during the drilling 

of bovine bone revealed that temperature increases, as detected by the thermocouple, were notably higher in the cortical 

bone and escalated with an increasing number of drill uses (13). 

This study aimed to compare temperature variations, assessed using infrared thermography, generated under an 

external irrigation system during bone preparation for implants utilizing a conical implant drill. 

 

MATERIALS AND METHODS 

 

The effectiveness of the implant drills was assessed using bovine femoral cortical bone in a laboratory setup. 

The lower portion of the bone was immersed in a temperature-controlled saline solution at 26.0°C. Site preparation 

commenced once the internal temperature of the bone, measured via infrared thermography, equaled the bath temperature 

of 26.0°C±0.1°C. Saline solution at room temperature was used for continuous irrigation during drilling at a 50 mL/min 

rate. Thermal measurements were conducted in a climate-controlled environment (temperature: 23-24°C, relative 

humidity: 53±5%, and no direct airflow onto the bone). The implant drill system evaluated was a triple twist system 

(Isomed System, Due Carrare, Padova, Italy). Four sets of new drills were assessed, and all drilling procedures were 

conducted at a speed of 800 revolutions per minute (rev/min). Intermittent drilling occurred at 2-second intervals while 

the bone remained submerged in the thermostat-controlled saline bath. 

An experienced implantologist (AS) performed all drilling to ensure the closest possible replication of real-life 

scenarios. Thermal image series during implant site preparation were captured using a 14-bit digital infrared camera 

(FLIR SC3000 QWIP, FLIR Systems, Danderyd, Sweden) (Fig. 1).  

 

 

 
 

Fig. 1. Thermogram illustrating the area of maximal thermal emission of cortical bone and drill during the use of a drill. 

 

The acquisition parameters included a 320x240 Focal Plane Array, 8-9 μm spectral range, 0.02 K Noise 

Equivalent Temperature Differences (NETD), 50 Hz sampling rate, optics with a germanium lens, aperture settings at 

f/20 and f/1.5. The camera was positioned 0.50 meters away from the bone to achieve maximum spatial resolution. Images 

were acquired at a rate of 25 per second and later realigned using an edge-detection-based method implemented in 



S.R. Tari et al.    10 

Eur J Musculoskel Dis 2024 May-August;13(2SUPPL.1):S8-S13                 www.biolife-publisher.it 

proprietary software. Temperature variations in the cortical bone and at the tip of the drill were determined based on these 

images. 

 

Statistical evaluation 

The primary outcome measures were the changes in temperature (both mean and maximum) of the cortical bone 

at the implant site and at the tip of the drill, expressed as the mean±standard deviation of the three drills for each system, 

measured upon completion of implant site preparation. The thermal image video also allowed for assessing variations in 

drilling durations between the two systems. The significance of observed differences was assessed using Student's t-test, 

with a two-tailed significance level of <0.05 considered statistically significant. Statistical analysis was evaluated using 

SPSS 14 for Windows. 

 

RESULTS 

 
Thermal image series during implant site preparation were captured and evaluated (Fig. 1).  The average 

temperature generated in the cortical bone during implant preparation (Fig. 2, 3) was 30.5±0.5°C at the drill tip was 

31.2±0.5°C. 

 

 
 

Fig. 2. Area of cortical bone during the initial phase of implant bed preparation. 

 

 

 
 

Fig. 3. Area of cortical bone during the end phase of implant bed preparation. 

 

 

 

 

The maximum and mean temperature variations that were seen during drilling in the designated area were 

displayed in Table I. The highest temperatures that were measured were below the level that is thought to be dangerous 

for bone health. 
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Table I. Maximum and mean temperature variations seen during drilling 

 

 

 

 

 

 

Statistical evaluation 

Data analysis statistically revealed no differences between the temperature measurements at the cortical bone 

and the tip of the drill (p≥0.05). 

 

DISCUSSION 

 
The temperatures produced during implant site preparation rise with increased drill usage, according to a 

previous study (13). Many more elements have also been shown to influence the increase in temperature during the 

surgical preparation for implant insertion. These variables include drill material (10, 14), drill geometry (15, 16), drilling 

depth (17), sharpness of the cutting tool (18), drilling speed (19), pressure applied to the drill (18), use of graduated versus 

one-step drilling (20), intermittent versus continuous drilling (21), and use of internal or external irrigation (22). Various 

drill designs and geometries have been suggested over the years (17, 23). Primarily, they are based on conventional 

geometrical shapes used to drill metals.  

According to Matthews and Hirsch (17), under certain surgical circumstances without external irrigation, cortical 

temperatures in a human femoral cortex model approached 100°C during osteotomy preparation. Drills' overall 

performance may be affected by several factors, including the material's durability. Recent studies have suggested that 

implant failures may be influenced by the impact of drilling on bone (22). As a result, the investigation of the localized 

consequences of drilling was the particular emphasis of this work. Heat generation is one clinically significant and 

sometimes dangerous side effect of drilling. The soft tissues covering the bone may receive heat from the metal drill head 

in the cortical bone. Many drill designs, geometries, and metals have been presented over the years (23, 24), each with 

claimed benefits, although most are based on conventional drill geometry. 

  According to certain research, heat produced during drilling operations is a significant factor in implant failure 

(25, 26). This is because the heat generated within the bone may cause the periosteum to lose vitality (27), the bone to 

become devascularized, and alkaline phosphatase denaturated.  

 When preparing the implant bed, avoiding bone damage from both heat and mechanical forces is critical. During 

surgery, rotary instruments are the main tool used to cut bone. These instruments can produce heat and damage. 

Additionally, clogging the cutting flutes in these devices may result in ineffective cutting (28). Various clinicians have 

been known to apply different pressures to the drill, and this variability may be related to the heterogeneous structure of 

bone tissue.  

 The model system of this study performed a good job of evaluating temperature variations in the drill tip and 

cortical bone, and it showed a relationship with drill shape. The results of this investigation highlight how important drill 

geometry is for producing heat when preparing an implant site. Interestingly, neither the degree of drill use nor the possible 

effects of sterilization or disinfection were considered in this investigation. Although various factors can affect bone 

temperature and drill-cutting efficiency separately, their combined effect is clinically significant. The temperature rise 

during surgical preparation for implant placement is influenced by a number of factors, including the geometry of the drill 

flute, the depth of the drilling, the sharpness of the cutting tool, the speed at which the drilling is done, the pressure at 

which the drill is operated, whether graduated or one-step drilling is preferred, whether intermittent or continuous drilling 

is carried out and whether internal or external irrigation is used. Given these variables, it is possible to speculate that 

temperatures in clinical settings may be higher than those recorded in this study.  

 

CONCLUSIONS 

 

 In conclusion, the drill's configuration greatly impacts how much heat is produced while drilling. The heat 

recorded on the cortical bone and drill tip was significantly lower than the bone damage when using a conical implant 

drill with an external irrigation system. 

 

 

 

Basal bone temperature  26°±0.5°C 

 Max  T cortical bone °C Max T  apical portion of drill  °C 

Temperature   30.5±0.5°C 31.2±0.5 °C 
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ABSTRACT 

 

 Solitary fibrous tumor of the CNS is a relatively rare neoplasm with a variable prognosis. It usually appears as a solitary 

mass, with CT and MRI features similar to those typically associated with meningiomas. Here, we present a particularly 

rare and interesting case because two different lesions coexist. One is a histologically confirmed solitary fibrous tumor, 

and the other has MRI and CT features of meningioma. This case exemplifies the different imaging characteristics of the 

two lesion types well. 

 

KEYWORDS: solitary fibrous tumor, meningioma, computed tomography imaging, magnetic resonance imaging 

 

INTRODUCTION 

 

 Meningiomas are the most common mass lesion of the dura and account for about 38% of intracranial tumors in 

women and 20% in men. However, several other dural lesions mimic their imaging features (1). These include metastatic 

disease, solitary fibrous tumors (SFT), glioblastoma, and melanoma, as well as non-neoplastic processes such as 

tuberculosis. 

 Solitary fibrous tumor (SFT) is a spindle-cell mesenchymal tumor first described by Klemperer and Rabin in 1931 

as a distinct pathological entity involving the pleura. Subsequently, it was described in various extrapleural sites, such as 

the lung, liver, and breast (2-4). About 40% of extrapleural tumors arise in the subcutaneous tissue, while the remaining 

cases occur in other sites, such as deep soft tissues, retroperitoneum, mediastinum, and abdominal cavity. 

In 1996, Carneiro et al. (5) described the first 7 cases of SFT involving the central nervous system (CNS): 

meningeal tumors that could be distinguished from fibrous meningioma on morphological and immunohistochemical 

grounds.  
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 Prominent branching hemangiopericytoma-like vasculature is a characteristic finding. There is an ongoing debate 

among sarcoma-trained pathologists on the best way to differentiate SFT from hemangiopericytoma (HPC). Recent 

studies have shown that most soft tissue SFT and HPC share inversion at 12q13, a fusion of NAB2 and STAT6 genes (6). 

As a result, HPS and SFT have been integrated into a new entity, "solitary fibrous tumor/hemangiopericytoma 

(SFT/HPC)", in the 2016 WHO classification of CNS tumors (7). Recently, STAT6 proved to be a highly sensitive 

immunohistochemical marker, almost perfectly specific for SFT, useful to distinguish this tumor from histological 

mimics, i.e., other mesenchymal tumors and spindle-cell sarcomas (desmoid fibromatosis malignant nerve sheath tumor 

peripheral, etc.) (8). SFT prognosis varies with histological grade, ranging from benign lesions (grade I) to more 

aggressive tumors (grade II-III) (1).  

Intracranial SFT exhibits aggressive biological behavior with a 5-year recurrence rate close to 50% after surgical 

resection and an extraneural metastasis rate of up to 30% after initial surgery (9). 

 

Clinical presentation 

 A 42-year-old woman was referred by her GP to a maxillofacial surgeon for a headache, particularly in the left 

temporal area, which worsened with chewing. Then, she came to our attention to undergo an MRI of her 

temporomandibular joints.  

 

Investigations/Imaging findings: MR Imaging 

 The first MRI sequences showed an expansive lesion, so the exam was converted into a brain-cranial MRI that 

explored the skull and brain without and with contrast.  

 The T1- and T2-weighted sequences showed a lesion of 55 mm maximal diameter, isointense to the grey matter 

(Fig. 1-2). The DWI sequence demonstrated a moderate and diffuse restriction, confirmed by the ADC map (Fig. 3). In 

T1VIBE post-contrast acquisition, the lesion presented a diffuse enhancement (Fig. 4-5). 

 

 

 
Fig.1. Brain MRI: T1, T2, and FLAIR sequence showing the expansive lesion. 

 

 

 
Fig. 2. Brain MRI: T1, T2, and FLAIR sequence showing the expansive lesion and the bone involvement. 
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Fig. 3. Brain MRI: DWI and ADC map. 

 

 
Fig. 4. Brain MRI: T1 VIBE e post-contrast T1 VIBE showing the high enhancement. 

 

 

 
Fig. 5. Brain MRI: Coronal reformat of post-contrast T1 VIBE showing the high enhancement, the temporal involvement, 

and the temporomandibular joint involvement. 

 

 In addition to the described lesion, in the right temporal area, it was possible to appreciate another minor lesion 

(9.9 mm of maximum diameter), with signal characteristics similar to those of the larger one, isointense to the grey matter 

in the weighted T1 and T2 sequences. This lesion, however, was attached to the squama of the right temporal bone, 

presenting a broad dural base with clear hyperostosis (instead of erosion and invasion) (Fig. 6-8). 

 

 

 

 

 

 

 

 

 

Fig. 6. Brain MRI: T1, T2, and FLAIR sequence showing the right temporal lesion and hyperostosis. 
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Fig. 7. Brain MRI: T1 VIBE e post-contrast T1 VIBE showing the meningioma’s enhancement. 

 

 

 

Fig. 8. Brain MRI: Coronal and sagittal reformat of post-contrast T1 VIBE showing the meningioma’s enhancement. 

 

CT Imaging 

 The brain CT confirmed the presence of both left and right temporal lesions, and the bone reconstruction algorithm 

highlighted skull involvement and hyperostosis (Fig. 9-10). 

 

 
Fig. 9. Brain CT: Axial view and coronal reformat, with bone reconstruction algorithm, showing bone involvement. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Brain CT: An axial view and coronal reformat of CT, with a bone reconstruction algorithm, show the left temporal 

bone hyperostosis. 
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Differential diagnosis 

 The most common diagnosis of a dural mass is meningioma; possible alternative diagnoses (so-called “meningioma 

mimics”) include SFT, glioblastoma, lymphoma, dural metastases (e.g., breast cancer), as well as other less common 

lesions (1). 

 Compared to all grades/subtypes of meningioma, SFT is associated with a higher apparent diffusion coefficient, 

narrow-based dural attachments, less peritumoral brain edema, extensive serpentine flow voids, and younger age at initial 

diagnosis. Tumor volume has limited utility in differentiating between SFT and various grades/subtypes of meningioma 

(9).  

 

Treatment 

 The patient was submitted to neurosurgical treatment with complete removal of the tumor. The lesion was largely 

subdural with focal extradural extension involving the middle cranial fossa, the left temporal bone, and the left temporal 

muscle. Histological examination and immunohistochemistry revealed a pattern of solitary fibrous tumor STAT6+. 

Subsequently, the patient underwent total body CT and PET, both of which excluded the presence of other tumor 

localizations. Then, she was submitted to radiation treatment, 27 sessions in 6 weeks, for a total dose of 54.0 Gy. 

 

Outcome and follow-up  

 The patient recovered after surgical resection without sequelae, except for seizures in complete remission, for 

which the patient was submitted to prophylactic medical treatment. A control brain MRI and a total body CT carried out 

about 40 days after the end of RT excluded the presence of local recurrence or distant metastases; the minor contralateral 

lesion was unchanged. The planned follow-up involves the execution of two brain MRIs and two total body CTs every 

year for the first 3 years. Two years after the first surgery, a control brain MRI showed the presence of disease recurrence 

at the level of surgical outcomes (Fig. 11). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. Brain MRI: Axial view, coronal and sagittal reformat of post-contrast T1 VIBE sequence, showing the high 

enhancement of the pathological tissue at the level of surgical outcomes. 

 

  Therefore, the patient underwent a second surgical treatment. One year later, a control brain CT suggested the 

presence of a disease recurrence, which was confirmed by subsequent MR images (Fig. 12-14).  

 

 

 

 

 

 

 

 

 

 

Fig.12. Brain MRI: Axial view, coronal and sagittal reformat of post-contrast T1 VIBE sequence, showing the high 

enhancement of the pathological tissue of the second recurrence of disease at the level of surgical outcomes. 
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Fig.13. Brain MRI: Axial view of post-contrast T1 VIBE sequence, showing the high enhancement of the pathological 

tissue of the second recurrence of disease 3 months after its identification; the images show how the tissue develops in a 

more cranial and a more caudal component that is continuous with each other. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 14. Brain MRI: Coronal reformat of post-contrast T1 VIBE sequence, showing the high enhancement of the 

pathological tissue of the second recurrence of disease 3 months after its identification; the images show how the tissue 

develops in a more cranial component and a more caudal one, that is continuous with each other. 

 

 Because of this, the patient was submitted to new radiation treatment (Hadrontherapy treatment), and then she 

started chemotherapy, which is still ongoing; until now, the disease appears to be under control. 

 

DISCUSSION 

 

 Solitary fibrous tumor of the CNS is a relatively rare neoplasm with a prognosis variable according to the 

histological grade identified using the WHO classification system (10). This neoplasm usually occurs in middle-aged 

adults and is equally common in men and women. The most frequent presentation symptoms are headache, dizziness, and 

unstable gait. 

