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Abstract

Temporary anchorage devices (TADs) are temporarily fixed to the bone to enhance orthodontic anchorage. Miniscrew implant 
is a temporary anchorage device (TAD) which provides better anchorage than conventional anchorage system. The mini-
implants have allowed the management of wider discrepancies because force can be applied directly from the bone-borne 
anchor unit. Therefore, miniscrew implant enables the orthodontists to treat complex orthodontic cases which require higher 
anchorage control in three dimensions. The Present review discusses about the indications, contraindications, risk factors and 
placement protocol of miniscrew implant in routine orthodontic practice. Additionally, the biomechanical considerations and 
recent advancements are reviewed. Finally, a representative case showing absolute anchorage is also presented.
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Abbreviations: TADs: Temporary Anchorage Devices; 
TISADs: Temporary Intraoral Skeletal Anchorage Devices; 
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Introduction

Temporary anchorage devices (TADs) are temporarily 
fixed to the bone to enhance orthodontic anchorage and 
removed thereafter. TADs can be fixed to bone either 
mechanically (cortically stabilized) or biochemically 
(osseointegrated). Since its introduction, skeletal anchorage 
in orthodontics has gained increasing popularity in clinical 
applications and research Creekmore and Eklund [1]. 
Three types of TADs are commonly used in orthodontics: 
Mini plate, i.e. bone-anchored, length-reduced miniscrew 
implants i.e. Palatal implants and diameter-reduced mini-

implants i.e, Miniscrew [2]. Orthodontic mini-implants or 
temporary intraoral skeletal anchorage devices (TISADs) 
are a compliance-free alternative to more traditional forms 
of anchorage [3]. TISADs are considered simple to place and 
have reported survival rates ranging from 80% to 94% [4]. 
Historically, Vitallium screws and stainless-steel wires were 
used in dog mandibles to retract the canine [5]. It worked 
on the concept of osseointegration [6]. The first reported 
patient treatment with osseointegrated implants was a blade 
implant placed to anchor rubber bands to retract teeth [7]. 
Another study reported using Vitallium bone-screw was 
used just below the anterior nasal spine to treat overbite 
[1]. Robert corroborated the use of implants in orthodontic 
anchorage [8]. First reported, the clinical use of miniscrew 
implant for orthodontic anchorage was the intrusion of 
mandibular incisors [9].
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Indications of Miniscrew Implant

It is widely used for the closure of edentulous space, which 
avoid the need of a prosthesis. It helps in the intrusion and 
extrusion of the teeth, reduces complications and facilitates 
easier tooth movement. It is also used to reposition malposed 
teeth as it helps to control anchorage during orthodontic 
tooth movement (Figure 1). It reinforces anchorage during 
complex tooth movement; palatal implants improve patients’ 
compliance. Therefore, it is a good alternative for Class II 
elastics and headgear. It is used in partially edentulous cases, 

which serve as a future restorative abutment. It corrects 
undesirable occlusion and provides solid anchorage to 
retract the entire arch. It also facilitates localized bonding 
and reduces anchorage loss during orthodontic treatment. In 
the transverse direction, miniscrew implant can be used for 
correction of dental midline [10,11], correction of dental and 
skeletal asymmetries. It is recently used during orthopedic 
movement, which also accelerates sutural distraction (palatal 
expansion) and bone movement (MARPE-miniscrew implant 
assisted palatal expansion) [12,13]. In the vertical direction, 
it is used in the cases of deepbite and openbite correction 
[14].

Figure 1: Intraoral photograph showing a case of miniscrew implant assisted absolute anchorage.

Limitations of Miniscrew Implant use

Miniscrew implant is not indicated in patients having 
systematic diseases that affect bone metabolism. Patients 
younger than 12 years who have yet not completed skeletal 
growth, as shown by a hand-wrist radiograph, should have 
palatal miniscrew placed away from the midline suture in 
the paramedian region. Miniscrews are contraindicated in 
heavy smokers and patients with bone metabolic disorders. 
MSI should not be placed in the areas of bone remodeling, 
such as a healing socket or near a deciduous tooth. Thin 
cortical bone limits the use of miniscrew implants because 
miniscrew implants are mechanically retained and loosening 
of a screw can develop because of thin cortical bone. Lack of 
clinical skills limits its usage. Enthusiastic usage of invasive 
and costly procedures in all patients is not recommended 
[15].

Implant materials

The material must be non-toxic and biocompatible, 
possess excellent mechanical properties, and provide 
resistance to stress, strain, and corrosion. The commonly 
used materials can be divided into 3 categories [16]:

•	 biotolerant (stainless steel, chromium-cobalt alloy)
•	 bioinert (titanium, carbon)
•	 bioactive (hydroxylapatite, ceramic oxidized aluminum).

