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ABSTRACT 

The confluence of orthodontic mini-screw utilization and the recent digitization integration 

within the orthodontic field has given rise to protocols, notably the one-visit protocol, 

designed to optimize resource efficiency, reduce chairside time, and enhance precision 

and accuracy in fabrication. However, empirical practice has uncovered a frequent 

incongruity between the anticipated positioning of the palatal miniscrews during the digital 

design phase and their actual placement after insertion, culminating in the failure of the 

one-visit protocol and necessitating additional clinical and laboratory procedures. This 

outcome entails increased waiting time at the doctor’s office, increased costs, and delays in 

treatment commencement. 

The primary objective of this study was to evaluate the level of imprecision inherent in each 

operational phase of the one-visit protocol, with the purpose of identifying its main sources 

of failure and exploring possible remedies. This investigation involved a three-dimensional 

examination of the placement of the mini-screw at different stages: during design, the 

production of orthodontic appliances and clinical mini-screw insertion. Particular emphasis 

was placed on the distinction between monocortical and bicortical insertions, 

complemented by Cone Beam Computed Tomography (CBCT) analysis to assess bone 

quality at the palatal and nasal levels. 

The main findings were a similar and laboratory error for the monocortical and bicortical 

samples (monocortical:1.75° (1.12, 4.79); bicortical: 2.12° ± 1.62, for the bicortical), and a 

significant deviation between the planned and the achieved position for both samples 

(monocortical: 4.68° (3.38, 6.51)(p<0.001); bicortical: 5.70° ± 3.42(p<0.001)).  

Another relevant result was that patients in an earlier maturational stage (MPS1, 2, 3, 

according to the Middle Phalanx Maturation Method) have a significantly lower palatal 

cortical bone density (MPS1: 1251.22 ± 2.47.40; MPS2: 1264.28 ± 167.35; MPS3: 1300.21 ± 

171.58) than later maturational stages (MPS4: 1485.85 ± 217.70; MPS5: 1638.85 ± 

303.25)(p<0.001), while nasal cortical bone density is more uniform, and generally higher 

(MPS1: 1424.13 ± 153.32; MPS2: 1379.83 ± 182.96; MPS3: 1488.01 ± 248.48; MPS4: 

1489.63 ± 112.18; MPS5 1681.30 ± 323.56). 

The findings of these analyses yielded valuable insights that informed the formulation of 

guidelines for selecting a one-visit protocol over a two-visit alternative, as well as 

recommendations for optimizing its efficiency and overall success. 

  



1. ORTHODONTIC ANCHORAGE 

In orthodontics, tooth movement relies on the transmission of mechanical forces to both 

bone and the periodontal ligament, initiating a biological response that allows tooth 

mobility 2. This process aligns with Newton's Third Law of Motion, wherein an active force 

generates an equal yet opposite reciprocal force 3. Orthodontists strategically select 

anchorage systems to move specific teeth while minimizing reactions in adjacent ones. 

Anchorage refers to the resistance presented by a tooth to external forces 4 and is crucial in 

achieving successful orthodontic outcomes. 

Orthodontic appliances consist of an active component for tooth movement and a 

resistance unit providing anchorage. Anchorage can be sourced from neighboring teeth, 

the palate, the patient's head or neck, or bone implants5. There are two primary anchorage 

categories: intraoral and extraoral 6. Dental units are the preferred choice for anchorage, 

supplemented with extraoral headgear if necessary 7. Simple anchorage, introduced by 

Angle (1900), uses multiple teeth within the same dental arch as anchors. This method 

leverages a larger root surface area for increased resistance 8. The cumulative root surface 

area of anchoring teeth should ideally be twice that of the teeth to be moved  9. Connecting 

teeth with stainless-steel ligatures forms an anchorage block, often useful in molar sites 3. 

However, limited evidence exists regarding molar block anchorage capacity 10. 

Cortical bone is used to enhance anchorage, necessitating root torquing for contact with 

the cortical plate. This approach carries risks such as root resorption and loss of vitality 9. 

The anchorage potential varies between the maxilla and the mandible, with the alveolar 

bone providing greater resistance 11.  Transpalatal arches can help maintain arch width and 

molar position but may not provide sufficient anchorage, particularly in anterior retraction 
12 Headgear offers an alternative for extraoral forces, reinforcing anchorage, and enabling 

various tooth movements 13. Compliance and risk of injury are factors to consider 7. Skeletal 

anchorage, involving endosseous screw insertion, offers greater control and expands the 

possibilities of orthodontic success. Although ankylosed teeth have been used as 

anchorage, they are less favored due to surgical complexity, positioning challenges, 

trauma, and root resorption 14. 

1.2 Skeletal anchorage 

Miniscrews, also known as Temporary Anchorage Devices (TADs), are widely used in 

modern orthodontics as skeletal anchorage devices, reducing the need for patient 

collaboration, and providing optimal results through minimally invasive therapy. TADs offer 

advantages such as biocompatibility, patient comfort, and secure attachment to 

orthodontic appliances. Early skeletal anchorage research involved Vitallium screws in dogs 
15 and small titanium implants in rabbits 16. Human cases followed, including teeth intrusion 

and protraction 17. Despite advances in dental implants, limitations included size 

restrictions, invasiveness, and long healing times 18. To address these limitations, thinner 

and shorter orthodontic implants were developed. The Orthosystem 19 used a one-piece 

fixture in the palate, while 20 employed miniscrews between mandibular incisors. Onplant 



21 featured a disk-shaped fixture for maxillary expansion but was invasive. Studies 

questioned the need for extended osseointegration periods 22. 

Titanium orthodontic miniscrews (OMSs) emerged as a key skeletal anchorage method, 

requiring minimal surgery, and providing immediate mechanical retention due to primary 

stability. OMS efficiency depends on screw diameter and cortical bone properties. Bone 

remodeling accelerates with prompt force application, improving anchorage. While partial 

osseointegration occurs, it doesn't risk failure and allows for screw removal if needed. 

OMSs, now standard TADs, offer advantages such as smaller size, versatile placement, 

reduced patient trauma, continuous force application, and shorter treatment durations 4. 

  



2. ORTHODONTIC MINISCREWS 

Miniscrews are widely employed in modern orthodontics as skeletal anchorage devices. 

They significantly reduce the reliance on patient cooperation and ensure optimal outcomes 

through minimally invasive therapeutic approaches 23. Miniscrews can serve as support for 

a conventional anchorage device (indirect anchorage) or as independent anchorage units 

(direct anchorage). Importantly, they are removed immediately upon completion of 

orthodontic treatment 24. 

2.1 Design and Types 

Miniscrews are produced by numerous manufacturers, offering various models, lengths, 

and diameters, totaling more than 700 different types with 154 designs 25. Understanding 

the structural components of TADs is essential for making optimal clinical choices. 

Orthodontic miniscrews consist of three main components: the head, core, and the 

threading (spirals) (Fig. 1). Threading runs throughout the core, leading to two measurable 

diameters: internal (excluding spirals) and external (including spirals). The core diameter 

ranges from 1 to 2 mm, but most manufacturers provide external diameter measurements 

that vary from 1.3 mm to 2.3 mm. Two key parameters for the miniscrew evaluation are the 

diameter and the pitch of the spiral. The choice of diameter depends on the insertion site 

and anatomical constraints. Smaller diameters suit narrower sites but decrease fracture 

resistance. The pitch of the spiral, typically 0.75 mm to 1.25 mm, affects primary stability, 

with a narrower pitch increasing insertion torque 24. 

 

Figure 1: Structure of a miniscrew 24. 



Miniscrew heads come in various designs (hexagonal, octagonal, or spherical), which are 

used based on orthodontic mechanics. The neck or collar connects the head to the core 

and contacts the transmucosal path. Longer necks find application in areas with thicker 

keratinized mucosa 24. 

Modern miniscrews often incorporate self-drilling tips, eliminating the need for pilot holes. 

These tips, featuring sharp threading or flutes, perforate bone during insertion. For 

exceptionally resistant cortical bone, pilot holes may still be advisable. Self-drilling 

miniscrews reduce insertion time, improve primary stability, and lower post-surgical 

complications 25. 

Miniscrew length, including neck, typically ranges from 6 to 12 mm. The selection depends 

on the insertion site, such as bone quality, soft tissue thickness, root anatomy, and insertion 

angle. Longer miniscrews are used for poor-quality bone and can employ the a bicortical 

engagement for greater primary stability 26. Miniscrews are commonly made of ASTM grade 

5 α + β titanium alloy (Ti-6Al-4V), which offers high strength but relatively low ductility 24. 

2.2 Insertion and Loading 

Precise radiographic evaluation of the insertion sites is crucial to avoid proximity to dental 

structures and vital anatomical features. Conventional two-dimensional radiographs such 

as panoramic and periapical may not provide sufficient assessment. Computed 

tomography (CT) or cone beam CT (CBCT) is recommended for an accurate anatomical 

study, ensuring improved surgical safety and primary stability during placement 27-29. 

Following oral cavity disinfection, local infiltrative anesthesia is administered, and 

miniscrews are inserted into the cortical bone until fully seated. 

The insertion torque represents the force required for the placement of the miniscrew, 

measured in Newton x centimeter (Ncm). It's influenced by friction during bone perforation 

and axial thrust for miniscrew advancement 30. The recommended insertion torque for 

palatal miniscrews ranges from 10 Ncm to 24 Ncm, impacting primary stability and success 

rates 31.  

Bone thickness and density significantly affect insertion torque. Denser bone requires 

higher insertion torque for miniscrew placement 32. Primary stability is correlated with 

cortical bone quality, while secondary stability is related to medullary bone quality 33-35. 

Cortical thickness is a primary determinant of minicrews primary stability. Studies suggest a 

minimum cortical thickness of 1 mm for good primary stability 36, while a thickness of less 

than 0.5 mm may compromise miniscrew stability 37. 

2.3 Factors Influencing Stability 

The success of Temporary Anchorage Devices (TADs) is directly related to their primary 

stability. Good primary stability, mainly attributed to mechanical retention resulting from 

the interaction of the miniscrew surface with bone tissue, imparts greater resistance to 

orthodontic forces on skeletal anchorage devices 38. Stability is influenced by various 

factors, including bone properties, particularly density and thickness, the design and type 



of the miniscrew, the insertion site, the clinical experience of the operator and the 

placement technique used 3, 39, 40. 

