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ABSTRACT: 

 

Objective: To measure the maximum force that mini-implants can withstand placed at four 

different angulations and to check their deflection from the intended path of insertion at the 

angle with highest pull out strength. Material and Method: The study was done using 60 

self-drilling mini-implants of the 1.5mm x 8mm size made from titanium alloy which were 

divided into four groups of fifteen implants each. The mini implants were inserted into 

bovine rib segments at angles of 30°, 45°, 60° and 90° at 1kg.cm torque using a long handle 

driver by a single operator. The insertion angle was measured at the intersection of 2 lines: 

the longitudinal axis of the mini-implant and another line tangential to the buccal surface. For 

each test, the maximum force before the failure point was recorded as the primary stability. 
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The implants angulated at the highest pull out strength value were then radiographically 

assessed to check their angular deflection at the point of insertion. Angular deflection was 

assessed using a line drawn through long axes of the implant and a true vertical line through 

the head of implant at point of insertion. Results: Mini-implants loaded along their long axes 

at 90° showed the greatest stability and resistance to failure. The maximum resistant forces of 

mini screws are much higher than the forces routinely used for orthodontic purposes. They 

undergo a mean deflection of 1.8⁰ at the point of entry from the intended angle of insertion. 

If  the  available  space  between  two  adjacent  roots  is  small,  due  to  this  anatomical 

limitation a more oblique direction of insertion factoring the additional deflection should be 

considered to minimize the risk of root contact. Conclusion: Mini-implants placed at 90° 

resist better force than other 3 angles which were 60°,45°, and 30° and exhibits highest 

resistance to traction forces before being removed from bone which increases success rate of 

the mini screws by giving better primary stability. They get deflected from the intended 

angulation due to the resistance offered by the cortical bone 

Keywords: Mini-implants, Anchorage, Primary stability, Bovine bone, Angular 

deflection 

 

INTRODUCTION 

Anchorage  plays  a  pivotal  role  in  orthodontics  by  preventing  any  undesirable  tooth 

movement, which would prove to be detrimental to the treatment outcome. To ensure total 

effectiveness of the acting forces it is important to have absolute anchorage.
1
 

Absolute anchorage can be defined as no movement of the anchorage unit in response to 

the reaction forces applied to move teeth. In 1997, Kanomi
2 

introduced the mini-implants 

which were designed specifically for orthodontic purpose. Anchorage provided by mini 

implants or mini screws is mainly due to the engagement of the implant threads with the 

bone. Hence, this is a mechanical retention which provides primary stability rather than 

osseo-integration, which occurs in prosthetic implants. 

 A literature search revealed that the most common methods to evaluate the primary 

stability include the histological evaluation of the implant-bone interface, periotest, 

resonance frequency analysis, measuring the insertion and removal torque, as well as 

behaviour in pull-out tests.
3-7 

However, no gold standard for evaluating primary stability 

was found. Testing the pull-out strength closely simulates the clinical situation by applying 

a force in either a horizontal or a vertical direction on the mini-implant and therefore may 

be considered as a reliable method. The primary stability is measured by recording the 

force at which implant failure occurs.
8
 

 

During the insertion of the implant into the bone, the resistance offered by the bone causes 

the deviation of the implant from its path of insertion. Even a minimal change in angular 

deviation can prove to be a critical factor as most implants are placed in the inter-radicular 

spaces and chances of root injury may be high.      

So, this study was done to measure the maximum force that mini-implant can withstand 

when placed at four different angulations and also to measure the implant deviation from its 

original path of insertion. 
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MATERIALS AND METHODS 

The present research was undertaken at the Department of Orthodontics and Dentofacial 

Orthopedics, Karnavati School of Dentistry, Gandhinagar after obtaining clearance from the 

Ethical Committee. In this study sixty self-drilling, titanium alloy mini-implants of size 

1.5mm × 8mm (Dentos®, Korea) (Figure 1) were used. The mini implants were conical in 

shape and the head of mini implant had a hole for passing wire through it. 

Mini-implant insertion was performed on bovine rib segments. Studies done by Laurito et 

al9 have shown that bovine rib architecture is similar to the human mandibular architecture. 

