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Abstract

Objectives: This study aimed to evaluate the available evidence on the use of orthodontic
mini-implants (MIs) as temporary anchorage devices (TADs), with particular focus on how
insertion angulation may influence clinical outcomes. A clinical case report was also in-
cluded to complement the review findings. Methods: A systematic review was performed
following PRISMA guidelines and a focused PICO question. Searches in PubMed, Web
of Science, and Scopus, supplemented by manual screening of reference lists. Duplicates,
systematic reviews, and studies outside the PICO scope were excluded. An observational
analysis of CBCT and intraoral images, and a clinical case report, were evaluated with
a standardized protocol for angulation classification based on anatomical landmarks and
angular measurements. Results: Ten studies met the eligibility criteria. Most reported high
survival rates, with stability defined by the absence of TAD mobility or loss. CBCT-derived
data from two studies, together with one clinical case, demonstrated maintenance of alve-
olar bone. Improved outcomes were occasionally associated with changes in insertion
angulation. Vertical positioning was more frequently linked to complications in shorter
TADs, while horizontal placement preserved bone but introduced hygiene-related difficul-
ties. Conclusions: TAD success and bone preservation may depend on insertion angulation,
TAD size, and soft tissue conditions. Further standardized prospective studies are needed
to validate these findings, particularly regarding intermediate diagonal insertion angles
(between vertical and horizontal) extending from palatal to buccal, as observed in our
clinical case, which is not yet reported in the literature.

Keywords: mini-implant; TADs; lateral incisor agenesis; temporary replacement;
transitional prothesis

1. Introduction
The congenital absence of maxillary lateral incisors (MLIA), whether unilateral or

bilateral, is a relatively frequent dental anomaly, affecting around 2% of the general popula-
tion [1]. Management strategies generally involve two principal approaches: space closure
through orthodontic means or space opening and preservation to facilitate subsequent
prosthetic rehabilitation [2].
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Despite the growing preference for space closure, in cases where prosthetic replace-
ment is the chosen approach, it becomes necessary to provide a temporary substitute to
maintain aesthetics and function until the patient reaches full skeletal maturity [3].

Removable prostheses incorporating denture teeth represent one treatment option.
However, patients often poorly accept them due to their potential to impair speech and
the fact that they leave the edentulous space visible when removed for meals or hygiene
purposes. Maryland bridges typically require irreversible enamel reduction of otherwise
healthy adjacent teeth. Moreover, they often fail to support ideal soft tissue contours, which
may compromise the overall esthetic outcome when compared to mini-implants [4].

Temporary anchorage devices (TADs) have been proposed as an alternative procedure
for the temporary replacement of missing permanent MLIA in growing patients [3]. TADs
offer several advantages, including preservation of bone, prevention of tooth and root
migration, reduced need for grafting, easier orthodontic retention, and improved aesthetics
due to lingual TADs placement [5].

While some authors, such as Ciarlantini R and Melsen B [3], discourage vertical place-
ment of TADs in favor of bicortical TADs (horizontal) due to their superior preservation
of buccolingual alveolar width [3], other studies present differing perspectives. Several
case reports and clinical studies have documented successful outcomes with vertically
inserted TADs, suggesting that, under appropriate clinical conditions, this approach can
be a viable and effective alternative. Notably, the case report by Cope JB and McFadden
D [5] exemplifies the potential success of vertical insertion, highlighting that the choice of
angulation may be influenced by individual anatomical and clinical factors.

This divergence in the literature underscores the need for further investigation into
how insertion angulation affects bone response and long-term outcomes. Therefore, this
study evaluates the effectiveness of TADs for temporary replacement in permanent MLIA
and investigates whether any insertion angulation corresponds to minimizing bone-level
change adjacent to the TAD.

2. Materials and Methods
2.1. Study Design

This study integrates a systematic review, following established clinical guidelines,
along with a supplementary observational analysis.

2.2. Review Guidelines

This review was conducted in accordance with the recommendations of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses 2020 [6], and the completed
PRISMA checklist is provided in the Supplementary Materials. The study protocol was
registered in the PROSPERO database (CRD420251107694).

2.3. Selection Criteria

Based on research questions, the following eligibility criteria were established: studies
involving the use of TADs for the temporary replacement of missing permanent MLIA, and
those evaluating outcomes such as changes in alveolar ridge dimensions (height and/or
thickness), TAD angulation, bone remodeling, or overall success of the procedure.