Primary stability arises from the mechanical retention produced by screwing the miniscrew 

into the bone tissue and is present immediately after appliance insertion, before the onset 

of the bone healing process. Chen et al. identified primary stability as the most critical factor 

for the success of orthodontic miniscrews 41. 

Secondary stability, responsible for the long-term survival of TADs, results from the 

biological response of the surrounding bone tissue to the miniscrew. Secondary stability is 

influenced by the surface characteristics of the mini-screw body, bone tissue characteristics, 

turnover, and the mechanical retention provided by the miniscrew design 3. From the 

insertion of TADs, a bone remodeling process begins, causing primary stability to decrease, 

while secondary stability increases over time 1 (Fig. 2). The combination of primary and 

secondary stability constitutes what is known as clinical stability 3. 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 2: Change in ISQ (Implant Stability Quotient) over time of minivitis that remained stable during 
an 8-week experimental period, with primary and secondary stability curves (dashed) superimposed 

1. 



3.PALATAL MINISCREWS 

3.1 Palatal Insertion Sites 

The choice of the site for the insertion of miniscrews is crucial for primary stability 42. It is 

advisable to insert them in adherent keratinized gingival tissue, which is more favorable for 

their long-term maintenance with a lower risk of inflammation and gingival hypertrophy 42. 

The palatal mucosa is composed entirely of adherent keratinized mucosa and, as such, is 

favorable for the insertion of miniscrews. 

Another fundamental factor in the choice of the miniscrew insertion site is the quality and 

quantity of bone tissue required to ensure good primary stability 25. At the palatal level, the 

optimal site considered is in the anterior paramedian area, approximately 4-5 mm from the 

midline; some authors also suggest the site between the first molar and the second 

premolar and the palatal vault 37. The assessment of the insertion site can be performed 

using second-level radiographic examinations: Cone Beam Computed Tomography 

(CBCT) is particularly indicated for the possibility of creating surgical guides for miniscrew 

placement, reducing side effects such as perforation of the nasal cavities, nasopalatine 

canal, or maxillary sinus 43. 

The palate represents one of the ideal sites for the placement of skeletal anchorage devices, 

ensuring a good position at the point of application of orthodontic forces and a high 

success rate 44. Park reported a 100% success rate with the insertion of miniscrews in the 

anterior palate 44. These results have also been confirmed by Wilmes et al., who reported 

high success rates and device stability when inserted in the sites 45. 

Ludwig et al. investigated the bone thickness in the anterior palate, using the nasopalatine 

foramen and the midline suture as radiographic landmarks, to identify the best sites for 

mini-screw insertion 46 (Fig. 3; Tab. 1).  

 

Figure 3: Palatal grid used in the analysis of radiographic and clinical findings (green line: anterior limit within which to 
insert a palatal miniscrew; red line: distance of the incisor foramen from the reference line) 46 



 

Table 1: Computed tomography measurements of palatal bone thickness (in mm) at specific grid coordinates (refer to 
Figure 2 for grid coordinates) 46. 

 

 

The insertion sites considered most favorable in the literature are the midline and 

paramedian areas of the palate because a good density and quantity of bone tissue have 

been found at this location, as well as adequate adherent mucosa 46. In particular, the 

optimal insertion site is the anterior region, 3-4 mm posterior to the incisive foramen 46-49. 

Furthermore, the risk of iatrogenic damage to vital structures during the insertion of 

miniscrews in this location is minimal due to lower vascular density and 3-4 mm from the 

greater palatine foramen 46 (Fig. 4). 

 

Figure 4:Palatal blood-vessel density 46. 

Another palatal insertion site proposed by some authors is in the midline area at the level 

of the palatal suture. Kim et al. reported a success rate in this area of 88.2% 50. The choice 

of this site requires a preoperative evaluation to assess the patient's growth stage because 

younger patients may have an immature suture, which could be incompatible with 

miniscrews insertion in this location. Therefore, the literature suggests a thorough 

preliminary radiographic investigation before planning miniscrews insertion in the midline 
51. 



Ludwig et al. proposed an additional insertion site at the alveolar level between the first 

molar and the second premolar. The authors found a favorable inter-radicular space in this 

location 46, and other studies have shown suitable thicknesses of bone tissue and adherent 

gingiva for TAD placement 52. The optimal insertion site in terms of bone quantity is located 

8-9 mm apically to the point of contact between the first molar and the second premolar 46. 

The main risk factors related to the placement of TADs in the posterior alveolar sectors of 

the palate, as opposed to the more common paramedian site located 3-4 mm posterior to 

the nasopalatine foramen, are the abundance of blood vessels and nerve endings at this 

level and occasional excessive thickness of adherent gingiva 53. Ludwig et al. defined an 

area called the "T-zone," considered ideal and safer in terms of relationships with vital 

structures since it is essentially devoid of major blood vessels and nerves (Fig. 5); this area 

coincides with the anterior paramedian sites 46. 

 

 

Figure 5: Potential miniscrew insertion sites in the palate (green=optimal; yellow=restricted areas due to individual 
variability related to bone thickness; red= unsuitable sites due to thick mucosa or presence of vascular bundles; blue 

dot= incisal foramen 46. 

3.2 Monocortical and Bicortical Insertion 

Another factor contributing to the primary stability of the mini screw is the choice of a 

bicortical anchorage: This involves ensuring that the tip of the miniscrew is anchored to the 

palatal and lower nasal cortical bone 54. The choice of the length and insertion axis of the 

miniscrew, based on accurate preoperative planning considering the thickness of the 

palatal bone at different sites, allows for a bicortical anchorage. Bicortical anchorage of the 

miniscrew provides a biomechanical advantage over monocortical anchorage, especially 

when miniscrews are used as anchorage for orthopedic expansion of the upper jaw in adult 

subjects, ensuring greater expansion 55, 56. Therefore, a bicortical anchorage should be 

considered, especially in complex clinical situations that require stable anchorage against 

significant loads 54, 57. 



3.3 Clinical Applications 

Skeletal anchorage in the palate broadens orthodontic and orthopedic treatment 

possibilities, in some cases eliminating the need for surgery, as demonstrated by Leung et 

al. in 2008 58. Miniscrews allow flexible treatment adjustments, as noted by Ludwig et al. in 

2011 46. 

Palatal anchorage appliances come in various forms for treatments such as expansion, 

mesialization, distalization, intrusion, extrusion, impacted tooth movement, space closure, 

and tooth uprighting.  

Miniscrews revolutionized maxillary expansion, with Miniscrew-Assisted Rapid Palatal 

Expansion (MARPE) that reduces tooth tipping and timing limitations. Clinicians can choose 

between hybrid or bone-borne palatal expanders, such as the Hybrid hyrax or the Brolex 59, 

60 (Fig. 6). 

 

Figure 6: on the left, a Brölex-type expander; in the middle, traditional expander on 4 miniscrews; on the right, hybrid 
expander. 

For mesial and distal movements, appliances like the Beneslider, Distal Jet, and Pendulum 

B rely on palatal miniscrews. The MaXimo appliance offers unique anteroposterior action, 

while others include Fast-Back, Reverse Fast-Back, Keles, Reverse Keles, and Frog 

Appliance 61 (Fig. 7). 

 

Figure 7: different miniscrew-supported devices to distalize and expand. 

For intrusion forces, consider the Mousetrap Appliance, applying effective intrusion forces 

to molars 62, 63. 

  



4 DIGITAL WORKFLOW IN ORTHODONTICS 

In recent years, digital technology has significantly impacted orthodontic procedures, 

simplified clinical work and aligned with patient expectations. Digital documentation offers 

advantages such as enhanced orthodontic analysis, rapid diagnoses 64, 65, treatment 

simulation, improved communication tools, and efficient information sharing among 

healthcare professionals 66. It also replaces traditional plaster models with digital ones, 

saving physical storage space, and enabling Computer-Aided Design/Computer-Aided 

Manufacturing (CAD/CAM) technology for orthodontic appliance fabrication. 

However, adopting a digital workflow involves expenses for equipment and materials 67 and 

may require training 68. Digital files can be vulnerable to deletion or loss if not securely 

stored. 

The integration of digital workflows with miniscrews is an evolving area. Clear guidelines 

have yet to be established, leading to uncertainty among orthodontists about the adoption 

of digital practices. This section explores various workflows, from palatal miniscrew 

placement to appliance delivery, and introduces the latest equipment and technologies. 

4.1 2-visit Protocol (Traditional and Hybrid Workflow) 

Three workflows for palatal miniscrew placement exist: traditional, hybrid and fully digital. 

In the traditional approach, miniscrews are manually placed within the ‘T-Zone’ 46 without 

digital assistance. Orthodontists communicate the miniscrew positions to dental 

technicians, who use alginate or silicone impressions to create plaster models 69. Impression 

abutments are attached to miniscrew heads for reference. The technician assembles the 

orthodontic appliance, including metal components, fixation rings, and functional arms, 

using laser welding techniques 61. After evaluation, the device is delivered to the 

orthodontist. This method has drawbacks, including challenges in achieving parallelism, 

potential instability of impressions, and time-intensiveness. In this case, the miniscrews and 

the orthodontic appliances are placed at two separate appointments, in what is called a 2-

visit protocol. 

The hybrid workflow retains the 2-visit protocol and manual miniscrew placement but 

incorporates digital technology. A scanner is used to acquire a digital model with 

information about the placement of the miniscrew. A digital STL file is created, converted 

into a 3D printed model with pre-designed holes for miniscrew analogs, and is then used 

in the laboratory. STL files are preferred as they are compatible with various design software 

options 70. STL files can be obtained through indirect methods, where traditional 

impressions are scanned, or direct methods, using intraoral scans or CBCT scans. The 

hybrid workflow reduces the need to store plaster study casts, saves time during treatment, 

and has been found to produce clinically acceptable digital models in various studies 64-66, 

71. 

However, it is important to note that results from these studies may vary due to factors like 

examiner technique errors, material properties, and software programs 72. 

4.2 1-visit Protocol (Digital Workflow) 



In recent times, digital guidance for the insertion of the palatal miniscrew has emerged 57, 

with ongoing efforts to improve stability, insertion precision, and reduce complications. A 

study by Iodice et al. 73 compared manual and 3D-assisted placement of 70 TADs in the 

anterior palate, finding both methods safe, and favoring digital assistance for less-

experienced clinicians. 

