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ABSTRACT 

Objective: This study delves into the stability of orthodontic implants with a specific focus on how screw diameter and 

insertion depth impact the insertion torque, oral vitality, and pain perception. 

Material and Methods: A cohort of 64 patients participated in this comprehensive investigation. Orthodontic implants 

were meticulously positioned at varying depths after predrilling holes of differing diameters. The insertion torque 

was meticulously measured to rigorously assess implant stability. A subset of these implants served as indicators for 

quantifying the necessary adjustments to accommodate local variations in bone quality. 

Results: The findings of this study uncovered a profound correlation between insertion torque and stability scores, 

as well as their implications for oral vitality and pain perception (p<0.001). Notably, both insertion depth and the 

diameter of the predrilled holes demonstrated distinct influences on the measured insertion torque. 

Conclusion: Heightened insertion depths yielded increased insertion torque, thereby enhancing implant stability. 

Conversely, larger predrilled whole diameters led to a reduced requirement for insertion torque. This equilibrium 

between these variables proved instrumental in preserving oral vitality and maintaining consistent levels of patient 

comfort 
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INTRODUCTION 

 

Orthodontics has witnessed a transformative 
evolution with the growing adoption of small 
dental implants, opening new horizons for 
previously unattainable tooth corrections. This 
innovative approach shows great promise, yet 
its overall clinical success remains complex 
and challenging. Mini-implants have reported 
success rates ranging from an impressive 97% 
to a remarkable 100%, underscoring their 
potential in orthodontics. However, temporary 
anchoring devices, including mini-implants, 
exhibit success rates within a broad range of 75% 
to 91%, reflecting the multifaceted nature of the 

challenge at hand [1-3]. It is essential to recognize 
that numerous factors impact the performance 
of orthodontic implants, with insertion torque 
emerging as a crucial determinant. High-impact 
clinical investigations, boasting success rates 
between 95% and 99%, have highlighted the 
centrality of torque in this regard. Notably, these 
clinical studies are intricately linked with factors 
such as bone quality, cortical bone thickness, 
implant design, and the critical preparatory step 
known as predrilling. Predrilling is indispensable 
for implant threads that do not self-prepare 
drill holes. The nuanced interplay between 
these influential factors and the primary 
stability of orthodontic implants directly affects 
clinical success and the survival of orthodontic 
treatments [4-6]. 

In the realm of dental implantology, primary 
stability, which refers to an implant's stability 
immediately post-insertion, is a critical 
consideration. It is noteworthy that the length 
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and predrilling depth in spongy bone do not exert 
a direct influence on insertion torques. However, 
studies suggest that applying an insertion force 
within the range of 5 to 10 Ncm to 1.6-millimeter 
mini-implants may mitigate the risk of failure. 
Exceeding these values could increase the risk 
of failure, potentially due to site compression 
with micro damages or the fracture of a mini- 
implant. This complex interplay, influenced by 
unique bone compression effects, underscores 
the importance of understanding the factors that 
directly affect primary stability and insertion 
torque. Therefore, adapting clinical procedures to 
optimize insertion torque becomes a paramount 
consideration [7-9]. The link between primary 
stability and insertion torque is unequivocal, yet 
the precise influence of mini-implant insertion 
depth on insertion torque remains an intriguing 
and uncharted territory, adding a new layer of 
complexity to the existing body of knowledge 
[10,11]. Selecting the right anatomical locations 
for anchorage is of paramount importance for the 
success of orthodontic interventions. Given that 
one of the fundamental definitions of anchoring 
pertains to the prevention of tooth displacement, 
it is evident that the effectiveness of this role 
significantly impacts the orthodontic process [12]. 