Exclusion criteria included duplicate records, systematic reviews, and narrative re-
views. In addition, studies that did not address the defined PICO frameworks—such as
those not involving TADs for replacement of MLIA—were also excluded.
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2.4. Eligibility Criteria

The Population, Intervention, Comparison, Outcomes, and Study design strategy
(Table 1) was used to formulate the guiding questions for this study: “How effective are
TADs for the temporary replacement of permanent MLIA?” and “Is there a specific TAD
angulation associated with minimal bone changes following placement?”

Table 1. PICO framework.

PICO Elements Details

P—Population/problem Patients with permanent MLIA
I—Intervention Placement of TADs for replacement of MLIA

C—Comparison Different angulations of TADs placement and their effect
over time (before vs. after insertion, or across angulations)

O—Outcome
Evaluation of bone changes (height and thickness of the

alveolar ridge) and identification of the angulation
associated with minimal bone resorption

2.5. Search Strategy

A thorough literature search was performed in the PubMed database (accessed via
the National Library of Medicine), Web of Science, and Scopus. Searches were performed
between 10 April 2025 and 3 September 2025 across the three databases, with no publication
date limits (from database inception to 3 September 2025). An identical advanced search
strategy was applied to all databases, targeting titles, abstracts, and keywords with the
search query detailed in Table 2. Furthermore, the reference lists of all included articles
were manually examined, resulting in the identification of three additional eligible studies.

Table 2. Databases and research strategy.

Data Bases Advanced Research Articles

PubMed

(Miniscrew implants) OR (temporary anchorage devices))
OR (miniimplants)) OR (miniscrews)) OR (orthodontic
miniscrew implants)) OR (orthodontic mini-implants))
OR (orthodontic miniscrews)) OR (((((missing lateral

incisors) OR (congenitally missing lateral incisors)) OR
(lateral incisor agenesis)) OR (absence lateral incisors))
OR (incisor agenesis))) AND (((temporary replacement)

OR (semi-permanent replacement)) OR
(transitional replacement))

63

Web of Science (“mini-implants” OR “miniscrews” OR “temporary
anchorage devices” OR “orthodontic mini-implants”)

AND (“missing lateral incisors” OR “congenitally
missing lateral incisors” OR “lateral incisor agenesis” OR
“incisor agenesis” OR “absence of lateral incisors”) AND
(“temporary replacement” OR “interim prosthesis” OR

“transitional prosthesis” OR “temporary pontic”)

16

Scopus 17

2.6. Selection of Articles and Data Collection

The search was conducted both electronically and manually. Zotero® reference man-
agement software (version 7.0.15; Roy Rosenzweig Centre for History and New Media,
George Mason University, Fairfax, VA, USA) was used to organize references and identify
duplicate records, which were subsequently removed.
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2.7. Quality Assessment

All the articles included were case reports, reflecting the limited availability of high-
level evidence on this topic. The methodological quality of these case reports was assessed
using the Joanna Briggs Institute (JBI) Critical Appraisal Checklist for Case Reports [7]. The
included case reports were classified as having high methodological quality (7–8 criteria
met) according to the JBI checklist. Although eight reports did not explicitly mention
informed consent, all of them fulfilled the remaining seven criteria.

2.8. Angulation Classification of Palatal TADs Using Reference Arcs on Intraoral Images

To standardize the assessment of the insertion angulation of palatal TAD, a protocol
based on anatomical reference arcs was developed. This method uses an occlusal intraoral
photograph of the maxillary arch, in which three curved reference lines are drawn con-
necting key anatomical landmarks. The first arc, which is the most coronal (outermost),
connects the cusp tips of the right and left canines. The second arc, located slightly more
apically, connects the cingula of the anterior teeth. The third and most apical arc connects
the marginal gingival contour of the anterior maxillary teeth.

The classification of the TAD sagittal inclination is determined by the location of its
insertion point relative to these three arcs (Table 3).

Table 3. TAD angulation classification from intraoral images using anatomical reference arcs.