Digital TAD positioning can expedite orthodontic procedures and accommodate 

anatomical variations, particularly in complex cases 74. Although digital workflows lack 

comprehensive reviews, they rely on implantology software, with certain limitations. 

Incorporating lateral teleradiography and creating a digital model for dental technicians 

can still be a challenge. Lateral cephalograms are used for sagittal and vertical analysis, 

complementing CBCT in cases with limited bone dimensions or anatomical obstacles 75. 

Combining lateral teleradiography with intraoral scanning enables a digital workflow for 

miniscrew placement, simplifying, and speeding up treatment 51. 

The workflow involves aligning 2D and 3D images, calibrating the scanner, and selecting 

landmark points. CBCT scans can be incorporated for increased precision 76. The most 

popular software available today can streamline a one-visit protocol, aligning intraoral scans 

with lateral teleradiography or CBCT scans. Virtual miniscrews are placed, and a surgical 

guide is designed, using CAD-CAM procedures 57. Researchers explore fully digital 

workflows for various orthodontic procedures, such as maxillary expansion 77 and sagittal 

and vertical dental movements 78, aiming to enhance treatment precision and efficiency. 

More research is expected to advance the adoption of a fully digital workflow in 

orthodontics.  



5 EXPERIMENTS 

5.1 Accuracy of the Digital Workflow for Guided Insertion of Orthodontic Palatal TADs: a 

step-by-step 3D Analysis 

5.1.1 Introduction 

The introduction of novel digital technologies within the orthodontic field has made a 

substantial impact on various aspects of clinical practice and research, from the initial stages 

of diagnosis to the formulation of treatment plans and the subsequent evaluation of 

treatment outcomes 79. A pivotal consequence of this technological progression has been 

the transformation of guided procedures into digital formats. One of the primary 

implications stemming from this technological advancement lies in the digitalization of 

guided procedures for the insertion of palatal Temporary Anchorage Devices (TADs). 

Through meticulous pre-operative planning and the use of surgical guides, it becomes 

feasible to achieve precise and controlled TAD placement while concurrently mitigating 

potential risks associated with this procedure 80, 81. 

Numerous studies lend substantial support to the notion that pre-operative planning and 

the use of surgical guides significantly enhance the accuracy of TAD placement 73, 74, 82. It is 

noteworthy, however, that the numerical values regarding deviations in palatal miniscrew 

positioning between the planned and postoperative positions exhibit considerable 

variability across studies. This variability arises from disparities in the methodologies used, 

the software used, and the specific reference points examined. Furthermore, most of these 

investigations are not clinical, with the majority being cadaveric studies 83 or phantom 

studies 84. In a comprehensive overview of the literature, the angular deviations fluctuate 

between 4.60°±2.54° to 3.67°±2.25° and 3.60°±2.89° 73, 80, 82. 

The precision of palatal miniscrew placement becomes particularly pivotal when 

implementing the one-visit protocol. This protocol, which involves the simultaneous 

placement of miniscrews and orthodontic appliances in a single appointment, offers a 

multitude of advantages such as reduced chair time and a streamlined operative process 
76, 85, 86. Numerous case reports document the application of this protocol; however, the 

need for studies with larger sample sizes is evident to ascertain its efficacy and applicability 

in routine clinical practice. While these studies do report complications arising from 

discrepancies between the planned and actual miniscrew positions, they often lack 

quantification of these complications 69, 76, 78, 87. 

Another noteworthy advantage associated with pre-operative planning utilizing Cone-

Beam Computed Tomography (CBCT) is the potential for planning a bicortical miniscrew 

position. Bicortical miniscrews have demonstrated superior stability, improved mechanical 

outcomes, reduced stress and strain levels, decreased deformation, and fewer instances of 

fracture 26, 54, 88-90. Despite the numerous studies highlighting the benefits of bicortical 

insertion, a frequent omission in investigations relates to whether the inserted TADs were 

monocortical or bicortical. Notably, there appears to be a dearth of clinical investigations 

specifically focusing on deviations between the planned and positioned miniscrews when 

engaging the lower nasal cortical bone. 



Given the heterogeneity observed in studies on the accuracy of miniscrew placement and 

its potential impact on the one-visit protocol, there is a pressing need for a comprehensive 

assessment of accuracy at each stage of the digital workflow. In particular, to the best of our 

knowledge, no study has conducted an analysis of the influence of deviations introduced 

during laboratory processes associated with this specific protocol. The body of literature on 

medical prototyping elucidates a range of errors, ranging from 0.13 to 0.57 mm, all of which 

are typically considered within clinically acceptable thresholds 91-94. Even though the 

deviations observed in clinical practice have limited clinical significance, it is essential to 

recognize that potential sources of errors exist at various phases of the prototyping process 
91. Consequently, while most studies conclude that inaccuracies in medical rapid 

prototyping models are unlikely to have a substantial impact on errors, they have not been 

able to accurately quantify the individual contributions of each source of error source to 

model accuracy or determine the minimum acceptable level of accuracy 91-94. 

This study seeks to assess the null hypothesis, which posits that there are no significant 

differences in the angular deviations of Temporary Anchorage Devices (TADs) throughout 

each stage of the guided digital workflow. The primary objective is to determine which 

specific operational phase exerts the greatest influence on angular deviations between the 

planned placement of palatal miniscrews and their actual post-insertion positions. The 

research approach involves conducting a comprehensive three-dimensional analysis of 

digital files corresponding to each of the three key stages of the digital workflow, namely, 

planning, model prototyping, and clinical insertion of miniscrews. Notably, this method 

offers the advantage of enabling a three-dimensional evaluation without necessitating 

additional exposure to X-rays. Consequently, this study aims to address the existing 

literature gap by furnishing an in-depth analysis of angular deviations at each juncture of 

the digital workflow and providing novel insights into the extent of deviation within a 

bicortical sample. 

5.1.2 Materials and Methods 

Patients requiring orthodontic treatment with a palatal appliance supported by miniscrews 

were chosen from the Section of Orthodontics at the Department of Medicine, Surgery, and 

Health Sciences, University of Trieste.  

The inclusion criteria were the following: 

• Requirement for a palatal orthodontic appliance supported by Temporary 

Anchorage Devices (TADs), involving 2, 3, or 4 TADs, for various applications such 

as distalization, mesialization necessitating complete anchorage, orthopedic palatal 

expansion in postpubertal patients, and orthopedic treatment of Class III 

malocclusions in prepubertal or pubertal patients. 

• The need for a guided surgical procedure and a digital workflow, including scenarios 

such as anterior crowding, impacted teeth, narrow palates, thick mucosa, and cases 

requiring precise alignment of miniscrews, particularly in cases involving 4 palatal 

TADs. 



There were no specific restrictions about the age or gender of the patients. However, 

individuals were excluded if they presented systemic diseases affecting bone metabolism, 

syndromes or craniofacial malformations, pathological conditions in the maxilla, took 

medications impacting bone metabolism, had compromised immune defenses, bleeding 

disorders, or exhibited inadequate oral hygiene 95. 

Digital Planning (Step 1) 

A one-visit protocol was adopted that involves the insertion of miniscrews and the 

orthodontic appliance within the same appointment. This protocol followed the planning 

and insertion procedure outlined by the REPLICA System® (Fig. 1). The initial records used 

included a cone-beam computed tomography (CBCT) scan (My Ray HyperionX9) and a 

digital impression of the patient's upper arch and palate (CS3600, Carestream Dental). 

These records were aligned and superimposed using ViewBox software (dHAL Software, 

Kifissia, Greece). The miniscrews (BENEft®, psm medical solutions) to be used in the clinical 

procedure were then selected from a virtual library and positioned based on bone 

availability and the anticipated orthodontic appliance. By established guidelines, the 

miniscrews were ideally located in the anterior paramedian region, approximately 4–5 mm 

from the palatal midline, situated between the second and third palatal rugae, while 

ensuring appropriate parallelism among the screws and maintaining a sufficient distance 

from the roots of anterior teeth. The posterior palatal region, specifically the premolar and 

molar areas, was considered as an alternative option 46, 83, 84, 96. The miniscrews were 

strategically planned for bicortical insertion, penetrating both the palatal and lower nasal 

cortical bone. Subsequently, a surgical guide was virtually designed, guiding pillars and 

analogs were positioned, and the final planning step encompassed the creation of a digital 

model with holes (referred to as file 1) for the actual analogs, along with the finalization of 

the surgical guide (Fig. 8). 

 

Figure 8: Digital planning of bicortical insertion of two paramedian miniscrews using the REPLICA System®. A, B virtual 
miniscrews position on the superimposition of cone-beam computed tomography and digital impression. C, coronal 

view of the position of the virtual miniscrews on the digital model. 

Laboratory Procedure (Step 2) 

The laboratory phase initiated with the digital design of the orthodontic appliance using 

Appliance Designer TM software (3Shape A/S, Copenhagen, Denmark). The concluding 

steps encompassed the prototyping of the model, a digital impression (CS 3600, 

Carestream Dental) of the prototype with scan bodies (referred to as file 2), the 



development of the surgical guide, the sintering of the orthodontic appliance, and the 

fitting of this device onto the prototype. 

Surgical Procedure (Step 3) 

Following local infiltrative anesthesia, the surgical guide was positioned to ensure precise 

alignment and stability. The miniscrews used were BENEft® Orthodontic Screws (PSM 

Medical Solutions), measuring 2 mm in diameter and 9–11 mm in length. The procedure 

was carried out using a manually operated unit connected to a contra-angled handpiece 

(NSK dental). Before miniscrew insertion, a pilot hole was created using a drill equipped 

with a calibrated drill stop, referencing the CBCT data to ensure penetration solely through 

the palatal cortical bone. Following the placement of the miniscrew, PEEK scan bodies 

(BENEft ® system, PSM) were affixed to the screws to capture a digital impression of their 

actual positions (referred to as file 3). The final step involved the fitting of the orthodontic 

appliance onto the inserted miniscrews. 

Software Analysis 

The software analysis was executed utilizing Geomagic Design X (version 2019.0.2). Three 

files in STL (standard triangle language) format were analyzed for each patient, as follows 

(Fig. 9): 

 

Figure 9: The three fles in STL format were analyzed with Geomagic Design X software (Geomagic Design X- version 
2019.0.2). A digital planning of the miniscrews’ position (blue); B, scanning of the 3D model with scan bodies for the 
design and fitting of the orthodontic appliance (green); C, post-insertion digital impression with scan bodies (yellow). 