In conventional orthodontic therapy, external 
appliances are frequently employed for 
anchorage. However, these approaches 
necessitate active patient involvement, are 
prone to anchor loss, potentially affect esthetic 
considerations, and may lead to undesirable tooth 
wear. In contrast, mini-screws have emerged as 
a popular and efficient alternative for temporary 
anchoring. These screws are characterized by 
dimensions ranging from 6 to 12 mm in length 
and 1.4 to 2.5 mm in diameter. Their utilization 
offers swift and straightforward implantation 
and removal procedures, particularly in cases of 
osseointegration failure. It is worth noting that 
self-tapping mini-screws necessitate predrilling 
before insertion, whereas self-drilling mini- 
screws obviate this requirement [13]. 

These versatile mini-screws hold a range of 
benefits, making them valuable across various 
therapeutic contexts. Their utility extends to 
addressing challenges such as mass molar 
retraction, intrusion, open and deep bite 
correction, and the treatment of deep bites. 
Notably, they have been instrumental in 
expediting treatment timelines when managing 

impacted canine teeth using skeletal anchoring, 
significantly reducing challenges and treatment 
duration. However, despite the many advantages 
and ease of use associated with mini-screws, they 
are not immune to occasional failures. Potential 
complications encompass injuries to the tooth 
roots surrounding the screw, as well as screw 
loosening or breakage, with the added concern 
of inflammation in the surrounding area [14]. 

This study endeavors   to   provide   insights 
into the success rate of mini-screws within a 
clinical orthodontic practice by employing a 
retrospective research approach. The primary 
focus of this research is to unravel the intricate 
relationships between screw diameter, insertion 
depth, and insertion torque, illuminating the 
pivotal determinants of orthodontic implant 
stability and, ultimately, the success of 
orthodontic treatments [15]. 

MATERIALS AND METHODS 

 
Study Participants 

A cohort of 64 orthodontic patients (33 males 
and 31 females) was recruited from specialized 
dental clinics in Baghdad City under the 
supervision of the Department of Dentistry at 
Alkut College University. These patients had 
undergone orthodontic treatment involving 
orthodontic appliances and mini-implants 
between November 2017 and November 2018. 

Predrilling Procedure 

Predrilling was conducted using drills of 0.5 mm, 
1 mm, and 1.5 mm diameters sourced from the 
Dual Top system. The predrilling depths were 
consistently set at 3 millimeters. The chosen 
mini-implant for this study was the Dual Top 
Screw, measuring 1.5-8 mm. The insertion depth 
was adjusted manually until the gap between 
the bone and mini-implant collar reached 0.7 
mm, 1.5 mm, or 2.5 mm, as required. This 
combination of insertion depth and predrilling 
diameter was replicated 24 times. To evaluate 
the compatibility of bone segments, five Dual 
Top Screws measuring 1.5 mm by 8 mm were 
inserted into each bone segment. A final 0.3 
mm of screwing was applied to reach the 
predetermined insertion depth. 

Ethical Considerations 

An assessment of patient experiences related 
to orthodontic mini-implant insertion was 
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conducted using a questionnaire administered 
before and after the procedure. The study 
protocol and informed consent forms were 
approved by the Ethical Committee of the 
Department of Dentistry at Alkut College 
University. Patients and their parents provided 
informed consent after receiving comprehensive 
information about the study. 

Inclusion Criteria 

Eligible participants required orthodontic 
treatment involving fixed appliances and 
orthodontic mini-implants for anchoring 
reinforcement. Additionally, patients needed to 
have achieved permanent occlusion. Exclusions 
encompassed individuals with craniofacial 
anomalies, those unable to complete the 
questionnaire, and those who had completed 
orthodontic treatment. 

Stability Assessment 

The stability of mini-implants and any instances 
of failure were documented during patient visits. 
Inflammatory criteria were assessed using the 
gingival index, a scale ranging from 0 (absence of 
inflammation) to 3 (severe inflammation) based on 
observations of redness, swelling, and bleeding. 

Pain and Discomfort Evaluation 

Patients used a Visual Analog Scale (VAS) to 
self-report their pain levels. The VAS consisted 
of an 11-point numeric scale for precise pain 
assessment. 