Titanium is an ideal material as it has no allergic and 
immunological reactions and no neoplasm formation [17]. 
The bone grows along the titanium oxide surface, which is 
formed after contact with air or tissue fluid. However, pure 
titanium has less fatigue strength than titanium alloys. A 
titanium alloy-titanium-6 aluminum-4 vanadium-is used to 
overcome this disadvantage.

Safe Zone for Miniscrew Implant

Miniscrew implants are available in varying lengths and 
diameters to accommodate placement at different sites in 
both jaws. Most miniscrew implants have a thread diameter 
ranging from 1.2 mm to 2.0 mm and a length ranging from 
6.0 mm to 12.0 mm [18]. The safe zone for mini-implant 
placement in the posterior region is inter radicular bone of 
the maxilla and mandible in the molar and premolar area. 
In the anterior region, it is placed between the central and 
lateral incisor at 6mm above cementoenamel junction [19]. 
One screw each can be placed on either side of the central 
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and lateral incisor. A single screw can also be placed in the 
maxilla in the midline. The other locations for the miniscrew 
implant placement are mandibular symphysis, retromolar, 
infra-zygomatic and maxillary tuberosity area [20].

Bone Quality and Quantity

The primary stability is dependent upon cortical bone 
thickness, which is an essential factor for miniscrew implant 
placement. The cortical bone thickness of less than 1mm 
has a higher chance of implant failure [21,22]. Studies have 
shown that as the cortical thickness increases, deflection 
of miniscrew implant decreases [22]. The cortical bone 
thickness of less than 1mm is vulnerable to bone resorption 
due to stress caused during orthodontic tooth movement 
[23]. The important factor for primary stability of bone is 
bone quality and quantity, which affect the long-term success 
of miniscrew implant. Bone quality can be assessed clearly 
by cone-beam computed photography. It is advisable to 
perform CBCT imaging in patients who require miniscrew 
implant placement [24].

Protocol of Mini Screw Implant Placement 

A thorough case history is to be taken. Positive informed 
consent is required before the start of the treatment. The 
patient should be motivated enough to maintain oral hygiene 
(Figure 2) [25-27]. Complete records including intraoral and 
extraoral photographs, upper and lower study models, x rays 
are required. CBCT is an additional diagnostic aid which is 

done for the assessment of bone density
a) Miniscrew selection: The inter radicular bone and 
the buccolingual dimension of the alveolus are to be examined 
before miniscrew implant placement. The nasopalatal 
thickness should also be examined. The miniscrew implant 
are longer in length used in the retromolar area. The 
conventional miniscrew implant are used in the inter 
radicular bone of the maxilla and mandible. The implants 
larger in diameter used in the anterior palate.
b) Surgical procedure: The implant placement 
procedure should strictly follow asepsis. The placement 
guide is fabricated in a recent plaster model, or 3D CT 
customized guide can be used. The patient is advised to start 
with 250mg amoxicillin or suitable antibiotic on the night 
before the surgery. The pain killer can be given 1h before 
surgery if the patient has less tolerance to pain. The patient is 
asked to rinse with 0.12% chlorhexidine mouthwash before 
starting the procedure. The implant placement is done under 
15% topical LA or infiltration of 0.5% of LA. The miniscrew 
implant is placed at 45-60 deg in the maxilla and 10-30 deg 
in the posterior mandible. The postoperative phase requires 
strict maintenance of oral hygiene.
c) Loading of implant: The immediate loading can be 
done but our practice prefers delayed loading after 3 weeks 
so that the inflammation caused by surgical trauma can 
subsides
d) Miniscrew removal: MSI can be removed under 
topical anesthesia with the instrument used for driving, 
following anticlockwise turns by holding the head with 
tweezers or a similar device. The wound heals in 3-5 days.

Figure 2: Protocol for miniscrew implant placement.
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Biomechanics Considerations of Miniscrew 
Implant Placement

The miniscrew implant is a temporary anchorage device. 
It utilizes direct and indirect anchorage during space closure. 
Direct anchorage refers to the movement of teeth using 
orthodontic miniscrew implant, whereas indirect anchorage 
refers to the stabilization of certain teeth in the dental arch 
and subsequent use of these stabilized anchors to move other 
teeth [28,29] (Figures 3 & 4). The intrusion of anterior teeth 
is carried out in deep bite cases, while intrusion of posterior 
teeth is carried out in open bite case [30]. Uprightening of 
the molar is an important indication of a miniscrew implant. 
Mild, moderate, and severe tipping is approached differently. 
In case of mild mesial tipping, assembly of miniscrew placed 
mesially, and an open coil spring with distally directed 
force can be used. In the case of moderately tipped molars, 
Miniscrew is placed mesially, use of an open coil spring 
for unlocking the molar is recommended, followed by an 
uprighting spring. In severe tipping, it is difficult to bond the 

molar on the buccal aspect. A miniscrew distal to the tipped 
molar is used, the preferable sites are the retromolar pad 
area or the tuberosity area.