• File 1: The digital plan depicting the virtual position of the miniscrews (a model with 

holes). 

• File 2: A digital impression featuring scan bodies of the 3D prototype, facilitating the 

fitting of the orthodontic appliance. 

• File 3: A digital impression showing the scan bodies that capture the post-insertion 

positions of the miniscrews after the surgical procedure. 



These three files were initially coarsely superimposed using the point-to-point function, with 

the reference points being the mesiobuccal cusps of the upper first molars and the mesial 

angles of the incisal edges of the central incisors. Subsequently, a refined superimposition 

was carried out using an Iterative Closest Point (ICP) algorithm. Once aligned, an automatic 

shape recognition function categorized each mesh into distinct and well-defined geometric 

shapes. Each mesh was then individually visualized by selectively disabling the view of the 

other two. For each of the three meshes, the longitudinal axis of the guiding holes (for file 

1) and the scan bodies (for files 2 and 3) was delineated using the "model_add vector_find 

axis of the cylinder" function, which relied on the automatic identification of cylinders. After 

establishing the axes, angular measurements were performed to assess the angular 

deviations between the digital plan and the laboratory model, between the digital plan and 

the post-insertion position, and between the laboratory model and the post-insertion 

position, employing the "measure angle_between two vectors" function (Fig. 10). 

 

Figure 10: A view of all three files is “switched on” once all the axes are identified; B angular deviations between vectors 
are calculated. 

Error Analysis 

A subset of 30 randomly selected measurements was repeated by the same investigator 

after a two-week interval to assess intra-rater reliability. The calibration was verified using 

the intraclass correlation coefficient (ICC), which indicated good to excellent interrater 

reliability (0.93, 0.86–0.97). 

Power Analysis 

A power analysis determined that a sample size of 45 would provide 80% power to detect 

a mean of paired differences of 1.5, given a known standard deviation of differences of 3.4 

and a significance level (alpha) of 0.05. Data were derived from a previous pilot study 

(unpublished data). The required sample size was calculated using G*Power (version 

3.1.9.7). 



Statistical Analysis 

Statistical analysis was conducted using SPSS version 26.0 (SPSS Inc., USA), a recognized 

statistical software package. Descriptive statistics were computed and presented as the 

median, interquartile range (IQR) and the full range of values. Additionally, mean values 

along with their respective standard deviations were reported to align with established 

practices in the existing literature. To validate the assumption of normality, the Shapiro–Wilk 

test was employed and yielded statistically significant results, signifying a deviation from 

normal distribution. Consequently, a nonparametric test for related samples was employed 

to evaluate the null hypothesis, which posits that there are no significant differences in the 

deviations observed across the three distinct operational stages. Specifically, a Friedman 

test was executed to compare the deviations across these stages. Furthermore, the Mann–

Whitney U test was utilized to assess the significance of differences in deviations between 

the left and right sides. A predetermined level of significance was established at p<0.05 for 

all statistical analyses. 

5.1.3 Results 

Participant Demographics and Miniscrew Analysis 

A total of 33 patients participated in the study, comprising 18 females and 15 males. The 

median age of the entire sample was 12 years. Further stratification by gender revealed 

median age of 13 years for females and 12 years for males. The analysis included a total of 

64 miniscrews, with 33 placed on the left side and 31 on the right side. In particular, 

miniscrews inserted without adhering to the protocol, such as cases involving only partial 

guidance during surgical procedures, were excluded from consideration. Additionally, 

cases featuring suboptimal mesh quality that hindered unambiguous analysis were also 

excluded. 

Angular Deviations 

Table 2 presents the angular deviations observed in three key aspects: between the 

longitudinal axis of the miniscrew on the digital plan and the laboratory model (referred to 

as "Laboratory Deviation"), between the laboratory model and the post-insertion position 

(termed "Clinical Deviation"), and between the digital plan and the post-insertion position 

(referred to as "Total Deviation") (Tab. 2). 

Table 2: SD Standard Deviation; IQR interquartile range; Lab deviation: the deviation between the digital plan and the 
laboratory prototype; Clinical deviation: the deviation between the laboratory prototype and the post-insertion position; 

Total Deviation: the deviation between the digital plan and the post-insertion position. 

 Lab Deviation Clinical Deviation Total Deviation 

Mean 2.12 6.23 5.70 

SD 1.62 3.75 3.42 

Median 1.65 5.30 5.22 

IQR 1.76 3.92 3.96 



Range 7.69 16.52 16.70 

 

Operational Step Deviations 

Regarding the specific operational steps, the laboratory step, defined as the deviation of 

the miniscrew's longitudinal axis between the digital plan and the laboratory prototype, 

exhibited a mean deviation of 2.12° with a standard deviation of 1.62. Conversely, the 

clinical step, characterized as the deviation between the laboratory prototype and the post-

insertion position, displayed a mean deviation of 6.23° with a standard deviation of 3.75. 

Lastly, the total deviation, encompassing the deviation between the digital plan and the 

intraoral position, demonstrated a mean deviation of 5.70° with a standard deviation of 

3.42. 

Statistical analysis of Deviations 

To evaluate the potential significant differences among the deviations at each operational 

step relative to the others, a Friedman test was performed. The results indicated significant 

differences between the laboratory deviation and the total deviation (p<0.001) and 

between the laboratory deviation and the clinical deviation (p<0.001), following Bonferroni 

adjustments. However, no significant differences observed between the clinical deviation 

and the total deviation (p = 0.231) (Fig. 11). 

 

Figure 11:  boxplots of the distribution of deviations for the laboratory step, the clinical step, and the total step, and the 
signifcance of the differences among the steps (p<0.05). 



Moreover, the study found no significant differences in deviations between miniscrews 

inserted on the left and right sides. 

5.1.4 Discussion and Conclusions 

This study aimed to comprehensively investigate the influence of each step within the 1-

visit protocol for the guided insertion of palatal miniscrews on the accuracy of the alignment 

of the miniscrews in their post-insertion position relative to the originally planned position. 

The null hypothesis that was tested posited that there are no significant differences in the 

angular deviations exhibited by Temporary Anchorage Devices (TADs) across the three 

distinct operational stages encompassed by the 1-visit protocol. In our sample analyzed, it 

became evident that a degree of deviation was introduced at each sequential stage of the 

workflow. Specifically, the laboratory step, characterized by deviations between the 

planned digital position and the laboratory prototype (referred to as "laboratory 

deviations"), displayed an average deviation of 2.12 ° with a standard deviation of 1.62. On 

the contrary, the clinical step, including deviations between the laboratory prototype and 

the actual post-insertion position (termed "clinical deviations"), showed a mean deviation 

of 6.23° with a standard deviation of 3.75. Lastly, the total deviation, which includes 

deviations between the digital plan and the intraoral position (labeled "total deviations"), 

demonstrated an average deviation of 5.70 ° with a standard deviation of 3.42. 

These findings are consistent with existing literature, suggesting that the medical 

prototyping procedure is unlikely to introduce substantial errors 84. However, despite the 

relatively modest laboratory deviations, their cumulative impact, combined with clinical 

deviations, has substantial clinical relevance, particularly in the context of a 1-visit protocol. 

The tolerance threshold for angular deviations decreases as the number of miniscrews, 

undercuts, and the rigidity of the orthodontic appliance increase. When deviations surpass 

this critical threshold, it renders the orthodontic appliance ill-fitting, necessitating the 

adoption of a 2-step protocol 74. The 2-step procedure involves obtaining a new digital 

impression of the precise miniscrew positions and modifying the orthodontic appliance, 

although not without introducing some level of inaccuracy and deviation. 

Importantly, the application of the 1-visit protocol, despite its merits in terms of reducing 

the number of appointments, aims to improve accuracy by limiting the number of 

operational steps and minimizing transitions between analog and digital workflows 76, 78, 86, 

87. However, our results emphasize that these deviations are not negligible in a clinical 

context. The angular values observed in this study generally appear to be higher than those 

reported in the existing literature, although direct comparisons are hindered by variations 

in reference points and measurement techniques. It should also be noted that no prior 

studies in the literature have explicitly detailed deviations for a bicortical sample, rendering 

significant comparisons unfeasible. For monocortical samples, Möhlhenrich et al. report 

deviations of up to 6.46°±5.5°, a result that closely aligns with the mean value observed in 

our sample 80.  

The increased susceptibility to deviations observed during clinical steps may be attributed 

to various parameters, both related to the patient and related to the physician. These factors 



include bone resistance and density, miniscrew condition, and the clinician's level of 

expertise of the clinician 83, 97, 98. In particular, these factors become particularly influential in 

bicortical cases, where both the palatal and lower nasal cortical bone must be perforated 
96. An intriguing hypothesis that warrants further investigation is that contact with the lower 

nasal cortical bone during bicortical insertion may introduce an obstruction or a sliding 

effect, ultimately influencing the insertion path. 

It is imperative to consider that the numerical value of deviations is just one aspect requiring 

attention. Depending on the number of TADs supporting the palatal device, the direction 

of deviations can be either more favorable, such as when deviations on paramedian TADs 

compensate for each other, or less favorable, such as when deviations exhibit divergent 

directions. Moreover, angular deviations can result in linear deviations occurring at the level 

of the miniscrew head, a situation that has substantial clinical implications for the success of 

the 1 visit protocol, as well as for the miniscrew tip and all intermediate positions along the 

insertion path. 

This study is subject to certain limitations, which require further investigation of clinical 

implications. Firstly, while 3D analysis enables a three-dimensional assessment of miniscrew 

positions without the need for additional x-ray exposure, it remains significantly dependent 

on the quality of the analyzed meshes. Poorly fitting scan bodies or improper scanning 

techniques can directly influence the final analysis. However, the existing literature supports 

the validity and accuracy of scan bodies for assessing implant positions 99. Additionally, the 

influence of bicortical insertion on the extent of deviations warrants evaluation through a 

comparison with a monocortical sample using a comparable workflow. 

Concluding Remarks 

To the best of our knowledge, this study is the first to comprehensively assess the impact of 

each step within the digital workflow for guided insertion of palatal miniscrews on the 

alignment accuracy between planned and final miniscrew positions. Considering the 

significant influence of clinical steps on angular deviations and the diminishing tolerance 

threshold associated with deviations, particularly in scenarios involving a higher number of 

mini-screws or a more rigid structure, the 1-visit protocol is recommended for cases 

involving only 2 TADs. However, caution is advisable in cases featuring 3 or more 

miniscrews or a notably rigid structure. In summary: 

1. All operational steps contribute to a certain degree of deviation, leading to a 

cumulative effect. 

