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Abstract
Introduction: The aim of this randomized clinical trial was to compare torque recordings at
insertion time and 1 week post-placement between immediately loaded orthodontic miniscrews
and an unloaded control group.
Trial design: This RCT was designed as parallel with an allocation ratio of 1:1.
Methods: Eligibility criteria to enroll patients were: needs of fixed orthodontic treatment,
no systemic disease, absence of using drugs altering bone metabolism. All patients were
consecutively treated in a private practice and the miniscrews were placed by the same author.
Patients received ORTHOImplant (3M Unitek) miniscrews and they were blindly divided in two
groups: group 1 screws were unloaded between T0 and T1, group 2 received immediately loaded
screws with NiTi coil. For each patient, maximum insertion torque (MIT) was evaluated at T0. After
1 week, without loading, the screw torque was measured again (T1) and at the end of the treatment
maximal removal torque was evaluated (T2). Torque variation in the first week was considered as
the primary outcome.
Randomization: A randomization list was created for the group assignment, with an allocation
ratio of 1:1.
Blinding: The study was single blinded in regard of the statistical analysis.
Results: Patients enrolled in the clinical trial were 51 for a total of 81 miniscrews. The recruitment
started in November 2012 and the observation period ended in August 2014. Twenty-six and twentyfive patients were analysed in group 1 and 2, respectively. The MIT mean in each placement time
was 18.25 Ncm (SD = 3.00), 11.41 Ncm (SD = 3.51) and 10.52 Ncm (SD = 5.14) at T0, T1, and T2 time,
respectively. In group 1, the torque decrease between T1 and T0 was statistically higher compared
to group 2 (P value = 0.003). Statistically significant effects of the placement times on MIT were
found (P value <0.0001). No serious harm was observed.
Limitations: This study was performed using only direct force on the miniscrew and not using the
miniscrew as an indirect anchorage. It was not possible to obtain quantitative data on bone quality
or root proximity to miniscrews.
© The Author 2016. Published by Oxford University Press on behalf of the European Orthodontic Society. All rights reserved.
For permissions, please email: journals.permissions@oup.com
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Conclusions: A significant stability loss was observed in the first week in both groups; Group 1
showed a statistically higher torque loss in the first week when compared to the immediately
loaded group. There were statistically significant effects of the measurement times on MIT and of
the miniscrew location on MIT. The overall failure rate was 7.4%.
Trial registration: This trial was not registered.
Protocol: The protocol was not published before trial commencement.

Introduction

Specific objectives or hypotheses
The aim of this randomized controlled trial was to compare torque
recordings at insertion time and 1 week post-placement between
immediately loaded orthodontic miniscrews and an unloaded control group.

Materials and methods
Trial design and any changes after trial
commencement
This randomized clinical trial (RCT) was designed as parallel with
an allocation ratio of 1:1.

Participants, eligibility criteria, and settings
Eligibility criteria to enroll patients were: needs of fix orthodontic
treatment to both arches, needs of skeletal anchorage using miniscrew, absence of systemic diseases, absence of using drugs altering
bone metabolism. All patients were consecutively treated in a private practice and the miniscrews were placed by the same author
(L.A.), while all data collected in this study were analysed at Genoa
University. The clinical study was approved by the university department council with the approval number 724.