 At imaging, it usually appears as a solitary mass of variable dimensions, even considerable (up to 70 mm according 

to some cases), well-defined, often round, and originating from meninges or tentorium (11, 12). Most CT and MRI 

features are similar to those typically associated with meningiomas. On pre-contrast CT scans, the attenuation of the 

lesions shows predominantly hyperattenuation; usually, the lesion does not contain calcifications. The signal intensity on 

MR images is generally isointense on T1-weighted images and isointense to hypointense on T2-weighted images, a feature 

that correlates with the histologic finding of the fibrous stroma. An intense contrast enhancement, homogeneous or 

heterogeneous, is usually present at CT and MRI after contrast injection, sometimes with evidence of marked peritumoral 

edema. The intense enhancement has been attributed to the high vascularization due to the prominent vascular channels 

in the neoplasm.  

According to some authors (13), the sign of the dural tail, which is highly suggestive but not specific to the 

meningioma, is also present in SFT and missing, according to other authors (12). Unlike meningiomas, the classic bone 

thickening adjacent to the lesion is often not present (14). In SFT, the dural attachments are usually narrow-based (9).  

 Our case is particularly rare because two different lesions coexist. One is a histologically confirmed STF, and the 

other has MRI and CT features of meningioma. This case exemplifies the different imaging characteristics of the two 
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types of lesions well. 

 cSFT is a rare and aggressive type of tumor. Tumor resection is the first choice for treatment. The log-rank test 

results showed that the patients who underwent total resection had better overall survival (OS). The effect of radiation 

therapy after surgery was not significant; it does not improve OS (15). Intracranial SFT exhibits aggressive biological 

behavior with a 5-year recurrence rate close to 50% after surgical resection (9).  

 In conclusion, although relatively rare, SFT should be included in the radiological differential diagnosis of tumors 

arising from the meninges.  
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ABSTRACT 

 

Peri-implantitis is a major inflammation involving soft and hard peri-implant tissues, resulting in implant loss 

that is currently considered an evolution of mucositis. At present, implant-supported prosthesis is readily accepted as a 

reliable treatment option for the rehabilitation of both partially as well as fully edentulous patients. A diagnosis of peri-

implantitis can be made only by assessing the Gingival Index, the bleeding on probing, the probing depth, and an 

examination of the radiographic bone resorption. We can find in the literature studies that have suggested the possibility 

of diagnosing the beginning of peri-implantitis or of examining this pathological condition using inflammatory markers. 

This review aims to analyze which and how many inflammatory mediating factors are involved in the peri-implantitis 

destructive process and the possibility of using these same factors to diagnose, control, and eventually for the therapy of 

peri-implantitis. From a deep analysis of the literature, it is possible to observe how we are near the achievement of these 

objectives. Still, further studies are necessary to determine which markers and with what mechanisms these markers of 

inflammation can be utilized to treat the destructive process of both the soft and hard tissues involved in peri-implantitis. 

Therefore, it is not yet possible to give birth to a new protocol on peri-implantitis based on inflammatory markers, and 

future studies are necessary to establish the diagnostic accuracy and clinical relevance of these biomarkers. 

 

KEYWORDS: peri-implant crevicular fluid (PICF), dental implant, peri-implantitis, inflammatory markers.  

 

INTRODUCTION 

 

Peri-implantitis (PI) is a major inflammation that involves soft tissues and hard peri-implant tissues, resulting in 

implant loss. It is currently considered an evolution of mucositis (MI). Recently, the consensus report of the 4th workgroup 

of the 2017 World Workshop has been divided into three categories based on the classification of periodontal and PI 
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diseases and conditions. These are peri-implant health, peri-implant mucositis (PIM), and PI (1). The more common 

complication with implants can be attributed to the loss of components, marginal bone loss (MBL), MI, peri-implantitis, 

and lack and loss of osseointegration (2). No adverse immunological reactions against CP-Ti implants have been yet 

reported. Metal sensitivity is due to a cell-mediated immune response with metal ions acting as haptens (3). 

Another possible origin of implant failure is implanted surface contaminants, which may be released from the 

surface, eliciting an inflammatory response (4). It has been demonstrated both in vitro and in vivo that particulate debris 

can activate macrophages, which produce factors mediating bone resorption (5). Other experimental studies have also 

shown that particles can be transported by phagocytes to regional lymph nodes (6) and parenchymal organs (7). Based on 

available data, it seems very unlikely that metal particles released at the implant interface play a predominant role in the 

failures of oral implants, as there is little evidence to support any toxic effect due to wear particles or metal ion release. 

The etiology of MBL has been attributed mainly to two factors: mechanical (or load factors) and biological (or plaque-

induced lesions) (8, 9). Most failures, 60%, occurred during the first year after the placement. In most cases, no prosthetic 

restoration has been placed on the implants. Untreated bacterial infection can lead to inflammatory peri-implant disease 

processes, reversible soft tissue inflammatory conditions surrounding the implant (MI), or an advanced and irreversible 

stage called PI. This pathology is defined as an inflammatory process affecting the tissues around a functional 

osseointegrated implant, resulting in the loss of supporting bone (10). The diagnosis of PI is usually established by 

assessing probing depth, gingival index (GI), bleeding on probing (BOP), and radiographic bone resorption examinations. 

However, interpreting these signs and symptoms is often subjective, and their calibration for general clinical needs can 

be problematic. Although the clinical periodontal parameters have been widely used to monitor the conditions affecting 

the peri-implant tissue, a general agreement on their significance is, at least partially, still unclear, as these clinical 

diagnostic indices have been developed to diagnose and measure the course of periodontitis. Radiographic examinations 

mainly reflect the past pattern of bone loss and do not always reveal the current disease status and phase of the actual 

disease activity. Furthermore, the detectable radiographic bone loss reflects the peri-implantitis site already in the 

advanced and irreversible stage (11). The aim of this paper is to summarize the currently available articles on biomarkers 

and periimplantitis through a scoping review. 

 

INFLAMMATORY MARKERS  

 

Gingival crevicular fluid (GCF), a serum-like fluid exudates from capillaries of the gingival sulcus or periodontal 

pocket, has been regarded as a promising medium for the detection of periodontal disease activity (12). Several 

inflammatory cytokines (13) and proteases and/or protease inhibitors (14) have been investigated (Fig. 1).  

 
 

Fig. 1. Peri-implant anti-inflammatory and proinflammatory cytokine on preimplant tissues. Image realized by BioRender 

software. 

 

On the other hand, several studies have also been carried out on inflammatory markers and growth factors in 

peri-implant crevicular fluid (PICF). It was reported that at sites where implants were removed due to peri-implantitis, 

‘an inflammatory infiltrate, composed of macrophages, lymphocytes, and plasma cells, was found in the connective tissue 

around the implants’. The characteristics of the PICF flow and microbiota appear similar to those in periodontal tissues. 
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Epithelial cells attached to the implant surface are similar to those found on the natural tooth surface and produce non-

keratinized sulcular epithelium overlapping of the junctional epithelium (15). Porcine epithelial cells have been shown to 

attach themselves to titanium film by basement membrane (BM) and hemidesmosomes (HD) in vitro. These structures 

are rich in laminin-5 and type IV collagen. Laminin-5 (LN-5) (known as kalinin/nicein/epiligrin) has a size of 400–

440kDa, and it is a multifunctional glycoprotein that acts as a motility signal and adhesive component for epithelial cells, 

both in physiological (16) and pathological processes. Furthermore, the LN-5g2-chain is expressed in various cancers 

along their invasive edge (17) as well as co-localizing together with matrix metalloproteinases (MMPs) to the basement 

membrane region underlying the periodontitis-affected gingival sulcular epithelium (18). 

Marjo J. Kivelä-Rajamäki et al. (19) used Western immunoblotting with image analysis to quantify the molecular 

forms of LN-5 g2-chain and MMP-8 in peri-implant sulcular fluid (PISF) from healthy and diseased implants (20). These 

observations were regarded as the recorded gingival (GI) and bone resorption (BR) indices of the studied sites. 72 PISF 

samples from osseointegrated dental implants were examined, and significantly elevated levels of fragmented LN-5 g2-

chain species (45 and 70 kDa) and MMP-8 immunoreactivities were observed in diseased PISF in relation to healthy 

PISF. These cross-sectional findings indicated that elevated MMP-8 and LN-5 g2-chain fragment levels in PISF can 

reflect the active phase of the inflammatory peri-implant disease. Further, longitudinal studies are required to assess their 

use, either alone or in combination with molecular, biochemical PISF markers, to predict the risk of progression of peri-

implantitis and to monitor the impact of treatment of the disease (21). Almost all extracellular matrix (ECM) and basement 

membrane (BM) protein components can be degraded by MMPs acting alone or in a collective manner. 

MMPs form a family of neutral endoproteinases with over 20 known members (MMP-1 to MMP-28). Their 

common denominator is the ability to function at the neutral body pH; under these conditions, they can degrade all 

extracellular matrix components. The expression and activity of MMPs in normal tissues are quite low but increase 

significantly in various pathological conditions that may lead to unwanted tissue destruction, such as in inflammatory 

diseases, tumor growth, and metastasis. MMPs also seem to have a marked role in tissue destruction in oral diseases (22). 

MMPs are normally involved in physiological processes such as tissue development, remodeling, and wound healing and 

also play an important role in the regulation of cellular communication, molecular shedding, and immune functions by 

processing bioactive molecules, including cell surface receptors, cytokines, hormones, defensins, adhesion molecules and 

growth factors (22).  

In dentistry, they are best known for their ability to cut across the interstitial collagen triple helix of type I and 

III collagen, which are the main components of the periodontal ligament. Still, evidence has been brought forward to 

indicate that MMPs may also be involved in other oral diseases, such as dental caries and oral cancer. More recent studies 

suggest that in vivo, the proforms of at least certain MMPs may be active in full-size or complex with certain proteins. 

MMP activation in vivo likely involves tissue and plasma proteinases and bacterial proteinases together with oxidative 

stress. Secreted MMPs are usually activated extracellularly or at the cell surface, the best-known example of cell surface 

activation being the activation of MMP-2 in an MMP-2/TIMP-2/MT1-MMP complex.  

Several MMPs may also be activated intracellularly by furin or related proprotein convertases (23, 24). The 

increased synthesis of MMPs in inflamed gingiva has also been seen at the mRNA level. The min collagenases responsible 

for collagen degradation in gingival tissues are MMP-1 (fibroblast-type collagenase) and MMP-8 (neutrophil-type 

collagenase). The current literature has shown that the major collagenase in gingival crevicular fluid (GCF) from adult 

periodontitis patients is MMP-8, while MMP-1 is predominant in GCF in juvenile periodontitis patients. 

Currently, four TIMPs (TIMP 1–4) are known to be expressed in vertebrates. TIMPs inhibit MMPs by forming 

1:1 stoichiometric enzyme-inhibitor complexes. TIMP-1, -2, and -4 are secreted, while TIMP-3 is sequestred to the ECM. 

Synthetic inhibition of MMPs offers an interesting possibility to control MMP-related diseases involving extensive tissue 

destruction (25). One approach in MMP inhibition is aimed at the chelation of the enzyme’s active site, Zn2+ ion. The 

first MMP inhibitors to enter clinical trials in tumor treatment, based on their MMP inhibitory effect on chelation. 

Tetracyclines and their non-antimicrobial analogs (chemically modified tetracyclines, CMTs) inhibit MMPs by several 

mechanisms. In addition to Zn2+ chelation, they can down-regulate MMP mRNA expression, interfere with protein 

processing during activation, and render the MMPs more susceptible to degradation (26). Some studies on MMPs in PICF 

have reported that collagenase activity and MMP-8 levels were significantly higher in diseased PICF than in healthy ones 

(27). A strong inverse relationship was found between the collagenase activity and collagenase inhibitor (28). As the roles 

of MMPs in tissue degenerative diseases have become more evident, attempts to control their activities by 

pharmacological means have gained much attention. Although the exact roles of individual MMPs in various diseases are 

not fully understood, it is clear that MMPs are often up-regulated in groups, forming activation cascades in inflammatory 

and malignant diseases.  

Many enzymes present in GCF and PISF originate from the azurophilic granules of polymorphonuclear 

leukocytes (PMNs). Various authors have shown increased PMN-specific enzyme myeloperoxidase (MPO) activity at 
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periodontitis sites and decreased activity following treatment (29). MPO is generally believed to kill by oxidizing Cl_ 

into hypochlorous acid, HOCl (30). Hypochlorous acid is highly reactive and can easily oxidize many biological 

molecules. HOCl can also induce peptide bond scission and the formation of low molecular weight chloramines with 

bactericidal potential. A cross-sectional study evaluated the correlation of myeloperoxidase (MPO) levels with traditional 

periodontal clinical parameters around dental implants, including peri-implant pocket probing depth, GI, and BOP (11). 

These authors showed that the total amounts of MPO were significantly higher in PISF collected around implants 

with inflammatory lesions. The levels of MPO were then correlated with the clinical parameters, and a similarity of the 

inflammatory response of tissues surrounding both implants and natural teeth was found. They suggested that MPO could 

be a promising marker of inflammation. Two enzymes, elastase and alkaline phosphatase, as well as the inhibitora2-

macroglobulin, were shown to be associated with tissue destruction in periodontitis (31). Increased PICF elastase activity 

has been seen in the periodontitis sites, and it has been suggested that elastase activity could predict the progression of 

the disease. 

Alkaline phosphatase, an enzyme involved in bone metabolism, is significantly higher in active sites than in 

inactive sites (32). It has been suggested that it could predict current and/or future disease activity (33). It has been 

reported that, compared to the clinically healthy implants, total amounts of each of these 3 substances were significantly 

higher in PICF collected around implants with periimplantitis, suggesting that ALP and EA could be promising markers 

of bone loss around dental implants. In addition, markers of bone metabolism, such as osteocalcin (a 5.4-kDa calcium-

binding protein of bone), have been studied. It is the most abundant noncollagenous protein of the mineralized bone tissue 

(34). 

The serum level of this protein is considered to be a marker of bone formation. Although several investigations 

on osteocalcin levels in GCF from patients with periodontitis have been carried out, the role of osteocalcin in periodontal 

disease progression is still unclear. Murata et al. analyzed the levels of osteocalcin, deoxypyridinoline (Dpd), and 

interleukin-1b as markers of bone metabolism in PICF in peri-implantitis patients, and PICF was sampled from a total of 

34 endosseous titanium implants (35). They observed that osteocalcin levels in PICF from MI sites were significantly 

higher than in healthy implants (P < 0.05). In contrast, peri-implantitis sites were not significantly different from either 

MI or healthy implant sites. IL-1b levels in PICF from peri-implantitis sites were significantly higher than levels from 

PIM (P <0.05) and healthy implant sites (P<0.01). The authors found that osteocalcin in PICF may reflect increased local 

bone turnover around implants. Furthermore, IL-1b should be a valuable marker for peri-implant inflammation.  

More recent evidence suggests that gelatinase B is involved in bone remodeling, which is mediated by bone 

morphogenetic units, which, after initiation, undergo sequential phases known as activation, resorption/reversal, and 

formation (the so-called ARF cycle). Although MMPs, particularly MMP-9, have long been implicated in bone 

destruction, the exact phase of their involvement is not well understood. Gelatinase B is involved in the recruitment of 

osteoclasts that go to the resorption sites. Gelatinase B, but not gelatinase A, is expressed by rabbit and human osteoclasts, 

the number of which is increased in periodontitis. Gelatinase B also seems to play a role in jaw cyst expansion (36). 

Polymorphonuclear leukocytes, keratinocytes, and macrophages contain gelatinase B. Osteoclasts also represent an 

important source of gelatinase B in periodontal tissues. 

Research conducted by Ma et al. studied whether gelatinase B was associated with peri-implant bone loss (37). 

Peri-implant sulcus fluid was collected from 46 implant sites in 12 patients. The sites were also characterized by a 

modified GI. They saw that gelatinase B is associated with PBL and that activation of gelatinase B and elevated mGI 

eventually reflects active phases of peri-implantitis and may, in some cases, be diagnostically useful. An enzyme generally 

confined to the cytoplasm of cells but released in the extracellular environment upon cell death is aspartate 

aminotransferase (38). They showed that a significant difference in aspartate aminotransferase (AST) activity existed 

between healthy implants and implants affected by peri-implantitis (PI) and between implants with MI and PI. However, 

no statistically significant difference was found between HI/MI AST activity; the AST activity was significantly 

associated with probing depth, bone loss, and bleeding upon probing. In addition, Fiorellini et al. demonstrated in a cross-

sectional study a statistical correlation between diseased clinical periodontal parameters and elevated AST levels (39). 