2. The laboratory step exerts a lesser impact on angular deviations between planned 

and inserted miniscrews compared to the clinical steps. 

3. Cases involving 2 TADs may be successfully managed with a 1-visit protocol, but 

vigilance is warranted, given the system's reduced tolerance for deviations.



5.2 Does the Planned Miniscrew Position Reflect the Achieved One? A Clinical Study 

on the Reliability of Guided Miniscrew Insertion Using Lateral Cephalogram and 

Maxillary Stereolitography File for Planning 

5.2.1 Introduction 

Miniscrews, known as Temporary Anchorage Devices (TADs), have gained prominence as 

reinforcement for orthodontic treatments, and their applications have expanded 

significantly. These versatile devices find utility in both orthodontic and orthopedic 

contexts. Numerous studies have sought to determine optimal insertion sites and identify 

key factors to enhance success rates, yielding various success rates across different 

locations. Specifically, the success rates have been reported as 70.3% for mandibular arch 

placement, 93.4% for maxillary placement, 98.0% for the anterior palate, and 93.7% for the 

infrazygomatic zone. In contrast, the buccal shelf exhibited the lowest success and survival 

rates at 12 months (31.3%) and 24 months (20.8%), with Class III malocclusions 

demonstrating the lowest survival rate for buccal mini-implants (65.3% and 54.2%) 96, 100-104. 

The palatal region is recognized as a reliable and secure site for various miniscrew-

supported applications, including distalization, mesialization, and maxillary expansion. 

Consequently, it is a frequently utilized site in orthodontic practice. Orthodontists planning 

treatments that involve TADs in the palate can benefit significantly from the use of insertion 

guides. These guides offer several advantages, including the potential to reduce chair time, 

often referred to as the "1-visit protocol." They also enable complete control over a digital 

workflow encompassing miniscrew placement planning, device and guide design, and 3D 

printing. The guided insertion of miniscrews can be planned using various software tools, 

which may involve Cone-Beam Computed Tomography (CBCT) or a combination of digital 

intraoral scans and lateral cephalograms. While the latter approach is limited to median or 

paramedian insertion sites, both methods culminate in the creation of an insertion guide as 

the final step. These guides can be fabricated either entirely in 3D printing or through a 

combination of thermoforming materials and resin. Lateral cephalograms are typically part 

of the preliminary records maintained by orthodontists. In contrast, CBCT scans are 

reserved for specific clinical situations or dental issues, such as impacted canines. 

Consequently, having a dependable digital workflow for miniscrew planning using solely a 

lateral cephalogram can be advantageous. Furthermore, using an insertion guide, even in 

a secure area like the anterior palate, could confer clinical benefits by enabling the 1-visit 

protocol, thereby reducing chair time and the number of appointments. Although several 

studies have focused on CBCT-based planning 73, 83, 84, 105-107, there is limited scientific 

literature concerning the precision and reliability of miniscrew placement using a lateral 

cephalogram, intraoral scan, and thermoformed guide. Therefore, the primary aim of this 

study is to ascertain whether this approach can ensure accurate miniscrew placement 

concerning the digital plan and appliance fixation in the context of the 1-visit protocol. 

5.2.2 Materials and Methods 

Patient Selection and Orthodontic Treatment 



This study involved 25 patients (14 females and 11 males), with an average age of 14.2 

years, who received consecutive treatment by the same operator (M.M.). The orthodontic 

treatment comprised the use of a miniscrew-supported device in the anterior palate region, 

with planned mechanics involving distalization, mesialization, or maxillary expansion. 

Exclusion criteria included systemic diseases, impacted teeth, the use of drugs affecting 

bone metabolism, cleft palate, and prior orthodontic treatment. All patients had a 

permanent dentition. 

Data Collection 

The initial records for each patient included an intraoral scan (3Shape Trios; 3Shape, 

Copenhagen, Denmark), photographs, panoramic radiographs and lateral cephalogram X-

rays. The orthopal miniscrews used were 1.7 mm in diameter and 8 mm in length 

(OrthoEasy PAL; Forestadent, Pforzheim, Germany). 

Digital Planning and Guide Creation 

A single operator imported the maxillary stereolithography (STL) file and lateral 

cephalogram into dedicated software (OnyxCeph3; Image Instruments, Chemnitz, 

Germany) and aligned them. The calibration of the lateral cephalograms used the ruler on 

the acquisition image, while the maxillary STL file was automatically calibrated by the 

intraoral scanner. This alignment process involved the selection of specific points on the 

right view of the STL file (buccal side of the central incisors, premolars, and molars) and the 

lateral cephalograms. The segmented STL file in the sagittal view facilitated accurate 

alignment with the X-ray (Fig.12). 

 

Figure 12: A, STL file and lateral cephalogram references point for alignment. B, The STL maxillary image sagittally 
segmented for incisor correspondence control in respect of the lateral cephalogram and evaluation of palatal mucosa 
correspondence to the palatal cortical line. C, STL file and lateral cephalogram superimposed. D, planned miniscrew. 



The virtual placement of two miniscrews was performed in the matched file, positioning 

them in the anterior palate area, using the space between the second and third rugae as a 

reference. The correct inclination and position were confirmed based on the STL file and 

lateral X-ray. The lateral cephalograms were used to verify the miniscrew-incisor distance 

and the maxillary bone depth. The angulation of the buccal-palatal miniscrew was assessed 

on the STL file using a mean interscrew distance of 9.0 mm. Subsequently, a new maxillary 

STL file was generated with holes corresponding to the miniscrew positions, followed by 

the sequential placement of laboratory analogs (Fig. 13). 

 

Figure 13: insertion guide preparation. 

The STL file containing the miniscrew positions was 3D printed (DentaModel; Asiga, 

Alexandria, Australia). The first part of the guide was created by thermoforming 2.5-mm 

thick polyethylene terephthalate glycol discs (Erkodur freeze; Erkodent, Cologne, 

Germany). This thermoformed sheet was cropped in the middle to accommodate the screw 

positions. Miniscrew analogs were then inserted, along with the metal sleeves on the analog 

heads and the blade used for miniscrew insertion. The final step involved using resin 

(Leocryl; Leone, Sesto Fiorentino, Italy) to secure the metal sleeves and the thermoformed 

component. 

Surgical Procedure and Post-Insertion Scan 

The precision and stability were verified within the patient's mouth. Following local 

anesthesia, the miniscrews were manually positioned using a surgical key torque (BIOMET 

3i, Palm Beach Gardens, Fla). After insertion of the miniscrews, a new intraoral scan was 

conducted, covering the miniscrew heads with scan bodies to facilitate the post-insertion 

superimposition process. 

Control Group and Data Acquisition 



The 3D printed model used to create the guide served as a control group. In all 3D printed 

models, miniscrew analogs were inserted, and scan bodies were placed over them. A 

model scan was performed and imported as STL files (control group). 

Superimposition and Data Analysis 

The planned model (Group P) was uploaded to the TADmatch module (OnyxCeph3, Image 

Instruments), and miniscrew positions were recorded. Subsequently, the second scan, 

obtained from the patient's intraoral scan (Group A) or the control scan from the 3D printed 

model (Group C), was uploaded. The two maxillary scans were registered and 

superimposed as a surface function. The positions of the "A" miniscrews or "C" analogues 

were virtually inserted into the first model and exported into an Excel file. The 3D positions 

of each miniscrew were recorded as XYZ coordinates for the head and tip of the screws. 

Linear and angular differences were calculated using vectorial formulas between planned 

miniscrews and achieved (P vs A), between planned and control (P vs C), and between 

achieved and control (A vs C) (Fig. 14). 

 

Figure 14: A, STL file with planned miniscrew position. B, Intraoral scan with scan body. C, Superimposition. Second 
intraoral scans were generally obtained 4-6 weeks after digital planning. 

Statistical Analysis 

Continuous variables were presented as means with standard deviations and medians with 

interquartile ranges (IQR), while categorical variables were expressed as the number and/or 

percentage of subjects. The normal distribution z-test was used to assess the statistical 

power, with the null hypothesis that the mean of paired differences was 0. The Wilcoxon 

signed rank test, adjusted using the Bonferroni method, was employed to examine 

differences in angles determined by the mutual position of two screws among the three 

different settings. Differences with a p-value below 0.05 were considered statistically 

significant, and data analysis was performed using R statistical software (version 2018; R 

Core Team, Vienna, Austria). 

5.2.3 Results 

Analysis of Achieved and Planned Screw Angles 

The median angle observed between two digitally planned screws was 6.22 ° (IQR: 4.35°, 

9.08°), and a significant difference was observed compared to the angles in the planning 



group (P < 0.001). In the 3D printed model (control) group, the median angle between two 

parallel planned screws was 1.65° (IQR: 1.17°, 12.76°), and a significant difference was 

found between these angles and those in the planning group (P < 0.001) (Tab. 3). 

Table 3: Angle determined by the mutual position in the space of a couple of screws in a patient with respect to 3 
different settings. 

Variables 
Planning 
(n=25) 

Achieved 
(n=25) 

Model 
(n=25) 

P value 

Angle XYZ 
0.00 (0.00, 

0.02) 
6.22 (4.35; 

9.08) 
1.65 (1.17, 

12.76) 
P vs A <0.001 

    P vs M <0.001 
    M vs A 0.315 

Angle XY 
0.00 (0.00, 

0.00) 
4.24 (1.51, 

7.14) 
1.64 (0.84, 

12.07) 
P vs A <0.001 

    P vs M <0.001 
    M vs A 0.941 

Angle YZ 
0.00 (0.00, 

0.00) 
4.43 (2.00, 

6.34) 
0.96 (0.50, 

2.00) 
P vs A <0.001 

    P vs M <0.001 
    M vs A <0.001 

Angle XZ 
0.00 (0.00, 

0.00) 
8.59 (3.08, 

14.49) 
2.36 (1.57, 

21.01) 
P vs A <0.001 

    P vs M <0.001 
    M vs A 0.482 

Note. Values in degrees. Measurements are read in the plane containing both screw directions (Angle XYZ) or between 
the projections of the directions on the planes generated by the Cartesian axes X, Y, and Z (Angle XY, Angle YZ, Angle XZ, 
respectively). Results are expressed as median (IQR); P value determined by Wilcoxon signed rank test P value adjusted 
using Bonferroni method. P, planning; A, achieved; M, model. 