The bovine rib was stored in normal saline and kept moist till the time of insertion 

according to the method described by Chatzigianni et al10 in their study.  

A hand piece with reciprocating saw blade (NSK. Inc) was used to divide the bovine bone 

into segments which were then embedded in autopolymerising resin (Figure 2,3). 

A long handle implant driver from Dentos®, Korea with torque gauge fixed at 1kg/cm 

(i.e.9.8N) was used for the study (Figure 4). The torque force can be adjusted from 

0.5Kg.cm to 2Kg.cm.   The driver emitted a clicking noise when the torque level exceeded 

the set value. All the mini implants were inserted by one operator only. The mini-implants 

were guided to their respective angulation using a stand with a mounted protractor (Figure 

5). 

Mini implants were randomly divided into four groups of fifteen mini implants each and 

inserted at angles of 30°, 45°, 60° and 90° into the prepared bone segments (Figure 6).  

 The insertion angle was measured at the intersection of 2 lines: the longitudinal axis of the 

mini-implant and a line tangential to the buccal surface.  Pull-out tests were done on the 

inserted implants using the Instron universal testing machine (Model-3369) at Ahmedabad 

Textile Industry’s Research Association (ATIRA) (Figure 7). A 0.016 –inch stainless steel 

wire was inserted through the hole in the head of the implant and was fixed to the upper jaw 

of the machine perpendicular to the direction of  the angulation of the implant. The machine 

acted with a speed of 1 mm/min to remove the screw from the bone. 

The tests were discontinued when the implant failed. The full pull-out of a mini screw was 

considered the failure point (Figure 8). For each test, the maximum force before the failure  

point was recorded as the primary stability.  

Figure 1- 1.5mm x 8mm mini implants            Figure 2- Hand piece used to fragment the  bone  
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Figure 3- Segmenting the bovine rib          

Figure 4- Long handle driver with torque set  

at 1kg.cm 

 

                 
 

 

          

  

 

Figure 5- protractor mounted 

on stand to determine insertion 

angle 

Figure 6- Mini implants 

inserted at various angles 

 

Figure 7- Insitron Universal 

Testing Machine 

Figure 8- Pull out using 0.016” 

Stainless steel wire inserted 

through the head of mini 

implant 
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 DEFLECTION ANGLE TESTING: 

Once the most stable angulation for insertion was determined, the bone segments with the 

implants at that angulation were then radiographically analysed to check the deflection in 

path of insertion. 

 A G.E. Discovery Xr656 Digital Radiographic Machine with X-ray source 100cm from 

the object was used set at 80Kv and 292mas. The resultant image was then analysed 

using G.E. Media Viewer Software. The radiographic image obtained was adjusted for 

optimum contrast  and magnification prior to obtaining the mini implant deflection 

values Two lines were drawn, one using the long axis of the mini implants and another 

True Vertical Line passing through the centre of the point of insertion. A pictorial 

representation of the image analysis is shown in Figure 9.In the image, the black line AB 

represents the true horizontal line passing through the centre of point of insertion of the 

implant. The red line XY represents the long axis of the mini implant passing through its 

apex and tip. Ø is the angle between the two lines AB and XY and represents the degree 

of deflection of the mini implant. 

The angle between these two lines was considered as the angular deflection of the mini 

implant. This measurement was made for all the 15 implants of the most stable group of 

mini implants (Figure 10). 

      

 

 

 

 

Figure 9- Pictorial representation 

of angular deflection analysis 

 

Figure 9- Pictorial representation of 

angular deflection analysis 
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  STATISTICAL ANALYSIS 

Statistical analysis was completed using the Statistical Package for Social Sciences 

(SPSS® Version 20.0, IBM, USA) and level of significance was set at P ≤ 0.05. One-way 

Analysis of Variance (ANOVA) was used to assess whether there was a significant 

difference between the groups. Bonferroni post hoc Tukey test was used for multiple 

comparisons within the various insertion angle groups. 