Insertion Site
(Relative to Reference Arcs)

Anatomical
Location

Classification of
Angulation

Between Arc 1 and Arc 2 Between cusp line and
cingulum line Vertical

Between Arc 2 and Arc 3 Between cingulum line and
palatal gingival margin line Diagonal

Bellow Arc 3 More palatal than the gingival
margin line Horizontal

Although the intraoral photographs analyzed were collected from diverse sources and
are not standardized in terms of angle or distance, the application of this protocol allows
for a consistent comparative assessment of TAD insertion angulation. By referencing stable
anatomical landmarks, namely the canine cusp tips, the cingula of the anterior teeth, and
the marginal gingiva, it is possible to trace relative reference arcs that provide a common
framework for classification. Despite the lack of photographic standardization, this method
enables a systematic evaluation of the sagittal inclination of TADs across multiple cases.
Figure 1 illustrates the intraoral measurements based on the proposed classification. Only
two images are shown due to copyright limitations, but this protocol was applied to all
intraoral images.

  
(a) (b) 

Figure 1. Classification of TAD angulation using reference arcs on intraoral images: Adapted from
(a) Laino L et al. [8] and (b) Neeraj EK et al. [2], distributed under the terms of the CC BY license.
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2.9. Supplementary Observational Analysis Based on CBCT Data

To complement the qualitative synthesis of the included case reports, a supplementary
observational analysis was conducted on cone-beam computed tomography (CBCT) images
extracted from published articles. This methodology enabled a secondary, image-based
quantitative assessment beyond the descriptive scope of the original publications, sup-
porting a more nuanced understanding of TAD biomechanics in the context of temporary
prosthetic rehabilitation. To evaluate each case, we established the following classification
for the measured angulations (Table 4):

Table 4. Classification of TAD angulation based on CBCT measurements.

Angulation Classification of
Angulation

0◦–20◦ Vertical
21◦–45◦ Diagonal
46◦–90◦ Horizontal

This protocol (Table 5) was designed to evaluate the relationship between TAD inser-
tion angulation and peri-implant bone response, an aspect not originally quantified by the
authors of the primary studies.

Table 5. Protocol for the supplementary observational analysis.

Step Description

1. Image Collection All sagittal CBCT images obtained after TAD insertion were collected from
the studies included in this review.

2. Measurement of TAD angulation

The angle between the long axis of the TAD and the long axis of the
cortical bone was measured using GeoGebra (version 6.0, International

GeoGebra Institute, Linz, Austria), allowing standardized angular
assessment across cases.

3. Assessment of bone response
Based on reported clinical or radiographic outcomes, insertion angles

were compared to determine which were associated with minimal bone
changes over time.

Figure 2 illustrates an observational analysis using CBCT data retrieved from the
studies included in this review. Due to copyright restrictions, only one CBCT image (Laino
L et al. [8]) is authorized for publication in this article. Nonetheless, the same standardized
measurement protocol was applied to the second study with available CBCT imaging
(Ciarlantini and Melsen et al. [3]). Both the original image and the corresponding overlay
with measurements are presented to illustrate the applied methodology.

To assess bone response, in case reports where CBCT images taken several years apart
were available, measurements were performed directly on the images. Table 6 presents the
protocol used for these measurements.
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Figure 2. Observational analysis based on CBCT data retrieved from the studies included in this
review: horizontal (96◦)—adapted from Laino L et al. [8], distributed under the terms of the CC
BY license.

Table 6. Protocol to assess bone response.

Step Description

1. Image
Collection

All sagittal CBCT images obtained after TAD insertion were
collected from the studies included in this review.

2. Calibration
Procedure

Image calibration was performed using MB-Ruler (version 5.4,
Markus Bader, Iffezheim, Germany.), using the scale of the

CBCT to ensure accurate measurement scaling.
3. Assessment

vertical bone height
Tracing the long axis of the cortical bone, we measured the

bone height.

4. Assessment
alveolar ridge

thickness

Alveolar ridge thickness was assessed by performing linear
measurements perpendicular to the long axis of the cortical

bone. The TAD served as a fixed anatomical reference to
ensure standardization of the measurement site.

2.10. Clinical Case Methodology
2.10.1. Case Presentation

The measurements were conducted on a clinical case selected and treated by Professor
Teresa Pinho. The case involved a male patient who started orthodontic treatment at the
age of 13 due to bilateral MLIA. At 14.5 years of age, the first TADs were placed to support
the rehabilitation. The patient provided informed consent. This case aims to report the
clinical outcomes of TAD inserted with vertical and diagonal angulations. The patient was
selected due to the clinical progression observed: the initial placement of two vertically
inserted TADs resulted in mobility, and subsequent failure, 2 months after requiring their
replacement, after 2 months waiting for bone to recover. The subsequent insertion of
diagonally oriented TADs led to excellent clinical stability and a favorable outcome with
1-year follow-up. In both attempts, the same TADs were used (14 × 2 mm; Kubident®,
Seville, Spain).

