

  applsci-11-00607




applsci-11-00607







Appl. Sci. 2021, 11(2), 607; doi:10.3390/app11020607




Article



Efficacy of Miniscrews in Gaining Prosthetic Space for a Dental Implant to Replace the Mandibular First Molar: A Case Series



Ana Roig-Vanaclocha, Naia Bustamante-Hernández *, Maria Fernanda Solá-Ruíz[image: Orcid], Carla Fons-Badal, Eduardo Selva-Otaolaurruchi and Rubén Agustín-Panadero[image: Orcid]





Department of Stomatology, Faculty of Medicine and Dentistry, University of Valencia, 46010 Valencia, Spain









*



Correspondence: naiabustamante@gmail.com







Received: 12 November 2020 / Accepted: 6 January 2021 / Published: 10 January 2021



Abstract

:

Background: The objective of this case series was to evaluate the efficacy of miniscrews to upright the lower second molar as a result of early loss of the lower first molar in order to permit rehabilitation by means of an implant-supported single crown. Methods: The case series included ten patients who each received a miniscrew placed distal of the second molar in order to straighten the tooth; the prosthetic space gained (sufficient to allow implant placement in the edentulous space) and the change in angulation obtained were analyzed. The changes produced by miniscrews were evaluated in radiographs. Results: Statistical analysis identified significant improvements in angulation (p = 0.005) and significant amounts of space gained (p = 0.005) as well as a strong correlation between these two parameters (r = −0.93; p < 0.001). Conclusions: The use of miniscrews alone without the intervention of other orthodontic methods to straighten a mesialized lower second molar in order to replace a missing first molar with an implant significantly improves both the angulation of the molar and the prosthetic space available.
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1. Introduction


First molars are the first permanent teeth to erupt and play a fundamental role in maintaining the shape of the dental arch and adequate occlusal schemes. The early loss of mandibular first molars is fairly common among adult patients, as these teeth are present in the oral cavity for longer and are thus more prone to caries, endodontic and periodontal problems, or vertical fracture [1], all due to poor oral hygiene maintenance [2,3]. The premature loss of a permanent first molar must be dealt with immediately to avoid functional and anatomical disorders. As a result of first molar loss, mesial inclination and rotation of the adjacent teeth can occur, which causes a reduction in the prosthetic space available for rehabilitation [2,3,4]. If the inclination is not corrected, this aggravates periodontal problems in mesially impacted molars, causing inflammation, angular bone loss, a periodontal pocket on the mesial aspect of the second molar, and increased plaque retention leading to interproximal caries [5,6,7,8].



Various treatment options are available for substituting single posterior teeth: a removable partial prosthesis, a tooth-supported fixed single or partial denture (FPD), or an implant-supported single or FPD. Lately, the latter option has become the treatment of choice for replacing single missing teeth, as it provides demonstrably good clinical outcomes [9] while preserving the teeth adjacent to the edentulous space, creating better conditions for oral hygiene maintenance, reducing the sensitivity of the adjacent teeth, improving esthetics, and preserving bone [10].



Inclined molars cause problems, especially when it comes to planning the replacement of missing teeth. Placing an implant in the edentulous space demands a series of conditions including adequate bone volume, healthy adjacent teeth, and sufficient mesiodistal space between the adjoining teeth. In cases in which the mesiodistal first molar space is reduced, various techniques can be used to straighten the inclined second molar, move it to its correct position, and obtain the prosthetic space needed. Recently, the use of miniscrews has been introduced for this purpose [1,11,12].



The minimum prosthetic space needed beside adjoining teeth to replace a lower first molar is 6.5 mm, as the mesiodistal width of the tooth usually ranges between 8 and 12 mm. Spaces of less than 6.5 mm do not permit prosthodontic rehabilitation of the missing molar, as it does not provide enough room for the implant supported prosthetic crown. At the same time, a space larger than 12 mm needs two adjoining implants to support a single restoration to reduce the forces exerted on the cantilever extending to mesial and distal and to reduce the risk of abutment screw loosening [13].