Comparison Between the Achieved and Control Groups 

No significant differences were observed at the same angle between the achieved result 

and the 3D printed model (P = 0.315). This finding also held for the projections of the angle 

on planes generated by the Cartesian axes, except for the projection of the YZ angle on the 

plane (P < 0.001, Tab. 3). 

Angle Deviations of Inserted Miniscrews 

Inserted miniscrews exhibited angles of 3.74° (IQR: 2.41°, 6.74°) and 4.68° (IQR: 3.38°, 

6.51°) concerning their digitally planned position. In comparison, angles of 4.31° (IQR: 

3.15°, 6.58°) and 4.55° (IQR: 3.00°) were observed concerning the 3D printed model (Tab. 

4). 

Table 4: Angles defined by each screw direction by performing pairwise observations in different settings. 

Variables 
Angle XYZ 

(n=25) 
Angle XY 

(n=25) 
Angle YZ 

(n=25) 
Angle XZ 

(n=25) 

Planning vs 
achieved 

    



Screw 1 
3.74 (2.41, 

6.74) 
2.54 (1.05, 

3.68) 
2.61 (1.22, 

5.12) 
3.44 (2.23, 

6.25) 

Screw 2 
4.68 (3.38, 

6.51) 
2.85 (2.08, 

4.09) 
3.79 ± 2.54 

6.79 (3.61, 
8.94) 

Planning vs 
model 

    

Screw 1 
1.61 (0.95, 

5.16) 
0.83 (0.42, 

4.48) 
1.12 (0.81, 

2.04) 
1.61 (0.75, 

6.06) 

Screw 2 
1.75 (1.12, 

4.79) 
1.69 (0.61, 

4.44) 
0.89 (0.52, 

1.44) 
2.10 (1.08, 

8.43) 
Model vs 
Achieved 

    

Screw 1 
4.31 (3.15, 

6.58) 
2.89 (0.63, 

6.28) 
2.14 (0.72, 

3.80) 
3.88 (1.18, 

11.79) 

Screw 2 4.55 ± 3.00 3.11 ± 2.23 
2.45 (1.29, 

5.08) 
5.87 (2.30, 

8.27) 
Note. Values in degrees. Measurements are read in the plane containing both observed directions (Angle XYZ) or between 
the projections of the directions on the planes generated by the Cartesian axes X, Y, and Z (Angle XY, Angle YZ, and Angle 
XZ, respectively). Results are expressed as mean 6 standard deviation or median (IQR). 

 
Linear Displacement of Screws in Each Setting 

The linear displacement of the screws in each setting is detailed in Table 5 (Tab. 5). 

Table 5: Linear displacement of each screw by performing pairwise observations of it in different settings. 

Variables X (n=25) Y (n=25) Z (n=25) 
Planning with 

respect to achieved 
   

Screw 1 tip 0.20 ± 0.75 0.76 (0.49, 1.21) 1.04 ± 0.76 
Screw 1 top 0.08 (-0.07, 0.32) 0.91 (0.75, 1.43) 0.59 (0.29, 0.87) 
Screw 2 tip 0.49 ± 0.87 0.87 (0.59, 1.13) 1.16 ± 0.86 
Screw 2 top -0.00 ± 0.51 1.16 ± 0.56 0.55 ± 0.46 

Planning with 
respect to model 

   

Screw 1 tip 0.02 (-0.19, 0.10) 0.56 (0.20, 0.84) 0.47 (0.25, 0.77) 
Screw 1 top 0.11 (0.04, 0.76) 0.54 (0.31, 0.82) 0.43 ± 0.56 
Screw 2 tip 0.23 ± 0.42 0.58 (0.37, 0.97) 0.51 (0.37, 0.87) 
Screw 2 top -0.10 (-0.38, -0.04) 0.68 ± 0.52 0.44 ± 0.45 

Achieved with 
respect to model 

   

Screw 1 tip -0.30 ± 0.86 -0.45 ± 0.75 0.48 ± 0.68 
Screw 1 top 0.01 (-0.17, 0.24) -0.59 (-0.98, -0.18) -0.04 ± 0.50 
Screw 2 tip -0.25 ± 0.92 -0.27 ± 0.42 -0.44 ± 0.83 
Screw 2 top -0.19 ± 0.47 -0.49 ± 0.44 -0.10 ± 0.34 



Note. Values (in millimeters) are intended in the 3 directions of the reference system (Cartesian axes X, Y, and Z). Positive 
values indicate that a more lateral (along X), deeper (along Y) or mesial (along Z) displacement has been observed in the 
cited setting compared to the other one. Results are expressed as mean 6 standard deviation or median (IQR). 

 

5.2.4 Discussion and Conclusions 

This study aimed to assess the reliability of a digital workflow for the placement of 

orthodontic miniscrews in the anterior maxillary area, including the entire process from 

virtual planning to clinical insertion, following the 1-visit protocol. Streamlining chair time 

and improving procedure efficiency offer benefits both for clinicians and patients. 

The use of digitally planned insertion guides for miniscrews in the anterior area has been 

proposed in the previous literature as a reliable clinical approach 42, 85, 108. However, ensuring 

precision and reliability across all steps of this process is crucial, particularly considering the 

small dimensions of these screws, which demand minimal vertical and angular errors. 

An important aspect of this method is the use of laser-melted structures for orthodontic 

applications. While computer-aided design and manufacturing processes ensure accurate 

structure production, some printing imprecisions can occur. Additionally, the rigid nature 

of the metal alloy used allows for fewer errors and less chairside adaptability. 

Previous studies have favored the use of Cone Beam Computed Tomography (CBCT) and 

stereolithographic insertion guides for miniscrew planning, emphasizing their accuracy 

over direct methods 83, 84, 108. However, this study explored virtual planning with a 2D x-ray 

instead of a 3D image and a thermoformed guide, relying more on technician expertise. 

This approach is suitable when patients already have lateral cephalograms as initial records 

and all permanent dentition has erupted 46.  

While previous research has compared surgical and direct insertion methods, few have 

analyzed planned versus achieved positions, a critical aspect for the reliability of the 1-visit 

protocol. This study identified differences in angular and linear measurements among the 

three groups. In particular, the largest differences (median, 6.22°) were found between the 

achieved and planned positions. However, these differences did not cause clinical 

inconveniences during appliance fixation, suggesting that they were not clinically 

significant. 

Linear discrepancies were observed in all three axes, but they were minimal and did not 

substantially affect the workflow's performance. Some vertical displacement was noted, 

with inserted miniscrews not reaching the planned depth (ranging from 0.76 to 1.16 mm). 

This may be attributed to intraoral scan imprecisions, particularly when compression exists 

between the scan body base and palatal mucosa during the scan. 

The limitations of this study include the use of only a stereolithographic insertion guide. 

Future research could include a 3D printed guide as another control group and involve 

multiple operators to validate the procedure from a clinical perspective. 

Conclusions 



This study draws the following conclusions: 

1. The median loss of parallelism between the two screws between planned and 

achieved positions was 6.22 ° (IQR: 4.35°, 9.08°). Part of this parallelism loss was 

already observed in the 3D printed model. 

2. The median parallelism loss between the 3D-printed model and the achieved result 

was 4.57°.



5.3 Bone quality in relation to Skeletal Maturation in palatal minscrew insertion sites 

5.3.1 Introduction  

In contemporary Orthodontics, palatal miniscrews have witnessed a surge in popularity due 

to their pivotal role in optimizing biomechanics during orthodontic treatments, ensuring 

absolute anchorage 109-111. In comparison to alternative insertion sites, the palatal region is 

deemed safer, primarily attributed to the absence of critical structures like nerves and 

arteries. Furthermore, the presence of a robust keratinized mucosa renders it a more 

dependable insertion site than non-keratinized mucosa, collectively contributing to lower 

failure rates in palatal insertion procedures 35, 46, 112. 

Exploring bone density and quantity at palatal insertion sites has been a subject of 

investigation, primarily through Cone Beam Computed Tomography (CBCT)  and 

Computed Tomography (CT) scans, predominantly in adult patients. These studies have 

highlighted superior bone quality in locations located 3-6 mm paramedian to the suture 

and 6-9 mm distal to the incisal foramen 47, 50. 

Recognizing that orthodontic treatments are predominantly administered to adolescents; 

some researchers have delved into bone volume assessments in growing patients. In 

addition, comparisons have been drawn between CBCT scans of adults and adolescents to 

discern age-related disparities in bone quality 52, 113. For example, Farnsworth et al. 

conducted a study involving 26 adolescents and 26 adults, revealing mean cortical 

thickness values of 1.25 ± 0.28 mm, 1.07 ± 0.28 mm, and 0.98 ± 0.39 mm dorsal, 6, and 9 

mm dorsal, and 3 mm lateral to the incisive foramen, respectively. 37. This investigation 

reported an increase in bone thickness in adult patients, speculating that age-related 

variations in cortical bone thickness could be influenced by hormonal factors and increased 

muscular activity 114-118. In a separate study, Han et al. compared 60 adolescents with 60 

adults to evaluate differences in cortical and cancellous bone density attributed to age. This 

examination established that adults exhibited significantly higher bone density (816 ± 15 

HU) compared to adolescents (606 ± 14 HU). Likewise, cancellous bone displayed markedly 

greater density in adults (154 ± 7 HU) relative to adolescents (135 ± 5 HU). 119. Nonetheless, 

it is worth noting that previous studies predicated their patient selection on chronological 

age, a factor that has been previously challenged as an unreliable growth marker. A more 

reliable alternative to assess skeletal age is the Middle Phalanx Maturation Method (MPM) 

of the third finger 120-122. This system has garnered favor among orthodontists owing to its 

minimal radiation exposure, ease of execution, and interpretability, facilitating close 

monitoring of ossification events. The MPM method serves as a consistent growth indicator, 

exhibiting commendable diagnostic accuracy in pinpointing the mandibular growth peak 
123, 124. 

Consequently, this study seeks to explore the nexus between bone quality at palatal 

insertion sites and skeletal maturation, as evaluated using the MPM method in growing 

patients. The overarching objective is to shed light on the potential impact of bone quality 

on the stability of palatal miniscrews in growing patients, offering information on potential 

clinical implications and indications for bicortical insertion. The null hypothesis posits that 



there exists no discernible relationship between bone quality, characterized by density and 

thickness, and stages of skeletal maturation. 