Interventions
Intervention in both groups consisted in an orthodontic treatment
with multibrackets appliance, during which one or more miniscrews
were used to fulfill the objectives of the treatment. The devices used
in this trial were the ORTHOImplant (3M Unitek, Monrovia, Calif),
1.8-mm diameter and 10 or 8 mm length. Miniscrew maximum insertion torque (MIT) was measured in Ncm in all patients by a modified
torque wrench (model TT50 SD, MHH Engineering, Bramley, UK).
Considering that MIT value could be observed in the early phase as
well as at the end of insertion (29), MIT was not considered the final
torque value, but the peak of torque observed during placement.
Patients enrolled in the study were blindly assigned in two groups. In
the first group miniscrews were loaded a week after (T1) insertion,
while in the second group they were loaded immediately after the
insertion. Allocation of patients to the two groups was determined
by a computer-generated randomization list using Rv.0.1. (34) software. All screws were loaded by NiTi coil; the applied forces were
measured by an analogical force gauge dynamometer (Smart Europe
SRL, Torino, Italy) for each patient, with a mean force of 82 g
(SD = 24). Biomechanics applied were for retraction, extrusion, and
intrusion. MIT was evaluated at T0, after 1 week (T1) torque was
measured again by applying a quarter of turn, and at the end of the
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Orthodontic miniscrews are intraoral anchorage devices designed to
support biomechanics during orthodontic tooth movement (1, 2).
Also known as miniscrews, mini-implants, microscrews, or temporary anchorage devices (3, 4), they are made of a head, a neck, and a
threaded shank. The head may show different designs (bracket-like,
rounded with slot, etc.) the threaded shank is generally cylindrical,
tapered or a combination of the two, and may be self-tapping (i.e.
requiring a pre-drilled pilot hole) and/or self-drilling (not requiring
a pilot hole). Because of their small diameter, they may be implanted
in a wide variety of anatomic sites, such as the alveolar interradicular
spaces (5) or the palatal cortical bone (6, 7), in order to attend to
treatment anchorage needs (8). The loading protocol for miniscrews
loading can be as immediate (9, 10) as delayed (11); in the beginning
Kanomi (1) indicated a non-specific period of healing and osseointegration before a screw inserted in the mandible could be loaded;
the importance of a healing period was derived by several studies
on Branemark protocol on implants (12, 13). Further experimental
studies on orthodontic load were not able to demonstrate loaded
implant loosening, even when loads were applied immediately (14,
15), so that an immediate loading protocol for orthodontic miniscrews appeared as reasonable. Costa and Melsen studied the tissue reaction around the immediately loaded screws in an animal
model and suggested the use of immediately loaded screws as an
intra-oral extra-dental anchorage (16). Histomorphometric analyses
have shown that the immediate loading of miniscrew implants may
help to activate bone remodeling and increase the mineral contents
at the loaded region (17–20). Compared to traditional endosseous
implants, orthodontic miniscrews have relatively high failure rates,
varying from 16.4% (21) to 39% (22); according to recent reviews,
the average failure rate is believed to be less than 20% (23–25).
Many factors have been proposed to be associated to success rate;
among these age, gender, jaw (maxilla or mandible), placement site,
tissue mobility (firm or movable tissue), inflammation, distance to
the root, insertion torque, loading time, type, length, and diameter
of the miniscrew (23, 24, 26–28). Recently, an experimental study
on primary stability found that bone properties are more important
than the screw geometry in establishing primary mechanical retention (29).
In fact, miniscrews do not acquire stability via osteointegration,
but their clinical success is strictly related to the strength of the connection between native bone and the device, also called primary stability (30, 31). As regards bone, implant placement is identical to
normal wound healing and produces a sequence of biological events,
including peri-implant osteoid formation after 6 days (32). Until
new woven trabeculae do appear, mechanical effects must be considered predominant on biological remodeling effects and a certain
degree of contact loosening is expected in reply to implant insertion, as a mechanical response due to bone viscoelastic properties
(33). To understand how bone adapts to immediate force applied to

orthodontic miniscrews in humans and whether loading enhances
primary stability in the short period, the present study addressed a
clinical trial on insertion and removal torque of immediately loaded
and delayed miniscrews.
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treatment maximal removal torque (MRT) was evaluated (T2). All
data were measured and registered by the same clinician who placed
the screws (L.A.). Miniscrews which lost primary stability and had
to be removed were defined as a failure.

The estimated P values were adjusted for multiple comparisons
by the Bonferroni correction method and when the adjusted P value
less than 0.05, the differences were selected as significant. Data were
acquired and analysed in R v3.2.3 software environment (34).

Outcomes (primary and secondary) and any
changes after trial commencement

Results

Torque variation in the first week was considered the primary outcome. As a secondary outcome was considered: 1. the association
among the insertion site (mandibular or maxillary) and the MIT values and 2. the assessment of adverse effects of these interventions.

Sample size calculation, power of the study
The sample size estimation calculated that 23 patients achieves 91%
power to detect a miniscrew MIT mean of paired differences of
−2.20, with an estimated standard deviation of differences of 2.80
and with a significance level (alpha) of 0.05 using a paired t-test.
The sample size calculation was performed on the basis of results
from a similar recent preliminary ad hoc pilot study (data not published). The baseline mean of miniscrew MIT was set to 20.20,
assuming a standard deviation of paired differences of 2.80.

