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Correlation with Primary Stability and Pain Levels in
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A b s t r ac t
Aim: The aim of this study was to assess the insertion torque of the mini-implant used in orthodontic patients and to assess the correlation
between the insertion torque, primary stability, and perception of pain in patients undergoing orthodontic therapy with mini-implant-augmented
anchorage.
Material and methods: Among the patients undergoing orthodontic therapy, 31 samples who required mini-implant for anchorage purpose
were selected. A total of 59 mini-implants were placed in these patients. This included interradicular mini-implants and extra-alveolar miniscrews. Immediately after placement, the insertion torque in all these was measured using a digital torque meter and primary stability was
assessed by identifying any mobility of the implant placed. Primary stability was noted at two time intervals immediate post-placement and
1 week after that. All the mini-implants that were considered in this study were immediately loaded. Patients were asked to record any pain
experienced on the visual analog scale (VAS) score sheet at 24 hours and 1 week post-placement.
Results: Among the mini-implants placed, those with 2 mm diameter needed higher placement torque, i.e., infrazygomatic crest mini-implants
and buccal shelf mini-implants were placed with average placement torque of 10.08 and 10.25 N cm, respectively. Extra-alveolar screws caused
more pain, especially higher in the mandible than the maxilla. Decrease in pain scores was noted from T0 to T1 in almost all the cases.
Conclusion: Thicker mini-implant needed more insertion torque and highest insertion torque was recorded with extra-alveolar screws. No direct
correlation could be obtained with the pain levels experienced by the patients and with the primary stability of the mini-implants.
Clinical significance: Mini-implants placed with an insertion torque above the recommended range tend to fail and break more often. Patients
placed with extra-alveolar bone screws reported more pain than that of the smaller-dimension mini-implant.
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I n t r o d u c t i o n
The interface characteristic between the implant and bone can
be expressed in relation to the implant placement torque (IPT)
when tightening the mini-implant into the bone.1 In order for a
mini-implant to be stable, the mechanical locking (torque) of the
screw in the bone must be able to withstand the applied force.2
It is important to estimate the torque at which strain remains
physiological and provides stability for the mini-implants. Initial
stability is what results from mechanical engagement of the miniimplant with cortical bone immediately after placement. 3,4
The primary stability of the mini-implant is important because
most incidences of orthodontic mini-screw failure occur during
the early stage.5,6 Insertion torque (IT) is defined as the amount of
torque required to overcome the frictional force between the screw
and the bone during insertion procedures. The recommended
range of IT is 5–10 N cm, which is associated with higher success
rates of orthodontic mini-implants. 7 Increased IT induces
overcompression of the bone tissue whereas an insufficient IT will
prevent ideal drilling of mini-implant into the bone.8 Both these will
result in inadequate primary stability and cause implant failures.
The IT also varies according to the location, the type, and
dimension of the mini-implants. Due to the variations in various
regions of the bone among individuals, the site of insertion should
always be evaluated on an individual basis. The cortical bone
thickness of optimal insertion sites of the areas where there is thicker
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cortical bone predrilling might be recommended in order to avoid
a higher IT and failure.9 The alveolar bone density of the buccal
cortical region of the mandible was statistically higher than in the
maxilla, except between central and lateral incisors.5
Mini-implants can be placed either by predrilling or by the
self-drilling method. The predrilling helps reduce the IT required.
The self-drilling method has been adopted worldwide because
placement of self-drilling screws requires shorter operating time
and also cause less bone debris and thermal damage, and is
associated with less morbidity and minimal patient discomfort.10

© Jaypee Brothers Medical Publishers. 2021 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(https://creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons
Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Insertion Torque for Mini-implant Placement
The main objective of this study was to assess the ITs of the
mini-implants placed, to evaluate the IT needed for interradicular
mini-implant in the maxilla and mandible, to evaluate the IT for
extraalveolar mini-screws, to evaluate if there is any correlation
between different insertion sites and the IT, to assess if there is any
correlation between the IT and the primary stability of the miniimplants, and also grade the amount of pain experienced by the
patient. For the mini-implants that failed during the course of the
study, the reason for failure was evaluated and assessed if it can be
correlated to the IT during placement.