5.3.2 Materials and methods 

Database Selection and Inclusion Criteria 

The Orthodontics Section of the Department of Medical, Surgical, and Health Sciences at 

the University of Trieste, Italy, conducted a database screening that included records 

compiled between January 2015 and December 2021. The study sample comprised 

individuals seeking orthodontic treatment, all of whom provided signed informed consent. 

Ethical approval for the protocol was granted by the University of Trieste's Ethical 

Committee (protocol code n. 122, date of approval May 23rd, 2022). 

The inclusion criteria for this investigation were as follows: 

1. Age falling within the range of 8 to 16 years. 

2. Absence of anomalies in the maxillary region. 

3. Good general health. 

4. No history of trauma in the maxillary region. 

On the contrary, the exclusion criteria were as follows: 

1. Radiographs characterized by substandard diagnostic quality. 

2. Individuals presenting with known craniofacial or other conditions or syndromes. 

3. Scans indicating palatal impacted permanent teeth in the measured quadrant. 

4. A history of prior orthodontic treatment. 

For each participant, a radiograph of the middle phalanx of the third finger was taken as a 

routine clinical record, and a Cone Beam Computed Tomography (CBCT) scan (Hyperion 

X9, My-Ray, Cefla sc. 40026 Imola (Bo) Italy, www.my-ray.com) was performed as a 

secondary diagnostic investigation to assess impacted teeth positioning or palatal 

miniscrew insertion sites. The right quadrant of the maxilla was selected for analysis, and 

the left quadrant was examined if the scans showed unerupted teeth on the right side, in 

accordance with the literature that indicated that there were no significant differences in 

cortical thickness and bone density between the two sides 47, 125-127. 

A total of 60 patients were chosen, with a median age of 12 years. This group comprised 

11 patients at MPS1 stage (median age 10 years), 14 at MPS2 (median age 12 years), 12 at 

MPS3 (median age 13 years), 10 at MPS4 (median age 13 years), and 13 at MPS5 (median 

age 14 years). 

Data Analysis and Measurements 

http://www.my-ray.com/


CBCT scans were imported into a medical image viewer (Horos Open-Source Medical 

Image Viewer, version 3.3.6, www.horosproject.org) for the analysis of DICOM files. Prior to 

measurements, each site was oriented in all three spatial planes (Fig. 15). 

 

Figure 15 Before measurement, each site was oriented in all 3 planes of space. The sagittal axis was oriented according 
to the MPS, whereas the frontal and the transversal axes were oriented parallel and perpendicularly to the anterior 

palatine vault in the palatal rugae area in which the miniscrews are usually positioned. MPS; mid-palatal suture. 

The nasopalatine foramen and the mid-palatal suture were selected as radiographic 

landmarks. A grid was devised, incorporating three lines located 3, 6, and 9 mm laterally 

and parallel to the midpalatal suture, as well as three perpendicular lines located 3, 6, and 

9 mm dorsally to the posterior limit of the nasopalatine foramen, in agreement with 

previous research by Ludwig et al. The identical grid was overlaid on the nasal cortical plane 

(Figs. 16-17) 46. 

http://www.horosproject.org/


 

Figure 16: The axial slice defined 3 points 3, 6, and 9 mm to the midline. The sagittal slice was then moved 3, 6 and 9 
mm. 

 

Figure 17: For each sagittal slice, points at 3, 6, and 9 mm dorsal to the nasopalatine foramen were evaluated on the oral 
and nasal cortical bones. 

Intersecting points were evaluated, and bone density and thickness were measured at all 

nine points on the oral and nasal cortical bones. To address the non-uniformity of trabecular 

bone, medullary bone density was computed as the average bone density within a region 

of interest (ROI). The lines connecting the corresponding points on the two grids were 

delineated on the oral and nasal cortical plates, with software (Horos) calculating the mean 

bone density for each line (Fig. 18). 



 

Figure 18: The software measured medullary bone density, which calculated the mean bone density (gray density units) 
in vertical lines through the corresponding points of the 2 grids. 

Bone density was expressed in Gray Density Units, with all CBCT scans conducted using the 

same machine (Hyperion X9, My-Ray, Cefla s.c. 40026 Imola (Bo) Italy, www.my-ray.com) 

and identical settings for all patients. Furthermore, the Middle Phalanx Maturation method 

(MPM) stage was evaluated based on third finger middle phalanx radiographs according 

to the stages described by Perinetti et al 123 (Tab. 6). 

Table 6: Description of the stages of the third finger middle phalanx maturation (MPM) method according to Perinetti et 
al (19). 

 

 

http://www.my-ray.com/


 

Figure 19: Clinical example of the stages of the third-finger MPM method according to Perinetti et al. 123 MPS, midpalatal 
suture; MPM, middle phalanx maturation. 

Statistical analysis 

A sample size of 11 subjects per group was determined to detect an effect size of 1.3 in the 

density of the the difference in palatal cortical between the MPS1-2-3 and MPS4-5 groups. 

After confirming the normality assumption using the Shapiro-Wilk test, intergroup 

differences between groups in the palatal and nasal cortical density, as well as medullary 

density, were evaluated using the independent sample t-test. Meanwhile, a one-way 

ANOVA with Tukey's correction examined the impact of skeletal maturation on palatal 

cortical and medullary density and nasal cortical density. The relationship between palatal 

and nasal cortical thickness and MPM stages was evaluated using a chi-square 

independence test, adopting a thickness threshold of 1 mm. To assess the significance of 

the difference between palatal and nasal cortical density across MPM stages, a paired-

sample t-test was performed. Finally, the Pearson correlation coefficient was computed to 

correlate oral and nasal cortical density values with their respective values for the third finger 

middle phalanx. The significance level for all tests was established at 5%. Repeatability 

analysis was carried out on a randomly selected subset of 30 samples assessed at two 

different time points by two raters, employing the intraclass correlation coefficient (ICC) to 

determine inter- and intra-rater repeatability. 

5.3.3 Results 

Repeatability and Inter-rater Reliability 

The intraclass correlation coefficient (ICC) demonstrates excellent intrarater repeatability 

for all measurements under analysis, with values of 0.96 (95% CI: 0.92-0.98) for oral cortical 

density, 0.97 (95% CI: 0.95-0.99) for nasal cortical density, 0.97 (95% CI: 0.96-0.98) for 

medullary density, and 0.93 (95% CI: 0.89-0.95) for cortical thickness. Inter-rater reliability 

also exhibits excellence, yielding ICC values of 0.96 (95% CI: 0.92-0.97) for oral cortical 

density, 0.97 (95% CI: 0.94-0.98) for nasal cortical density, 0.97 (95% CI: 0.96-0.98) for 

medullary density, and good reliability with a value of 0.86 (95% CI: 0.79-0.91) for cortical 

thickness. 



Cortical Thickness Based on MPM Stage 

Table 7 provides mean values, along with 95% confidence intervals, standard deviation, 

and minimum and maximum values for palatal and nasal cortical thickness, categorized by 

MPM stage (Tab. 7). 

Table 7: Descriptive statistics for palatal and nasal cortical thickness divided according to MPM stage. 

 

SD, standard deviation; MPS, midpalatal suture; MPM, middle phalanx maturation. 

An examination of the relationship between MPM stages 1-2-3 and 4-5 and cortical 

thickness through the Chi-Square test reveals a significant association between the two 

variables, both for palatal cortical thickness (X2 (1, N=60) = 11.92, p<0.001) and nasal 

cortical thickness (X2 (1, N=60) = 4.26, p<0.04) as demonstrated in Table 8 (Tab. 8). 



Table 8: Contingency tables for palatal and nasal cortical thickness grouping MPS stages 1-3 and 4 and 5 and using a 
thickness cutoff of 1 mm. 

MPS, mid-palatal suture. 

 

Effect of Skeletal Maturation on Palatal Cortical Density 

ANOVA tests, assessing the influence of skeletal maturity, as determined by the MPM 

method, on mean palatal cortical density, indicate a statistically significant difference in 

mean density among at least two groups (F (4,55) = [6.93], p< 0.001). Tukey’s HSD Test for 

multiple comparisons further elucidates that the mean palatal cortical density is significantly 

different between MPS1 and MPS5 (p= 0.001, 95% C.I.= [-649.72, -125.53]), MPS2 and 

MPS5 (p= 0.001, 95% C.I.= [-620.98, -128.16]), and MPS3 and MPS5 (p= 0.004, 95% C.I.= 

[-594.74, -82.52]). However, no statistically significant differences in mean palatal cortical 

density were observed between the other stages, as detailed in Table 9 (Tab. 9). 



Table 9: Descriptive statistics for palatal cortical density according to MPM stage 

 

SD, standard deviation; MPM, middle phalanx maturation; MPS, midpalatal suture. 

An independent samples t-test highlights a significant disparity in palatal cortical density 

between stages MPS1-2-3 (M= 1272.05, SD= 191.13) and stages MPS4-5 (M= 1572.33, 

SD= 274.89); t(df)=58.00), p<0.001, as well as in palatal medullary density between stages 

MPS1-2-3 (M= 639.47, SD= 223.37) and stages MPS4-5 (M= 775.61, SD= 305.82); 

t(df)=58.00), p=0.05. 

Skeletal Maturation and Nasal Cortical Density 

Regarding the relationship between skeletal maturity, as measured by the MPM method, 

and mean nasal cortical density, a one-way ANOVA unveils a statistically significant 

difference in mean density between at least two groups (F (4,55) = [3.50], p=0.013). Tukey’s 

HSD test for multiple comparisons discerns that the mean value of nasal cortical density is 

significantly different between MPS1 and MPS5 (p= 0.05, 95% CI = [-514.06, -0.27]) and 

between MPS2 and MPS5 (p= 0.007, 95% C.I.= [-542.99, -59.94]). However, no statistically 

significant differences in mean palatal cortical density were noted between the other 

stages, as elaborated in Table 10 (Tab. 10). 



Table 10: Descriptive statistics for nasal cortical density according to MPM stage 

 

SD, standard deviation; MPM, middle phalanx maturation; MPS, midpalatal suture. 

An independent samples t-test reveals a significant discrepancy in nasal cortical density 

between stages MPS1-2-3 (M= 1428.09, SD= 198.97) and stages MPS4-5 (M= 1597.97, 

SD= 267.75); t(df)=58.00), p<0.001. 