Interim analyses and stopping guidelines
Not applicable.

Patients were enrolled in two groups using a computer-generated
randomization list with an allocation ratio of 1:1 and by a block
size of 2. The randomization list was obtained by R v3.0.1 software
environment (34).

Blinding
The study was blinded in regard of the statistical analysis. Data were
recorded and blinded for the statistician: blinding was obtained by
eliminating from the elaboration file every reference to patient group
assignment.

Statistical analysis
Data were analysed by a statistician. Continuous variables are given
as means ± standard deviations (SD) and range, whereas categorical
variables as number and/or percentage of subjects. Age was categorized using quartiles of the age distribution of our study population
(13 to ≤20, >20 to ≤25, >25 to ≤30, >30 to 46). The MIT baseline
differences among age, gender, purpose of miniscrews, treatment
groups, and miniscrew location were tested by the linear mixed
effects (LME) model. In order to investigate the associations of the
miniscrew MIT with treatment groups, miniscrew location, and
placement times the LME model was performed. In addition, considering that two treatment groups and miniscrew locations were evaluated and three different placement times were taken into account, an
exploratory interaction analysis was also carried out to test whether,
the miniscrew MITs in treatment groups and miniscrew locations
were different according to the placement times, once again, using
the LME Model. The likelihood ratio (LR) test was used as a test of
statistical significance and in each LME model, the sampling units
were considered to be random factor. The failure rates difference
among groups was evaluated by the Fisher’s Exact test. The analysis
of the MIT relative differences (RD) was performed to test whether
the MIT RD means in treatment groups were different comparing
Time T1 versus Time T0 and Time T2 versus Time T0, respectively.

In this trial, where 52 patients were randomly assigned to the interventions, one drop-out was observed in the first group. The final
sample that received the intended treatment and analysis was 51
patients and 81 miniscrews (Figure 1). The mean miniscrew duration
was 201 days (184 and 219 days for group 1 and 2, respectively).
The miniscrews used for analysis were 41 for group 1 and 40
for group 2, respectively. The recruitment started in November 2012
and the observation period ended in August 2014.

Baseline data
The baseline MIT distribution in the levels of the age, gender, purpose of miniscrews, treatment groups, and miniscrew location, with
a summary of tests used, were reported in Table 1. The baseline age
mean was 25.29 years (SD = 7.83) and the mean MIT at the T0
was 18.25 Ncm (SD = 3.00). Regarding miniscrew location, the MIT
mean values at T0 were 16.95 Ncm (SD = 2.85) and 19.58 Ncm
(SD = 2.56) for the maxillary and mandibular arch, respectively. The
group 1 showed a MIT mean of 18.37 Ncm (SD = 2.63) while a
mean of 18.14 Ncm (SD = 3.32) was observed in group 2 (Table 1).
No significant MIT baseline differences among age, gender, purpose
of miniscrews, and treatment groups were detected (Table 1, LR
adjusted P values: 0.3475, 1.000, 0.0865, and 0.9157). Comparing
the MIT baseline mean in the mandibular arch with that in the baseline maxillary arch a 2.65 Ncm significant difference was observed
(Table 1, LR adjusted P value = 0.0007).
Demographic and clinical characteristics of the treatment groups
at the baseline were reported in Tables 2. Twenty-one 8 mm devices
out of 42 and twenty-two 10 mm devices out of 39 were implanted
in group 1 and 2, respectively. The overall failure rate was 7.4%. In
particular, 5.3% was observed for group 1 while a failure rate of
9.3% was estimated for group 2. No statistically significant difference was found (P value = 0.6792) between the two groups.