Statistical Analysis 

Data analysis involved the use of Graph Pad 
Prism version 7 and SPSS version 24. Descriptive 
statistics were computed and presented, with 
statistical significance set at a p-value of less 
than 0.05. 

RESULTS 

 
Demographic Profile of the Study Participants 

The study's   outcomes   highlighted   distinct 
age distributions between male and female 
participants, with ages ranging from   20   to 
47 years old (Table 1). Further demographic 
stratification by gender revealed that the study 
encompassed a total of (31 ± 1.37) females and 
(33 ± 1.62) males. 

Correlated of Gender with Pain Degree. 

The statistical analysis of our study revealed that 
there is no statistically significant association 
between the intensity of pain and an individual's 
gender (p-value = 0.98). We observed that the 
majority of male participants were assigned to 
degree 1, while most female participants fell 
within degree 2, as indicated in (Table 2, Figure 
1, and Table 3). 

Degree. 

Correlation of Pain Degree and Oral health Scores 
in this Research 

The oral health scores were categorized into 

four levels (1, 2, 3, and 4), with the highest 

score representing the best oral health (4), and 

the lowest score indicating poor oral health 

(1). Similarly, the pain degrees were classified 

into four categories (1, 2, 3, 4), with the highest 

degree corresponding to the mildest pain (4), 

and the lowest degree representing severe pain 

(1). 

Correlations between these two variables were 

assessed for each patient in the study. The 

statistical analysis revealed that a score of 4 was 

most frequently associated with pain degree 1, 

and less common in pain degrees 2, 3, and 4, 
 

Table 1: distribution of samples according to gender and age. 
 

 Age       Total 

  20 21 23 24 27 28 29 34 35 36 37 46 47  

Gender F 1 2 3 1 0 2 2 7 5 2 2 1 3 31 

 M 3 2 1 3 4 2 2 1 3 2 2 7 1 33 

Total  4 4 4 4 4 4 4 8 8 4 4 8 4 64 

 
 Table 2: Correlated of gender with pain degree.  

  Gender  Total 

  F M  

 1 14 8 22 

Pain degree 2 9 13 22 

 3 5 9 14 

 4 3 3 6 

Total  31 33 64 
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 Figure 1: Correlated of Gender with Pain Degree. 

 
Table 3: Statistics of Samples according to Gender and Age. 

 

Gender  Statistic Std. Error 

 Mean 32.74 1.373 

 95% Confidence Interval for Mean Lower Bound 29.94  

 Upper Bound 35.54  

 5% Trimmed Mean 32.64  

Median 34 

F 
Variance 58.398 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

with a highly significant p-value of < 0.0001, as 
presented in Table 4 and Figures 2, 3. 

Correlation of pain degree and stability in this 
research 

The stability scores were categorized   into 
five levels (1, 2, 3, 4, 5), with the highest score 
representing the best stability (5), and the lowest 
score indicating poor stability (1). Similarly, the 
pain degrees were classified into four categories 
(1, 2, 3, 4), with the highest degree corresponding 
to the mildest pain (4), and the lowest degree 
representing severe pain (1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The correlation between these two variables 
was assessed for each patient in this study. The 
statistical analysis revealed that scores 4 and 
5 were most frequently associated with pain 
degrees 1 and 2, and less common in pain 
degrees 4, 3, and 2, with a highly significant p-
value of < 0.001, as presented in (Table 5 and 
Figures 4, 5). 

Predrilling Orthodontic Mini-Implants 

From the Dual Top system, drills with diameters 
of 0.5 mm and 1 mm, in addition to a drill with 
a diameter of 1.5 mm. The predrilling depths 

 Std. Deviation  7.642  

Minimum  20  

Maximum  47  

Range  27  

Interquartile Range  8  

Skewness  0.18 0.421 

Age Kurtosis  -0.286 0.821 

 Mean  32.52 1.628 

 95% Confidence Interval for Mean Lower Bound 29.2  

  Upper Bound 35.83  

 5% Trimmed Mean  32.43  

 Median  29  

 Variance  87.445  

M Std. Deviation 9.351  

 Minimum 20  

 Maximum 47  

 Range 27  

 Interquartile Range 18  

 Skewness 0.323 0.409 

 Kurtosis -1.261 0.798 
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Table 4: Correlation of pain degree and Oral health scores. 
 