Effect of Skeletal Maturation on Palatal Medullary Density 

When appraising the effect of skeletal maturity, as assessed through the MPM method, on 

the mean density of palatal medullary bone, ANOVA tests do not reveal statistically 

significant differences in mean density between any of the groups, as presented in Table 

11 (Tab. 11). 



Table 11: Descriptive statistics for palatal medullary density according to MPM stage 

SD, standard deviation; MPM, middle phalanx maturation; MPS, midpalatal suture 

Correlation Between Cortical Density and MPM Stages 

The Pearson correlation coefficient indicates a positive correlation between oral and nasal 

cortical density and MPM stages (oral cortical density: r (58)= .54, p<0.001; nasal cortical 

density: r(58)= .39, p= 0.002). 

Differences in Palatal and Nasal Cortical Density 

Lastly, paired sample t-tests detect a significant difference in mean density between the 

palatal cortical and the nasal cortical for stage MPS1 (palatal: M=1251.22, SD= 247.40; 

nasal: 1424.13, SD= 153.32) (p= 0.05), MPS2 (palatal: M=1264.28, SD= 167.36; nasal: 

M=1379.83, SD=182.96) (p<0.001); and MPS3 (palatal: M=1300.21, SD= 171.58; nasal: 

M=1488.01, SD= 148.48) (p=0.03). No statistical differences were found for stages MPS4 

and MPS5. (Fig. 20). 



 

Figure 20: Mean oral cortical bone density vs. mean nasal cortical bone density (gray density units) 

5.3.4 Discussion and Conclusions 

Bone quality plays a crucial role in the success of dental implants and miniscrews. 

Parameters such as bone density and cortical thickness are recognized as pivotal factors 

contributing to primary stability during implantation processes 35, 128-130. Computed 

Tomography (CT) scans are routinely employed for quantitative and qualitative assessment 

of bone quality before surgical procedures. The Hounsfield unit (HU) is a widely used 

parameter for the objective determination of bone density 131. The advent of Cone Beam 

Computed Tomography (CBCT) imaging has brought significant advances in oral and 

maxillofacial imaging. This technology offers notable benefits, including superior spatial 

resolution, dimensional accuracy, and enhanced gray density range and contrast, while 

delivering reduced radiation doses compared to conventional CT scans 131, 132. However, it 

should be noted that, unlike CT, gray density values in CBCT images, also called voxel 

values (VV), are not universally standardized and can vary across different X-ray devices 132. 

Consequently, these values should be interpreted with caution. In the present study, CBCT 

scans were obtained using the same CBCT unit, allowing a qualitative evaluation of bone 

density trends in various maturation stages. It is important to note that to date, the literature 

lacks a reference value in CT HU that can reliably predict the primary stability of miniscrews. 

Cortical thickness has been closely associated with achieving primary stability for 

miniscrews and implants 36, 133-135. Specifically, a cortical bone thickness of at least 1 mm has 

been identified as a critical factor for ensuring primary stability and is considered sufficient 

for this purpose by some researchers 136. Furthermore, numerous studies have established 

correlations between primary stability and cortical, as well as cancellous, bone density 137. 

In the current study, the thickness of the palatal and nasal cortical was measured and 

categorized according to the patient’s MPM stage, ranging from 1 to 5 (Tab. 6). In particular, 

the mean thickness of the palatal cortical was less than 1 mm in stages MPS1, MPS2, and 



MPS3, while it exceeded 1 mm in stages MPS4 and MPS5. Similar trends were observed for 

mean nasal cortical thickness. These findings align with the trends in bone mineral accrual 

seen in growing patients 138, 139 and correspond to clinical observations of increased skeletal 

maturation in post-pubertal subjects (MPS4 and MPS5), whereas prepubertal individuals 

(MPS1 and MPS2) and early pubertal subjects (MPS3) typically exhibit lower levels of 

skeletal growth. To assess cortical thickness based on varying levels of skeletal maturation 

between prepubertal and post-pubertal patients, a grouping was performed, considering 

stages MPS1-2-3 and MPS4-5 (Tab. 7). Among patients in MPS1-2-3, 67.6% had a mean 

palatal cortical thickness of less than 1 mm, while 78.3% of patients in stages MPS4-5 had a 

mean palatal cortical thickness greater than 1 mm. A similar trend was observed for nasal 

cortical thickness, with a lower disparity between MPS1-2-3 stages (62.16% < 1 mm) and 

MPS4-5 (65.2% > 1 mm). Mean densities of the palatal and nasal cortical regions were also 

evaluated using gray units as the unit of measurement. Mean values were determined for 

patients in MPM stages 1 to 5 (Tab. 8). The palatal cortical density showed an increasing 

trend from MPS1 to MPS5. Notably, MPS1, MPS2, and MPS3 exhibited similar values, 

whereas MPS4 demonstrated a significant increase, and MPS5 presented even higher 

values. A significant difference in palatal cortical density was found between stages MPS1-

2-3 (M= 1272.05, SD= 191.13) and stages MPS4-5 (M= 1572.33, SD= 274.89); p<0.001. 

These results again align with trends in bone mineral accrual during growth 138, 139 and with 

clinical observations of greater skeletal maturation in post-pubertal subjects (MPS4 and 

MPS5). The nasal cortical density exhibited similar values in MPS1, MPS2, MPS3, and MPS4, 

with a significant increase observed in MPS5 (Tab. 10). A significant difference in nasal 

cortical density was observed between stages MPS1-2-3 (M= 1428.09, SD= 198.97) and 

stages MPS4-5 (M= 1597.97, SD= 267.75); p<0.001. Palatal medullary density was also 

assessed (Tab. 11). This measurement showed substantial standard deviation values, 

reflecting considerable variation in values among patients within the same stage of MPS 

and even within the same patient. A one-way analysis of variance (ANOVA) test did not 

reveal statistically significant differences in mean density between any of the groups. A 

comparison of mean palatal and nasal cortical density was performed for each MPS stage 

(Fig. 20). Significant differences were observed in stages MPS1, MPS2, and MPS3 (p<0.05), 

while no statistically significant differences were found for stages MPS4 and MPS5. 

Several potential limitations of the study must be acknowledged. Notably, the study did not 

group patients based on sex or skeletal type (brachyfacial vs. dolichofacial), which could 

influence results, especially in post-pubertal patients. Additionally, future investigations 

could explore these differences. Furthermore, bone density was measured in Gray Density 

Units, a nonstandardized unit, which limits direct comparisons with other values in the 

literature. However, given that all CBCT scans were obtained using the same device, a 

qualitative assessment of bone density trends across different maturation stages was still 

feasible. Lastly, as mentioned earlier, the literature lacks CT HU reference values to predict 

the primary stability. 

The study results carry significant clinical implications. The substantial increase in palatal 

cortical thickness and density observed in MPS4 and 5 suggests a higher likelihood of 

primary stability in these patients. Conversely, patients in stages MPS1, MPS2, and MPS3 



may experience a lower success rate due to the thinner and lower-quality palatal cortical 

bone. To mitigate the risk of miniscrew failure in MPS1-2-3 individuals with inferior palatal 

cortical bone characteristics, bicortical insertion could be considered, particularly when 

greater orthodontic forces are required. It is worth noting that cortical drilling does not 

seem advisable, as it may increase the risk of failure in these patients. 

On the contrary, bicortical insertion can pose challenges during miniscrew placement, 

especially in late adolescents and young adults, due to the high insertion torque required. 

This clinical observation is in line with the study findings, which revealed higher cortical 

bone densities in the palatal (1639.85 ± 303.25) and nasal (1681.30 ± 323.56) in MPS5 

patients. Since the thickness and density of nasal cortical bone have not been extensively 

investigated in the literature, these findings suggest a potential need to revise miniscrew 

designs and insertion techniques in MPS5 patients who require bicortical insertion. 

Furthermore, the results may have broader implications for the planning of orthodontic 

treatment, which extend beyond miniscrew insertion. For example, the lower cortical bone 

density observed in MPS1-2-3 individuals could support earlier intervention in the 

treatment of impacted teeth, thus preventing the development of abnormal root 

morphology resulting from alveolar bone obstruction. 

Conclusions 

In summary: 

• MPS1, MPS2 and MPS3 exhibit lower palatal cortical bone density and thickness, with 

higher nasal cortical bone density. 

• MPS4 and MPS5 display higher palatal and nasal cortical bone density and thickness, 

with MPS5 showing the highest values across all variables. 

• Medullary bone density shows substantial standard deviation values, reflecting 

considerable variation and no definitive conclusions could be drawn from the data. 

  



6 GENERAL DISCUSSION AND CONCLUSIONS 

This PhD dissertation aimed to investigate and analyze protocols for the insertion of palatal 

miniscrews, with the objective of synthesizing, assessing, and enhancing optimal strategies 

for effectively utilizing palatal anchorage in conjunction with digital technologies. The long-

term goal was to establish a set of guidelines for the proficient management of all pertinent 

variables associated with the one- and two-visit protocols. 

Existing literature already underscores the preference for bicortical insertion when 

substantial anchorage is requisite, particularly in the context of Miniscrews-Assisted Rapid 

Palatal Expansion (MARPE) in adult patients. This is recommended to achieve a more 

extensive and parallel expansion while mitigating the risk of mini-screw failure. However, 

after scrutinizing the thickness and density of the palatal and nasal cortical bone, it has been 

observed that bicortical engagement may also enhance the stability of the miniscrew in 

prepubertal patients, where the palatal cortical bone exhibits reduced thickness and 

density. Conversely, given the superior bone quality in young adults and the subsequent 

elevated insertion torque necessitated by bicortical insertion, miniscrews that do not 

require palatal expansion may represent a safer option for monocortical insertion. 

Regarding operational protocols, our findings have prompted the suggestion of a two-visit 

protocol for any device supported by four mini-screws. The structural demands and 

constraints imposed by such devices heighten concerns of protocol failure under a one-

visit approach. Conversely, a one-visit protocol can be effectively employed for devices 

supported by two mini-screws. 

To enhance the effectiveness and efficiency of the one-visit protocol, particularly when 

working with more than two miniscrews, it is recommended to enlist the assistance of an 

additional individual to stabilize the surgical guide during the procedure and to employ a 

pilot hole. 

Future research endeavors will concentrate on discerning the variance in failure rates 

between monocortical and bicortical mini-screws and the distinctions in miniscrew 

migration among various device types and cortical engagement strategies. 
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