Numbers analysed for each outcome, estimation,
and precision, subgroup analyses
The MIT mean at T1 and T2 was 11.41 Ncm (SD = 3.51) and
10.52 Ncm (SD = 5.14), respectively. The LME model (Table 3),
using the complete set of data, demonstrated that no association existed between MIT and the treatment group (LR adjusted
P value = 0.5391), but there were statistically significant effects of
the miniscrew location and the placement times on the MIT (LR
adjusted P values: 0.0413 and <0.0001). In particular, comparing
MIT mean at T1 with that at T0 (Table 3) about a −6.84 Ncm significant decrease (95% CI: −7.81; −5.87) was observed. In addition,
a −7.65 Ncm significant decrease (95% CI: −8.67; −6.63) was seen
in the mean of MIT at T2 in relation to that at T0. In regards to the
miniscrew location, a 1.73 Ncm significant increase (95% CI: 0.17;
3.29) was observed comparing the MIT mean in the mandibular arch
with that in the maxillary arch (Table 3, supplementary Figure 1).
The exploratory interaction analysis demonstrated that significant
miniscrew MIT differences existed in treatment groups and miniscrew locations (LR adjusted P values for interaction: 0.0148 and
0.0338, respectively) according to the placement times. In particular,
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a −0.43 MIT RD mean and a −0.33 MIT RD mean were estimated
according to T1 versus T0 in group 1 and 2, respectively (Table 4).
Regarding T2 versus T0, the MIT RD mean of −0.41 and −0.44 were
estimated in group 1 and 2, respectively. Comparing MIT RD means
in treatment groups according to T1 versus T0 a significant difference
(Table 4, Adjusted P value = 0.0032) was observed (Figure 2).

Harms
No serious harm was observed but some peri-miniscrew inflammation which therapy was application of clorexidina gel or spray twice
a day (Corsodyl, GlaxoSmithKline, Brentford, UK).

Discussion
Limitations and generalizability
This study was performed using only direct force on the miniscrew and not using the miniscrew as an indirect anchorage,
thus the results should be considered only for this methodology. Moreover, it was not possible to obtain quantitative data
on bone quality or root proximity to miniscrew (no CBCT on
patients).
Different loading requests based on treatment needs might have
an impact on torque loss.
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Figure 1. Study flow chart.

Table 1. Demographic and clinical MIT values at the baseline; OMI, orthodontic mini-implants.

Age
13 to ≤20
>20 to ≤25
>25 to ≤30
>30 to 46
Gender
Female
Male
Purpose of OMIs
Distalization
Intrusion
Indirect anchorage
Extrusion
Mesialization
Treatment group
1
2
Miniscrew location
Maxillary arch
Mandibular arch

N

Mean ± SD

Range

Beta

Lower CI

Upper CI

21
20
21
19

17.52 ± 2.93
18.00 ± 2.83
18.57 ± 2.99
18.95 ± 3.99

13–24
12–24
13–25
14–25

0
0.53
1.15
1.19

—
−1.70
−1.11
−1.10

—
2.77
3.41
3.46

48
33

18.27 ± 3.18
18.21 ± 2.77

12–25
13–24

0
−0.11

—
−1.74

—
1.53

29
8
13
7
24

18.14 ± 3.30
17.25 ± 3.77
19.15 ± 2.51
18.71 ± 2.63
18.08 ± 2.78

12–25
13–24
15–23
16–22
15–25

0
−0.89
1.53
0.97
0.54

—
−3.63
−0.58
−1.95
−1.40

—
1.90
3.73
3.97
2.60

38
43

18.37 ± 2.63
18.14 ± 3.32

13–24
12–25

0
−0.50

—
−2.10

—
1.11

41
40

16.95 ± 2.85
19.58 ± 2.56

12–25
16–25

0
2.65

—
1.24

—
4.08

LR adjusted P value
0.3475

1.0000

0.0865

0.9157

0.0007

N, number of observations; Mean ± SD, mean and standard deviation; range, range of values; beta, regression coefficient of the linear mixed-effects models; lower CI, 95% lower confidence interval; upper CI, 95% upper confidence interval; LR adjusted P value, likelihood ratio P value adjusted by using Bonferroni method.
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Two differently long devices were used (8 and 10 mm), but it is
known that miniscrews length does not affect their stability (9, 35);
on the other hand, since diameter was pointed out as relevant for
primary stability (29, 36), in this trial only screws having the same
diameter were used, thus the results of this study could be associated
to other screws with the same diameter.