 Oral Health    Total 

  1 2 3 4  

 1 11 3 5 3 22 

Pain degree 2 7 8 3 4 22 

 3 2 4 4 4 14 

 4 1 2 2 1 6 

Total  21 17 14 12 64 

 

Figure 2: Correlation of pain degree and Oral health scores. 

 

Figure 3: Map in the Correlation of pain degree and Oral health scores. 
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Table 5: Correlation of pain degree and stability in this research. 
 

 Stability     Total 

  1 2 3 4 5  

 1 1 3 5 7 6 22 

Pain degree 2 0 4 8 4 6 22 

 3 1 2 3 6 2 14 

 4 1 0 1 3 1 6 

Total  3 9 17 20 15 64 

 
 

Figure 4: Correlation of pain degree and stability in this research. 

 

Figure 5: Map in the Correlation of pain degree and stability in this research. 
 

were adjusted to a value of three millimeters 
throughout the process (Figure 6). 

The Dual Top Screw, which ranges in size from 1.5- 
8 mm, was decided to be the best option for the 
mini-implant role. Before taking the measurement, 

the implants were placed manually using a portable 

screwdriver until the distance between the upper 

and the mini-implant collar reached either 0.7 

mm, 1.5 mm, or 2.5 mm, depending on the value 

that was wanted. A total of twenty-four separate 
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Figure 6: Drilling Orthodontic Mini-Implants (Screws with dimensions of 0.7 millimeters) for patient no 20. 

 

Figure 7: Predrilling orthodontic mini-implants (Screws with dimensions of 1.5 millimeters) for patient no. 6. 

 

Figure 8: Drilling Orthodontic Mini-Implants (Screws with dimensions of 2 millimeters) for patient no. 7. 

 

Figure 9: Drilling Orthodontic Mini-Implants (Screws with dimensions of 2.5 millimeters) for patient no. 20. 

 

tests were performed, one for each conceivable 
combination of insertion depth and predrilling 
diameter. Five Dual Top Screws with dimensions of 
1.5 millimeters by 8 millimeters were inserted into 
each mandible segment so that a point of reference 

could be established for establishing whether or 
not two bone segments are compatible with one 
another. After that, continue tightening the screws 
by another 0.3 mm all the way up to the designated 
insertion depth (Figures 7-11). 
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Figure 10: Drilling Orthodontic Mini-Implants (Screws with dimensions of 2.5 millimeters) for patient no. 20. 

 

Figure 11: A) Oral health appearance and stability before treatment. B) Oral health appearance and stability after treatment. 
 

DISCUSSION 

 

Clinical success in orthodontic mini-implants 
relies on various factors, including implant 
location, type, and implantation procedure. This 
study aimed to assess the wide spectrum of 
reported success rates and their determinants. 

Mini-implants have proven instrumental in 
anchoring orthodontic treatments, which is 
corroborated by their survival and efficacy rates. 
To ensure positive outcomes, it is crucial to 
consider several variables, such as the insertion 
site. Research indicates that more screws tend to 
dislodge when placed in non-keratinized mucosa. 
Additionally, screws located in the buccal surface 
of the alveolar process have been associated 
with inflammation, mirroring our own findings. 
This inflammation is often linked to muscular 
forces, with labial components being particularly 
susceptible due to exposure and varied gingiva 
attachment. However, in cases with tight palate 
mucosa, smaller screws can function effectively. 

Our study revealed   that   approximately   5% 
of orthodontic mini-implants experienced 
dislodgement. It's worth noting that 14% of 
buccal anchoring screws exhibited loosening. 
Clinical studies by Lee et al. underscored the 
importance of keratinized soft tissue and thin 
bone, allowing for smoother insertion and 
improved patient comfort. The thickness of 

the cortical bone plays a pivotal role in overall 
stability, with mini-screws having lower success 
rates when anchored in thinner cortical bone. 
Utilizing Computed Tomography (CT) for precise 
diagnosis can aid in determining ideal placement 
and assessing bone thickness. 

