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Abstract

Background/Objectives: Orthodontic mini-implants have become indispensable in mod-
ern orthodontics due to their ability to provide absolute anchorage, independent of pa-
tient compliance. Our research aims to illustrate the versatility of mini-implants in ad-
dressing diverse biomechanical challenges across different planes of tooth movement
(sagittal, transverse, and vertical) based on a retrospective clinical analysis. Methods: A
retrospective analysis of orthodontic treatments performed with mini-implants (Dual Top
and JS systems) was conducted, focusing on predefined biomechanical objectives and out-
comes. The analysis encompassed distinct biomechanical applications, including incisor
retraction and space closure using sequential direct and indirect anchorage; transverse
and vertical correction of adult open bite through mini-implant-assisted rapid palatal ex-
pansion (MARPE) and molar intrusion; deep bite correction via simultaneous upper and
lower incisor intrusion; and unilateral molar distalization using palatal skeletal anchor-
age. Results: Mini-implants provided stable, reproducible anchorage in all cases, enabling
complex three-dimensional tooth movements with minimal side effects. Sequential reuse
of the same mini-implants for both indirect and direct anchorage reduced treatment inva-
siveness and enhanced anchorage efficiency. Combined skeletal expansion and posterior
intrusion allowed improved transverse and vertical control in adult open-bite presenta-
tions. Pure incisor intrusion was achieved without molar extrusion or incisor proclination,
while unilateral molar distalization was effectively managed using palatal skeletal an-
chorage. Across all cases, mini-implants enhanced treatment efficiency, reduced the need
for auxiliary appliances, and ensured predictable outcomes. Conclusions: Orthodontic
mini-implants represent a highly versatile and minimally invasive anchorage system
adaptable to a broad range of biomechanical situations. Their ability to provide stable,
reusable, and site-specific anchorage supports efficient correction of complex malocclu-
sions and reinforces their pivotal role in contemporary orthodontic practice.
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1. Introduction

In recent decades, orthodontic mini-implants have revolutionized the concept of an-
chorage control, offering orthodontists new possibilities to perform personalized, effi-
cient, and biomechanically sound treatments [1]. Their small dimensions, ease of inser-
tion, minimally invasive nature, and affordable costs have turned them into an indispen-
sable tool in contemporary orthodontics [2]. Unlike traditional anchorage methods, which
often rely on patient compliance or carry the risk of unwanted side effects, mini-implants
provide maximum anchorage, allowing for precise and predictable tooth movements that
were previously difficult to achieve [3].

The versatility of mini-implants is not limited to their mechanical properties but is
also reflected in their wide range of clinical applications. They can be used for both direct
and indirect anchorage, facilitating movements such as intrusion, extrusion, distalization,
or mesialization, and significantly contributing to the correction of vertical and sagittal
discrepancies [4]. Their adaptability allows them to be integrated into various treatments,
from simple space closures to complex interdisciplinary cases involving surgical or pros-
thetic components [5].

Furthermore, mini-implants enhance treatment efficiency by reducing overall dura-
tion, eliminating the need for extraoral devices, and, in many cases, avoiding dental ex-
tractions or compensatory mechanics. This brings benefits both to the clinician, through
increased control and predictability, and to the patient, by improving overall management
[6].

The use of mini-implants has transformed orthodontic therapy by enabling clinicians
to achieve superior biomechanical control with minimal reliance on patient cooperation.
This advancement not only streamlines treatment protocols but also enhances consistency
in clinical outcomes. From a patient-centered standpoint, assessments of mini-implant ap-
plications predominantly address experiential factors, such as comfort during therapy,
the intensity of postoperative discomfort, and overall satisfaction throughout the ortho-
dontic process [7].

The present research aims to analyze and synthesize the clinical versatility and bio-
mechanical advantages of orthodontic mini-implants in contemporary practice, based on
retrospective clinical applications addressing predefined biomechanical objectives. The
reported treatments illustrate how mini-implants can be strategically integrated to opti-
mize treatment efficiency, achieve controlled and complex tooth movements, and pre-
serve anchorage integrity across sagittal, transverse, and vertical planes of space. By
demonstrating their capacity to replace or enhance conventional anchorage methods in
different biomechanical contexts, mini-implants are shown to expand the therapeutic
scope of orthodontics, reducing treatment time, minimizing invasiveness, and improving
both predictability and patient comfort. Collectively, these clinical applications support
the role of mini-implants as a cornerstone of modern orthodontic biomechanics and as a
key enabler of individualized, high-precision treatment outcomes.

2. Materials and Methods
2.1. Patient Selection and Data Collection

To illustrate the applicability and versatility of orthodontic mini-implants in clinical
practice, several cases treated in the first author’s private practice were selected, in which
skeletal anchorage was used as a key element in achieving the therapeutic objectives. The
inclusion criteria targeted patients undergoing active orthodontic treatment, for whom
the use of mini-implants was indicated to obtain stable anchorage necessary for specific
tooth movements. In total, four patients (four clinical applications) were included. Given
the retrospective, practice-based nature of this study, the unit of analysis was defined as

https://doi.org/10.3390/dj14030132



Dent. ]. 2026, 14, 132 3 of 21

the biomechanical application and its outcome domain (sagittal, transverse, vertical cor-
rection, and anchorage strategy), rather than a stand-alone case narrative. Accordingly,
patient descriptors and miniscrew-related parameters were collected to support traceabil-
ity and reproducibility of the applied mechanics.