Other authors analyzed AST in PCF of implants exhibiting peri-implantitis and evaluated the association between AST 

levels and levels and progressive attachment loss. Their results indicated that, in contrast to periodontal disease, the 

assessment of AST in the PICF may be of limited value as a diagnostic and prognostic marker for peri-implant disease 

(40). It is well known that prostaglandin E2 has a pro-inflammatory effect on peri-implant tissues, including mediation 

of bone resorption. Alrowis et al., in their pilot study, assessed prostaglandin E2 levels in implant crevicular fluid and the 

possibility of using this method in diagnosing PIM (41). 

It was seen that in the control group (with probing depths less than 3 mm), there was no statistically significant 

positive correlation between clinical parameters and PICF prostaglandin E2 levels (P > 0.05), while in the test group, GI 

and probing depths were found to be statistically significantly related with PICF prostaglandin E2 levels (P < 0.05). In a 
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study by Aboyoussef et al., they evaluated possible mechanisms of bone loss in peri-implantitis by examining PICF 

samples for the presence of prostaglandin E2 and proteolytic enzymes, specifically MMPs (42). The results indicated that 

levels of prostaglandin E2 in healthy sites were not significantly different from those at diseased sites. MMP species 

migrated at 92 kd and 66 kd, and no qualitative difference in bands was seen between healthy implants and those 

diagnosed as early peri-implantitis.  

Interleukin 1 is believed to play a key role in inflammation and immunologic reactions. The interleukin-1 gene 

cluster has been mapped to the long arm of chromosome 2 and consists of three genes: interleukin-1A, interleukin-1B, 

and interleukin-1RN, encoding interleukin-1a, interleukin-1b, and interleukin-1ra, respectively. Interleukin-1a and 

interleukin-1b have several pro-inflammatory activities, causing strong stimulatory effects on bone resorption and 

inhibitory effects on bone formation (43). A pilot study was conducted to determine levels of inflammatory cytokines in 

crevicular fluid from healthy implants and those affected by peri-implantitis (44). Implants were categorized clinically as 

healthy, early peri-implantitis, or advanced peri-implantitis. Results indicated that interleukin-1 beta is present in implant 

gingival crevicular fluid and may be modulating attachment loss in implants suffering from peri-implantitis. Thus, 

interleukin-1 beta may be used to monitor disease progression.  

Other studies confirmed that the crevicular fluid levels of this inflammatory cytokine, interleukin-1 beta (IL-1 

beta), can be used as an objective measure of peri-implant health and to evaluate the effectiveness of treatment of patients 

with failing implants. Boris Gruica et al. assessed the impact of the IL-1 genotype and smoking status on the prognosis 

and development of complications of osseointegrated implants. They showed that there is a synergistic effect between a 

positive IL-1 genotype and smoking that puts dental implants at a higher risk of developing biological complications 

during function. In addition, Il-6, another cytokine with the potential to regulate osteoclasts, is increased in both peri-

implantitis and CP (chronic periodontitis) (45). Tumor necrosis factor-a (TNF-a), a cytokine with functions similar to IL-

1b, has also been detected in very low levels in sites with periodontitis. These cytokines stimulate bone resorption, 

prostaglandin synthesis, and protease production by many cell types, including fibroblasts and osteoblasts (46).  

To our knowledge, Ataoglu is the first study demonstrating the presence of TNF-a in PICF of implants (47). In 

comparison, TNF-a levels in PICF were somewhat lower than IL-1b levels and were not correlated with clinical 

parameters. Based on the findings of this study, it remains to be proven whether the TNF-a level in PICF has a value as a 

measure of peri-implant health status. A member of the Tumor necrosis factor superfamily is the receptor activator of 

NF-KappaB ligand (RANKL); it’s a key mediator of osteoclast formation, activation, and survival. In a pilot study, Djinic 

Krasavcevic et al. hypothesized that there was a functional relationship between RANKL expression and peri-implantitis 

(48). 

 

CONCLUSIONS 

 

One of the more common complications of implant prosthetic rehabilitation therapy is peri-implantitis. Various 

authors have studied the phenomena that destroy the peri-implant tissues, especially bone tissue. These studies indicate a 

possible link between the active phases of peri-implantitis and elevated levels of the inflammatory markers. This implies 

that it might be possible to utilize the inflammatory markers as an auxiliary early warning diagnostic tool against peri-

implantitis and as a control of the effectiveness of the therapies against the inflammatory pathology. Eventually, it may 

also be possible to develop therapies that have an effect on their inhibitors.  

In the near future, it will not yet be possible to utilize very selective drugs that act against specific strains of 

bacteria and, at the same time, inhibit the activity of all factors involved in peri-implantitis inflammation. Numerous new 

studies will have to be conducted under rigorous control conditions to understand which markers of the inflammation 

process are involved in determining peri-implantitis. The future treatment of peri-implantitis lies in the utilization of the 

markers for early diagnosis and the development of specific drugs capable of selectively inhibiting the effects of 

inflammatory markers.  
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ABSTRACT 

 

 In contemporary orthodontic clinical practice, orthodontic mini-screws (OM) are often utilized due to their 

superior safety profile and ability to enhance skeletal anchoring. Periodontal ligament damage or tooth root perforation 

might occur during OM implantation. In rare cases, OM injury can result in long-term harm, such as ankylosis, 

osteosclerosis, and tooth loss. The objective of this study was to investigate any dangers and dental issues related to the 

usage of OMs. Ninety-nine papers were found after an unlimited research proposal of the PubMed, Cochrane, Web of 

Science, and Scopus databases using the keywords "orthodontic mini-screw" and "dental damage." Thirteen articles were 

chosen following qualifying and screening processes, such as those found through citation searches. According to four 

investigations, unintentional injuries brought on by OM. Most of the adverse effects were contained within the root level, 

and after the OM was promptly removed, the pain subsided, and restorative cement formed on its own. Endodontic therapy 

and/or surgery may be necessary in certain situations due to irreparable nerve damage and severe lesions to the dentin-

pulp complex. 

 

KEYWORDS: orthodontics, root canal therapy, dental problems, insertion, mini-screws, nerve 

 

INTRODUCTION 

 

 The application of orthodontic mini-screws (OMs) as a reliable aid in anchoring management during orthodontic 

treatment (1) (Fig. 1, 2). Orthopedic appliances can be made more effective or less forceful by supporting OMs (2). The 

screw's diameter, length, and other dimensions, in addition to the depth of insertion, angulations, the insertion place site, 

and bone thickness, all have a direct impact on the technique's success rate (3-6). 
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 While thread depth and form are unimportant, implants with denser threads have higher stability (7). To improve 

the stability and precision of OM insertion and lower the risk of failure and side effects, surgically designed 3D templates 

are a useful tool (8). To direct the implantation while it is in the clinical phase, digital OMs can be positioned using a Cad 

Cam approach when CBCT and intraoral imaging are coupled.  

 There have been numerous reports of issues with the insertion, usage, and removal of OMs (9-11). Inserting 

OMs in the lower arch without properly examining anatomical structures could reveal significant harm to the lingual and 

mental nerves. There are no noteworthy reports of problems resulting from the insertion of OMs through the maxillary 

sinus (12, 13). Conversely, the most common side effect of OMs is said to be tooth root damage (14-16). OMs positioned 

incorrectly with respect to the tooth root might cause damage to the tooth element as well as OM movement and failure. 

 Reviews on the dangers of inserting OMs into other structures, like the palatine artery or maxillary sinus, also 

exist (17-19). The purpose of this review was to evaluate tooth damage after OM insertion to understand any potential 

risks and dental concerns associated with OM use (20). 

 

                        
                   

Fig. 1. Distal traction with OM.                                               Fig. 2. Stabilization with OM. 

 

MATERIALS AND METHODS 

 

Registration and protocol  

 This review (21) followed the Suggested Report Formats for Systematic Reviews and Meta-Analysis (PRISMA) 

literature search guidelines. It was also registered under CRD42022380972 in the International Prospective Register of 

Systematic Reviews PROSPERO ID: 552746. 

 

The search process  

 Between December 2007 and February 2019, we conducted time-limited searches in PubMed, Cochrane, Web 

of Science, and Scopus to find articles related to our subject. The following Boolean keywords were incorporated into the 

search strategy because they correspond to the purpose of our examination, which focuses primarily on the adverse effects 

of OMs on teeth (“orthodontic mini-screw” AND “tooth damage”) (Table I). 

 

Table I. Search process. 

 

 

 

 

 

 

Criteria for inclusion and exclusion  

 The following criteria had to be met for inclusion:  

1. human studies only;  

2. studies written in English;  

3. open-access studies;  

4. case studies or clinical trials.  

Indicator 

for 

database 

searches 

Keywords: A "orthodontic mini-screw"; B "tooth damage"  

Boolean Expressions: ("A" AND "B")  

Duration: indefinite 

Pubmed, Cochrane, Web of Science, and Scopus are electronic databases.  
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 Excluded were studies addressing tooth injury in the context of OMs, surgical procedures, complications 

unrelated to teeth, OMs, or any other choice facet of orthodontic therapy.  

 

Information processing  

 Author disagreements on which articles to publish were discussed and settled. 

 

RESULTS 

 

 99 studies were found using an electronic database search (PubMed = 45, Cochrane = 1, Web of Science = 18, 

and Scopus = 35). Upon elimination of duplicates, 53 studies stayed. After reviewing the acceptable publications' 

reference list, 6 more relevant articles were added. Thirty-six papers were eliminated due to being off-topic, nine not 

being available, and two being animal research (Fig. 3).  

  

 
Fig. 3. Literature search Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram 

and database search indicators.  

 

 

 A full-text examination revealed that 13 papers all satisfied the inclusion requirements. Table II presents an 

overview of the features of every study included (Fig. 4, 5). 

 

Table II. Included studies. 
Author Study Design Sample Type of 

Complications 

Causes Healing Parameters Recommendations 

Ahmed et al., 

2016 

(22) 

Case report 1 Damage of the 

dentin-pulp 

complex 

Intentional root 

contact due to 

OM tip 

fracture 

Tooth extraction 

after 4 weeks 

Spontaneous; 

Normal pulp vitality 

test 

There are no variations in 

the method of insertion. 

Pay attention to the 

insertion 

Ghanbarzadeh  

et al.,  

2017 

(23) 

Clinical 

study 

14 Cementum, pulp, 

and root dentin's 

inflammatory 

response 

Intentional root 

injury 

Tooth extraction 

after 8 weeks 

Spontaneous; 

Normal pulp vitality 

test 

There is no variation in the 

insertion method. 

Pay  attention to the insert 

Hwang et al., 

2011 

(24) 

Case report 1 Iatrogenic root 

perforation and 

chronic apical 

periodontitis 

Unintentional 

injury 

No Negative pulp/cold test; 

no spontaneous healing 

Proper choice of the 

insertion site for OMs 
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Kadioglu 

et al., 2008 

(25) 

Clinical 

study 

10 Root resorption Intentional 

premolar root 

contact 

after 4 or 8 

weeks, tooth 

extraction 

Spontaneous; 

Normal collagen fiber 

organization 

Attention in insertion 

Lim et al., 

2013 

(26) 

Case report 1 Root surface 

damage 

Unintentional 

injury 

No No spontaneous healing Anatomy is an important 

surgical intervention and 

root canal therapy insertion 

care. 

 

 

Baik et al., 

2014 

(27) 

Case report 4 clinical 

repercussions 

following root 

contact 

Unintentional 

injury 

after root injury, 

OM was 

removed 

instantly 

Spontaneous healing Attention in insertion 

McCabe et al., 

2012 

(28) 

Case report 1 Iatrogenic root 

perforation 

Unintentional 

injury 

No Pulpal necrosis and 

apicectomy 

Attention in insertion 

Maino et al., 

2007 

(29) 

Clinical 

study 

2 Root perforation Intentional 

injury 

Teeth whose 

roots were 

compressed 

against the 

screws until 

they were 

extracted (group 

2 after 57 days 

and group 1 

after 30 days of 

recovery) 

A histology study 

revealed teeth with 

ongoing resorption 

lacunae without any 

signs of repair. 

Drill contact and/or 

Temporary Anchorage 

Devices (TAD) damage is 

the reason why resorptive 

roots get damaged. After 

that, fix the contact 

breakage. 

Ahmed et al., 

2012 

(30) 

Clinical 

study 

17 Root perforation Intentional 

injury 

Reparative 

cementum 

occurs after 12 

weeks, 

producing a 

good repair. 

Every tooth selected for 

this investigation 

recovered well during 

the whole healing 

process. By the end of 

the fourth week, 

significant repairs were 

completed. Almost 60% 

of the teeth had 

substantial repair by 

week four; by week 

eight, that percentage 

had declined to 35%; 

and by week twelve, it 

had fallen to 28.6%. 

Seventy percent of the 

teeth had healed well 

by week 12. 

A minimum of 1 mm 

should separate a mini-

screw from a root for 

periodontal health and 

mini-screw stability. 

Consequently, mini-screws 

with a diameter of 1.5 mm 

or less are safe for 

interradicular insertion if 

there is a minimum 3.5 

mm spacing between the 

roots. 

Hourfar et al., 

2017 

(31) 

Retrospective 

study 

284 loss due to pulp 

sensibility testing 

of the maxillary 

front teeth 

following the 

insertion of 

paramedian OMs 

in the anterior 

palate, which is 3 

to 5 mm distant 

from the suture. 

Age, gender, 

upper central 

inclination, 

state of 

dentition, and 

placement of 

insertion 

Of the 284 

samples, 3 

showed a 

decline in 

vitality. 

Negative pulp/cold test; 

no spontaneous healing 

Even though the teeth that 

lost vitality showed no 

radiographic signs of OMI-

induced damage, the 

proximity of the implants 

to the anterior teeth was 

positively and substantially 

linked with loss of vitality. 

OMs should be positioned 

in the middle plane or the 

third rugae. 

Yerawedakar 

et al., 

2018 

(32) 

Clinical 

study 

10 Root perforation Intentional 

injury 

One-day, three-

week, six-week, 

and 12-week 

intervals of 

extraction 

A histological 

examination revealed 

that the cementum's 

continuity broke after a 

day. Cementum 

development started 

early in the third week, 

and the thickness had 

It is recommended to avoid 

moving the teeth further 

for a minimum of 12 

weeks while the root heals. 



A. Laforgia et al.    32 

Eur J Musculoskel Dis 2024 May-August;13(2SUPPL.1):S28-S36                 www.biolife-publisher.it 

progressively grown by 

the end of the 12 

weeks. After 12 weeks, 

the notch was filled due 

to a gradual increase in 

the thickness of the 

freshly created 

cementum. 

Shinohara et 

al., 2013 

(33) 

Prospective 

study 

50 Root contact Unintentional 

injury 

147 OMs of the 

mini-implants 

made contact 

with nearby 

roots in 20% of 

cases. 

Researchers examined 

the mesiodistal 

implantation position 

by measuring the 

mesial and distal 

distances between the 

mini-implant and the 

root. Next, the 

inclinations of the 

implant in the 

horizontal and vertical 

When mini-implants are 

placed into the right 

maxillary buccal alveolar 

bone, they should not come 

into contact with the distal 

adjoining tooth's root. 

Güler et al., 

2019 

(34) 

Clinical 

study 

42 Root contact Intentional 

injury 

Left premolars 

were excised at 

4, 8, or 12 

weeks following 

OM's root 

contact. Micro-

CT data suggest 

that a 12-week 

healing period 

may not be 

sufficient to 

restore the roots 

fully. 

Repair procedures 4, 8, 

and 12 weeks following 

micro- Tac Cone Beam 

(TC) contact with TAD 

In comparison to leaving a 

TAD in touch with the root 

in situ without force, force 

loading from springs on 

injured roots generated by 

TAD contact during 

orthodontic treatment may 

worsen the damage and 

decrease healing. No more 

than 12 weeks should pass 

after forcing reloading on 

broken roots. 