2.10.2. Protocol Used in This Study

For both CBCT scans (corresponding to the vertical and diagonal insertions), the
procedure outlined in Section 2.9 of the protocol was followed.
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3. Results
3.1. Selection of Articles

The bibliographic search identified 96 articles, of which 14 were duplicates and were
excluded. After evaluating titles and abstracts, 12 articles were selected for full-text analysis.
Of these, 5 were excluded based on predefined eligibility criteria, resulting in 7 articles
being included in the qualitative synthesis. Including the three articles identified through
manual screening, a total of 10 studies were included in the final review. This process is
represented in Figure 3.

 
Figure 3. PRISMA flowchart of the studies identified through electronic search.

Data extracted from the included case reports are presented in Table 7, respectively.
The quality assessment of the included studies was conducted, utilizing the Joanna Briggs
Institute critical appraisal checklist for case reports [7].
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Table 7. Data and outcomes from case reports.

Authors and Year
of Publication Population Material Diameter

Length
Insert Angulation

(with CBCT)
Follow-Up

Period Outcome

Graham JW
(2007) [9]

1 ♀, 14 YO
1 ♀, 16 YO Titanium

D: 2 mm
8 mm

10 mm
Vertical 1 month and

14 months

The 8 mm TAD
failed and was
replaced with a

10 mm TAD that
remained stable with

no pain or loss of
function

Paquette DE
(2010) [10] 1 ♀, 11 YO Titanium

D:
1.8 mm
10 mm
12 mm

Vertical
1 year

2 and a half
years

TADs have been in
place during the
follow-up period

Wilmes B et al.
(2014) [11]

1 ♀, 13 YO
1 ♂, 14 YO
1 ♀, 14 YO

Titanium

D: 2 mm
11 mm
13 mm
11 mm

Vertical
5 years

-
6 years

Stable bone levels
and healthy

peri-TAD outcomes
without signs of

atrophy

Cope JB and
McFadden D

(2014) [5]

1 ♀, 9 YO
1 ♀, 11 YO Titanium

D:
2.2 mm
15 mm

Vertical 8 years and
27 months

100% survival
of all 2 TADs

Kalia AJ et al.
(2015) [12] 1 ♀, 16 YO Titanium

D:
1.4 mm
10 mm

Diagonal 12 months No incidence of TAD
mobility was noted

Ciarlantini R and
Melsen B
(2017) [3]

5 }
10–13 YO Titanium

D:
1.5 mm
9.6 mm

Horizontal 5 years

TADs were able to
preserve or even
increase the bone

density and
morphology of the

alveolar process

Laino L et al.
(2018) [8] 1 } Titanium

D:
1.5 mm
9.6 mm

Horizontal 5 years No bone resorption
around the TAD

Neeraj EK et al.
(2019) [2] 1 ♀, 13 YO Titanium

D:
1.8 mm

8–10 mm
Horizontal - 1 Bone volume

remains stable

Rathi NV et al.
(2023) [13] 1 ♀, 12 YO Titanium

D:
2.5 mm
10 mm

- 2 24 months Survival
of the TAD

Saha N et al.
(2023) [14] 1 ♀, 12 YO Titanium

D:
1.5 mm
10 mm

Vertical 9 months

There was no
swelling, pain, or
sensitivity around

the teeth

Clinical Case 1 ♂, 14.5
YO Titanium D: 2 mm

14 mm
Vertical

Diagonal 1 years

Favorable bone
response, with no

signs of mobility or
inflammation

1 No follow-up period is specified in the article; 2 CBCT or intraoral images are not provided.
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3.2. Statistical Analysis of the Data

Due to variability in reporting, not all included studies provided complete data for
every variable analyzed. Consequently, percentages for specific categories (angulation, sex,
outcome, follow-up period) are based only on the subset of cases where this information
was explicitly reported.

3.2.1. Angulation Distribution of Included TAD

The analysis included 11 cases extracted from published case reports, along with one
additional clinical case from our own data. Of these, angulation assessment was made in
10 cases. One study (Rathi NV et al. [11]) was excluded from this part of the analysis due to
the absence of CBCT or intraoral images necessary for angulation classification.