The case selection was performed retrospectively, from a clinical database (Dental
Art, Oradea, Romania), focusing on the diversity of clinical situations and the biomechan-
ical relevance of the skeletal anchorage used. For each included case, the treatment plan,
therapeutic objectives, mini-implant positioning, type of forces applied, clinical evolution,
and outcome were analyzed.

Four cases were selected to include patients of different ages and to represent a range
of clinical scenarios, in which mini-implants were used to facilitate tooth movements in
different spatial planes (i.e., sagittal, vertical, and transverse). Skeletal diagnosis was re-
ported according to available clinical and cephalometric data. Because of the retrospective
and illustrative nature of the cases presented, baseline variables were not collected in a
standardized manner across all patients. Table 1 summarizes the baseline characteristics
and miniscrew-related information of the presented cases.

Table 1. Baseline characteristics and miniscrew-related information of the presented cases.

Age Skeletal/Dental Main Treatment . . . Miniscrew Di-  Intended Tooth  Treatment
Case Sex . . .. Miniscrew Location .
(Years) Diagnosis Objective mensions (mm) Movement Status
Skeletal Class I hypodi- Orthodontic camouflage of .
. . . . Retraction of upper
1 34 M  vergent pattern, Dental Class II malocclusion using Vestibular Maxilla 1.6 10 incisors Completed
Class II, division II skeletal anchorage
Skeletal Class I, hyperdi- Correction of Open Bite Paramedian 2x12 .
. Palatal expansion .
2 27 M vergent pattern, Dental and expansion of narrow Palatal 2x10 Molar intrusi Ongoing
r intrusion
Class II maxilla Vestibular 1.6 x 10 o usio
Anterior Vestibul
Skeletal Class II, hypodi- Correction of Deep Bite, nerior Ves touiar 1.6x8
. Maxilla Upper and lower
3 48 F  vergent pattern, Dental Orthodontic camouflage of . . S . Completed
. Anterior Vestibular incisor intrusion
Class II Class II malocclusion . 14x8
Mandible
Skeletal class II, normodi- Opening space for im Upper molar uni
i im- uni-
4 22 F  vergent pattern, Dental P &b . Palatal 2x10 PP . Ongoing
pacted canine lateral distalisation

Class I

M, male; F, female.

2.2. Mini-Implant Systems, Insertion Protocol, and Loading Approach

In the clinical applications analyzed in this study, self-drilling mini-implants from
the Dual Top and JS systems (Jeil Medical, Seoul, Republic of Korea) were used due to
their mechanical reliability and clinical adaptability across multiple anchorage protocols
[8,9]. The insertion was per-formed under local anesthesia using rotary instrumentation—
specifically, the Surgic Pro NSK physiodispenser (NAKANISHI INC, Kanuma, Japan)
(Figure 1)—a method that al-lows improved control of torque and insertion.
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Figure 1. (A) Surgic Pro physiodispenser (NSK), (B) NSK low-speed rotary handpiece, (C) Dual Top

insertion driver and mini-implant.

Orthodontic loading of the mini-implants was carried out immediately after verify-
ing primary stability post-insertion, an essential criterion for maintaining anchorage con-
trol. Details regarding insertion torque, insertion speed, and duration of loading for each
case are presented in Table 2. The insertion site was individualized according to the spe-
cific clinical situation, the type and direction of the desired tooth movements, and was
determined based on CBCT imaging and panoramic radiography evaluations.

Table 2. Miniscrew-related clinical parameters.

Case Insertion Site Mini-Implant Dimensions (mm) Insertion Torque/Speed  Duration of Loading
1 Vestibular maxilla 1.6 x 10 10 Nem/20 rpm 9 months
Paramedian 2x12 25 Nem/30 rpm 3 months
2 Palatal 2x10 20 Nem/30 rpm 5 months
Vestibular Maxilla 1.6 x10 10 Nem/20 rpm 5 months
Anterior Vestibular Maxilla 1.6x8 10 Ncm/20 rpm 6 months
Anterior Vestibular Mandible 14x8 10 Nem/15 rpm 6 months
4 Palatal 2 x 10 mm 20 Ncm/30 rpm 8 months

In all treatments included in this analysis, the selection of mini-implant dimensions
and insertion sites was performed in accordance with current recommendations from the
scientific literature and will be detailed specifically within each presented case. Through-
out treatment, all mini-implants demonstrated clinical stability throughout the active
treatment phase, with no mobility observed during the loading period. Minor soft-tissue
complications were noted in cases involving vestibular placement, primarily associated
with suboptimal oral hygiene; however, these events did not compromise mini-implant
stability or treatment progression.

It should be noted that for each patient, the analysis focuses strictly on the use of the
orthodontic mini-implant and the intended tooth movement, without including a detailed
description of the general treatment plan or the complete evolution of the case, as these
aspects are beyond the scope of the present article.
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2.3. Ethical Considerations

The patients whose cases are presented had previously signed an informed consent
form regarding orthodontic treatment, as well as an explicit agreement concerning the
processing of personal data (GDPR) and allowing the use of their clinical images for sci-
entific, educational, and research purposes.