 

 

DISCUSSION 

 

 Root resorption may result from stress to the root or the periodontal ligament brought on by contact between the 

screw and the tooth root (35, 36). The deposition of cellular cementum will effectively cure a superficially wounded root 

if there is no pulpal involvement (37). Furthermore, a few weeks after the screws are taken out, a quicker and full repair 

occurs (24). Studies have shown that 75% of the repair may be finished in 8 weeks (25), and others have shown that the 

tooth and periodontium can heal completely in 12 to 18 weeks following the removal of the OM (38). After nearly 20 

weeks, some people have shown full recovery (39). 

 Ghanbarzadeh et al. have studied the histology reaction of cementum, root dentin, and pulp resulting from 

purposeful damage to the roots using self-tapping and self-drilling OMs (23). In 75.4% of the teeth, reparative cementum 

development was seen, and there was no discernible difference in the restorative cement formation between the group 

that had repairs and the group that did not (23). 

 Baik et al. have also described the consequences of the OM's interaction with the tooth root during orthodontic 

treatment and insertion. The OMs were promptly removed in both of the instances the authors examined, with pain 

treatment, and transported to other locations, keeping the screw tight and not influencing the tooth's movement. Eight 

weeks following the instant removal of the screw or orthodontic strength, cement started to aid in root recovery. After 

around a year, There were no symptoms, including discomfort, discoloration, root canals, or ankylosis (27). 

 According to research by Lim et al., improper and repetitive insertion of OMs results in chronic inflammation 

and harm to the roots of the teeth, which can induce pulp necrosis and periapical periodontitis (26). 

 Complications, including ankylosis, osteosclerosis, and loss of tooth vitality, can sometimes arise from root 

injury. If the injured area accounts for more than 4 mm or 20% of the root, ankylosis may develop (24). The main cause 

of issues with neighboring teeth during OM implantation and after orthodontic loading seems to be the strong relationship 

between the dental roots (34, 40). A pulp-related root fracture may result in the tooth losing its vitality, depending on the 

extent of the damage. When a screw pierces the root more than half of its diameter, pulp vitality is lost (28, 41). The 

ensuing pulp necrosis destroys the surrounding periodontal and periapical tissues (29).  

 Because of the ongoing trauma and inflammation, the OM created a breach that let external pathogens enter the 

periodontal dental ligament (PDL) area and cause bone deterioration around the roots, which led to pulp necrosis (22, 
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42). Injuries at the roots can be seen by histology and radiological examination (24). The inability to respond to pulp 

sensitivity tests is used to assess the loss of vitality. (24, 31, 41, 43, 44). 

 Treatment for root perforation via the access cavity might begin after radiographic confirmation of the damage 

has been acquired. An intracanal technique is used to treat a perforation. A surgical repair is necessary if the standard 

endodontic treatment is unsuccessful  (30, 32, 35, 37, 43). In the surgical method, a bone window is made, and the 

perforation site is then sealed using a substance such as mineral trioxide aggregate (MTA). The control of bacterial 

infections at the site of perforation has a significant impact on the prognosis (22, 30).  

 McCabe et al. investigated the endodontic treatment of tooth damage following the implantation of OMs. The 

authors presented a case of an unintentional fracture of the OM tip during the placement and inclusion close to the dental 

implant (element 1.6) (28). A sinus tract measuring more than 1.6 was observed more than a week later. However, 

sensitivity testing revealed that the tooth was in good condition. After the screw was removed, the 1.6 tooth looked to be 

asymptomatic for nine months, at which point the fistula returned after the conclusion of the orthodontic therapy. 

 The patient mentioned a past episode of pain that was exacerbated by the cold. Periodontal probing showed 3 

mm interproximal to 1 mm buccally and lingually, and the mobility was normal. A lesion was visible on intraoral 

radiography close to the palatal and mesiobuccal roots. Below the perforation, an apicectomy was necessary. A 5-year 

follow-up showed no symptoms (28). 

 The risk of injury during inter-radicular placement can be considerably increased if the practitioner inadvertently 

changes the insertion angle. The apical zone has more open space between roots but without associated gingiva. As a 

result, the clinician needs to stay within the "safe zones," defined as 1.0 to 5.0 mm at least away from the root (22). In 

particular, the positioning of the OM across the larger palatine artery in the upper arch raises the likelihood of 

biomechanical control loss and palatal root contact (25,38, 45, 46).  

 We saw nerve involvement in the lower arch, and the clinical advice is to employ a short retromolar OM. 

Numerous writers in this instance have documented measurements using screws that are no longer than 8 mm and are 

inserted into the buccal retromolar area for the mandibular location below the anterior ramus (38, 47). The root damage 

that results from implanting OMs in a mandibular incisor and how to treat this issue was discussed by Hwang et al. (24). 

One of the two OMs between the central and lateral incisors punctured the right lateral incisor's root to create an anterior 

sector intrusion (33). Following the determination that the tooth lacked vitality and considering the radioactivity in the 

apical region on the X-ray, an apicectomy was carried out, with the perforation being sealed with MTA (48, 49). The 

reabsorption process ended without further stimulation, and cement-like tissue developed in two to three weeks (50). 

 This review's primary restriction is the number and caliber of the papers included in the analysis. By 

concentrating solely on tooth destruction, it sought to examine the harm that OMs do. More comprehensive randomized 

controlled trials are required to give clinicians evidence-based recommendations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Vestibular OM.       Fig. 5. Palatal OM. 

 

 CONCLUSIONS 

 

 The positioning of OMs is a crucial operation, and root injury can still happen even with precautions such as 

taking an apical radiograph prior to screw placement. The lesion is often healed without repercussions when the harm 

brought on by screw root contact is restricted to the periodontal structures. In instances where there was considerable 

damage to the tooth root and iatrogenic perforations, endodontic and surgical therapy was necessary to address this OM 

result. In summary, the findings demonstrated that if OMs are inserted appropriately, dental problems are typically 
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minimal and may go away on their own. Consequently, it was discovered that the use of OMs was a safe process with 

few negative consequences. 
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ABSTRACT 

 

In recent years, titanium nitride (TiN) coating has been used as an adjunctive surface treatment to improve the 

physico-mechanical and aesthetic properties of dental implants. Several studies have investigated the antibacterial activity 

of TiN coatings on dental implants, demonstrating their potential to mitigate bacterial colonization and biofilm formation. 

The aim of this systematic review was to evaluate the actual efficacy of TiN-coated implants on antibacterial activity. 

Data was collected following the identification of PICO. The review was based on the Preferred Reporting Items for 

Systematic Reviews and Meta‐Analyses (PRISMA) guidelines. A search was performed on PubMed-Medline, Embase, 

Web of Knowledge, and Google Scholar for studies published until February 2023, including the following keywords: 

“titanium nitride, dental implant coating, antibacterial activity, biofilm formation, plaque formation, modified implant 

surfaces, implant abutments”. After evaluating and scanning the articles that met the study inclusion criteria, it can be 

stated that the TiN implant coating can inhibit the initial biofilm formation involved in mucositis by reducing the 

progression into peri-implantitis related to the bio-corrosion activity of the TiN of the implant surface. In the light of these 

findings, more clinical studies need to be performed. 

 

KEYWORDS: systematic review, titanium nitride, TiN, antibacterial activity, dental implant coating, peri-implantitis, 

bacterial adhesion 

 

INTRODUCTION 

 

 In recent decades, the development of dental implants to restore masticatory function and dental aesthetics 

compromised by partial or complete edentulism has been a turning point in dentistry (1, 2). Every year, a significant 

number of dental implants are placed, and a substantial proportion of these will experience biological issues, such as 

inflammation and the deterioration of peri-implant bone loss. When implants are affected by peri-implant mucositis, they 

display clinical indicators of inflammation. These signs include reddened soft tissue surrounding the implant, bleeding, 

and/or pus formation when probed (3-5). If left untreated, peri-implant mucositis progresses to a permanent condition 

known as peri-implantitis. 
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 In peri-implantitis, the soft tissue around the implant becomes inflamed, leading to bleeding and/or pus formation 

upon probing (6, 7). Additionally, there is an increase in probing depth, which can extend to 6 mm or more (8). Studies 

suggest that the prevalence of peri-implant mucositis and peri-implantitis is approximately 43% in Europe and 22% in 

South and North America. Treatment outcomes for this condition have been less than satisfactory in the long term, with 

75% of cases remaining unresolved or recurring after 5 years. Therefore, it is advisable to prevent peri-implantitis at all 

stages (9). Currently, there is a consensus among scientists that bacterial plaque is the primary cause of peri-implant 

disease, and its removal is crucial for restoring healthy peri-implant tissue (10). In fact, peri-implant infection can occur 

at any time from the moment implants are placed. However, the initial four weeks following implantation are considered 

the most susceptible period for infection (11). This is because the implant and the bone interface have not yet fully 

integrated, resulting in a relatively weak anti-infective capability. Consequently, there is a risk of early implant failure 

before the crown is placed. Additionally, it is crucial to have a long-lasting antibacterial effect on the implant surface to 

prevent infection until the complete formation of the integrated interface (12-14). Recent advancements have been made 

in modifying the surface of implant materials to reduce bacterial adhesion and hinder biofilm formation, aiming to prevent 

infection during the early stages after implantation (15).  

 Nevertheless, coatings with antibacterial properties applied to titanium surfaces using non-covalent adsorption 

methods (such as hydrogen bonding and electrostatic interactions) are less durable, as the antibacterial components can 

quickly detach from the surface. To overcome these problems, titanium nitride (TiN) coating has recently been introduced 

in titanium dental implants (16). TiN is commonly used to coat numerous metal instruments, including surgical ones, to 

improve their surface properties and aesthetics (due to its golden color) (17).  

 TiN-coated dental implants have higher physical-mechanical properties and allow for better camouflage under the 

gum tissue compared to traditional grey titanium implants. Physical Vapour Deposition (PVD) is the most common 

technique for coating pure titanium with TiN. It is generated in the vapor phase by interacting pure titanium with gaseous 

nitrogen prior to deposition (18). Thin coatings of TiN and TiO2 are applied with PVD techniques, altering the surface's 

chemical composition and crystal structure while maintaining the implant surface's micro-thinness (19). This process 

results in an oxide layer on the implant surface that alters its chemical composition (20).  

 The aim of this systematic review was to study the antibacterial properties of the TiN coating of the dental implant 

on microbial biofilm adhesion and suppression of bacterial growth. 

 

MATERIALS AND METHODS 

 

Search strategy 

This systematic review adhered to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-

analyses) guidelines and utilized the PICO(S) approach (Patient or Population, Intervention, Control or Comparison, 

Outcome, and Study types) (21), as illustrated in Fig. 1. Thorough research was conducted on relevant literature and 

papers exploring the antibacterial properties of TiN-coated dental implants. Databases such as PubMed (Medline), 

Scopus, Web of Knowledge, and Cochrane were extensively searched.  

Various combinations of keywords were employed, including Titanium nitride, dental implant coating, 

antibacterial activity, biofilm formation, plaque formation, modified implant surfaces, and implant abutments. Only 

articles in the English language were considered, and to eliminate duplicates, the references from identified records were 

uploaded as Research Information Systems files into Zotero (RRCHNM, Fairfax, Virginia). The PICO question was 

formulated as follows: P-population: in vitro studies and patients with dental implants; I-intervention: titanium disks with 

TiN coating or abutment; C-control: conventionally produced/restored teeth and implants; O-outcome: assessment of 

antibacterial activity of TiN coating; S-study designs: in vivo and in vitro studies, systematic and narrative reviews. The 

search strategy aligned with the focused PICOS question is presented in Fig. 2. The review was registered in Prospero 

under ID CRD42023467563. 
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Fig. 1. Search flowchart as described in the PRISMA guidelines. Caption: (n = number of records). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Search strategy according to the focused question (PICO). 

 

Inclusion and exclusion criteria 

Articles were considered appropriate when satisfying the following inclusion criteria: 

1. articles addressing at least one of the following topics regarding dental implants TiN coatings: antibacterial 

activity, bacterial growth, and proliferation-related to TiN coating disks compared to titanium alone or other 

coatings; 

2. studies performed in vitro or in vivo; 

3. systematic and narrative reviews. 

 Articles that did not have the above information were excluded from the review. 

 

Paper selection 

Clinical and in vitro studies were selected according to title and abstract. The participants, intervention, 

comparison, and outcomes (PICO) were determined to formulate a specific question: What is the efficacy of TiN on 

antibacterial activity?  

 

Data extraction  

Authors independently gathered the following information from the included studies: study design, coating type, 

control group, test procedure, and the effect of abutment coating on bacteria. Evaluations were conducted separately by 

the authors and subsequently verified through comparison. 

 

Quality and risk of bias assessment  

The clinical study was evaluated using the revised RoB tool based on the Cochrane RoB assessment method 

(22). For in vitro studies; the QUIN Tool was used, which was formulated to assess the quality and measure the risk of 

bias in in vitro studies. This Tool presents 12 points. The QUIN final assessment ranked each study aspect at a ‘low’, 

‘medium’, or ‘high’ risk of bias (23). 

Focused Question 

(PICO) 

Do TiN-coated implants exhibit antibacterial properties according to in vivo and in vitro 

studies? 

Search 

strategy 
Population 

in vitro studies and patients with dental implants; 

 

Intervention 

 

titanium disks with TiN coating or abutment; 

 

 
Comparison 

conventionally produced/manufactured restorations (natural teeth and 

implants); 

 Outcome evaluation of the antibacterial activity of titanium nitride coating. 
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RESULTS 

 

The preliminary search included 207 articles. It was decreased to 204 after duplicates were removed. After the 

title and abstract screening, 12 articles were read in full text. Six articles were chosen after a final examination included 

in the systematic review. Only one human study was included in the review; the other 5 were in vitro. It was described in 

Fig. 1; moreover, In vitro studies included in the review were assessed using the Quality Assessment Tool For In vitro 

Studies (QUIN Tool) (Table I, II). A low risk of bias was found in three studies (24-26). The other three studies exhibit a 

medium risk of bias. 

 

 

Table I. The QUIN Tool assessment. 

 

 

Table II. The QUIN Tool assessment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table III. Risk of bias of the included studies, according to the ROBINS-I tool. 

 

 

 

The Cochrane Collaboration tool was used to assess the risk of bias for the only in vivo human study that showed 

a low risk of bias (Table III). The extracted data of the included studies were synthesized in Table IV. 

 

 

Author 

Clearly  

Stated 

Aims/Objectives 

Detailed 

Explanation 

of Sample 

Size 

Calculation 

Detailed 

Explanation 

of 

Sampling 

Technique 

Details of 

Comparison 

Group 

Detailed 

Explanation 

of 

Methodology 

Operator 

Details 
Randomization 

Method of 

Measurement 

of Outcome 

Outcome 

Assessor 

Details 

Großner-Schreiber et al. 2 2 2 2 2 2 1 2 2 

Zhang et al. 2 1 2 2 2 2 1 1 1 

Ji et al. 2 1 2 2 2 1 1 2 1 

Brunello et al. 2 2 2 2 2 2 1 2 2 

Camargo et al. 2 1 1 2 2 1 1 2 1 

Author 

Blinding 
Statistical 

Analysis 

Presentation 

of Results 

Total 

Score 

Risk of 

Bias  

Großner-

Schreiber 

et al. 

1 2 2 22 L 

Zhang et 

al. 
0 1 1 16 M 

Ji et al. 0 2 2 18 L 

Brunello 

et al. 
0 1 1 19 L 

Camargo 

et al. 
0 2 1 16 M 

Author Bias due to 

confounding 

Bias in the 

selection of 

participants 

for the study  

 

Bias in 

classifying 

interventions  

 

Bias due to 

deviations 

from intended 

interventions  

 

Bias due 

to 

missing 

data  

 

Bias to 

measuring 

outcomes  

 

Bias in 

selecting 

reported 

results  

 

The 

overall 

risk of 

biased 

judgment  

 

Scarano 

et al. 