In three of the case reports, insertion angulation was determined by performing
measurements on CBCT images, following the protocol outlined in Table 5. The results of
this analysis are presented in Table 8.

Table 8. Results of angulation measures on CBCT images.

Author Angulation Classification of
Angulation

Laino L et al. [8] 96◦ Horizontal
Ciarlantini R and

Melsen B [3] 88◦; 74◦ Horizontal

Case report 17◦; 14◦

30◦; 28◦
Vertical

Diagonal

In the remaining seven case reports, measurements were taken from intraoral pho-
tographs using the protocol described in Table 3. The results are presented in Table 9.

Table 9. Results of angulation measures on intraoral images.

Author Classification of
Angulation

Graham JW [9] Vertical
Paquette DE [10] Vertical

Wilmes B et al. [11] Vertical
Cope JB and McFadden D [5] Vertical

Kalia AJ et al. [12] Diagonal
Neeraj EK et al. [2] Horizontal
Saha N et al. [14] Vertical

Among the evaluable cases, a total of 33 TADs were analyzed. Of these, 20 TADs
(60.6%) were inserted in a vertical orientation [4,5,8,12] and in the first placement in our clin-
ical case. Three TADs (9.1%) were inserted diagonally, as reported in [9] and in the second
placement of our clinical case. The remaining 10 TADs (30.3%) were placed in a horizontal
orientation [2,3,10]. Figure 4 presents the distribution of TADs by angulation category.
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Figure 4. Distribution of TADs by angulation category.

3.2.2. Cases That Report Complications

Among the case reports included in this review, there are only three described compli-
cations during the rehabilitation process, and only two led to the subsequent replacement
of the TADs. In the case report by Graham [9], an 8 mm TAD exhibited early mobility and
was replaced by a 10 mm TAD. Comparison of the periapical radiographs taken before and
after replacement revealed a change in insertion angulation, with the second TAD inserted
at a less vertical orientation. Although the precise angulation was not measured, this visual
difference suggests that modifying the trajectory may have contributed to the improved
outcome. In another case, Paquette DE [10] replaced the TAD not due to mechanical failure,
but for esthetic improvement, highlighting the importance of soft tissue management and
TAD positioning in anterior zones.

Across all three cases, the replacement TADs remained stable during follow-up and
achieved satisfactory functional and esthetic results. These findings underscore the impor-
tance of ongoing evaluation and the potential role of insertion angulation and TAD length
in clinical success.

3.2.3. Data from Bone Change Evaluation

Bone changes could be quantitatively evaluated in only two of the included cases, as
these were the only reports that provided CBCT images. The presence of CBCT allowed for
accurate assessment of peri-implant bone conditions, including alveolar ridge height and
thickness. In both cases, measurements suggested preservation of the alveolar dimensions
following TAD placement, with no significant signs of resorption. In the study by Laino
L et al. [8], the measurements had already been performed and reported by the authors.
In the study by Ciarlantini R and Melsen B [3], the CBCT images provided were used by
us to perform new measurements, calibrating our scale according to the reference ruler
included in the scans. Although the original images cannot be published due to copyright
restrictions, Table 6 explains the protocol used to make these measurements.

In the study by Laino L et al. [8], sagittal CBCT sections revealed a slight decrease in
vertical bone height from 15.9 mm to 15.5 mm (−0.4 mm; −2.52%), alongside an increase
in alveolar ridge thickness from 3.2 mm to 3.5 mm (+0.3 mm; +9.38%). These findings
suggest overall vertical bone stability and a modest horizontal gain over the five-year
follow-up period.

In the study by Ciarlantini R and Melsen B [3], the first case showed an increase in
vertical bone height from 20.96 mm to 21.39 mm (+0.43 mm; +2.05%) and in alveolar ridge
thickness from 4.97 mm to 5.19 mm (+0.22 mm; +4.63%). The second case presented a de-
crease in both parameters, with vertical bone height decreasing from 22.46 mm to 21.41 mm
(−1.05 mm; −4.68%) and ridge thickness from 4.25 mm to 4.14 mm (−0.11 mm; −2.59%).
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In contrast, the remaining case reports relied solely on two-dimensional radiographs or
clinical observations, which limited the ability to conduct precise quantitative assessments.
Although some authors qualitatively described stable gingival contours or favorable tissue
support, the lack of volumetric data reduces the strength of the evidence. This reinforces the
value of incorporating CBCT in clinical follow-up when bone remodeling or preservation
is a relevant outcome.