All procedures related to data collection and use were conducted in accordance with
current ethical standards. The case study was approved by the Research Ethics Subcom-
mittee of the University of Oradea, under Approval No. 4459/ 28 March 2025 and in re-
spect of the Helsinki Agreement for studies implying human [10].

To protect patient identity and ensure confidentiality, only intraoral images (belong-
ing to the personal archive of the first author) were used in this work, without including
facial images or other personal identifying data.

The following section synthesizes these clinical applications into a coherent analyti-
cal framework, highlighting outcome-oriented biomechanical strategies rather than iso-
lated case descriptions.

3. Results

In this retrospective analysis (n = 4 patients), outcomes are reported by predefined
clinical/biomechanical domains reflecting the primary objectives achieved with skeletal
anchorage. Case identifiers (Case 1-4) are retained exclusively for clinical traceability and
linkage to the corresponding figures; the Results are therefore structured by outcome do-
main rather than as stand-alone case narratives.

3.1. Sagittal Correction Outcomes (Anterior Retraction and Distalization)

This subsection reports sagittal tooth movement achieved through mini-implant-
supported biomechanics, including anterior segment retraction and unilateral molar dis-
talization, as illustrated in two clinical applications (corresponding to Cases 1 and 2).

A 34-year-old patient (Case 1) presented to the clinic with the specific request to re-
place the dental crown on tooth 11, being dissatisfied both esthetically and functionally.
Clinical examination and radiographic analysis revealed a Class II, subdivision II maloc-
clusion, deep bite, and dento-maxillary disharmony with crowding. Additionally, poste-
rior tooth loss in the mandibular arch was observed in the areas of teeth 36 and 46, accom-
panied by a reduced interproximal space (Figure 2).

Figure 2. Initial intraoral photographs.

In this context, a comprehensive orthodontic treatment was proposed to the patient,
aiming to correct occlusal relationships, improve masticatory function, and achieve stable
occlusal contacts that would later allow for the esthetic restoration of the anterior region.

Treatment objectives included:

e  Correction of canine distalization relationships to achieve proper canine guidance;
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e Correction of upper incisor retrusion;

e  Correction of deep bite;

e Closure of existing spaces in the mandibular arch;

e  Establishment of optimal morpho-functional and esthetic balance;
o Prosthetic rehabilitation of the upper anterior region;

e Maintenance of treatment results through retention.

The treatment plan involved:

e Application of a self-ligating orthodontic appliance;

e  Extraction of teeth 15 and 24 to create the necessary space for incisor retraction;

e Use of orthodontic mini-implants to obtain optimal anchorage, implemented in two
distinct biomechanical phases.

Treatment began with the bonding of a bilateral segmented appliance, extending
from the canine to the second molar. Two vestibular G2 mini-implants measuring 1.6 x 10
mm were inserted medially to teeth 16 and 26, positioned at the junction between the
attached and movable mucosa (Figure 3).

Figure 3. Application of the bilateral segmented appliance. Indirect anchorage to the mini-implant.

The mini-implants were used to indirectly anchor the upper first molars through a
customized 0.019 x 0.025-inch stainless steel segmented arch, bonded directly to the teeth
with flowable composite. To protect the buccal mucosa, the head of each mini-implant
was covered with liquid dam material.

An elastic chain was applied from 14 to 16 and from 23 to 26 to distalize the premolar
and canine. This stage was completed once the canines reached their desired position,
required for initiating anterior retraction.

After completing the distalization phase, the orthodontic appliance was bonded
across the entire arch, initiating the alignment and leveling stage. Once the rectangular
working archwires with closing loops were engaged, retraction of the upper incisor seg-
ment began by applying elastic chains from the loops of the archwire to the anteriorly
placed mini-implants. In this way, the same mini-implants were used sequentially for
both indirect and direct anchorage, demonstrating the clinical versatility of these devices
(Figures 4 and 5).
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Figure 5. Intraoral images showing treatment progress.

At the end of orthodontic treatment, the patient underwent veneering of the four
upper incisors to achieve esthetic harmony of the smile and functional integration of the
initially planned prosthetic restoration, as depicted in Figure 6.

Ty »i‘\‘nx‘ 4

Figure 6. Before and after case completion with veneering of the upper incisors.

Sagittal correction using skeletal anchorage was also applied in a 22-year-old patient
(Case 2) presenting with unilateral space deficiency associated with an impacted canine.
Clinical examination and radiographic analysis revealed persistence of tooth 63 and pal-
atal impaction of tooth 23, associated with a slight generalized mesial displacement of the
upper left hemiarch (Figure 7).
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Figure 7. Intraoral photographs—initial situation.

Treatment objectives were as follows:

e  Alignment and leveling of both arches;

e  Unilateral distalization of molar 26 to create the necessary space for the impacted
canine;

e  Surgical exposure of canine 23 and controlled traction into the arch;

¢  Finishing of the occlusion and retention of the orthodontic result.