(2003) 

Low Low Low Moderate  Low Low Low Low 
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Table IV. Extracted data from included studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

 

 

 

 

DISCUSSION 

 

 TiN is a ceramic material with significant chemical and physical characteristics. These include a high level of 

hardness (measuring 2000 kg/mm2), an elevated decomposition temperature (2949 °C), modified stoichiometry, chemical 

stability at room temperature, excellent conductivity, and a distinctive golden-yellow color. Primarily employed as a 

coating, TiN enhances the properties of other materials. It contributes to near-zero hemolysis rates and exhibits 

exceptional biological traits, such as minimizing the release of cobalt-chromium-molybdenum ions (CoCrMo). 

Previous research has revealed that TiN coatings effectively hinder the initial colonization of bacteria and the 

formation of biofilms. Significantly, this inhibition does not compromise the adhesion, proliferation, and differentiation 

of bone marrow mesenchymal cells, thereby preserving the material's biocompatibility. Studies have demonstrated that 

compared to polished titanium, the deposition of TiN coatings through Physical Vapor Deposition results in increased 

fibroblast numbers on zirconium nitride and TiN surfaces. It is worth noting that surface roughness can facilitate bacterial 

adhesion, and to prevent plaque formation, the roughness average (RA) value should not exceed 0.2 μm to maintain a 

stable soft tissue seal around the abutment (27, 28). In light of this, the TiN coating is generally below this threshold, with 

documented Ra values of 0.159 ±0.040 μm and 0.217 ±0.025 μm assessed by confocal microscopy and white light 

interferometry (29). 

TiN/ZrN film coatings have also been investigated for their potential to improve the surface properties of pure 

titanium, increasing wear resistance and abrasive hardness. Thus, the primary objective of this review was to establish 

the state of the art in the literature regarding the antibacterial activity and suppression of bacterial growth by TiN hard 

coating materials. However, the number of clinical trials published in peer-reviewed journals using TiN as a coating for 

implant abutments is still limited, preventing a comprehensive systematic review of clinical studies (29-31). 

Author 

(Year) 

Study 

design 

Coating Control group Bacteria used Test procedure Influence of coating 

on bacteria 

Scarano et 

al. (2003) 

In vivo TiN 

coated 

implants 

Uncoated grade 

4 titanium 

implants 

Percentage of 

surface 

covered by 

bacteria   

Light microscope 

connected to a high-

resolution video camera 

The extent of 

bacterial coverage on 

test implants was 

significantly reduced 

compared to control 

implants (P<0.0001). 

Großner-

Schreiber 

et al. 

(2000) 

In 

vitro 

TiN Pure titanium 

discs grade 2 

S. Sanguis 

S.Mutans 

Fluorescence 

microscope  

The significantly 

lower number of 

bacteria on TiN-

coated discs 

(p=0.0036) 

Zhang et 

al. (2015) 

 

In 

vitro 

TiN Commercial 

pure Ti grade 2 

S. Mutans 

A. Viscosus 

P Gingivalis  

Scanning electron 

microscope (SEM), 

white light 

interferometer (WLI), 

and confocal laser 

scanning microscope 

(CLSM) 

No difference in 

biofilm formation 

Ji et al. 

(2015) 

 

In 

vitro 

TiN Commercially 

pure titanium 

grade 2 

S.Mutans 

P.Gingivalis 

SEM The number of 

S.mutans colonies on 

TiN decreased 

significantly (p<0.05) 

Brunello et 

al. (2018) 

 

In 

vitro 

TiN TiAl6V4, grade 

5 disks 

S.Sanguis 

S.Salivarius 

S.Mutans 

S.Sobrinus 

S.Oralis 

Flow cytometry The proportion of 

deceased bacteria was 

elevated in the 

biofilms cultivated on 

the disks coated with 

TiN. 

Camargo 

et al. 

(2020) 

 

In 

vitro 

TiN High pure 

titanium 

P.Gingivalis  Fluorescence and SEM Biofilm coverage was 

lower in TiN 

(24.22%) compared 

to uncoated samples 

(85.2%) p<0.05 
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Therefore, our review primarily focused on five in vitro studies and only one human trial. This limited scope 

should be considered a limitation of this systematic review. Nevertheless, the antibacterial effect of TiN is summarized 

in Table IV. All included studies compared the antibacterial activity of TiN coating versus pure titanium using different 

bacteria and laboratory methods (32-34). 

The only in vivo study included in this review, conducted by Scarano et al., examined early bacterial colonization 

of TiN-coated implant abutments. After 24 h, the test group (TiN-coated implants) showed no bacterial or salivary proteins 

in widely distributed zones, with only small colonies of a few cocci found in other areas. The bacterial coverage on TiN-

coated implants was found to be 13.1%±2.01%. In contrast, the control group, consisting of uncoated implants, displayed 

plaque containing a small number of cocci and a higher proportion of rod-shaped and filamentous-shaped bacteria. 

Additionally, a significant portion of the surface was covered by salivary proteins. The bacterial coverage on the control 

implants was measured to be 21.3%±1.9%. The authors concluded that the extent of bacterial coverage on TiN-coated 

implants was significantly lower compared to the control implants (P=0.0001) (34). It is important to note that these 

findings were attributed to the distinct chemical and physical composition of the implant surface rather than differences 

in surface roughness, as the roughness was similar in both the test and control implants. 

In their study, Grossner-Schreiber et al. investigated the effects of TiN coatings on bacterial adhesion in 

comparison to control surfaces with equivalent roughness. They specifically examined the adhesion of Streptococcus 

mutans and Streptococcus Sanguis. The findings revealed a significant decrease in bacterial colonies on TiN-coated 

surfaces (25). 

Our study used hard coatings (TiTiN and Ti-ZrN) to examine their impact on plaque accumulation. These 

coatings effectively masked the highly reactive titanium surface underneath, regardless of the surface roughness. Previous 

research has suggested that physical modifications like hard coatings could influence bacterial adherence. Coating the 

metal components of partial dentures with TiN was found to reduce plaque formation. Notably, there was a greater 

reduction in S. sanguis than S. mutans due to the former's more hydrophobic surface, which exhibited a stronger affinity 

for the TiN coating film. 

TiN coating for the implant portion in contact with soft tissue can potentially reduce plaque formation and 

mucosal inflammation (25, 26, 34-36).  Zhang et al. (35) found no difference in biofilm formation between TiN-coated 

and uncoated disks after 14 days of incubation when examining the effects of S. mutans, A. viscosus, and P. gingivalis. Ji 

et al. (26), evaluated bacterial adhesion and osteoblast-like cell viability, focusing on S. mutans, which is correlated with 

bacterial adhesion to implant surfaces in the human oral cavity, and P. Gingivalis, which stimulates toxin production and 

inflammation associated with peri-implantitis. They reported a significant reduction in the number of S. mutans colonies 

on TiN-coated surfaces compared to polished titanium (P<0.05). However, no difference in bacterial colony counts was 

observed between the two surfaces for P. gingivalis.  

Brunello et al. (36), investigated the antibacterial activity of TiN-coated machined titanium compared to 

uncoated titanium surfaces against five different bacterial strains (Streptococcus salivarius, S. sanguinis, S. mutans, S. 

sobrinus, and S. oralis (35). The percentage of dead bacteria was calculated, and they found a higher percentage of dead 

bacteria on TiN-coated disks compared to uncoated samples. For example, the percentage of dead S. oralis on the TiN-

treated disks was 51.84%±3.73% (P<0.001). Similar results were found for the other bacterial strains. The authors 

concluded that TiN-coated titanium exhibited antibacterial activity against several species associated with peri-implant 

infections.  

In another study, Camargo et al. (37), tested the antibacterial activity of TiN-coated titanium disks compared to 

uncoated titanium against P. gingivalis. They observed a significant reduction in the number of P. gingivalis on TiN-

coated disks (24.22%) compared to uncoated samples (85.2%, p<0.05) (37). Moreover, it has recently been reported that 

Streptococcus gordonii is an early bacterial colonizer and is essential for the initial colonization of abutments and tooth 

surfaces by other bacterial species. Its growth in vitro is significantly reduced on untreated titanium NiT surfaces.  

To summarize, the findings of this systematic review suggest that TiN-coated implants and abutments can 

effectively reduce mucositis and peri-implant inflammation. The TiN coating demonstrates a remarkable decrease in 

bacterial adherence, reducing plaque formation and potentially improving the long-term stability of the implant. However, 

it is important to note that further clinical trials are needed to validate these findings and explore the clinical effectiveness 

of TiN-coated implants. 

 

CONCLUSIONS 

 

To the best of the authors’ knowledge, the first review on TiN coatings in clinical dentistry was published in 

1992 based on their biocompatibility, mechanical properties, and corrosion (10). This systematic review demonstrated 

how TiN-coated implants and abutments could effectively reduce the initial biofilm formation involved in mucositis, 
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improving implant long-term stability due to the strong influence related to the TiN bio-corrosion activity of dental 

implant surface. 

The main limitation of this study is that only one human study was included in this systematic review; further 

clinical investigations need to be conducted. 
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ABSTRACT 

 
The peri-implant bone density can determine long-term maintenance of the implant osteointegration. Thus, 

numerous types of research have been done to increase the quality and quantity of the peri-implant alveolar bone to 

improve implant survival and reduce the healing period. Many in vivo and in vitro studies have demonstrated that implant 

surfaces can influence cellular response and peri-implant bone. This work aimed to evaluate the role of the implant surface 

in protein absorption. Biochemical analyses were performed on 80 implants, 40 sandblasted/acid-etched (C = control), 

and 40 sandblasted/acid-etched and treated with cold plasma (T = test). Protein absorption in C and T surfaces was 2.15 ± 

0.47 mg/ml and 2.66 ± 0.48 mg/ml, respectively. The difference in protein absorption between C and T implants was 

statistically significant (***P < 0.001). In conclusion, since the chemical composition, shape, and size of the C and T 

implants were similar, we can state that the cold plasma treatment determined the differences in protein adsorption 

observed. 

 
KEYWORDS: atmospheric plasma, cold plasma, dental implants, peri-implant bone, implant surface, protein 

adsorption 

 
INTRODUCTION 

 

Implant rehabilitation is a successful treatment for most edentulous patients who can be successfully treated with 

titanium implants, allowing predictable clinical results. The long-term maintenance of implant osseointegration is also 

influenced by peri-implant bone contact and density (1, 2). For this reason, a great deal of research has been conducted 
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to increase the quality and quantity of peri-implant bone to improve implant survival and reduce bone healing time so that 

implants can be loaded immediately or early (3).  The implant surface can be treated with a chemical or physical agent to 

increase roughness. These treatments aim to increase undifferentiated mesenchymal cells and blood elements that induce 

bone formation at an early stage of osseointegration (4). Surface roughness can be produced by sandblasting, acid-etching,  

PVD (Physical Vapour Deposition) coating, plasma spray, or nano-coating (5).  Surface roughness is one factor in 

determining the long-term prognosis of implants (6). Surface chemistry is also a factor influencing cellular response. 

Dental implant placement triggers a series of cellular and molecular events that generally lead to bone healing, and these 

mechanisms are very similar to those occurring in a wound or bone fracture. 

Cytokines, released following surgical wounding, induce the proliferation and differentiation of preosteoblasts 

into osteoblasts simultaneously with the differentiation of periosteal and endosteal cells. Thus begins the production of 

osteoid matrix and subsequent mineralization with the formation of bone in contact with the implant and subsequent 

remodeling according to load (7). Peri-implant bone healing is, therefore, a complex phenomenon involving cell 

differentiation, migration, proliferation, protein synthesis, osteoid matrix deposition, and subsequent mineralization. All 

these phenomena can be influenced by hormones and local factors such as the chemical or roughness of the implant 

surface (8). One way to influence cellular events is to treat surfaces with cold atmospheric plasma (9). Sandblasting, 

oxidation and ultraviolet irradiation, alkali treatment, acid etching, calcium phosphate deposition, and cold plasma are 

surface treatments that can promote initial osteogenesis by increasing bone density in contact with the implant surface 

(10). Plasma represents the fourth stage of the matter and is a neutral ionized gas with high potential energy. It contains 

particles such as electrons, photons,  atoms, positive and negative ions, free radicals, and excited and non-excited 

molecules used in many medical fields (11). Treatment of the implant with atmospheric plasma effectively improves 

hydrophilicity and promotes the attachment of bone marrow mesenchymal stem cells without changing the surface 

morphology of the metal (12). Osteoblast differentiation would be favored by cold plasma treatment that enhances 

osteoblastic proliferation, leading to increased production of peri-implant alkaline phosphatase by osteoblasts (13). The 

aim of this study is to evaluate the effect of surface treatment with cold plasma on protein absorption. 

 
MATERIALS AND METHODS 

 
Biochemical evaluations 

For this type of evaluation, 80 threaded sandblasted/acid-etched implants surfaces screw-shaped implants 

(Isomed, DUE CARRARE, Padova, Italy) were used, 40 of which were control (C) and 40 with an atmospheric plasma-

treated surface (T). The C and T implants were immersed for 15 seconds in a protein solution of bovine serum albumin 

at 100 mg/ml. This solution was prepared using bovine serum albumin powder produced by SIGMA (code A3294). Protein 

adsorption on the implant surface was determined by two methods: 

1. readings at 280 nm of the protein solutions extracted from the dental implants using the spectrophotometer (Hewlett 

Packard mod. 8453); 

2. evaluation using a SIGNA protein determination kit. 

 

Statistical analysis 

Data were analyzed using GraphPad Prism 9 software (GraphPad Software, Inc., La Jolla, CA, USA). All data 

are presented as the mean ± standard deviation (SD) and were first checked for normality using the D’Agostino-Pearson 

and Shapiro-Wilk normality test. Differences in protein uptake between the C and T implants were analyzed using a 

Mann-Whitney test. A *P < 0.05 was considered significant. 

 

RESULTS 

 

 A significant increase in protein uptake on atmospheric plasma-treated surfaces concerning the control, from 

2.15 ± 0.47 mg/ml to 2.66 ± 0.48 mg/ml (***P < 0.001), was observed (Fig. 1, 2). 
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Fig. 1. Graphical representation of the protein uptake on the control and atmospheric plasma-treated surfaces (***P < 

0.001). 

 

 

Fig. 2. Plasma treatment of an implant. 

 

 

DISCUSSION 

 

The results of this study show that implants treated with cold plasma absorb more protein. Bovine serum albumin 

(BSA) is a globular blood plasma protein that transports various compounds and is often used as a reference protein for 

adsorption experiments (14). Surface roughness and composition are the most important factors influencing cell activity. 

Titanium used during in vivo implantation needs the immediate adhesion of body fluids and protein molecules in the 

blood to continue the cellule migration and proliferation via the protein-coated layer (15). Several studies show that it is 

possible to absorb proteins on the surface of the biomaterial to increase the amount of bone around the biomaterial, thus 

reducing healing time. In the present study, we treated the surface of the implant with atmospheric plasma to make it more 

absorbent towards plasma proteins. Our results show that cold plasma-treated surfaces absorb more albumin in vitro and 

in vivo, which can promote better bone healing with increased bone-titanium contact. Increased protein uptake by surfaces 

treated with cold plasma could play a key role in bone regeneration by increasing the concentration of the implant of 

proteins involved in bone neoformation processes (16). It is known that modifying the geometry, microporosity, and layer 

of titanium dioxide makes it possible to make it more osteoconductive or even osteoinductive. The cold plasma-treated 

surface absorbs more BMP (morphogenetic), OP (osteogenetic), fibronectin, and osteopontin proteins released at the 

implant site after surgery. Surface wettability, therefore, plays a key role in protein adsorption; it is a key feature in 

achieving good binding between proteins dispersed in the extracellular matrix and the biomaterial (17). Once surgically 

inserted into the bone, the titanium first comes into contact with blood proteins, which form a clot around its surface; the 
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proteins tend to absorb onto the implant's surface, creating a macromolecular layer and influencing the behavior of the 

surrounding cells.  