Miniscrews or micro-implants are small temporary fixtures inserted in bone to use as anchorage during orthodontic treatment [14]. They are made from pure titanium or a titanium alloy and have diameters of 1–2 mm and a variable length of between 6 and 20 mm. They remain stable throughout orthodontic treatment, only suffering a minimal loss of anchorage and thus are very effective. This relatively new concept of skeletal anchorage is simpler, smaller, less invasive, and more economical. Moreover, miniscrews do not require a long interval between placement and force application since loading can commence immediately after placement [15]. The use of miniscrews provides effective management of dental movements in both anteroposterior and vertical directions [16,17,18,19].



Miniscrews can be used in ways that impact on either the whole or part of the dental arch. Straightening the second molar and bringing it to its correct position normalizes function and stabilizes periodontal conditions [20]. It makes it possible to position the root perpendicular to the occlusal plane so that it is able to withstand occlusal forces and place the prosthesis’ insertion plane parallel to the tooth axis [21,22]. It also generates sufficient space for replacing the missing tooth.



The aim of this clinical case series was to evaluate the efficacy of miniscrews uprighting the lower second molar, mesialized as result of early loss of the permanent lower first molar, by analyzing the prosthetic space gained and the change in angulation produced after movement, and to determine whether or not there is a correlation between the amount of movement and the prosthetic space gained.



The study’s working hypotheses were that (Hypothesis 1) miniscrews placed in the retromolar area of the lower second molar would straighten/improve angulation using the orthodontic mechanics applying miniscrew as anchorage of the mesio-inclined second molar; and (Hypothesis 2) miniscrew mechanics would increase the prosthetic space available, allowing the replacement of the missing first molar.




2. Materials and Methods


This case series included 10 patients who had lost a lower first molar, accompanied by a loss of space between the adjacent teeth, preventing replacement by an implant-supported single crown. The patients were treated at the Prosthodontic and Occlusion Unit, University of Valencia (Carrer Gascó Oliag 1, 46010, Valencia, Spain). All patients were given complete information about the benefits and the risks of treatment and gave their informed consent for their case to be included in the series and undergo analysis. The study protocol was approved by the University of Valencia Ethics Committee for Research Involving Humans (Procedure N° H1510309932301). All patients were treated between September 2019 and June 2020.



2.1. Inclusion/Exclusion Criteria


Inclusion criteria were as follows: adult patients aged over 18 years, non-smokers, presenting good oral hygiene maintenance, without systemic contra-indications, periodontally healthy patients or with managed periodontal disease, presenting a missing lower first molar, and mesialization of the second molar so that it invaded the space formerly occupied by the first molar.



Exclusion criteria were: patients aged younger than 18 years, in poor general or oral health, smokers, patients with systemic diseases or in receipt of drugs that might interfere in healing or blood clotting, and patients presenting molars with periodontal mobility.




2.2. Miniscrew Insertion


All miniscrews and implants were placed by the same clinician (R-V, A). The miniscrews used were low profile, self-tapping Optimus (Osteonic, Seoul, South Korea) Model O, of 1.6 mm diameter and 11 mm length, made from biocompatible TiAl6V4 titanium alloy. These miniscrews are designed with a flat hexagonal head, a mucosal protective collar, and smooth, polished transmucosal surface to avoid gingival inflammation, as well as an area of buttress thread to enhance pull-out strength.



Miniscrew insertion was performed under local anesthetic at the host area. As these were self-tapping screws, it was not necessary to perform flap surgery to create access or to drill cortical bone tissue, as the screws were placed transmucosally with an electric counter-angle with torque limit (25 N) (NSK, Tochigi, Japan).



The miniscrews were placed distal of the lower second molar in the middle of the bone crest in order to straighten the molar and gain the space required for endosseous implant placement to replace the missing first molar. The miniscrews used were 1.6 mm wide and 11 mm in length. At least 4.6 mm wide and more than 11 mm in length should be needed to use the miniscrew as a treatment option. The mesial inclination of the second molar is accompanied by the same inclination of the third molar, invading the prosthetic space of the first molar absent. To straighten the second molar and obtain enough space to replenish the first molar absent, the technique with miniscrews requires the extraction of the third molar inclined, favoring two objectives: obtain space for the placement of the miniscrew in the retromolar trigone and obtain the necessary space for the straightening of the second molar. All the third molars present were extracted for the straightening of the second molar. The miniscrew was placed so that the thread area was within the bone, while the transgingival portion and the head remained visible (Figure 1A,B).