The treatment plan included: a bimaxillary self-ligating fixed orthodontic appliance
was selected, with a band cemented on tooth 26 that included an anterior palatal hook
designed to facilitate the application of distalizing force. For skeletal anchorage, a palatal
JS mini-implant measuring 2 x 10 mm was inserted mesially to tooth 26 in the interradic-
ular area. The mini-implant was placed at a slight oblique angle to allow subsequent distal
movement of the premolars without interference.

Initially, the distalizing force on the molar was applied using an elastic chain
stretched between the anterior palatal hook and the mini-implant. Figure 8 shows the
space gained after two activations. Unfortunately, after several activations, the hook frac-
tured, requiring a change in biomechanical strategy. An indirect anchorage approach was
then adopted by stabilizing the second premolar (25) with a 0.019 x 0.025-inch stainless
steel segmented wire, rigidly connected to the mini-implant. This setup allowed distali-
zation of molar 26 to continue using a NiTi open-coil spring, while preventing unwanted
tipping effects on the premolar, which remained passive (Figure 9).

Figure 8. Distalization of the upper left first molar using direct anchorage —space gained after two

activations.

https://doi.org/10.3390/dj14030132
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Figure 9. Use of the palatal mini-implant for indirect anchorage of tooth 25. Distalization continued

with a NiTi open-coil spring applied buccally on the main archwire.

After achieving the desired distalization, the same mini-implant was used to main-
tain the newly obtained molar position, serving as indirect anchorage for the subsequent
distalization of the premolars. Once adequate space was created for tooth 23, surgical ex-
posure of the impacted canine was performed, followed by its progressive traction into
the arch using controlled forces (Figure 10).

Figure 10. Stabilization of tooth 26 to the mini-implant with a segmented wire and continued dis-

talization of the premolars to create space for tooth 23. Surgical exposure of tooth 23.

Across the analyzed clinical applications, orthodontic mini-implants demonstrated
the capacity to be employed sequentially as both indirect and direct anchorage units
within the same treatment protocol, depending on the evolving biomechanical require-
ments. This adaptability represents a key functional advantage of skeletal anchorage sys-
tems and was most clearly observed in the sagittal correction strategies described in this
series.

Sequential Anchorage Strategy within Sagittal Correction Protocols

In the sagittal correction protocol corresponding to Case 1, vestibular mini-implants
were initially utilized to provide indirect anchorage, stabilizing the posterior dentoalveo-
lar segment during premolar and canine distalization (Figure 3). Following completion of
this phase, the same mini-implants were subsequently engaged as direct anchorage units
to support anterior segment retraction (Figures 4 and 5), without the need for reinsertion
or modification of the skeletal anchorage site.

A comparable sequential anchorage strategy was applied in the unilateral distaliza-
tion protocol corresponding to Case 2. In this application, a palatal mini-implant initially
functioned as a direct anchorage unit for molar distalization (Figure 8). Subsequently, the
anchorage configuration was modified, and the same mini-implant was incorporated as
an indirect anchorage unit to stabilize the premolar segment and maintain the achieved
sagittal correction (Figure 9).

https://doi.org/10.3390/dj14030132
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These sequential anchorage strategies highlight the adaptability of mini-implants in
responding to changing biomechanical requirements during treatment, while minimizing
invasiveness and maintaining anchorage integrity.

3.2. Transverse and Vertical Correction Outcomes

This subsection describes combined transverse skeletal expansion and vertical
posterior intrusion achieved with mini-implant-assisted biomechanics in an adult open-
bite presentation (Case 3).

A 27-year-old patient presented for orthodontic consultation, reporting both func-
tional difficulties and esthetic concerns. Clinical examination and radiographic analysis
established the following orthodontic diagnosis:

e  Narrow maxilla;

e Anterior open bite;

e  Severe deviation of the upper midline to the right;

e  Ectopic canine (13) and malpositioned lateral incisor (12);

e  Dento-maxillary discrepancy with severe crowding (Figure 11).

Figure 11. Intraoral photographs —initial situation.

In addition, the patient exhibited atypical swallowing and oral breathing, for which
speech therapy sessions and myofunctional breathing exercises were recommended.
Following interdisciplinary evaluation and considering the patient’s dento-skeletal
and functional characteristics, the following treatment objectives were established:
e  Mini-implant-assisted maxillary expansion;
e Intrusion of the posterior segments to close the anterior open bite;
e  Correction of the midline deviation;
e Creation of space through expansion and strategic extractions;
e Alignment and leveling of both arches;
e  Stabilization and retention of the orthodontic outcome.

The treatment plan was structured into several stages, including the following pro-
cedures:

e  Extractions of teeth 35 and 24 to create the necessary space;

e  Corticotomy and corticopuncture to facilitate expansion;

e Intrusion of the upper molars using mini-implants and segmented arches;
e  Placement of a fixed orthodontic appliance.

The initial phase included corticotomy and corticopuncture (Figure 12) along the
mid-sagittal suture, followed by the placement of a mini-implant-supported expander
(Figure 13A). Two ]S orthodontic mini-implants, measuring 2 x 12 mm, were inserted in
the palatal region, according to the digital planning (Figure 13D). After achieving the de-
sired expansion, the expander was locked and maintained in position as a passive reten-
tion device (Figure 13C).

https://doi.org/10.3390/dj14030132
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Figure 13. (A) Cementation of the expander and insertion of the mini-implants. (B) Appearance of
the interincisal diastema one week after activation. (C) Locking of the expander and maintenance in

the palate for retention of the result. (D) Digital planning of mini-implant insertion.