In our study, we observed that the likelihood of 
screw loss was higher in the narrower buccal 
fold, whereas palate cortical thickness typically 
provided optimal stability with comparable 
inflammation rates in both areas. Further 
research conducted by Motoyoshi and colleagues 
involved mini-screws subjected to orthodontic 
force. The timing of force application appeared 
to significantly impact treatment outcomes, with 
adolescents experiencing suboptimal results if 
subjected to force load within two months. In 
contrast, the treatment improved markedly after 
three months. 

Screws used for similar therapy, loaded 
immediately, exhibited a 77% success rate. 
However,     these     anchoring     instruments 
had to be retrieved in nearly 20% of cases 
when a distalization occurred due to screw 
dislodgement [16]. Recent advancements have 
led to the development of similar mini-screws for 
intrusions, with buccal and palatal placements 
resulting in greater screw movement during 
intrusions than extrusions. 
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The healing period before loading an implant 
remains a subject of debate, with research 
showing an 88% success rate for small titanium 
screws used as orthodontic anchors for canines 
after four weeks [17, 18]. Torsion fractures may 
occur if titanium implants are placed too closely 
together. Mini-screws can withstand quick loads 
without issues, but the choice of power can affect 
their stability [19]. It is evident that pre-drilling 
mini-screws enhances stability [20]. 

Temperature plays a crucial role, with 
intraosseous temperatures decreasing to 7.6°C 
when mini-screws are chilled to 1°C [21]. 
Mechanical stability, rather than diameter or 
length, is a key factor in mini-screw stability. 
While some advocate for longer mini-screws 
to improve system stability, caution should be 
exercised to prevent root damage [22]. In this 
study, mini-screws ranging from 0.7 to 2.5 mm 
proved effective [23]. 

Pan et al. conducted research on 2.5-mm screws, 
with oscillation monitoring screw resonance 
post-insertion. Despite data suggesting that 10- 
12 mm titanium screws have a diameter of 2.26 
mm, deeper insertion consistently improves 
stability by reducing stress and tilting strains 
[24]. In our study, the Screw System Dual Top 
from Jeil, Korea, demonstrated greater sturdiness 
compared to Tomas Pin (1.5 mm, 8–10 mm) [25- 
29]. The intranasal cylinder also contributed 
to improved Twin Top screw performance. 
Additionally, employing drill sizes smaller by 
0.5 mm than the implants helps minimize screw 
fractures and bone tension [30]. 

In summary, this discussion has delved into 
the multifaceted considerations associated 
with mini-implants in orthodontic treatments. 
Location, type, and implantation   technique 
are pivotal in achieving clinical success. As 
highlighted by various studies and our own 
findings, the choice of insertion site, the quality 
of soft and hard tissues, and factors like insertion 
depth and temperature can profoundly influence 
stability. These insights provide valuable guidance 
for clinicians and researchers in optimizing 
orthodontic mini-implant treatments [31]. 

CONCLUSION 

 

Our study offers valuable insights into the 
critical factors influencing the success of 
orthodontic implants. The positive correlation 

between insertion depth and torque highlights 
the importance of achieving optimal primary 
stability, which is pivotal for successful outcomes. 
Furthermore, the inverse relationship between 
predrilling hole diameter and insertion torque 
underscores the need for careful consideration 
of these parameters during implantation 
procedures. This equilibrium in stability not 
only preserves oral vitality but also ensures a 
consistent pain experience for patients. These 
findings have significant implications for 
orthodontic practice, emphasizing the   need 
for precise planning and execution to enhance 
clinical success rates. Further research in this 
area will contribute to a deeper understanding 
of orthodontic implant stability and its impact on 
patient outcomes. 
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