3.3. Clinical Case

This clinical case refers to a male patient who started orthodontic treatment at the
age of 13, presenting with bilateral agenesis. At 14.5 years of age, the first TADs were
placed to aid in the rehabilitation. The case is of particular importance to the present study,
as it illustrates a complication associated with TAD rehabilitation that was successfully
resolved by altering the insertion angulation. Initially, two TADs (14 × 2 mm; Kubident®,
Seville, Spain) were placed with a vertical trajectory (Figure 5a,b; Figure 6a), both of which
eventually failed 2 months after due to mobility. Following this, 2 months after new TADs
were inserted at a diagonal angulation (Figure 5c,d; Figure 6b), resulting in a stable and
successful rehabilitation outcome (1-year follow-up). This clinical progression supports the
hypothesis that TAD angulation may influence long-term stability.

  
(a) (b) 

  
(c) (d) 

Figure 5. CBCT sagittal sections of the same clinical case show two different insertion angulations of
TADS (14 × 2 mm): (a,b) Initial placement with vertical angulation, which resulted in failure due
to loss of stability. (c,d) Subsequent placement with diagonal angulation, leading to a stable and
successful rehabilitation outcome.
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(a) (b) 

Figure 6. Angulation classification of TADs using reference arcs on intraoral images: (a) Vertical;
(b) Diagonal.

4. Discussion
The present study aimed to explore the relationship between TAD insertion angu-

lation and clinical outcomes in the temporary rehabilitation of maxillary lateral incisor
agenesis. Through a systematic review of case reports and the analysis of one clinical
case, relevant data were extracted regarding TAD orientation, complications, and bone
remodeling outcomes.

4.1. Overview of Clinical Outcomes Across Studies

This review demonstrates that the use of TADs allows for the preservation of both
crestal height and buccolingual width of the alveolar bone throughout facial growth,
without requiring removal of the retainer [2] or relying on patient compliance [8].

All studies included in this review reported high success rates. Although the methods
of evaluation varied across reports, ranging from clinical observation to radiographic assess-
ment, the definition of success remained consistent. In all cases, successful outcomes were
defined by the absence of mobility, displacement, or TAD loss throughout the observation
period. While some studies also highlighted aesthetic integration and soft tissue stability
as relevant considerations, these were not adopted as primary criteria for success.

The duration of follow-up varied among the included studies, ranging from a few
months to as long as five years (Laino L et al. [8]), allowing for both short-term and mid-term
evaluation of outcomes. Despite this variability, the consistent absence of complications
across different time frames reinforces the potential reliability of this approach. However, as
shown in the reports by Graham [9] and Paquette DE [10], failures did occur, predominantly
in vertically inserted TADs, raising questions about the role of insertion trajectory in
long-term stability.

It should be noted, however, that insertion angulation is only one of several factors
that may contribute to TAD failure. Rathi NV et al. [13] reported that both the length and
diameter of the TADs influence insertion torque, which in turn can significantly enhance the
initial stability of the TADs. This association is exemplified in the case report by Graham [9],
where an 8 mm TAD exhibited early failure, while its replacement with a 10 mm TAD
resulted in a successful and stable outcome. In our clinical case, however, the TADs used
in the first unsuccessful attempt and in the subsequent successful one were of the same
dimensions (14 × 2 mm; Kubident®, Seville, Spain).

4.2. Insertion Angulation and Stability

Anterior teeth angulation and the angulation required for TAD placement in the
available bone often do not coincide [2], making it essential to plan the insertion trajectory
carefully. Some authors have reported that vertically inserted TADs may interfere with
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the vertical development of the alveolar bone during growth, potentially limiting future
prosthetic options by reducing alveolar height [3,10]. In contrast, horizontally placed
TADs may facilitate better bone preservation but have been associated with increased
plaque accumulation and greater hygiene challenges, occasionally leading to soft tissue
inflammation. Nonetheless, these issues are manageable with proper hygiene instructions
and regular follow-up [10].

Our clinical case supports the hypothesis that modifying the insertion angulation—
from vertical to diagonal—may lead to improved outcomes. Together, these findings
suggest that insertion angulation is not merely a technical detail but a critical parameter in
ensuring the long-term success of TAD-supported rehabilitation.