Three months post-expansion retention, the arms of the expander and the corre-
sponding molar bands were removed, and a fixed self-ligating appliance was bonded on
the upper arch. The treatment was biomechanically divided into two distinct segments:

e The premolar-to-premolar segment, treated with a continuous orthodontic archwire
for alignment and leveling.

e The posterior segments, treated separately using vestibular and palatal segmented
stainless steel (SS) archwires of 0.019 x 0.025 inch, manually adapted to deliver intru-
sive forces (Figure 14).

Figure 14. Intraoral photograph during treatment—upper fixed orthodontic appliance, segmented

arches in the posterior areas, and mini-implants for intrusion.

For the intrusion of the upper molars, four orthodontic mini-implants were inserted
in an interradicular position:

e  Two buccal mini-implants (1.6 x 10 mm, JA) placed between teeth 16-17 and 26-27;
e  Two palatal mini-implants (2 x 10 mm, JS) positioned between the same teeth.

https://doi.org/10.3390/dj14030132
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This configuration allowed for efficient intrusion of the posterior segments through
symmetrical application of intrusive forces, providing axial control on both the buccal and
palatal aspects of the molars. As a result, unwanted buccal or lingual tipping of the crowns
was prevented. The intrusive forces were applied using elastic chains extending from the
mini-implant heads to the segmented archwires.

As illustrated in Figure 15, intrusion of the posterior segments was effective, with
visible improvements observed even in the early stages of force application. The progres-
sive closure of the anterior open bite confirmed the efficiency of the chosen biomechanical
protocol and highlighted the importance of dual anchorage (buccal and palatal) in achiev-
ing stable and well-directed tooth movements.

Figure 15. Intraoral photograph during treatment—progressive closure of the anterior open bite.

Orthodontic mini-implants played a key role in the success of the treatment, being
used both for transverse modifications (through maxillary expansion) and for vertical con-
trol (through intrusion of the upper molars). This combined use of skeletal anchorage al-
lowed for significant dento-skeletal changes, with a favorable impact on function, esthet-
ics, and occlusal stability (Figure 16).

Figure 16. Clinical aspect during the finishing stage.

3.3. Vertical Control Outcomes (Incisor Intrusion)

This subsection reports vertical control achieved through mini-implant-supported
simultaneous intrusion of the upper and lower incisors in a deep-bite presentation (Case
4).

A 48-year-old female patient (Case 4) presented to the clinic seeking a full prosthetic
rehabilitation, expressing dissatisfaction with the appearance of her smile —particularly
the visible diastema, pronounced gummy smile, and dental crowding. Orthodontic eval-
uation revealed a Class II/1 malocclusion, complete deep bite, and moderate dento-max-
illary discrepancy (Figure 17).

https://doi.org/10.3390/dj14030132
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Figure 17. Intraoral images—initial situation.

The main therapeutic objective was the correction of the deep bite to create a stable
occlusal foundation for subsequent prosthetic rehabilitation. An esthetic fixed orthodontic
appliance was placed on both arches, following the standard treatment protocol. After
completing the alignment and leveling phase, four orthodontic mini-implants were in-
serted, according to the recommendations found in the literature:

e Two vestibular mini-implants in the maxilla, positioned interradicular between teeth
12-13 and 22-23, at the junction between attached and movable mucosa, measuring
1.6 mm x 8 mm (G2, without hole);

e Two vestibular mini-implants in the mandible, positioned between teeth 32-33 and
42-43, measuring 1.4 mm x 8 mm (G2, without hole).

Itis essential that the insertion of mini-implants be performed after the leveling phase
is completed to avoid interference with root movements that may occur during alignment.
After insertion, the heads of the mini-implants were covered with liquid dam material to
prevent irritation or injury to the vestibular mucosa. During the activation stage, elastic
chains were applied from the archwire to the mini-implants, with symmetrical activation
on each side of the arch to achieve equal intrusion of the anterior teeth (Figure 18). This
biomechanical strategy allowed efficient and controlled correction of the vertical overbite
while simultaneously reducing gingival display during smiling.

Figure 18. Arch appearance after intrusion, showing an optimal overbite.

At the end of the orthodontic treatment, as shown in Figure 19, the deep bite was
successfully corrected, achieving an optimal overbite. In addition, the gummy smile was
significantly reduced, allowing for harmonious prosthetic rehabilitation and the achieve-
ment of an esthetic and balanced smile.

https://doi.org/10.3390/dj14030132
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Figure 19. Final appearance of the arches after removal of the fixed orthodontic appliance, prosthetic

rehabilitation, and placement of retainers.

4. Discussion

The clinical cases presented in this series illustrate the versatility and predictability
of orthodontic mini-implants as skeletal anchorage devices in managing complex maloc-
clusions across different clinical contexts. Mini-implants enable the clinician to apply con-
trolled forces directly to the dentoalveolar or skeletal structures, minimizing dependence
on dental anchorage and enhancing biomechanical efficiency. The following discussion
integrates key biomechanical, clinical, and planning considerations derived from each
case.