Albumin and fibrinogen are the first proteins to adhere to and absorb the implant surface (18, 19). Cold Plasma 

treatment was used to increase surface energy and wettability without changing the surface characteristics to prove protein 

adsorption and promote the biological behavior of the cells (20). Cold plasma treatment was used before surgery to reduce 

carbon contamination, thus improving osseointegration and reducing the time of healing procedures (21). 

It can be stated that, from the values that emerged from our experimentation, the T-surfaces show a higher uptake 

of bovine serum albumin than the C surfaces. In conclusion, since the chemical composition, shape, and size of the C and 

T implants are similar, the differences in protein adsorption observed are determined by the cold plasma treatment. 
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ABSTRACT  

 

 Temporomandibular disorders (TMD) represent a complex and multifaceted group of conditions affecting the 

temporomandibular joint and associated muscles, resulting in a range of symptoms and impaired quality of life. Surface 

Electromyography (sEMG) has emerged as a non-invasive tool for assessing masticatory muscle function and evaluating 

the efficacy of bite therapy in TMD patients. It provides valuable insights into muscle activity, activation patterns, and 

neuromuscular dysfunctions associated with TMD. The purpose of this article is to review bite therapy, which is aimed 

at improving the occlusal relationship and is a rational approach to managing TMD by reducing abnormal occlusal forces 

and muscle hyperactivity. A literature search from 1 January 2002 through 18 July 2023 of PubMed, Scopus, and Web of 

Science databases was conducted analyzing the rationale for bite therapy in TMD using these terms: “pain” AND 

(“temporomandibular disorder*” OR “temporomandibular dysfunction*”) AND “surface electromyography” AND 

“masticatory muscle activity” AND “splint therapy”. At the end of the selection process, 38 articles resulted. sEMG is a 

non-invasive tool for assessing masticatory muscle function in cranio-mandibular pain. It enhances bite therapy evaluation 

and patient engagement through biofeedback. Further research is needed to optimize TMD management and explore 

additional treatment options. 

 

KEYWORDS: bite therapy, temporomandibular disorders, surface electromyography, occlusal splint, 

temporomandibular dysfunction, craniomandibular pain, occlusal relationship 

 

INTRODUCTION 

 

 Cranio-mandibular pain, or TMD, constitutes a group of conditions affecting the temporomandibular joint (TMJ) 

and associated muscles (1). TMD presents a broad spectrum of symptoms, including pain, joint sounds, muscle tenderness, 
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limited jaw movement, and headaches (2). This debilitating condition affects a significant portion of the global population, 

leading to decreased quality of life, impaired masticatory function, and psychosocial disturbances (3).  

 As TMD has a multifactorial etiology, successful management demands a comprehensive approach that includes 

accurate diagnosis, targeted interventions, and careful evaluation of treatment outcomes (4). Surface Electromyography 

(sEMG) has emerged as a promising noninvasive tool for assessing masticatory muscle function and evaluating the 

efficacy of bite therapy in patients with craniomandibular pain (5). 

 

Temporomandibular disorders: a complex and multifaceted condition 

 TMD encompasses a diverse group of conditions affecting the TMJ, masticatory muscles, and other structures 

in the craniofacial region (6). The prevalence of TMD varies across populations, with studies reporting rates ranging from 

5% to 12% globally (7). Although the exact pathogenesis remains elusive, TMD is believed to result from the interplay 

of genetic, biomechanical, hormonal, psychosocial, and environmental factors (8).  

 Trauma to the jaw, parafunctional habits (e.g., clenching, bruxism), malocclusion, stress, and joint abnormalities 

are common predisposing factors for TMD (9). TMD's complex and multifaceted nature makes it challenging to diagnose 

and manage effectively. Consequently, an accurate assessment of the disorder, including the evaluation of masticatory 

muscle function, is critical for devising appropriate treatment strategies (10). 

 

Surface electromyography: fundamentals and applications in dentistry 

 sEMG is a non-invasive diagnostic technique that measures the electrical activity of skeletal muscles through 

surface electrodes placed on the skin above the targeted muscle groups (11). By capturing action potentials generated by 

motor units during muscle contractions, sEMG provides valuable insights into muscle function, activation patterns, and 

timing (12). This technology has found extensive applications in various fields, including rehabilitation, sports science, 

ergonomics, and dentistry (13).  

 In the dental context, sEMG has gained recognition as a reliable and objective tool for assessing masticatory 

muscle activity and function (Fig. 1) (14). By analyzing muscle activity during rest, maximal clenching, chewing, and 

other jaw movements, clinicians can gain essential information about muscle imbalances, asymmetries, and potential 

neuromuscular dysfunctions associated with TMD (15). 

 

 
 

Fig. 1. Placement of the electrodes for surveying the function of the main masticatory muscles. 

 

The rationale for bite therapy in TMD management 

 Bite therapy, also known as occlusal therapy (Fig. 2), is a treatment approach to improve the occlusal relationship 

and balance the occlusal system (16). The underlying rationale for bite therapy in TMD management is to minimize 

abnormal occlusal forces, reduce masticatory muscle hyperactivity, eliminate parafunctional habits, and enhance joint 

stability (17).  

 The ultimate goal is to alleviate pain, restore normal jaw function, and improve the patient's overall quality of 

life (18). Various bite therapy modalities exist, ranging from occlusal adjustments and splint therapy to orthodontic 

interventions (19). Selecting the most appropriate treatment approach depends on factors such as the patient's clinical 

presentation, occlusal findings, and the severity of TMD symptoms (20). 
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Fig. 2. Bite therapy to rebalance occlusal forces and relationships. 

 

 

 

sEMG as a diagnostic tool for cranio-mandibular pain 

 sEMG is particularly advantageous in evaluating cranio-mandibular pain because it provides objective, real-time 

data on masticatory muscle activity. By comparing muscle activation patterns between symptomatic and asymptomatic 

sides, sEMG helps clinicians identify specific muscle imbalances or asymmetries that may contribute to TMD symptoms. 

During sEMG assessment, the patient is instructed to perform a series of standardized tasks, such as clenching, biting on 

a force transducer, and chewing (21).  

 The data obtained from these tasks allow the clinician to quantify muscle activity, assess coordination, and 

determine whether excessive muscle activity is present during various functional tasks. Furthermore, sEMG can be used 

to evaluate the effects of bite therapy on masticatory muscle function. By measuring changes in muscle activity before 

and after treatment, clinicians can objectively assess the treatment's effectiveness and adjust the therapeutic approach as 

needed. 

 

sEMG in evaluating the efficacy of bite therapy 

 The use of sEMG in evaluating the efficacy of bite therapy in patients with cranio-mandibular pain offers several 

advantages. Firstly, sEMG objectively assesses muscle function, which can complement subjective patient-reported 

outcomes. Quantitative measurements of muscle activity before and after bite therapy can help clinicians track 

improvements and make data-driven decisions in treatment planning (22). Secondly, sEMG can aid in identifying 

potential muscle imbalances and asymmetries that may contribute to TMD symptoms.  

 By analyzing muscle activity during different tasks, such as chewing or clenching, clinicians can pinpoint areas 

of concern and tailor bite therapy to address these issues (23). Moreover, sEMG allows for real-time biofeedback, enabling 

patients to visualize their muscle activity and learn to modify their behaviors. This biofeedback mechanism encourages 

active patient participation, improving treatment compliance and outcomes (24). 

 

The Role of sEMG in biofeedback and patient education 

 Beyond its diagnostic utility, sEMG offers significant benefits in terms of biofeedback and patient education 

(25–28). By visualizing their muscle activity in real-time, patients can better understand their condition and actively 

participate in their treatment (19). This biofeedback mechanism empowers patients to modify parafunctional habits, adopt 

healthier behaviors, and engage in self-management techniques, enhancing treatment outcomes. 

 

MATERIALS AND METHODS 

 

Protocol and registration 

 The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) protocols were followed 

when conducting this review, and it was submitted to PROSPERO with a temporary number (n. 452358) (29). 

 

Search processing 

 We searched PubMed, Scopus, Web of Science, and ScienceDirect with a constraint on English-language papers 

from 1 January 2002 through 18 July 2023 that matched our topic. The following Boolean keywords were utilized in the 

search strategy: “pain” AND (“temporomandibular disorder*” OR “temporomandibular dysfunction*”) AND “surface 

electromyography” AND “masticatory muscle activity” AND “splint therapy”. These terms were chosen because they 

best described the goal of our inquiry, which was to learn more about the electromyographic evaluation of the 

effectiveness of therapy on TMD using occlusal splints (OS). 
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Inclusion criteria 

 All appropriate trials were assessed by three reviewers using the following selected criteria: (A) only studies 

with human subjects; (B) open-access studies that other researchers can access for free; (C) scientific research evaluating 

the positive beneficial effects of OS in the treatment of TMD. The PICO model was developed in the following manner: 

• population: human subjects with TMD. No restrictions on health status, sex, and age; 

• intervention: OS; 

• comparison: groups with different types of splints or other appliances; 

• outcome: pre- and post- treatment with electromyographic evaluation. 

 

Exclusion criteria 

 Exclusion criteria included articles in non-English languages, ineligible research design, ineligible outcome 

measure, and ineligible population, such as studies on TMD patients who did not have pain, studies on patients with 

congenital craniofacial deformities, case reports, reviews, and animal studies. 

 

Data processing 

 Author differences over the article selection were discussed and resolved. 

 

Article identification procedure 

 Two reviewers (F.I. and F.P.) completed the suitability evaluation separately. A manual search was also done to 

expand the pool of articles for full-text examination. Articles published in English that fit the inclusion requirements were 

considered, while duplicates and disqualified articles were labeled with the reason for exclusion. 

 

Study Evaluation 

 The reviewers independently evaluated the article data using a special electronic form designed according to the 

following categories: authors, year of study, study model design, diagnostic criteria, patient age, study groups, 

participants, outcomes, and results. 

 

RESULTS 

 

 A total of 1443 publications were discovered from the following databases: PubMed (537), Scopus (417), and 

Web of Science (489), producing 1125 articles after deleting duplicates (318). The analysis of the title and abstract 

resulted in the exclusion of 969 items. The remaining 156 papers were successfully retrieved and verified for eligibility 

by the writers. The process resulted in the elimination of 118 items for being off-topic. The examination comprises the 

final 38 articles for qualitative analysis (Fig. 3). The items included are schematized in Table I (6, 8-11, 13, 16, 17, 20, 

22, 26, 30-47). 

 
Fig. 3. PRISMA flowchart diagram of the inclusion process. 
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Table I. Characteristics of the studies. 

Authors  

Years 

Type of the study Study groups Materials and methods Results 

Ferrario et al. (2002) 

(30) 

Clinical exam Among the TMD, 

individuals with internal 

derangement type I were 

chosen. 

EMG was done on all 

patients shortly before and 

after the splint was inserted, 

and results were compared 

using paired t-tests. 

The splint lowered the 

electrical activity of the 

muscles studied, making it 

more balanced between the 

left and right sides and 

between the temporal (TA) 

and masseter muscles 

(MM). 

Amorim et al. (2010) 

(31) 

Cross-sectional study Fifteen women The effects of an OS on the 

electric activity of the MM 

were examined using sEMG 

in a group of people with 

sleep bruxism (SB), and the 

clinical aspects of SB were 

used to characterize it. 

When MM was evaluated 

during mandible occlusion 

without clenching, 

decreased values were 

reported following splint 

wearing on both sides.  

Botelho et al. (2010) 

(32) 

Randomized controlled 

trial 

Thirty people were studied, 

15 of whom had TMD 

(TMD Group) and 15 were 

healthy (Control Group). 

Each patient in the TMD 

Group received a durable 

OS constructed of 2 mm 

thick silicon that covered all 

teeth. The EMG was done 

both before and after the 

splint was installed. 

The symmetry index values 

in the Control Group were 

greater than in the TMD 

Initial Group and similar to 

those in the TMD Group 

after the splint was installed. 

When compared to the 

Controls, the torque index 

values in the TMD Initial 

Group were greater. Impact 

values were lower than 

normal in the TMD Initial 

Group and were recovered 

once the splint was installed. 

Cruz-Reyes et al. 

(2011) (33) 

Randomized controlled 

trial 

16 persons Two groups of eight 

patients were assessed, each 

wearing the same occlusal 

splint for 7 to 9 weeks. Each 

patient underwent two EMG 

tests before applying the 

splint and during therapy. 

While the drop in the 

experimental group may 

have been caused by a 

negative or decremental 

process of muscular 

organization to limit the 

recruitment of new motor 

units, the rise in muscle 

electrical activity in the 

control group may have 

resulted from a 

neuromuscular recovery 

process. Therefore, occlusal 

stability splints are preferred 

over soft OSs. 

Nanda et al. (2011) (34) Longitudinal study 10 patients EMG activity of the anterior 

TA and MM was recorded 

bilaterally for patients 

whose vertical was restored 

using a centric stabilizing 

splint. Each subject's 

postural rest posture and 

maximal voluntary 

clenching were recorded 

before the commencement 

of treatment, immediately 

after the splint was placed, 

and at subsequent recall 

sessions, with and without 

the splint. 

EMG activity in postural 

rest posture (PRP) and 

maximal voluntary clench 

(MVC) was reduced for 

both muscles until 1 month. 

In month 3, both with and 

without the splint, there was 

an increase in muscle 

activity near normality at 

PRP. At MVC in month 3, 

muscle activity without the 

splint dropped considerably 

compared to pretreatment 

values for the anterior TA 

and MM, but with the splint 

increased beyond 

pretreatment levels. 
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Daif et al. (2012) (35) Randomized controlled 

trial 

This research comprised 

forty individuals with TMD 

and myofascial pain. 

The first group (A) received 

OS treatment for 6 months, 

while the second group (B) 

served as a control. A 

clinical evaluation and 

sEMG of the masticatory 

muscles were done at the 

start of the trial and again 6 

months afterward. The data 

was statistically examined 

using the paired t-test. 

The findings revealed that 

85% of Group A either 

entirely recovered (35%) or 

clinically improved (50%), 

whereas only 20% of Group 

B improved spontaneously. 

After 6 months, the means 

of the electromyographic 

amplitude recordings (mV) 

of the monitored muscles in 

group A had reduced. 

However, the drop was 

statistically insignificant 

among the 15% of patients 

with no clinical changes (p 

> 0.05). In group B, the 

means of the muscle 

recordings (mV) on the left 

rose significantly, while 

those on the right fell 

somewhat. 

Vieira e Silva et al. 

(2012) (36) 

Randomized controlled 

trial 

15 subjects with disc 

displacement and 15 

asymptomatic subjects 

EMG data was acquired and 

recorded on the day the 

splint was placed, one week 

later, and five weeks later. 

Following therapy, 

significant changes in mouth 

opening and pain remission 

were seen. There were no 

statistically significant 

changes between the three 

sessions, with or without the 

splint. Except for total 

muscle activity, there were 

substantial differences 

between the TMD and 

control groups in all indices 

of muscular symmetry, 

activity, and torque. 

Amorim et al. (2012) 

(37) 

Clinical exam 15 women with SB and 

temporomandibular 

problems as a result of 

professional stress 

sEMG was done on the 

right and left MM and TA 

muscles. EMG signals were 

obtained twice for each 

subject. 

The parametric t-paired test 

evaluated root mean square 

(RMS) amplitude changes 

between pre and post-splint 

data for resting and maximal 

clenching effort.  

Takahashi et al. (2013) 

(13) 

Cross-sectional study 23 patients To evaluate SB, portable 

EMG was used to detect 

MM activity while sleeping 

with stabilization splints 

(SS) or palatal splints (PS) 

The SS group showed a 

significant decrease in the 

number of bruxism events 

per hour. 

Fei-yu et al. (2013) (38) Randomized controlled 

double-blind trial 

Thirty-six patients took part 

in the trial. All 

Participants with 

myofascial TMD were 

divided into two groups of 

18 each. 

Clinical evaluations were 

conducted at the start of the 

trial and one month 

following therapy. MM's 

sEMG measurements were 

taken one month after 

treatment at the mandibular 

postural position (MPP) and 

maximal intercuspal 

contacting position (ICP).  

It was revealed that 89% of 

Group A either completely 

recovered (39%) or 

improved clinically (50%), 

but just 22% of Group B 

improved spontaneously.   