As soon as the screw was inserted, an extraoral radiograph was taken to check that insertion was carried out correctly. Ideally, this type of treatment should be performed on bone types I and II, including type III in some cases, but it would not be advisable in type IV for a fully trabecular bone. However, once the miniscrew is placed, its primary stability should be checked by applying the traction force to distal. A 0.12% chlorhexidine gel (GUM, John O. Butler/Sunstar, Chicago, IL, USA) was applied as disinfectant. No antibiotics or analgesics were prescribed. Immediately after miniscrew insertion and once the miniscrew load had started with the tensile forces, a mesial button (3M, St. Paul, MN, USA) was placed with an elastic chain (GC Orthodontics, Breckerfeld, Germany) surrounding the entire crown to straighten the tooth that would exert the necessary force to straighten the second molar. The button was cemented to the mesial surface of the inclined second molar. The inclined tooth was etched with 37% orthophosphoric acid etching gel (Total Etch, Ivoclar Vivadent, Amherst, NY, USA) for 30 s, and adhesive was applied to the dental enamel (Adhese Universal, Ivoclar Vivadent) and polymerized for 10 s (Bluephase G2 curing light, Ivoclar Vivadent). It was cemented using a flowable particulate filler composite (G-aenial Universal Injectable A2, GC America, Alsip, IL, USA) and light cured for 40 s. Once the button was cemented, an elastic chain was attached to the mesial button and to the miniscrew by the ends of the chain in order to upright the molar. The elastic chain was usually advanced a buttonhole every 15 days until maximum straightening and adequate prosthetic space were obtained (Figure 2).



Occlusion forces should also be relieved (by using occlusal stops or by relieving the antagonist) during the treatment period. The average duration to get molar uprighting was usually 2–3 months. In this case series, none of the miniscrews suffered loss of mechanical anchorage until the end of the straightening of the inclined molars.




2.3. Radiographic Analysis


Evaluation of the efficacy of miniscrew treatment was performed using orthopantomographs taken before and after treatment. The orthopantomographs were taken at the Department of Radiology attached to the University of Valencia Dental Clinic by the department staff. Measurements were always taken by the same operator to avoid any discrepancies derived from different interpretations of the radiographs. To avoid possible radiographic distortion, the length (in millimeters) of the miniscrew determined by the manufacturer was used as a reference value; all radiographs were scaled according to this length. The amount of prosthetic space obtained was determined by calculating the difference between baseline measurements taken at the moment when the miniscrew was placed (T0) and measurements taken after implant insertion (T1). Measurements were taken using AutoCAD® software (Autodesk Inc., San Rafael, CA, USA). To evaluate the prosthetic space gained as a result of treatment, the distance from the most distal point of the second premolar crown to the most mesial point of the second molar crown was measured at both evaluation times (T0 and T1, post- and pre-treatment) comparing the measurements obtained (Figure 3A,B).



To determine the prosthetic space created, the measurement schema described below was followed, in which dashed lines represent angulation measurements and continuous lines represent distance.



When the radiographs were scaled, measurements were taken as follows:



Angles measured before and after treatment were compared to evaluate changes in second molar angulation by tracing the vertical axes of the second premolar and the second molar on the radiographs. A line was drawn parallel to the second premolar axis passing through the second molar furcation. Finally, the angulations between the second molar axis and the second premolar axis were compared in pre-treatment and post-treatment radiographs.




2.4. Statistical Analysis


Preliminary analysis of the data was performed calculating descriptive statistics prior to relating the variables evaluated. Inferential analysis included the following statistical tests:



The Wilcoxon test was used to analyze changes in the distribution of parameters deriving from treatment. Spearman’s non-linear correlation coefficient was applied to estimate the degree of association between the changes in angulation and prosthetic space gained. Linear and non-linear regression models were estimated to obtain a predictive equation of space gained and expected space-gain. The significance level applied in analysis was 5% (α = 0.05).





3. Results


3.1. Study Population


This case series included ten patients, who each received one miniscrew (eight women and two men with a mean age of 42.7 ± 10.6 years).



Having completed miniscrew treatment and analyzed the outcomes in radiographs, the following changes were recorded: changes in prosthetic space or distance, changes in angulation, and relationship between changes in distance and angulation.