The success of orthodontic treatment and the long-term stability of mini-implants
depend largely on the insertion technique, as well as on the precise selection of their place-
ment site and dimensions. One of the main advantages of these anchorage systems is the
extensive variety of sizes available, which allows for accurate adjustment to the specific
anatomical and biomechanical demands of each case. This dimensional flexibility endows
mini-implants with exceptional versatility, making them suitable for a wide range of or-
thodontic applications (i.e., intrusion, distalization, or palatal expansion), while ensuring
reliable anchorage control and reducing the likelihood of mechanical or biological com-
plications [8].

Selection of mini-implant dimensions must be tailored to each anatomical site to
achieve optimal primary stability and meet specific bilomechanical demands. In our series,
different TAD sizes were judiciously chosen for different regions. For instance, 1.6 x 10
mm implants were inserted in the maxillary interradicular space between the second pre-
molar and first molar to support anterior retraction, whereas a smaller 1.4 x 8 mm screw
was used in the mandibular anterior region to intrude lower incisors. This site-specific
approach aligns with survey data indicating that orthodontists commonly favor 1.6 x 8-
10 mm screws in maxillary interradicular sites while opting for shorter, narrower implants
in anatomically constrained anterior areas [9]. Studies suggest that the optimal diameter
for such sites ranges between 1.5 and 1.6 mm, while the length should ensure cortical en-
gagement without risk to adjacent roots—commonly 8-10 mm in the posterior maxilla
[1,11,12].

Correct placement site coincides with known anatomical “safe zones,” as described
by Poggio et al., to maximize bone support and avoid root damage [13]. Notably, our
maxillary buccal insertion between the second premolar and first molar lies in a region
identified as having ample interradicular bone in Poggio’s anatomical map and subse-
quent studies, making it ideal for a 1.6 mm diameter screw to resist retraction and intru-
sive forces. Similarly, the palatal mini-implants were placed where the palatal cortex is

https://doi.org/10.3390/dj14030132
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thickest (e.g., between premolar and molar regions), allowing use of larger 2.0 x 10 mm
implants to withstand heavy forces for molar intrusion or molar distalization [14].

In case 3—mini-implant-assisted rapid palatal expansion (MARPE), 2 x 12 mm mini-
implants were placed in a paramedian position, an area free of dental roots that provides
dense cortical bone and sufficient bone volume to ensure stable and safe anchorage. The
use of longer mini-implants in this region allows for bicortical engagement, which signif-
icantly enhances primary stability and resistance to dislodgment under the high trans-
verse forces generated during expansion [15]. Precise positioning was achieved through
digital planning, which enabled accurate assessment of bone thickness and angulation,
minimizing the risk of perforation and ensuring symmetrical force distribution [16]. The
combination of paramedian placement, bicortical engagement, and computer-guided
planning thus maximizes the mechanical effectiveness and predictability of MARPE pro-
tocols, as supported by current literature on skeletal expansion techniques [17,18]. Mini-
implant-assisted rapid palatal expansion (MARPE) has become a reliable non-surgical al-
ternative to surgically assisted expansion in late adolescents and adults [19]. Compared
to SARPE, MARPE offers several advantages: absence of surgical morbidity, reduced
postoperative discomfort, and preservation of midpalatal integrity while still producing
significant skeletal expansion verified by CBCT analysis [17]. Clinical evidence indicates
that MARPE shows greater transversal skeletal changes in the midface and posterior and
anterior maxillary base measurements, with superior stability and less relapse after reten-
tion [20,21].

Case 3 also exemplifies the versatility of orthodontic mini-implants, demonstrating
their capacity to serve distinct biomechanical purposes—to achieve transverse skeletal ex-
pansion of the maxilla and to induce vertical changes through posterior intrusion for
open-bite correction. The ability to use mini-implants to address discrepancies in both
planes highlights the adaptability and efficiency of temporary anchorage devices (TADs)
in comprehensive orthodontic treatment. The patient benefited from a total of six ortho-
dontic mini-implants, which provided anchorage for both transversal and vertical correc-
tion. After the palatal expansion was obtained with the aid of two paramedian mini-im-
plants, according to the treatment plan, the expander remained in situ as a passive re-
tainer, with the arms for the first molars removed to avoid interference with subsequent
mechanics. This decision was based on evidence showing that the midpalatal suture re-
mains only partially remodeled even seven months after expansion, and that a retention
period of approximately 12 months is necessary to allow full ossification and ensure long-
term skeletal stability [22].

Since a transpalatal arch (TPA) primarily preserves dental alignment and does not
effectively maintain skeletal expansion, it was not used in this case [22]. The chosen ap-
proach (i.e., maintaining the expander itself as a passive appliance for one year) allowed
the preservation of the skeletal widening achieved with MARPE while simultaneously
enabling posterior intrusion to address the anterior open bite. This strategy optimized
treatment efficiency, avoided unnecessary appliance changes, and reduced overall treat-
ment duration.