Lickteig et al. (2013) 

(39) 

Longitudinal study 14 subjects with TMD Before and after two weeks 

of therapy with an 

individually customized OS, 

pain rating, kinematic 

examinations of occlusal 

motions, and jaw muscle 

EMG were assessed at tooth 

functional magnetic 

resonance imaging (fMRI). 

Patients' subjective pain 

ratings dropped throughout 

treatment, and condylar 

movement symmetry 

improved. EMG of the jaw 

muscles revealed more 

relaxed resting conditions 

and greater activity during 

maximum occlusion after 

treatment. During treatment, 

fMRI during occlusion 

revealed reduced activity in 
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the right anterior insula and 

right cerebellum. 

De Paula Gomes et al. 

(2014) (40) 

Randomized clinical 

trial 

Sixty people with severe 

TMD and SB were 

randomly assigned to one 

of four therapy groups. 

Block randomization and 

sealed opaque envelopes 

were used to disguise the 

allocation. All groups 

underwent 

electromyographic 

examination of the MM and 

anterior TA muscles before 

and after therapy. 

Prior to treatment, there 

were no statistically 

significant variations in 

median frequency across the 

groups, according to the 

inter-group analysis of 

variance. There were no 

statistically significant 

differences between groups. 

Caria et al. (2014) (22) Randomized controlled 

trial 

Thirty police officers were 

chosen based on TMD 

Research Diagnostic 

Criteria and clinical tests. 

Volunteers (ten per group) 

were divided into three 

groups based on their OSs: 

group A was the control 

group, group B was the 

Michigan Occlusal Splint 

(MOS), and group C was 

the Planas Appliance (PA). 

The experimental groups 

were evaluated clinically 

for temporomandibular 

joint discomfort using a 

visual analog pain scale 

(VAPS). 

 

Bilateral surface 

electromyographic activity 

of the anterior and posterior 

TA, MM, and suprahyoid 

muscles at rest and during 

clenching was recorded 

before and after four weeks 

of wearing Oss. 

 

After utilizing both splints, 

the sensitivity of the left and 

right TA and MM 

diminished. Pain symptoms 

rose in group A (Control) 

while decreasing in group C. 

 

Matsumoto et al. (2015) 

(41) 

Randomized controlled 

trial 

Twenty bruxers were 

randomly assigned to one 

of two groups: continuous 

or intermittent. 

The researchers examined 

the amount of nocturnal 

MM electromyographic 

episodes, duration, and 

overall activity of SB. 

The nocturnal MM 

electromyographic events 

and duration were 

significantly reduced in the 

continuous group 

immediately and one week 

after the stabilizer splint was 

applied. However, no 

reduction was seen two, 

three, or four weeks later. 

The number and duration of 

nocturnal MM 

electromyographic episodes 

were significantly reduced 

in the intermittent group 

immediately after and four 

weeks after the stabilizer 

splint was applied. 

Trindade et al. (2015) 

(42) 

Comparative study Two groups of 11 bruxism 

patients were treated with 

either an OS paired with 

cognitive behavioral 

therapy or an OS alone. 

Before and after therapy, 

sEMG of the MM and 

anterior TA muscles was 

conducted. 

Except for the right anterior 

TA muscle in the group 

treated with an OS alone, 

the mean amplitude of 

activity of all muscles 

decreased following 

treatment. The anterior TA 

muscles have bigger mean 

amplitudes than the MM. 

Giannakopoulos et al. 

(2018) (9) 

Randomized controlled 

trial 

45 patients Sensorimotor training and 

traditional splint therapy 

were the two treatment 

groups. EMG activity was 

recorded at the initial 

session and three months 

afterward.  

The first and last sessions' 

EMG activity under 

submaximal biting force 

were not substantially 

different. After the treatment 

period, EMG activity for the 

MM was roughly 20% 

higher during maximal 

biting in both groups. In 

contrast, only the 

sensorimotor training group 
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showed a substantial 

increase in the TA muscle. 

Furthermore, sensorimotor 

training was substantially 

more difficult to utilize than 

the splint. 

Castroflorio et al. 

(2018) (6) 

Randomized controlled 

trial 

Sixty patients with SB who 

needed orthodontic 

treatment were included in 

the trial and randomly 

allocated to one of three 

groups: 20 received clear 

aligners (CAT), 20 received 

an OS, and 20 received a 

placebo splint (PMS). 

All groups were observed 

for 6 months, and SB was 

detected using portable 

electromyographic-

electrocardiographic (EMG-

ECG) equipment. 

When compared to PMS, 

MOS individuals reduced 

MM contractions after 6 

months of therapy but 

increased phasic 

contractions related to SB 

after 3 months of treatment 

and tonic contractions 

related to SB throughout the 

six months of treatment. 

When compared to PMS, 

CAT individuals had more 

phasic contractions due to 

SB throughout the first and 

third months of therapy. 

There were no significant 

variations in the SB index 

for any of the three groups 

at any period. Although 

MOS and CAT had varied 

effects on EMG signals 

during sleep, they did not 

affect the total SB score. 

Rój et al. (2018) (20) Longitudinal study Forty edentulous 

individuals with TMD. 

sEMG was used to evaluate 

the electromyographic 

activity of the TA muscle 

and MM. For 74 days, all 

patients wore acrylic OSs. 

Patients who received 

combo treatment exhibited 

less TA muscle activity 

asymmetry. 

Kobayashi et al. (2019) 

(43) 

Randomized controlled 

trial 

76 children All participants will be 

subjected to a clinical 

assessment before and after 

treatments to assess muscle 

activity and salivary 

biomarkers. EMG of 

mastication, MM, and TA 

muscles will be used to 

confirm muscular activation 

and salivary biomarkers 

such as cortisol and 

dopamine levels will be 

measured. 

Researchers are interested in 

photobiomodulation 

treatment since this 

noninvasive technology has 

shown excellent effects in 

muscle tissue disorders. 

Lan et al. (2019) (26) Comparative study 21 people with centric 

bruxism (CB) and 21 

people with eccentric 

bruxism (ECB). Sixteen 

participants did not have 

bruxism. 

EMG signals from the TA 

and superficial MM were 

recorded in various jaw 

positions and while eating. 

The parameters of EMG 

amplitude and chewing 

cycle duration were then 

examined. 

The CB group had less 

muscular maximum motor 

units, with a more 

prominent MM. A higher 

proportion of muscle 

contractions were engaged 

for the same amount of 

chewing activity, and there 

was a longer chewing cycle. 

The ECB group had more 

TA maximal motor units 

and higher MM activity on 

the nonworking side while 

chewing unilaterally. 

Ernst et al. (2020) (8) Cross-sectional study 13 patients fMRI of the depiction of 

occlusal motions on natural 

teeth and on an individually 

fitting mandibular splint 

was used to evaluate 

individuals with TMD and 

moderate pain intensity 

Pain and anticipatory 

anterior insular activation 

are moderately reduced after 

three months of mandibular 

splint treatment. 
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before, after 2 weeks, and 

after 12 weeks. 

Hara et al. (2020) (10) Cross-sectional study 19 TMD patients Patients wore the vibratory 

splint (VibS) or an OS for 

two weeks as a control. The 

outcome variables were 

sleep clenching (SC) 

frequency and pain, 

measured using a portable 

EMG detector analyzer. 

After two weeks of usage, 

VibS encouraged a 

significant reduction, 

whereas acrylic OS 

increased SC frequency. 

Deregibus et al. (2021) 

(44) 

Randomized controlled 

trial 

Forty adult patients had 

myofascial pain on at least 

one MM that had been 

present for at least three 

months. The patients were 

randomly divided into two 

groups: Group 1 had upper 

Michigan OS, and Group 2 

received mandibular OS. 

 

The following outcomes 

were measured at various 

points: myofascial pain by 

Visual Analog Scale (VAS), 

range of motion (ROM) of 

mandibular movements, and 

activity of the primary 

masticatory muscles by 

sEMG. 

There were no significant 

intra-group variations in the 

outcome measures tested in 

both groups. Group 2 

exhibited considerably 

greater correct lateral 

mandibular ROM at T2 and 

significantly greater left 

lateral mandibular ROM at 

T3. We discovered no 

statistically significant 

differences in any of the 

sEMG values. 

Pita et al. (2021) (17) Comparative study 20 asymptomatic subjects EMG measurements were 

taken with and without the 

3- and 6-mm splints, which 

recorded microvolt data (V). 

Masticatory muscle 

electrical activity increased 

during tooth clenching 

compared to rest, with more 

activity in the MM. The 

electrical activity did not 

differ between splint 

thickness or males and 

females. 

Lukic et al. (2021) (16) Randomized controlled 

trial 

10 subjects A splint and an NTI-tss 

device were made 

separately and used 

randomly. In weeks 1, 4, 

and 7, electromyographic 

jaw muscle activity was 

measured for four 

consecutive nights with and 

without a splint. Participants 

noted splint comfort and 

side effects. 

Muscle activation 

diminished only when using 

the NTI-tss device. Most 

patients favored the 

Michigan splint because of 

its higher wearing comfort. 

He et al. (2021) (24) Randomized controlled 

trial 

46 patients with TMD and 

34 controls 

Twenty-three patients and 

17 controls used a 

stabilizing splint. The 

remaining participants were 

monitored without any 

intervention. The EMG 

recordings and clinical 

assessments were repeated 

three months later. 

Patients had greater baseline 

EMG values at rest and 

EMG value fluctuations 

following movements than 

controls. There was no 

difference in EMG results 

between patients and 

controls after therapy. 

Inchingolo 

 et al. (2022) (11) 

Cross-sectional study 25 patients Based on the 

electromyographic data, a 

therapy plan was developed 

to alleviate the symptoms of 

dysfunctional athletes. A 

follow-up was done one 

month after initiating 

therapy with an OS, and the 

outcomes were compared to 

the original data. 

Patients had greater baseline 

EMG values at rest and 

EMG value fluctuations 

following movements than 

controls. There was no 

difference in EMG results 

between patients and 

controls after therapy. 

Wiechens et al. (2022) 

(45) 

Prospective clinical 

trial 

A total of 29 individuals 

with myofascial pain were 

studied. 

Patients were treated with 

Michigan splints that were 

administered nightly for 

three months. Patients were 

registered using an 

electronic ultrasonography 

According to the qualitative 

evaluation, 24 of 29 patients 

improved in pain symptoms, 

with 17 experiencing total 

remission. 
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instrument before (T1) and 

after three months of 

therapy (T2). 

Akat et al. (2023) (46)  Randomized controlled 

trial 

There were 17 controls and 

51 patients divided into 

three groups. 

Each subgroup was 

allocated to wear a distinct 

OS (hard, soft, or semi-soft) 

for three months and was 

evaluated by 

ultrasonography and EMG 

before (BT) and after (AT). 

EMG activity decreased 

with all three splint types, 

with the hard OS group 

showing the greatest 

reduction. Ultrasonographic 

measures of muscle length 

and thickness should be 

employed in conjunction 

with EMG to quantify 

muscle activity in bruxism 

patients. 

Lei et al. (2023) (47) Cross-sectional study 16 patients Patients with an entire 

dentition and a stable 

occlusal connection who 

were reported to have 

nocturnal bruxism were 

chosen for the investigation. 

All participants had their 

intermaxillary space and 

baseline EMG activity of 

the anterior TA and MM 

measured. The subjects 

were fitted with three 

different splints, and their 

results were assessed using 

the comfort index, 

occlusion, and sEMG of the 

anterior TA and MM. 

EMG data were 

considerably lower in 

persons who used a 

modified anterior splint than 

those who used a hard, soft, 

or no OS. Individuals with 

no splint had the most biting 

force and bite area, whereas 

individuals with a modified 

anterior splint had the least. 

At rest, intermaxillary space 

expanded, and masticatory 

muscles showed a 

considerable drop in EMG 

data. 

 

DISCUSSION 

 

 This work explores the role of OSs, mandibular repositioning appliances (MRAs), and other appliances in TMD 

treatment. In recent years, oral appliances have gained recognition as an effective non-invasive treatment option for TMD. 

Among these appliances, OSs and MRAs have been extensively studied and applied in clinical practice. Additionally, 

some studies have explored the use of other types of appliances, such as soft occlusive splints and soft stabilization splints, 

in TMD management (10). 

 

Occlusal splints (OSs) 

 OSs, known as bite splints or mouthguards, are custom-made oral appliances designed to reposition the jaw and 

provide a more stable bite. These appliances commonly manage TMD symptoms, bruxism, and other dental conditions.  

 Amorim et al. conducted a study to assess the effects of OS wearing on sleep bruxers, focusing on 

electromyographic activity in the Masseter Muscle (MM) and anterior temporalis (TA) muscles (37). Sleep-related 

Bruxism (SB)  is a form of bruxism that occurs during sleep and can contribute to TMD symptoms. The study found 

that OS wearing decreased EMG activity in these muscles, suggesting a reduction in nocturnal bruxism activity. This 

result indicates that OSs can effectively manage SB, which may alleviate TMD symptoms associated with this condition. 

Caria et al. investigated the efficiency of OSs in police officers with TMD. The study revealed positive outcomes, 

indicating that OSs effectively improved TMD symptoms in this specific group of individuals. Police officers often face 

high-stress situations and may unconsciously clench their jaws, contributing to TMD. The use of OSs can provide relief 

from the symptoms associated with TMD in this population (22).  

 Costa et al. conducted a controlled clinical study to evaluate the orofacial effects of light-emitting diode (LED) 

therapy alone and in combination with OSs in individuals with TMD. LED therapy is a non-invasive treatment modality 

that uses low-level laser therapy to promote tissue healing and reduce inflammation. The results indicated that the 

combination of LED therapy and OSs positively affected orofacial evaluation, suggesting potential synergistic benefits 

in TMD management. The study highlights the potential of combining different treatment approaches to enhance TMD 

outcomes (48).  

 Daif investigated the correlation between the outcome of splint therapy and EMG activity in masticatory muscles 

in TMD patients with myofascial discomfort. Myofascial pain is a common TMD subtype characterized by localized 

muscle pain and tenderness (35). The study indicated a link between improved TMD symptoms and changes in EMG 
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readings, suggesting that OSs may positively impact myofascial pain in TMD patients. The findings further support the 

use of OSs as a viable treatment option for managing TMD-related myofascial pain.  

 Gomes et al. conducted a randomized clinical trial to assess the effects of massage therapy and OS therapy on 

electromyographic activity and the intensity of signs and symptoms in individuals with TMD and SB (40). The study 

aimed to explore how these therapeutic interventions influenced muscle activity and TMD-related symptoms in this 

specific patient population. The findings from this trial could be particularly significant as they shed light on the potential 

benefits of combining massage therapy with OS therapy for TMD management. However, we cannot provide an in-depth 

analysis of the results without specific details from the article. Nonetheless, this study highlights the importance of 

considering complementary therapies in TMD treatment, as multiple approaches may work synergistically to improve 

patient outcomes.  

 Deregibus conducted a randomized controlled trial to investigate the effectiveness of OSs in alleviating 

myofascial pain in patients with muscle-related TMD (44). Myofascial pain is a common subtype of TMD characterized 

by localized muscle pain and tenderness. The study aimed to determine whether OSs could relieve myofascial pain and 

improve overall TMD symptoms in this patient population. The results from this randomized controlled trial are crucial 

in understanding the efficacy of OSs in managing myofascial pain. By comparing the outcomes of patients receiving OS 

therapy with a control group, the study provides valuable insights into the appliance's specific effects on myofascial pain 

reduction.  

 Fei-yu et al. conducted a study to evaluate the effect of OSs in managing patients with myofascial pain. Similar 

to the previous study, this research focuses on the specific impact of OS on myofascial pain reduction (38). This study's 

findings would provide further evidence of the effectiveness of OSs in managing myofascial pain, potentially 

corroborating results from previous research and strengthening the case for the appliance's inclusion in TMD treatment 

protocols.  