Main findings and interpretation
The primary stability of miniscrews is believed to result from
mechanical interlock with alveolar cortical bone. Since miniscrews
do not achieve their primary stability through osseointegration, their
anchorage potential is likely to be influenced by the quality and

Table 2. Demographic and clinical characteristics of the treatment
groups.
Treatment group
1

Row Total

9
9
4
3

5
4
8
9

14
13
12
12

14
11

16
10

30
21

9
1
6
2
7

7
5
5
3
6

16
6
11
5
13

9
16

16
10

25
26

Table 3. Descriptive statistics and output of linear mixed-effects model.
Variable
Placement time
T0
T1
T2
Treatment group
1
2
Miniscrew location
Maxillary arch
Mandibular arch

N

Mean ± SD

Beta

Lower CI

Upper CI

81
81
81

18.25 ± 3.00
11.41 ± 3.51
10.52 ± 5.14

0
-6.84
-7.65

-7.81
-8.67

-5.87
-6.63

114
129

13.34 ± 5.11
13.73 ± 5.36

0
-0.49

-1.16

2.14

123
120

12.90 ± 4.65
14.16 ± 5.69

0
1.73

0.17

3.29

LR adjusted P value
<0.0001

0.5391

0.0413

N, number of observations; Mean ± SD, mean and standard deviation; beta, regression coefficient of the linear mixed-effects models; lower CI, 95% lower
confidence interval; upper CI, 95% upper confidence interval; LR adjusted P value, likelihood ratio P value adjusted by using Bonferroni method.

Table 4. Analysis of the maximum insertion torque relative differences.
Student’s t-test
Contrast

Mean in group 1

Mean in group 2

t

df

P-value

Adjusted P value

Time T1 versus Time T0
Time T2 versus Time T0

−0.43
−0.41

−0.33
−0.44

−3.30
0.53

64
67

0.0016
0.5979

0.0032
1.0000
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Age
13 to ≤ 20
>20 to ≤25
>25 to ≤30
>30 to 46
Gender
Female
Male
Purpose of OMIs
Distalization
Intrusion
Indirect anchorage
Extrusion
Mesialization
Miniscrew location
Maxillary arch
Mandibular arch

2

quantity of bone into which they are placed. Moreover, it is known
that loading affects bone mechanical properties in the peri-screw
region (37). The purpose of this clinical study was to further explore
the relationship between maximum placement torque during miniscrew placement and miniscrew resistance to movement under load
in the early stages, up to the appearance of new woven trabeculae,
according to what is reported by the literature (32).
Firstly, it was found that there were statistically significant effects
of placement time on MIT. Particularly, a torque relative difference
mean of −37.5% between T0 and T1 was estimated. There are many
factors that may lead to this phenomenon; in particular data should
be interpreted under the mechanical consideration that like screws,
miniscrews were conceived to transform a torsional couple into a
compression force (38), and when the screw encounters a specific
tightening torque, a composite tensile/torsional deformation state
exists. The torsion moment is necessary to guarantee stability, and
can be seen as the imposition of a deformation on an elastic material
(bone), with the aim of generating a pre-stressed state in the screw.
Once the miniscrew is inserted into the bone trabeculae, a so-called
relaxation phenomenon occurs; this happens every time the bone
remains in a deformed position, and over time leads to a reduction
in the initially induced tensile state (39). The relaxation phenomenon
can be understood by imagining the bone as a spring whose rigidity
decreases over time in two discrete periods of evolution. As described
by Sasaki (40), the two periods should be considered separately:
Period I: the relaxation evolves very quickly but with progressively decreasing rapidity. In compact bone, the duration of this
phase is 104 s, while in spongy bone, 95 per cent of the reduction in
the tensile state occurs over a period of 100 s.
Period II: the relaxation evolves very slowly (and for certain periods is almost unchanging) in compact bone, taking times of the order
of 106 s to complete. In spongy bone, the times are considerably less,
but an exact quantification is difficult to determine due to the paucity of relaxation which occurs in the second period.
Sasaki observed that periods I and II can be explained by the
composition of the bone (composite biphasic material), which is
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Figure 2. Maximum insertion torque mean values at different observation
timepoints, with respect to groups.

Conclusions
The present study led to the following conclusions:
1. There were statistically significant effects of the measurement
times on MIT;
2. the MIT mean 1 week post-placement was significantly lower
than the MIT mean at insertion time;
3. the mean removal torque was significantly lower than the insertion torque values.