For the vertical component of treatment, four additional mini-implants were placed:
two buccally (1.6 x 10 mm) and two palatally (2.0 x 10 mm), bilaterally between the first
and second molars (6-7 region). The 6-7 interradicular area offers greater bone width and
a longer moment arm compared with the 5-6 region, increasing the efficiency of intrusive
forces [23,24]. While the buccal site provides easier clinical access, the palatal site presents
approximately 6 mm of interradicular spacing, improving mechanical stability and reduc-
ing the risk of root interference, particularly during vertical movement [25]. Using two
TADs per side (buccal and palatal) distributes the intrusive forces more evenly across the
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posterior segment and minimizes tipping or rotational tendencies compared with single-
screw systems [26,27].

The versatility of orthodontic mini-implants lies not only in their dimensional adapt-
ability and their ability to facilitate both tooth and skeletal changes across different planes
within the same case, but also in their capacity to function as both direct and indirect an-
chorage throughout a single treatment sequence. In Case 1, the same vestibular mini-im-
plants placed mesial to the maxillary first molars were initially employed for indirect an-
chorage to stabilize the posterior segment during canine and premolar distalization, using
a segmented 0.019 x 0.025-inch stainless-steel auxiliary arch bonded directly to the teeth.
Once this phase was completed, the same mini-implants were subsequently repurposed
as direct anchorage units to retract the anterior segment, illustrating a smooth transition
in biomechanics without additional insertion procedures. This approach offered multiple
benefits, including reduced patient discomfort, simplified hygiene maintenance, and im-
proved esthetics, since anterior bonding was deferred until the second treatment phase.

The use of direct anchorage for incisor retraction offers significant biomechanical ad-
vantages: the force vector passes closer to the center of resistance of the anterior segment,
minimizing incisor tipping and preventing anchorage loss that would otherwise compro-
mise posterior tooth position [28]. In conventional mechanics, molar anchorage loss can
reduce the extraction space available for incisor retraction and lead to suboptimal overjet
correction [29]. By contrast, mini-implants provide a stationary anchorage unit, enabling
full retraction while preserving molar position and overall arch integrity. Furthermore,
the simplified force system shortens treatment duration and improves control over torque
and root angulation of the anterior teeth [30].

Similarly, in Case 2, the palatal mini-implant exhibited comparable versatility. Dis-
talization was achieved with direct anchorage provided by a single palatal mini-implant
(2 x 10 mm). The palatal site was selected to ensure the distal force passes closer to the
center of resistance of the molar, thereby minimizing unwanted tipping moments and
avoiding soft-tissue interference frequently associated with buccal placement. This bio-
mechanically favorable configuration also contributes to improved vertical dimension
control and more predictable molar movement [31]. Following the failure of a distalizing
hook, the biomechanics were modified from direct to indirect anchorage by connecting
the mini-implant to a rigid stainless-steel segment stabilizing the second premolar, thus
enabling continued molar distalization through a controlled force system. This ability to
seamlessly alter force direction and anchorage type using the same device underscores
one of the greatest advantages of mini-implants —their biomechanical flexibility. The ca-
pacity to employ a single implant for multiple anchorage strategies increases treatment
predictability, reduces procedural trauma, and exemplifies the dynamic role of temporary
anchorage devices in contemporary orthodontics.

Beyond conventional labial fixed appliances, mini-implants have also been success-
fully combined with lingual orthodontics to support en masse distalization and camou-
flage treatment in selected Class II and Class III patients. Preliminary clinical evidence has
shown that maxillary en masse distalization can be performed with a completely custom-
ized lingual appliance supported by miniscrew anchorage, helping clinicians reach the
planned sagittal correction goals [32]. Miniscrew-assisted customized lingual appliances
have also been reported to enhance anchorage control and vertical management in severe
skeletal Class II cases [33]. In Class III camouflage, the use of miniscrews together with
lingual brackets has been described to manage complex problems (e.g., open bite/crowd-
ing/asymmetry) when conventional mechanics would be more challenging [34]. Collec-
tively, these reports support the versatility of mini-implants across different appliance
systems, allowing clinicians to extend biomechanical possibilities and customize anchor-
age strategies when case selection and planning are appropriate.
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Building upon this concept, Case 4 illustrates another dimension of mini-implant ver-
satility: their use for precise vertical control in the management of deep bite through inci-
sor intrusion. Mini-implants allow pure intrusion of the anterior segment without the side
effects commonly associated with conventional mechanics, such as incisor proclination or
anchorage loss, thereby extending their utility from sagittal and transverse corrections to
vertical discrepancies as well [24]. Deep bite represents one of the most frequent vertical
malocclusions in orthodontic practice and is often associated with excessive incisor dis-
play, gingival impingement, and occlusal trauma. Traditional correction techniques, such
as the use of utility arches or reverse curve mechanics, have historically achieved bite
opening by combining incisor intrusion with molar extrusion; however, these methods
often lead to unwanted proclination of the incisors [35,36]. In this case, intrusion was
achieved using two vestibular mini-implants in the maxilla and two in the mandible, po-
sitioned interradicularly between the lateral incisors and canines, all placed at the mu-
cogingival junction. The mini-implants measured 1.6 x 8 mm in the maxilla and 1.4 x 8
mm in the mandible, dimensions that align with current recommendations for interradic-
ular placement in the anterior region [9,37]. This configuration created a direct line of force
acting close to the center of resistance of the anterior segment, enabling pure vertical in-
trusion without tipping or torque loss.