Figure 3: Direct anchorage.

Figure 4: Indirect anchorage.

Risks and Complications with the use of 
Miniscrew

Papadopoulos’s meta-analysis reported that the 
failure rate of miniscrew implant is 0.123(87.7% success 
rate) [31]. The studies have shown that age, sex, insertion 
site, and insertion side (left/Right) does not affect the 
failure rate [21,32,33]. It has been reported that there is a 
difference in the rate of success and failure of MSI in maxilla 
and mandible [34]. The higher survival rate of 100% in 
the maxilla is seen and 76.33% in the mandible [35]. The 
higher failure rate in human mandibles is attributed to the 
greater bone density of the mandible, resulting in higher 
insertion torque values, bone overheating, and less cortical 
bone formation around the MSI, which is also limits cleaning 

of the area [33]. However, failure risks tend to be higher in 
younger (20 years old) patients [20,36,37], probably due 
to the active bone metabolism and low maturation of the 
maxillofacial bone in growing children [22]. The higher the 
insertion torque, the higher will be the failure rate. A study 
reported that insertion torque values higher than 10 Ncm are 
associated with a higher failure rate [21,38]. The root contact 
to the teeth can be another contributing factor for implant 
failure but root injuries are usually treatable [39,40]. Finite 
element analysis [24,41] can do the stress simulation. The 
other complications during mini-implant placement can be 
trauma to periodontal ligament, miniscrew slippage, nerve 
injury, subcutaneous emphysema, nasal and maxillary sinus 
perforations. Miniscrew migration may also occur in rare 
cases as a complication of implant placement. Soft tissue 
complications include oral ulceration, soft tissue coverage of 
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miniscrew head and auxiliary, peri-implantitis [42].

Implant Maintenance and Post-Operative 
Care

After surgery, the surrounding soft tissues must 
be maintained to ensure the longevity of the implant. 
Plaque accumulation near the gingival margin can cause 
perimucositis or peri-implantitis. Therefore, patients must 
be instructed to follow daily plaque control at home and have 
regular professional care.

Recent Advancement 

With the advent of miniscrew implants, the orthopaedic 
correction have been possible in the three dimensions of the 
craniofacial structures. MARPE (miniscrew implant assisted 
rapid palatal expansion) is recently used for orthopaedic 
transverse maxillary expansion. Studies have reported that 
higher amount of orthopaedic expansion can be achieved with 
MARPE as compared to conventional expansion appliances 
[43]. A CAD CAM assisted customised miniscrew implant 
retained appliances are recently used in orthodontics. Direct 
3-dimensional metal printing via laser melting is used for the 
construction of appliance such as miniscrew assisted hyrax 
for transverse expansion [44]. Recent studies also discuss 
about the role of biomarkers in the secondary stability of 
mini- implant. The change in the levels of biomarkers such as 
IL-1 [45], OPG/RANKL [46], TNF-α [47] and circulating cell 
free nucleic acids [48] in peri-miniscrew implant crevicular 
fluid have shown an association with the secondary stability 
of miniscrew implants. Studies have reported that higher 
level of biomarkers has an association with peri-implantitis 
which is a potential causative factor for miniscrew implant 
failure [49].

Future Perspectives

The miniscrew implants in various clinical situations 
need further clinical trials. The success rate of miniscrew 
implants is affected by mechanical as well as biological 
factors. Therefore, prospective randomised trials should be 
done to assess biological markers and their role in miniscrew 
implants stability. The clinical trials with 3D guided splints 
should be promoted during miniscrew implants placement. 
Using artificial intelligence, the diagnosis and treatment 
planning can be automated, and the inconsistencies can be 
reduced to improve the success rates for miniscrew implants.

Conclusion

The miniscrew implant as temporary anchorage device 
enables better anchorage preservation compared with 
traditional reinforcement system. It has enhanced the limit 

for Envelop of discrepancy for nonsurgical management. The 
miniscrew implant is not a magic wand, but rather a valuable 
tool to enhance the quality of orthodontic treatment.
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