 Akat et al. conducted a study to evaluate the effects of three types of OSs on masticatory muscle activity, muscle 

thickness, and muscle length in patients with bruxism (46). The study utilized both ultrasonographic and 

electromyographic assessments to gain insights into the impact of different OSs on muscle function and morphology in 

individuals with bruxism. This research is valuable as it provides information on the potential influence of various OSs 

on masticatory muscle activity and structure. Understanding the differences between different splint types may aid in 

selecting the most appropriate appliance for specific patient needs.  

 Amorim et al. conducted a study to analyze the electromyographic activity of the MM in individuals with SB 

(31, 37). The study aimed to assess muscle activity patterns during SB episodes, providing insights into the 

pathophysiology of sleep-related bruxism. This research contributes to our understanding of the underlying mechanisms 

of SB, particularly related to muscle activity. As SB can exacerbate TMD symptoms, studying its electromyographic 

patterns is relevant to identifying effective treatment strategies.  

 Botelho et al. investigated the immediate effect of the resilient splint on patients with TMD using sEMG. The 

study aimed to assess the appliance's impact on muscle activity in patients shortly after its application (32). This research 

provides insights into the immediate changes in muscle activity induced by the resilient splint. Understanding the 

appliance's immediate effects can help clinicians gauge its potential benefits and make necessary adjustments to optimize 

treatment outcomes (32). Carbonari et al. compared performance, balance, and posture variations with OS and Taopatch® 

devices. Evaluating the effects of different appliances on muscle activity and overall performance, the research may have 

implications for athletes or individuals with TMD-related functional limitations (5).  

 Castroflorio et al. investigated the effects of clear aligners (CAT) on SB. This randomized controlled trial 

explored the potential impact of orthodontic treatment on SB episodes (6). The findings may have implications for TMD 

management and highlight the need to consider SB during orthodontic treatment planning.  

 Cruz-Reyes et al. (33) assessed the influence of occlusal stabilization splints and soft OSs on the 

electromyographic pattern in patients with bruxism. By examining the effects of different splint types on muscle activity 

during bruxism episodes, the research offers valuable insights for selecting appropriate appliances for specific patient 

needs. Ernst et al. investigated the effects of centric mandibular splint therapy on orofacial pain and cerebral activation 

patterns (8). Understanding how splint therapy impacts pain perception and neural activity is critical for elucidating the 

mechanisms involved in TMD pain relief.  

 Giannakopoulos et al. compared the efficacy of device-supported sensorimotor training and splint intervention 

for managing myofascial TMD pain. By assessing different treatment modalities, this research aims to identify effective 

approaches for myofascial pain-related TMD (9). The pilot study by Hara and colleagues investigated the effectiveness 

of vibratory splint therapy in decreasing sleep-clenching (SC). The research explored a novel approach to managing SB 

using vibratory stimulation through a splint. This non-invasive method may have implications for reducing sleep-related 

bruxism episodes, offering potential benefits for patients with TMD and improving their overall sleep quality (10).  
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 He et al. focused on using a stabilization splint on masticatory muscle activities in TMD patients with centric 

relation-maximum intercuspal discrepancy and absence of anterior/lateral guidance. Understanding how splints affect 

muscle activity in patients with specific occlusal discrepancies can help tailor treatment approaches and improve outcomes 

in this subgroup of TMD patients (24). The experimental analysis of EMG in athletes of Inchingolo et al. sheds light on 

the use of cranial EMG in athletes and potential applications in the assessment and management of TMD in this specific 

population. Understanding the potential impact of athletic activities on the craniofacial muscles can guide preventive 

strategies and therapeutic interventions (11).  

 Lan et al.'s comparative study of sEMG of masticatory muscles in patients with bruxism investigated the 

electromyographic patterns associated with various bruxism types. Understanding the differences in muscle activity 

among different bruxism types can aid in developing targeted therapeutic approaches for each subgroup of TMD patients 

(26).  

 Lei et al. evaluated the neuromuscular and occlusion analysis to assess the efficacy of three splints on patients 

with bruxism (47). Investigating the effects of different splints on neuromuscular function and occlusion can provide 

valuable insights for selecting the most suitable appliance for individual TMD patients, optimizing treatment outcomes, 

and effectively managing bruxism-related symptoms.  

 Lickteig et al. investigated the changes in brain activity associated with successful therapy for 

temporomandibular pain (39). The authors used neuroimaging techniques to assess alterations in brain representations of 

occlusion following treatment. The findings suggest that successful therapy alleviates pain and has neuroplastic effects, 

leading to changes in brain regions related to pain perception and sensory-motor control.  

 The study of Matsumoto et al. aimed to investigate the effect of intermittent use of OSs on SB (41). The 

researchers utilized a portable electromyographic recording device to monitor muscle activity during sleep. The findings 

indicated that intermittent use of OSs may reduce SB activity, suggesting a potential therapeutic approach for managing 

this condition.  

 Nanda et al. assessed the optimal time duration for splints to raise the vertical dimension in patients with 

generalized tooth attrition. The study aimed to find the most effective splint therapy duration to achieve the desired results 

(34). The findings suggest that a specific time duration of splint usage can improve outcomes in patients with dental 

attrition.  

 Pita et al. investigated the effect of OS thickness on masticatory muscle activity during rest and clenching. EMG 

was used to measure muscle activity while participants wore splints of different thicknesses (17). The results indicated 

that splint thickness influenced masticatory muscle activity, highlighting the importance of considering the design of 

splints for optimal therapeutic outcomes.  

 Takahashi et al. examined the relationship between managing sleep-time masticatory muscle activity using 

stabilization splints and psychological stress. The researchers assessed stress levels in patients with TMD before and after 

using the splints (13). The findings suggest that stabilization splints may reduce masticatory muscle activity and positively 

impact psychological stress levels in TMD patients.  

 Trindade et al. explored an interdisciplinary approach to bruxism treatment involving both OS and cognitive-

behavioral therapy (CBT). The study aimed to investigate the potential benefits of combining these two treatment 

modalities (42). The findings suggest an interdisciplinary approach may improve outcomes in managing bruxism and 

associated symptoms. Vieira e Silva et al. evaluated the treatment of TMD using OS combined with electromyographic 

control. The researchers applied the FARC (Facial Analysis, Reeducation, and Conditioning) protocol in a Brazilian 

population to manage TMD symptoms. The findings indicate that this combined treatment approach may effectively 

improve TMD-related symptoms in this population (36). 

 The studies on OSs demonstrate their effectiveness in alleviating TMD symptoms, particularly in managing SB 

and myofascial pain. OSs can promote a more stable jaw position, reduce clenching and grinding, and relieve muscle 

tension and discomfort. However, it is crucial to consider patient-specific factors, such as the type of TMD and co-existing 

conditions, when recommending OSs as part of a comprehensive TMD treatment plan. 

 

Mandibular repositioning appliances (MRAs) 

 MRAs are primarily used to treat sleep-related breathing disorders, such as obstructive sleep apnea, by slightly 

repositioning the lower jaw to open the airway during sleep. These appliances have also shown potential benefits for 

managing TMD (25).  

 Shousha et al. (49) conducted a study to compare the effects of low-level laser therapy (LLLT) and soft occlusive 

splints on mouth opening and sEMG in females with TMD. While this study did not directly investigate MRAs, it is worth 

mentioning in the context of TMD management. The results suggested that LLLT may improve mouth opening and sEMG 

in individuals with TMD.  
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 While more research is needed on the role of MRAs in TMD management, this study indicates the potential of 

incorporating alternative therapies alongside conventional appliances (49). Wiechens et al. investigated the changes in 

maximal mandibular mobility caused by splint treatment in TMD patients (45). The study aimed to understand how MRAs 

impact mandibular mobility, crucial for alleviating TMD symptoms. The findings indicated that MRAs positively 

impacted mandibular mobility, which may contribute to improved TMD outcomes. The study emphasizes the importance 

of evaluating the functional aspects of TMD treatment, including jaw mobility, to gauge treatment effectiveness. 

 The articles related to MRAs highlight the potential benefits of these appliances in managing TMD. While further 

research is needed to establish their effectiveness in TMD treatment specifically, MRAs have shown promise in improving 

mandibular mobility. They may play a role in addressing specific TMD symptoms. Additionally, using MRAs for sleep-

related breathing disorders may indirectly contribute to TMD symptom relief, as improved sleep quality can positively 

impact overall well-being. 

 

Other appliances 

 Some studies have explored the use of other types of appliances in TMD treatment in addition to OSs and MRAs.  

Ferrario et al. investigated the immediate effect of a stabilizing splint on masticatory muscle activity in patients with 

TMD. This study aimed to understand how the appliance influenced muscle activity shortly after its application (30). The 

immediate effect of a stabilizing splint on masticatory muscle activity is crucial as it can provide insights into the 

appliance's initial impact on muscle tension and function. While long-term effects are also essential, understanding the 

immediate response helps clinicians gauge the appliance's potential benefits and make necessary adjustments. Zieliński 

et al. investigated the influence of a soft stabilization splint on electromyographic patterns in masticatory and neck 

muscles in healthy women (50). Although this study did not focus on TMD patients, it provides insights into the impact 

of soft stabilization splints on muscle activity. The results indicated changes in electromyographic patterns in masticatory 

and neck muscles, suggesting potential effects on muscle function. While this study does not directly assess the 

effectiveness of soft stabilization splints for TMD treatment, it highlights the relevance of considering various types of 

appliances in TMD management (50).  

 Kobayashi et al. evaluated the effectiveness of infrared LED photobiomodulation in children with SB and studied 

its potential application in managing SB episodes in children. The research aimed to identify noninvasive, safe, and 

effective therapies for pediatric patients with sleep-related bruxism (43).  

 Dalewski et al. compared the efficacy of OSs and modified nociceptive trigeminal inhibition (NTI) splints in 

bruxism therapy. The study utilized sEMG to assess muscle activity in bruxism patients. The findings showed that both 

OSs and modified NTI splints effectively alleviated bruxism-related muscle activity. However, the OS group exhibited 

better results. This suggests that OSs may be more beneficial in managing bruxism-related TMD symptoms (51).  

 Boulad et al. investigated the effects of treatment with NTI splints on EMG in TMD patients; this study shed 

light on the potential efficacy of NTI splints as a therapeutic option for managing TMD-related pain. NTI splints have 

been proposed to alter muscle activity, reducing the intensity of parafunctional behaviors like bruxism, and may benefit 

certain TMD patients (4).  

 Lukic et al. evaluated the short-term effects of two different OSs, partial type covering only central incisors 

(NTI-Tss) and Michigan splint, on nocturnal jaw muscle activity. The study used EMG to assess muscle activity during 

sleep. The results suggest that both types of splints may have a positive effect in reducing nocturnal jaw muscle activity, 

with potential implications for the management of bruxism (16).  

 Rój et al. explored the effects of magnetostimulation on muscle activity and pain in edentulous adults with TMD. 

The use of magnetostimulation is investigated as a potential therapeutic approach for managing TMD symptoms. The 

results suggest that magnetostimulation may have positive effects on muscle activity and pain levels in these patients (20). 

 Investigating other appliances, such as soft stabilization splints, is essential for understanding their potential 

benefits in TMD treatment. As TMD management evolves, exploring alternative and adjunctive therapies can lead to 

more personalized treatment plans that address individual patient needs. 

 

Treatment considerations 

 While appliances can be valuable tools in TMD management, it is crucial to recognize that each patient's 

condition is unique, and a comprehensive approach is necessary. Treatment considerations should encompass the 

following aspects: 

1. Patient Evaluation and Diagnosis: accurate diagnosis is fundamental to developing an effective treatment plan 

for TMD. A thorough evaluation should include medical and dental history, clinical examination, and diagnostic 

imaging when necessary. Identifying the underlying causes and specific manifestations of TMD is essential to 

guide treatment decisions. 
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2. Multidisciplinary Collaboration: TMD treatment often benefits from a multidisciplinary approach involving 

dentists, oral and maxillofacial specialists, physical therapists, and other healthcare professionals. Collaboration 

allows for comprehensive assessment and the integration of various therapeutic modalities, optimizing treatment 

outcomes. 

3. Customized Treatment Plans: each patient's TMD condition is unique, and treatment plans should be tailored to 

address individual needs and goals. Customizing appliances, such as OSs and MRAs, ensures proper fit and 

function, leading to better treatment outcomes. 

4. Combination Therapies: as seen in some of the provided articles, combining different treatment modalities, such 

as LED therapy with OSs, can offer synergistic benefits. Integrating complementary therapies may enhance the 

overall effectiveness of TMD treatment. 

5. Follow-up and Monitoring: regular follow-up appointments are essential to evaluate treatment progress and 

make necessary adjustments. Monitoring TMD symptoms and appliance functionality allows for timely 

interventions, ensuring favorable outcomes. 

 

Potential future developments 

 The field of TMD treatment continues to advance, and potential future developments hold promise for improved 

patient care. Some areas of interest and ongoing research include the following directions: 

1. technological advances may lead to the development of more sophisticated appliances for TMD treatment. 

Computer-aided design and manufacturing (CAD/CAM) technologies can enable precise customization and 

enhanced treatment outcomes. 

2. further biomechanical studies can provide a deeper understanding of how appliances influence jaw function, 

muscle activity, and joint biomechanics. This knowledge can inform the design of more targeted and effective 

appliances. 

3. the integration of digital health solutions, such as telemedicine and remote monitoring, can enhance patient 

access to care and enable real-time assessment of treatment progress. 

4. advancements in personalized medicine may allow for tailored treatment approaches based on individual patient 

characteristics, genetics, and responses to therapy. 

 

Limitations and considerations in sEMG application 

 While sEMG is a valuable tool, it is essential to recognize its limitations and consider certain factors when 

applying it in clinical practice. One limitation is the need for skilled interpretation of sEMG data. Interpreting muscle 

activity patterns requires expertise, understanding normal and abnormal muscle function, and considering the individual's 

unique physiology. Additionally, sEMG provides information on muscle activation but does not directly measure muscle 

force. Muscle force is influenced by factors beyond electrical activity, such as muscle size, fiber type composition, and 

biomechanical factors.  

 Various factors can influence the accuracy of sEMG data, including electrode placement, skin impedance, and 

the position of the head and neck. Standardization of electrode placement and protocols is essential to ensure reproducible 

and reliable results. Furthermore, sEMG assessment should be complemented by a comprehensive clinical examination, 

imaging studies, and other diagnostic tools to obtain a holistic understanding of the patient's condition. 

 

CONCLUSIONS 

 

 sEMG holds significant promise as an objective and noninvasive evaluation tool for assessing masticatory 

muscle function in patients with craniomandibular pain. Its applications in bite therapy evaluation allow for evidence-

based treatment decisions while incorporating biofeedback, which enhances patient engagement and self-management. 

However, sEMG should be utilized as part of a comprehensive diagnostic approach, considering other clinical findings 

and diagnostic modalities to develop personalized and effective treatment plans.  

 As research in this area advances, sEMG will likely play an increasingly pivotal role in improving the diagnosis 

and management of cranio-mandibular pain and enhancing the overall quality of life for TMD patients. The studies 

exploring massage and OS therapy and their combination underscore the significance of considering various therapeutic 

approaches to improve TMD outcomes. Additionally, the research on OSs' effectiveness in alleviating myofascial pain is 

vital, as this subtype of TMD often requires targeted management strategies.  

 The collective evidence from these articles supports the use of OSs as a viable treatment option for TMD, 

particularly in managing myofascial pain, SB, and muscle-related symptoms. However, it is essential to emphasize that 

TMD treatment should be individualized based on each patient's specific diagnosis, symptoms, and treatment response. 
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Furthermore, while the provided articles contribute significantly to the existing literature on TMD management, more 

research is needed to continue advancing the field. Future studies should explore additional appliances, compare treatment 

modalities, investigate long-term effects, and consider the potential benefits of combining multiple therapies.  

 As TMD treatment evolves, incorporating evidence-based findings and embracing innovation will ultimately 

lead to improved patient care and enhanced quality of life for individuals affected by TMD. In conclusion, using 

appliances represents a valuable therapeutic option in the multifaceted management of TMD, offering hope for patients 

seeking relief from TMD-related symptoms and discomfort. 
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