The efficacy of this approach is supported by multiple clinical studies comparing
miniscrew-supported intrusion with utility-arch mechanics. Phor et al. (2018) demon-
strated that both systems produced significant incisor intrusion, but root resorption was
greater in the utility-arch group, highlighting the biological advantage of skeletal anchor-
age due to lower apical stress [38]. Similarly, Namrawy et al. (2019) found comparable
amounts of overbite reduction—2.6 + 0.8 mm (0.49 mm/month) with miniscrews and 2.9
+ 0.8 mm (0.60 mm/month) with an intrusive arch—but noted that the intrusive-arch
group exhibited significantly greater incisor proclination, while the miniscrew group
maintained axial control [35]. Comparable findings were reported by Aydogdu (2012) [39]
in mandibular incisor intrusion: both implant-supported and utility-arch techniques pro-
duced similar intrusion rates (0.3-0.4 mm/month at the incisal edge), but the mini-implant
group achieved better molar control and reduced anchorage loss. The degree of labial tip-
ping was also lower (= 7° vs. 8°), indicating improved control of the intrusive vector.

In the present case, simultaneous upper and lower incisor intrusion achieved a har-
monious reduction of overbite and improved incisal display without compromising molar
position or facial esthetics. The use of four strategically positioned mini-implants enabled
direct and continuous application of vertical forces, minimized patient discomfort, and
simplified biomechanics compared with conventional intrusion arches.

Overall, these outcomes align with current evidence showing that both miniscrew
and utility-arch mechanics can achieve similar magnitudes of intrusion, but mini-implants
provide superior control over tooth inclination, anchorage, and biological response
[40,41]. Within the context of this case series, the correction of deep bite through skeletal
anchorage further reinforces the versatility of mini-implants, demonstrating their capacity
to offer individualized, three-dimensional control in vertical, transverse, and sagittal
planes.

Although only minor soft-tissue complications related to inadequate oral hygiene
were observed in the presented cases, it is important to acknowledge that miniscrew-re-
lated complications are well documented in everyday orthodontic practice. These may
include insufficient primary stability, miniscrew mobility during loading, peri-implant
mucosal inflammation, early implant loosening, root injury, and, in certain anatomical
sites, sinus perforation [42-47]. Even when the overall failure rate of orthodontic minis-
crews is relatively low, such events may significantly affect treatment progression, biome-
chanics, and patient comfort, and may necessitate modification of the treatment plan or
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reinsertion of the device [48]. Consequently, careful case selection, thorough radiographic
evaluation, precise insertion technique, and appropriate loading protocols are essential to
minimize risks and ensure predictable outcomes. These considerations should be an inte-
gral part of treatment planning when miniscrews are used as skeletal anchorage devices
[49].

The principal strength of this study lies in the detailed clinical documentation and
the comprehensive demonstration of the biomechanical versatility of orthodontic mini-
implants across multiple treatment scenarios. By illustrating their application in sagittal,
transverse, and vertical corrections, the present paper provides valuable insight into the
adaptability and clinical decision-making processes associated with skeletal anchorage.
The sequential use of the same mini-implants for both direct and indirect anchorage fur-
ther exemplifies a pragmatic and minimally invasive approach, highlighting their poten-
tial for efficient, patient-centered orthodontic care. Nevertheless, several limitations must
be acknowledged. The retrospective nature and limited sample size inherently restrict the
generalizability of the findings and preclude statistical validation of clinical outcomes.
Systematic post-treatment data were not available for all cases at the time of manuscript
preparation. Therefore, the reported outcomes should be interpreted as short-term clinical
observations. No definitive conclusions regarding long-term stability or relapse can be
drawn, and future studies with extended follow-up are warranted. Additionally, potential
operator variability and differences in anatomical conditions may influence implant sta-
bility and treatment response. Future research should therefore aim to validate these find-
ings through prospective, controlled, and multicentric trials incorporating standardized
outcome measures and long-term follow-up to assess stability and biological responses.

5. Conclusions

The versatility of orthodontic mini-implants represents one of their most significant
clinical advantages, allowing their application across a wide spectrum of biomechanical
scenarios. Their design and dimensional variability enable precise adaptation to different
anatomical regions, ensuring optimal stability and safety during insertion. Mini-implants
can serve as both direct and indirect anchorage units, be incorporated into various me-
chanics such as retraction, intrusion, distalization, or expansion, and can be repositioned
or repurposed as treatment progresses. This adaptability not only enhances the efficiency
and predictability of orthodontic therapy but also reduces the need for additional auxil-
iary devices, reinforcing the role of mini-implants as a cornerstone of modern, minimally
invasive anchorage strategies. The clinician can dynamically adjust the mechanics —from
direct to indirect anchorage or from unilateral to bilateral force systems—according to
treatment progression. This adaptability is one of the defining strengths of mini-implants,
supporting individualized, minimally invasive treatment strategies. In conclusion, mini-
implants offer a safe, effective, and efficient means of achieving the desired tooth move-
ments in high-anchorage cases, outperforming conventional anchorage systems in both
magnitude of tooth movement and control of side effects.
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