M at e r ia l s

a n d  M e t h o d s

The study is a prospective controlled clinical trial and was
conducted in the Department of Orthodontics, Saveetha Dental
College. The study was approved by the institutional review
board; the approval number is SRB/SDC/ORTHO-1804/20/01. At
the power of 90%, the sample size was estimated to be 40. Patients
undergoing orthodontic treatment who require mini-implants and
mini-screws for anchorage augmentation, good periodontal health
with adequate bone support, good oral hygiene, and no smoking
habit were included in the study. Patients with systemic disorders
such as diabetes, blood pressure, or any kind of cardiac disorder;
patients with periodontal compromise and poor oral hygiene; and
patients with smoking habit, improper bone support, inadequate
width of attached gingiva, and poor oral hygiene were excluded
from the study. Total 31 orthodontic patients who required skeletal
anchorage reinforcement were chosen. An informed consent was
obtained for the same. The mean age of the patients was 27 ± 9
years that included 15 males and 16 females. A total of 59 miniimplants were placed in these patients.
Extra-alveolar bone screws used were the Favanchor TM
Skeletal anchorage system (India) and interradicular mini-screws
were from SK Surgicals (Pune, India). The infrazygomatic crest and
buccal shelf screws that were placed were of the dimensions 2 ×
12 mm. The interradicular mini-implants were of 1.3 and 1.5 mm
stainless steel. A total of 12 infrazygomatic mini-implants were
placed in six patients out of which four were females and two were
males. Buccal shelf mini-implants were placed in adult patients with
class III malocclusion. A total of 32 interradicular mini-implants were
placed in the maxilla, 13 of them were in the right side and 19 of
them were placed in the left side; 11 interradicular mini-implants
were placed in the mandible out of which 4 were in the right side
7 were in the left side. Study characteristics and descriptions are
mentioned in Table 1.
The site of mini-implant insertion was preassessed with an
intraoral periapical radiograph to visualize the interradicular
distance available for insertion. All the mini-implants that were
placed were self-drilling and were placed using their specific driver
provided by the manufacturer. All the mini-implants that were
placed in a fashion such that all the threads of the mini-implant
were inside the bone and only the neck portion of the mini-implant
was visible outside. Mini-implants in the study were placed by the
single operator. Post-placement assessment was done with the
intraoral periapical radiograph for interradicular mini-implants and
the posteroanterior (PA) cephalogram for extraalveolar mini-screws.
For torque measurement, a Lutron Make Digital Torque meter
TQ-8800 (Fig. 1) was used. The torque meter had a capacity of
measuring up to 15 kg cm and was provided with a separate probe
and had the display to record the data in kg cm and N cm. The size
of the instrument was 180 × 72 × 32 mm. Twenty-four hours later,

Table 1: Distribution of mini-implants based on site of implant
placement, gender, and site of failure
Infrazygomatic
crest miniCharacteristics screws
Based on gender
Male
2
Female
4
Based on the side
Total
12
Right
6
Left
6
Based on site of failure
Right
1
Left
0

Interradicular
mini-implants

Buccal shelf
mini-screws

Maxilla

2
0

8
14

6
5

4
2
2

32
13
19

11
4
7

0
0

2
2

0
0

Mandible

Fig. 1: Image representing the Lutron Make Digital Torque meter TQ8800 used to record the IT during mini-implant placement

the patients were recalled and the pain was graded with the visual
analog scale (VAS). The primary stability was assessed using a cotton
tweezer to see if there is any kind of mobility.10,11
All the mini-implants that were placed in this study were
immediately loaded with a standardized force of 400 g per side
for extraalveolar mini-implants and 250 g for the interradicular
mini-implants. The patients were provided with a prescription
of pain medications, which was a combination of aceclofenac
and paracetamol and told to consume only if required and after
informing the physician. The patient was asked to report for review
7 days after placement, which was recorded as T1, and in this review
the stability of the placed implant was assessed as well as the patient
was asked to grade on the VAS score to assess if they had any pain
in the site where the mini-implants were placed. The assessment
of pain score and mobility was done at T0 and T1.