Supplementary material
Supplementary material is available at European Journal of
Orthodontics online.
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made up of a hydroxyapatite mineral component fixed onto a collagen matrix attributed with viscous behaviour. Elastic modulus of the
bone is a resultant of a compression and damper effect. The mineral
part has an anisotropic behaviour, while the organic phase has the
main viscoelastic properties. In fact, an increase in temperature and
hydration, and the occurrence of demineralization phenomena characterize period I, which is dominated by relaxation of the fibrous
structure of collagen. Upon completion of period I, the relaxation of
the mineral phase, present from the beginning, is perceptible, characterizing period II with very moderate reductions that develop over a
long period of time (40). However, one big problem in understanding biomechanical effects of relaxation is that period II of relaxation
(11.6 days) is roughly comparable with the remodeling cycle in bone
and the study of the two overlapping effects is very difficult. For this
reason in the present study we preferred to conduct the observation 1 week post-placement, before biological effects of peri-implant
osteoid formation become important.
Despite the early torque decrease, which reflects the relaxation
phenomenon, miniscrews stayed stable through all the treatment
and overcame orthodontic loading. By testing removal torque in
Göttinger minipigs mandibles after a period of loading, Buchter
et al. (41) suggested that immediate loading of miniscrews can be
performed without loss of stability when the load-related biomechanics do not exceed an upper limit of tipping moment at the bone
rim (300 cN and 3 mm of distance from the crestal bone. It was also
reported that immediate loading is possible if the applied force is
less than 2 N (9).
Secondly, there were statistically significant effects of the miniscrew location on MIT; particularly, the MIT mean in the mandibular
arch was significantly higher than the MIT mean in the maxillary
arch. This is coherent with the anatomy of the alveolar bone, as MIT
is related to cortical thickness, cortical density, and medullary bone
density (42) and the maxilla and the mandible show significantly different values for these characteristics (27). In a study where CT scans
were examined to achieve accurate three-dimensional bone thickness
measurements in dental areas, significantly different cortical thickness values were found in different locations (43).

Finally, the exploratory interaction analysis demonstrated that:
(I) Significant miniscrew MIT differences existed in treatment groups
according to the placement times. The analysis of the MIT relative
differences comparing time T0 and T1 showed a significant difference between treatment groups. In particular, the relative difference
in group 2 (immediately loaded) was significantly lower than its
counterpart in group 1 (delayed). This reflects what an histomorphometric analysis found on adult male monkeys, that is BIC in
the unloaded controls was much lower at 1 week and progressively
increased, but without reaching the same level as the loaded sample
(17). However, in the present study, time seems to level the initial differences in torque decrease, because at T2 groups cannot be anymore
distinguished on the basis of a torque analysis. This could depend on
the fact that late stability, which refers to the implant’s stability after
the first complete turnover of immediate peri-implant bone tissue
(2–4 months, depending on bone turnover rates), is a result of the
balance between accumulated microstrain of peri-implant bone tissue (amount of bone microdamage) and its healing capacity (remodeling rate) (5).
Nakagaki et al. (44) observed that the bone mineralization of the
compression region of cortical bone surrounding immediately loaded
miniscrews was significantly higher than that of the tension region,
while the bone-to-implant contact amount was approximately the
same, and they concluded that immediate loading does not inhibit
osseointegration of miniscrew implants but may stimulate bone
mineralization, which would explain why immediate loading could
contribute to maintain a higher torque value in the early phases. (II)
Significant miniscrew MIT differences existed in miniscrew locations
according to the placement times, even though the trend of MIT
mean in mandibular and maxillary arch according to placement
time seemed like similar in two groups (Supplementary Figure 1).
Moreover, this trial was not randomized for miniscrew locations
and a significant difference, comparing the mandibular baseline MIT
mean with that in the maxillary arch at baseline, was observed.
In this case, the results came from the exploratory interaction
analysis and the influence of miniscrew location on MIT should be
considered carefully. In addition, a randomization for both treatment
group and miniscrew locations should be helpful in further studies to
prevent the selection bias and to insure against the accidental bias.
Further studies are needed in order to understand whether placement and early torque recordings can be associated to clinical success, even though it seems unlikely that long term stability can be
predicted only on the basis of placement torque absolute values (45).
No adverse effects of these interventions were observed.
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