4.3. Bone Changes and Radiographic Evidence

Only two studies provided CBCT-based quantitative measurements of bone changes
(Laino L et al. [8] and Ciarlantini R and Melsen B [3]), which showed overall preservation
of vertical bone height. In one case, a slight horizontal gain was also recorded, reflecting
favorable bone adaptation to mechanical stress.

It is also important to note that the direction of TAD insertion may influence bone
remodeling patterns. For instance, one of the cases in the Ciarlantini R and Melsen B [3]
study showed a slight increase in vertical bone height (+0.43 mm), whereas the other
exhibited a reduction (–1.05 mm), despite both being followed over similar periods. These
variations may reflect individual differences, such as insertion angle, mechanical load, oral
hygiene, or growth dynamics.

4.4. Occlusal Considerations and Prosthetic Design in TAD-Supported Restorations

In TAD-supported prosthetic rehabilitation, accurate occlusal planning and crown
design are essential for maintaining device stability, promoting bone preservation, and
ensuring long-term success. Avoidance of occlusal interferences is widely recognized as one
of the most critical factors in preserving TAD stability, along with the physical dimensions
of the screw, particularly its diameter and length [13]. Another relevant consideration is the
crown-to-screw length ratio, with a 1:1 proportion reported to favor enhanced mechanical
stability [4]. However, this is not universally applicable, as in the present case, the ratio
was greater than 1:1, yet the treatment still resulted in a successful and stable outcome.

The type of prosthetic restoration also plays a significant role in the clinical outcome.
Temporary crowns can be either directly screw-retained onto the mini-implant or bonded
to an abutment. The screw-retained option facilitates removal and allows for future adjust-
ments, such as color matching or repairs. Conversely, bonded crowns may offer superior
initial mechanical stability, potentially reducing the risk of detachment or fracture [11].

Further investigation is needed to determine the most suitable prosthetic config-
uration for use with TADs, as the design, retention modality, and associated occlusal
forces appear to influence both the mechanical success and biological response of these
temporary rehabilitations.

4.5. Limitations of the Available Literature

The current body of literature on the use of TADs for the temporary replacement
of missing MLIA remains limited in both quantity and methodological rigor. Most of
the studies included were case reports, which, although valuable for clinical insight, lack
the statistical power and standardization of higher-level evidence such as randomized
controlled trials. In addition, the heterogeneity across studies in terms of patient age,
follow-up duration, TAD dimensions, insertion techniques, and outcome measures limits
the ability to draw definitive conclusions or perform meta-analytical comparisons.
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Another relevant limitation is the lack of standardized radiographic protocols. Only
two studies provided CBCT-based measurements, while most relied on periapical radio-
graphs or clinical descriptions, making it difficult to objectively assess bone remodeling.
Furthermore, variations in image quality, angulation, and resolution introduce poten-
tial measurement bias. The inconsistent reporting of insertion angulation also hampers
attempts to correlate angulation with clinical success or bone changes.

In many cases, outcomes were described qualitatively, without quantitative metrics
such as precise bone measurements. Additionally, patient-related variables such as oral
hygiene, skeletal pattern, and growth stage were rarely controlled or reported in a com-
parable way. These factors highlight the need for well-designed prospective studies with
standardized protocols and longer follow-up periods to validate the preliminary findings
observed in the available literature.

5. Conclusions
This systematic review highlights the clinical viability of using TADs for the temporary

replacement of MLIA in growing patients. Across the included studies, high success rates
were consistently reported, with TAD stability, defined by the absence of mobility or
loss, serving as the primary outcome. Although only a limited number of cases included
radiographic follow-up with CBCT, the available evidence suggests that this approach
allows for the preservation of alveolar bone volume throughout facial growth.

Insertion angulation emerged as a potentially crucial factor influencing clinical success.
While both vertical and horizontal orientations were shown to be effective, complications
were observed more frequently in vertically inserted TADs, particularly in cases involv-
ing shorter TADs. On the other hand, horizontal insertion may present greater hygiene
challenges, requiring careful follow-up and patient education.

However, the overall quality of the available literature is limited by the predominance
of case reports, lack of standardization, and small sample sizes. More robust clinical
trials and prospective studies are needed to confirm these findings and to explore in
greater detail the biomechanical implications of TAD design, insertion trajectory, and bone
remodeling patterns.

So, the temporary rehabilitation with TADs appears to be a safe and effective option
for maintaining space and preserving bone in young patients, if the inserting parameters
and follow-up protocols are carefully planned.
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