3.2. Changes in Prosthetic Space


The first variable analyzed determined whether the use of miniscrews increased the prosthetic space available for replacement of the missing first molar by means of an implant. To do this, the difference between the initial distance (T0) and the final distance (T1) was calculated



The median initial distance was 5.50 mm (2.4–15.5), which increased to 12.4 mm (8.0–21.4) as a result of treatment. The median space gained was 6.39 mm (3.1–16.7) (Table 1).



The Wilcoxon test confirmed that the space gained was statistically significant (p = 0.005). The confidence interval for the median concluded that half the sample gained over 4.9 mm with a 97.5% probability.




3.3. Changes in Angulation


The other variable analyzed determined whether miniscrews placed in the lower second retromolar area improved the angulation of the mesioinclined second molar.



The median (range) pre-treatment angle was 35° (22–48), which decreased to 11° post-treatment (5–19). The mean reduction in angulation was 24.5° (6–36) (Table 2).



The Wilcoxon test confirmed that miniscrew mechanics produced a significant reduction in angulation (p = 0.005). The median confidence interval concluded that half the sample underwent improvements in angulation of over 16° with a probability of 97.5%.




3.4. Relationship between Changes in Distance and Angulation


The data obtained were analyzed to determine whether there was a direct relationship between changes in angulation and the amount of prosthetic space gained.



The scatter plot below represents the space gained in relation to reductions in angulation (Figure 4).



It is clear from the scatter graph that the greater the reduction in angulation was (points towards the left on the horizontal axis), the greater the prosthetic space gained was (points higher up in vertical direction).



Spearman’s correlation coefficient was r = −0.93 and was statistically significant (p < 0.001), pointing to a very strong correlation.



As this was a case series, quadratic adjustment was performed, as this would provide a fairly precise adjustment. The adjustment showed significance (p < 0.05) applying the following equation to obtain an approximate estimate:



Gain in space = 8.14 + 0.60 change in angulation + 0.02 (change in angulation)2



When the change in angulation was entered in the equation, this generated the expected gain in space.





4. Discussion


This case series analyzed 10 patients who had lost lower first molars and presented mesialization of the second molar. The study objectives were to measure the changes in angulation and the prosthetic space gained as a result of miniscrew mechanics using standardized pre- and post-treatment orthopantomographs. The same radiological technique has been used in other study by Musilli et al. [23], the latter complemented by lateral teleradiography of the cranium in order to perform cephalometric analysis. Standardized radiographs are frequently used in dental research for a range of purposes. After scaling the radiographs, the images obtained were processed using software to take measurements of changes in the prosthetic space available and angulation, as described by Piao et al. [24], Peñarrocha-Diago et al. [25], Spinato et al. [26], and Agustín-Panadero et al. [27,28], who used various software functions for purposes similar to the present work.



Measurements were taken using the same method in all cases. Angulation was analyzed by tracing a line along the vertical axes of the premolar and the second molar, afterwards tracing a line parallel to the premolar axis passing though the second molar furcation. To measure increases in prosthetic space, the distance between the most distal point of the premolar crown and the most mesial point on the second molar was measured. No other study in the literature has measured both angulation and prosthetic space together.



All ten cases were treated by means of the same technique. A miniscrew was inserted in the retromolar area, placing a button on the mesial or the vestibular aspect of the second molar crown; the same technique has been described in several other studies [23,29,30,31,32].



The literature includes several works that describe miniscrews placed in mesial areas with the same objective as the present case series [23,29]. Although the use of miniscrews in retromolar areas is common, soft tissue thickness and the patient’s oral health must be assessed in order to select the most suitable position to ensure a successful outcome.



According to the present results, the first hypothesis (H1) may be accepted, as it was found that the use of a miniscrew in the retromolar area and a mesial button on the crown straightened the second molar significantly (p = 0.005).



In all the cases included in this clinical series, sufficient prosthetic space was gained to allow replacement of the missing molar with an implant-supported single crown. The space gained was also statistically significant (p = 0.005).



Although other studies do not provide actual data regarding the prosthetic space gained, they do report sufficient gains to allow replacement of the missing tooth with an implant [23,30,33]. Meanwhile, Lee et al. [29], after straightening the mesialized tooth, closed the space by means of conventional orthodontic movement. Musilli et al. [23] state that treatment obtained sufficient space to replace the missing tooth although they do not specify the rehabilitation provided. The second hypothesis (H2) that miniscrews would produce enough prosthetic space to replace the first molar may also be accepted.