Statistical Analysis
The data were collected and tabulation was done. The statistical
analysis was carried out using IBM SPSS statistics (version 20).
Descriptive statistics was done to assess the IT and pain score
among the three implant groups and Pearson’s correlation was
done to assess the correlation between the IT and pain score at
two intervals.
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Table 2: Correlation between placement torque and pain scores at T0 and T1
Type of implants
Infrazygomatic crestal implants
Buccal shelf implants
Interradicular implants

IT (N cm)
10.06
10.25
6.6

Pearson’s
correlation
0.22
0.3
0.57

VAS score T0
8.9
9.5
4.7

Sig.
0.5
0
0

VAS score T1
3.9
5.25
1.7

Pearson’s
correlation
−0.072
0.1
0

Sig.
0.8
0.28
0

Table 3: Failure of mini-implant and causation
Type of mini-implant
IZC
Interradicular
Interradicular
Interradicular
Interradicular
Interradicular
Interradicular
IZC
Interradicular

Maxilla /mandible
Maxilla
Mandible
Maxilla
Maxilla
Mandible
Mandible
Maxilla
Maxilla
Maxilla

Side
Right
Right
Left
Right
Left
Right
Right
Left
Right

Cause of failure
Food accumulation
Nerve injury
Root contact
Implant breakage during insertion
Implant breakage during insertion
Implant breakage during insertion
Implant breakage during insertion
Soft tissue coverage and mobile
Mobile

R e s u lts
Comparing the intra-alveolar implants and extraalveolar screws,
the IT and pain were found to be higher with IZC implants and
buccal shelf mini-screws. Of all, buccal shelf mini screws had the
highest IT of 10.25 N cm. On assessing the correlation between
the VAS score (T0, T1) and maximum IT, mild positive correlation
was noted. Extraalveolar screws caused more pain, especially in
the mandible than in the maxilla. Pain score at T1 was found to be
reduced to baseline values in almost all the cases of interradicular
mini-implants. The average IT of interradicular mini-implants is 6.6
N cm and the extraalveolar mini-implant with an average IT of 10
N cm. Patients for whom infrazygomatic mini-implants and buccal
shelf mini-implants were placed experienced more pain, which was
reported as almost unbearable during the initial evaluation done
within 24 hours after placement of the mini-implant. The pain levels
were lower in the interradicular mini-implant and some patients
even said they had no pain in the follow-up after 7 days (Table 2).
Table 3 shows the characteristics of the failed mini-implants
and the causation. Out of the 59 implants considered in the study,
failure was noted with 9 implants. The extraalveolar screws also
required a higher IT and more deflection of the cheeks and buccal
mucosa during placement; these regions are also prone to problems
of more food accumulation and soft tissue entrapment.

D i s c u s s i o n
Mini-implants have become an essential component that provides
resistance to any unwanted tooth movement during orthodontic
treatment.12,13 In our study, frequent need for mini-implants was
noted in the maxilla than in the mandible. This is in accordance
with studies that show mini-implant-supported anchorage is often
used in the maxilla as noted by Jain et al.14 Among the extraalveolar
screws, infrazygomatic mini-implants were most commonly placed
when compared to buccal shelf implants.15 Buccal shelf miniimplants placed in class III patients were mostly for the purpose
of camouflage.16,17 Interradicular mini-implants are often used
in extraction cases for retraction with the use of coil springs and
e-chain.18,19 In our dental outpatient setting, the female to male
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IT
7
5
13
Couldn’t assess
Couldn’t assess
Couldn’t assess
Couldn’t assess
6
11