  RESULTS 

A total of 60 implants were used in the study of which 3 mini implants inserted at 30⁰ and 2 

mini implants inserted at 45⁰ fractured during insertion and were hence their omitted from 

the study.  

Comparison of pull-out strength using one-way ANOVA test showed that the mean value of 

90⁰ (259.830667) is highest followed by 60⁰(194.778), 45⁰(153.724) and least in 

30⁰(120.748667). This difference was statistically significant with p-value of <0.001. 

(Table I , Graph 1).   

Table I: Intergroup comparison of pull-out strength (One-way ANOVA) 

  

 

Angle 

 

 

N 

 

 

Mean 

 

 

SD 

df2(welch)   / 

F(Anova) 

 

 

P-value 

p u l l - o u t 

strength 

30 15 120.7487 8.639744 476.801 <0.001 

45 15 153.724 9.976707 

60 15 194.778 8.202259 

90 15 259.8307 14.50453 

Total 60 182.2703 53.34626 

Figure 10- Image analysis using G E Media Software 
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*-Significant (p<0.05), **-Highly significant (p<0.001), NS- Not significant (p>0.05) 

 

Table II: Individual pair wise comparison of pull-out strength (Post Hoc Tukey test) 

 

Dependent 

variable 

Comparison 

group 

Compar ed 

with 

M e a n 

difference 

S   t   d   . 

Error 

 

 

P-value 
 

 

 

 

 

 

 

 

 

 

P u l l - o u t 

strength 

 

 

 

 

 

30 

45 -32.9753333* 3.880886 <0.001 

60 -74.0293333* 3.880886 <0.001 

90 -139.0820000* 3.880886 <0.001 

 

 

 

45 

60 -41.0540000* 3.880886 <0.001 

90 -106.1066667* 3.880886 <0.001 

60 90 -65.0526667* 3.880886 <0.001 

*-Significant (p<0.05), **-Highly significant (p<0.001), NS- Not significant (p>0.05) 

The  post  hoc  Tukey  test  shows  that  the  difference  between  30⁰  and  45⁰  is     

statistically significant with a mean difference of -32.9753333* and a p-value of <0.001. 

(Table II).  The  difference  between  30⁰  and  90⁰  is  statistically  significant  with  a  

mean  difference of -139.0820000* and a p-value of <0.001.  

The  difference  between  45⁰  and  60⁰  is  statistically  significant  with  a  mean 

difference of -41.0540000* and a p-value of <0.001. The difference between 45⁰ and 90⁰ is 

statistically significant with a mean difference of -106.1066667* and a p-value of <0.001. 

The  difference  between  60⁰  and  90⁰  is  statistically  significant  with  a  mean 

difference of -65.0526667* and a p-value of <0.001.(Graph 1) Hence the mini implants 

inserted at 90° were considered to be most stable and were thus further radiographically 

analysed to check their deflection. They were found to deflect at a mean angle of 1.8⁰ 

which is statistically significant. 

 

DISCUSSION 

Compared to osseo-integrated implants, mini-implants are considered a better choice 

primarily due to the ability to choose the placement site. This independence at the 

placement site makes mini-implants a popular anchorage system for malocclusion 

correction.  

 

 Mini-implants are available in different lengths and diameters with different shapes of 

thread and head. All mini-screws were of the same diameter, i.e. 1.5 mm, which is the most 

widely used in orthodontic treatment, to have uniformity in comparison. Miyawaki et al11 

noticed that the screw diameter had a major effect on the primary stability of the mini-

screws. The one-year success rate of screws of 1mm diameter was less than that of 1.5 and 

2.3 mm diameter screws. Lu et al12 also concluded in their study that the diameter of the 

mini-implant should be larger than 1.2 mm when composite forces were applied. 
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Sarul et al13  evaluated the success rate of two types of Mini Screw (MS) systems of two 

different lengths,6mm and 8 mm, inserted in maxilla and mandible. The result showed a 

success rate of 94.79% with longer MS and 92.65% for shorter MS. Chen Ch et al14 

mentioned that mini-implants with a length of 8 mm are recommended to obtain a greater 

load resistance provided that the anatomical area allows it.  