There are many techniques for molar uprighting, such as: Australian uprighting spring, cantilever spring, prefabricated Sander spring, helical uprighting spring, NiTi coil spring, push spring appliance, or orthodontic miniscrew implants, among others [34].



Molar uprighting requires good anchorage control, and conventional treatment methods have some disadvantages: a full arch fixed appliance is necessary to minimize the extrusion of the target molar and the reciprocal movement of the anchorage units; spring designs require complex mechanics and may cause tissue irritation to the patient [35]; in addition, longer treatment time and bulky appliances are needed. Miniscrews are simpler, smaller, less invasive, more economical, and do not require a long interval between placement and force application, since loading can occur immediately after placement. Their main advantage is their ability to move specific teeth without involving other teeth or using inter arch mechanics [34]. However, the stability of the miniscrew is influenced by their insertion sites; it has been described [36] that the failure rate for miniscrews inserted in the interradicular space is higher than that in the retromolar area. In this case series, in which miniscrews were located in the retromolar area, none of them suffered loss of mechanical anchorage until the end of the straightening of the inclined molars. Due to numerous advantages and according to a systematic review of the literature, miniscrews seem to constitute a reliable solution for treating tipped or impacted molars [37].



The main clinical involvement of the use of miniscrews in the retromolar area is the considerable improvement in the position of the second molar present after the absence of the first molar, increasing the restorable distal mean prosthetic space and handling correct prosthetic spaces for the replacement of the molar absent by dental implants. In addition, it is possible to avoid the retention of food and dental plaque that the open space can generate when the second molar is poorly positioned, and the prosthesis cannot seal it. All these improvements can be obtained in a short time (2–3 months usually) without the need to associate with orthodontic treatments in those patients who do not require it. Patients are also more satisfied with the more invisible treatment compared to conventional methods.



The present clinical series suffered certain limitations. A larger sample size would have been preferable in order to amplify the quantity of data for analysis. Moreover, post-treatment follow-up would make it possible to assess the medium- to long-term prognosis of the treatment. This is a preliminary study to analyze the behavior of miniscrews on which it is intended to increase the sample and the follow-up time in the future. More studies of the use of miniscrews for straightening molars and producing adequate prosthetic space to replace missing teeth are needed.




5. Conclusions


According to the results obtained, it may be concluded that:




	
The use of miniscrews improves posterior dental angulation and available prosthetic space significantly;



	
The correlation between the increase in prosthetic space and improved angulation is very strong;



	
The technique may be considered very useful in prosthodontics, as it avoids subjecting the patient to the intervention of other orthodontic treatment.
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Figure 1. (A) Initial case with lack of available mesiodistal space for the replacement of the missing tooth. (B) Case after extraction of third molar and insertion of the miniscrew attached with an elastic chain to a mesial button of the tooth to upright. 
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Figure 2. Illustrative scheme of the miniscrew straightening the tooth by using the mesial button attached to two elastic chains. 
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Figure 3. (A) Illustration of pre-treatment angulation and distance measurements taken from radiographs. (B) Illustration of post-treatment angulation and distance measurements taken from radiographs. 
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Figure 4. Prosthetic space gained in relation to reductions in angulation. 
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Table 1. Changes in prosthetic space.
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	N
	Mean
	Standard Deviation
	Minimum
	Maximum
	Median
	95% CI Median





	Distance T0
	10
	5.98
	3.64
	2.40
	15.50
	5.50
	3.20–6.80



	Distance T1
	10
	14.11
	5.03
	8.04
	21.43
	12.41
	9.18–20.6



	Distance T1-T0
	10
	8.13
	4.53
	3.14
	16.73
	6.39
	4.91–13.4
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Table 2. Changes in angulation.






Table 2. Changes in angulation.















	
	N
	Mean
	Standard Deviation
	Minimum
	Maximum
	Median
	Median CI 95%





	Angle T0
	10
	35.30
	8.83
	22.00
	48.00
	35.00
	25–47



	Angle T1
	10
	11.10
	4.91
	5.00
	19.00
	11.00
	5–16



	Angle T1-T0
	10
	−24.20
	10.11
	−36.00
	−6.00
	−24.50
	−35–16
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