ratio was comparatively higher indicating the increased concern
for esthetics among the female. This was also observed in previous
studies where more of female patients underwent extraction and
orthodontic correction of malocclusion with mini-implant for
retraction or extraalveolar mini-screws for camouflage.20–22
A thorough knowledge about the acceptable IT at any location
is needed during placement of mini-implant, which will allow
the orthodontist to place them with the utmost care to achieve
a maximum primary stability. A nontraumatic precise procedure
during insertion would provide a better patient compliance and
reduce the side effects such as inflammation and pain. From the
findings of this study, it is evident that interradicular mini-implant
required lower IT in comparison to the extraalveolar mini-screws.
Mini-implants placed with a higher IT than the recommended
values experienced more failure in comparison to those that had
average placement torque. An average IT in interradicular miniimplant and extraalveolar mini-screws were noted to be 6.6 and
10 N cm, respectively. Different densities in the bone can be noted
in different areas such as the maxilla posterior, which has about
1–2 mm of cortical bone and the mandibular posterior region has
a higher cortical bone and density than the maxillary posterior.23
High torque values noted in this study with the extraalveolar screws
can be attributed to the difference in the cortical bone thickness
in these regions. These findings in our study were almost similar to
the average observed in Reyenders et al. and Miyawaki et al. where
they require a higher IT for the regions that have a thicker cortical
bone to penetrate through.3,24,25
The extra-alveolar mini-implants were placed with average
placement torque of 10.08 N cm for IZC mini-implants and 10.25
N cm for buccal shelf mini-implants. Highest pain scores of 9.5 and
8.9 on VAS at T0 were recorded when buccal shelf mini-implants
with an IT of 10.25 and a VAS score of 8.9 when infrazygomatic
crest mini-implants were placed with an average IT of 10.06.
Mild positive correlation was observed between the IT and initial
VAS scores recorded; this correlation was statistically significant
for buccal shelf mini-implants and interradicular mini-implants.
The pain scores were higher for the mini-implants placed in the
extraalveolar region.
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In the present study, out of 59 mini-implants, 9 experienced
failure during the course of the study. Three mini-implants failed
due to poor oral hygiene, one due to nerve injury that occurred
during placement, and one due to root contact. Careful meticulous
planning with pretreatment radiographs as an adjuvant can help in
overcoming these placement issues. Mobile implants noted during
the course of the study were left in place and reassessed for healing
to aid in further continuation of treatment. Complications such as
soft tissue coverage over the implant surface were treated by soft
tissue relief. Among the mini-implants used, breakage occurred
with four interradicular implants and hence the IT couldn’t be
assessed. Various reasons that can be attributed to this breakage
include increased torque, quality of the bone screw, angulation of
placement, practitioner skill, or bone density.
Inadequate primary stability can result in loosening of the
implant during the course of treatment. 26 Assessment of miniimplant stability is always a challenge to do clinically. The main
factor that influences primary stability based on the patient are the
bone quality whereas implant insertion-related factors include the
type of implant placed, the angulation at which it is placed, depth
of insertion, and the IT.24,27,28 Optimal IT is necessary to achieve
good primary stability as an excessive torque can lead to fractures
in the cortical bone and bone resorption, hence to failure of the
mini-screw. Increased ITs may lead to higher failure rates caused by
excessive bone compression.29 Tepedino et al. suggested that when
mini-implants are placed with excessive torque, then there can be
fractures in the cortical portion of the bone and bone resorption,
hence to failure of the mini-screw. 30 For the insertion of a miniimplant in the region of a thick cortical bone, microcracks or heat
damage can be side effects and will lead to bone resorption, which
leads to a failure of the screw. 31,32 Mini-implants to be placed in an
area where the gingiva is thin in order to achieve primary stability
and prevent excessive tipping. 33
The mini-screws with the greater diameter and deeper threads
need a greater IT to obtain better stability.34,35 Severe angulation
during insertion may create slippage of the mini-implant at its
first contact with bone. The incidence of mini-implants contacting
the root contact when placing the mini-implants especially in
the interradicular sites increases the chance of the mini-implant
failing. 23 In our study, one interradicular implant failed due to
root contact. 33 Comparing self-drilling and predrilling implants,
the former offers a better stability in orthodontic patients where
immediate loading is done.36 In predrilled implants, the appropriate
ratio between implant and predrilling diameter is also crucial to
aid in stability.
In orthodontics, the benefit of the treatment outcome is
obtained after a period of patience and the patient experiences
mild to moderate pain during the course of the treatment.37 For the
placement of mini-implant, topical or local anesthesia is required.38
As noted by Valieri et al., most patients have an unpleasant
sensation during and after placement and felt pressure during
placement. 39 Patients tend to overestimate the pain associated
with the placement and procedure of mini-implants during
orthodontics.40 Kim et al. noted that the most negative impact in
mini-implant placement is pain and discomfort during placement
followed by difficulty with cleaning.41 In this study, all the patients
who were placed with mini-implants invariably reported with some
pain; that later subsided in the 1 week follow-up.
The achieved success rate of mini-implant was 87.5% in studies
done by Motoyoshi et al.12 There are various limitations of this

short-term study that include it not having equal samples in each
type of mini-implant and unequal number of male and female
participants. In future, a well-designed randomized controlled trial
can be conducted to determine the association between the IT in
comparison to the primary stability of the mini-implant and the
failure and complications that arose; also post-placement stability
can be done over a period of time and be assessed with a periotest
for more efficient understanding with the correlation between
torque during placement and the stability.

C o n c lu s i o n
Thicker mini-implant needed more IT. Highest IT was recorded with
extraalveolar screws. Mini-implants placed with an IT above the
recommended range tend to fail and break more often. Patients
placed with extraalveolar bone screws reported more pain than
that of the smaller-dimension mini-implant. No direct correlation
could be obtained with the pain levels experienced by the patients
and with the primary stability of the mini-implants in association
with the IT during placement.
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