 

Ashith MV et al15 stated that stainless-steel mini-implants had a higher failure rate (50%) 

when compared to titanium mini-implants (10%). This is the reason why titanium mini- 

screws were used in the present study. 

 

Cortical bone thickness has a strong impact on the primary stability and clinical 

performance of mini-implants. Posterior maxilla and mandible are the common sites where 

mini screws are inserted for maximum anchorage during the retraction of anterior teeth.. 

Misch in 198816 classified bones into four types namely, D1, D2, D3 and D4 depending on 

the difference in the density of bone as seen on a CBCT scan. Anterior mandible (D1) has a 

greater mean density of 970 HU compared to Posterior mandible (D2) 669.6 HU. Similarly, 

anterior maxilla (D3) has a greater mean density of 666.1 HU compared to that of Posterior 

maxilla (D4) which is 417.3 HU. Motoyoshi et al17 mentioned in their study that cortical 

bone thickness ranges from 1.09–2.12 mm in the maxilla and 1.54–3.03 mm in the 

mandible. 

 

 This resistance offered by the cortical bone due to its compact, dense nature, especially as 

seen in the mandible is responsible for the deviation in the path of intended insertion.  

A small degree of deflection can also prove detrimental to the patient due to root contact in 

areas with reduced inter-radicular space. Hence, this factor will also have to be considered 

while choosing a placement site for the mini- implant18 

 

Previous studies have shown that the angle at which a mini screw is inserted can have an 

effect on its success rate. Woodall et al19 in their finite element study and parallel cadaver 

demonstrated that compared to insertion angles of 30⁰ and 60⁰, a 90⁰ insertion angle 

showed the maximum anchorage advantage. This is in agreement with the results obtained 

in the present study. Jasmin et al20 and Lin et al21 also showed that perpendicular insertion of 

mini implant in bone reduces stress concentration and provides better stability. 

Kalra et al22 found angular deviation of mini implants from the ideal path in their in-vivo 

study which was similar to the deflection obtained in the second part of our study. Singh et 

al 23 in their Finite Element Analysis model observed the deformation of titanium alloy 

screws but not that of stainless steel under similar loading conditions. Our study is 

concurrent with that of Liu et al24, who concluded that the point of entry of implant into bone 

acts as a pivot for bending. 

Maximum resistance forces of mini screws are much higher than the forces routinely used 

for orthodontic purposes. According to this, different insertion angles can produce distinct 

primary stability values within the range of typical orthodontic forces. Increased insertion 



European Journal of Molecular & Clinical Medicine 

ISSN 2515-8260      Volume 09, Issue 07, 2022 

 
 

5635 
 

torque combined with the increased stress on bone resulting from placement of a 

Temporary Anchorage Device at an angle, may raise the risk of inflammation and thus of 

mini implant failure. Therefore, mini implants should be placed as perpendicular to the 

bone as possible. If the space available between two adjacent roots is small, a more oblique 

direction of insertion seems to be favourable to minimize the risk of root contact. 

 

So mini-implants have proved to be an indispensable device for anchorage. However, 

clinical excellence can be achieved only by having a vigilant eye on certain factors such as 

proximity to vital structures, patient education on oral hygiene maintenance and cautious 

use of orthodontic forces along with the judicious choice of the type of mini-implant. 

 

Researches done using animal specimens to study problems concerning human beings are 

considered simplified representations of reality. Although comparable to the human 

jawbone in certain micro-architectural and biomechanical characteristics, the inference of 

the results to the human setting must be done with caution. Therefore, the results of this 

work should be co-related with clinical studies in human maxillary and mandibular bone, 

and ideally, through controlled clinical trials. 

CONCLUSION 

The mini-implants placed at 90° angle showed the highest resistance to traction forces 

before being removed from the bone. This increased the success rate of mini screws by 

providing better primary stability. 

There is a deflection of the mini implant at point of entry from the intended path of 

insertion. This additional angulation should be factored while evaluating the space available 

for implant placement at any particular site. 

An in-vivo study with similar parameters would further help assess the clinical applicability 

of the results obtained in the above study. 
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