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The Digitally Assisted Miniscrew 
Insertion System: A Simple and 
Versatile Workflow

is crucial in designing a surgical guide that will 
optimize miniscrew positions in relation to skele-
tal anatomical structures.

Over the past few years, several companies 
have offered digital services for guided insertion 
of their own miniscrews. These require clinicians 
to become familiar with different digital systems, 
however, when using miniscrews from different 
manufacturers. A well-codified, open digital sys-
tem that could be adapted to all miniscrews avail-
able on the market would overcome that issue. This 
article presents a digitally assisted miniscrew in-
sertion system with a versatile workflow that can 
easily be integrated into any orthodontist’s daily 
practice.

Procedure
The digital workflow is designed using Blue 

Sky Plan* (version 4.7), a certified software typi-
cally employed in restorative implant dentistry. This 

The anterior palatal region has been recom-
mended as a safe area for miniscrew insertion be-
cause of its adequate bone depth and the absence 
of fragile anatomical structures.10 Miniscrews 
placed in the anterior paramedian palatal area have 
shown excellent survival rates.11 The morphology 
of the palate varies from patient to patient,12-14 how-
ever, necessitating a quantitative and qualitative 
evaluation of bone characteristics to ensure prima-
ry miniscrew stability.15,16

Cone-beam computed tomography (CBCT) 
is the three-dimensional imaging method of choice 
in dentistry, owing to its high degree of accuracy 
in detecting bone characteristics at relatively low 
levels of radiation.17-22 The information derived 
from CBCT can be extremely useful in evaluating 
anatomical characteristics such as bone depth and 
cortical bone thickness. Moreover, the registration 
of CBCT data with digital models allows the 
super imposition of soft-tissue information and 
hard-tissue bone characteristics. Such integration 

Skeletal anchorage has improved the management of complex ortho-
dontic treatment—especially when patient compliance, limited bio-
mechanical alternatives, or lack of skeletal growth is a concern1—allow-

ing clinicians to treat borderline cases without surgery.2,3 Various 
extra-alveolar sites have been proposed for miniscrew insertion, including 
anterior and posterior palatal bone,4,5 the infrazygomatic crest,6,7 the man-
dibular retromolar area,8 and the mandibular buccal shelf.9
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software integrates the CBCT-derived volume ren-
dering with the digital scan of the maxillary arch 
in stereolithographic (STL) format, thus combining 
the qualitative and quantitative assessments of pal-
atal bone characteristics with those of the palatal 
soft tissues and allowing the clinician to virtually 
plan miniscrew placement according to each pa-
tient’s anatomical and clinical characteristics.23,24

The CBCT scan should be taken with the 
mouth slightly open to ensure that the occlusal 
surfaces of the two dental arches do not overlap. 
A cotton roll can be placed between the patient’s 
teeth to maintain a stable position during the scan. 

The scan should be taken at a normal or low reso-
lution; a small field of view is recommended to 
avoid unnecessary radiation exposure, according 
to the “as low as reasonably achievable” (ALARA) 
principle, but the field-of-view extension should be 
wide enough to identify all anatomical structures 
of the maxilla, including the hard palate, dento-
alveolar processes, and full dental anatomy.25,26 
The CBCT Digital Imaging and Communications 
in Medicine (DICOM) file is exported to a speci-
fied folder and subsequently imported into the Blue 
Sky Plan software.

Digital models in STL format are obtained 
from an intraoral digital scanner or from scans of 
plaster casts. The digital model should first be 
cleaned of extraneous soft tissue or plaster-cast 
noise, and the integrity of the mesh should be 
checked before importing the file into Blue Sky 
Plan. The software is then used to perform a pre-
liminary point-based superimposition of the digital 
maxillary model onto the CBCT volume rendering. 
This superimposition is automatically improved to 
the best alignment by the software (Fig. 1).

Fig. 1 Three-dimensional superimposition of digital 
maxillary scan onto cone-beam computed tomo-
graphic volume rendering of maxilla.

*Registered trademark of Blue Sky Bio, LLC, Grayslake, IL; www.
blueskybio.com.

KRAvITZ KEYS
³³ The authors describe a digital system for mini-

screw planning and placement, as illustrated by 
a patient who needed a miniscrew-assisted rapid 
palatal expander.
³³ The cone-beam computed tomography scan is 

superimposed over the digital scan of the max-
illa using Blue Sky Plan software.
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The “customize implant” function is used to 
create a virtual miniscrew with an abutment 
representing the extra-alveolar screw head (Fig. 2). 
The software requires the following dimensions: 
screw body length extension (length), screw apical 
body diameter (apical diameter), screw occlusal 
body diameter (occlusal diameter), abutment length 
extension, and abutment diameter. The miniscrew 
can be considered as a monophasic temporary im-
plant with an infraosseus portion, an inframucosal 
neck, and an intraoral portion (miniscrew head). 
The infraosseus portion and gingival neck are part 
of the screw body; the head of the miniscrew is the 
abutment. The screw dimensions can be obtained 
from the manufacturer or by measuring the mini-
screw with a digital caliper, and the virtual equiv-
alent can be saved in the software library for future 
case planning.

The digital miniscrews are virtually placed 
in the anterior region of the palate, usually at the 
level of the third palatal ruga.27 The clinician can 
adjust the position and orientation of the screws in 

Fig. 2 Digitally designed equivalent of palatal mini-
screw (yellow abutment represents miniscrew head).

Fig. 3 Virtual planning of miniscrew insertion. A. Axial view. B. Coronal view. C. 3D rendering. D. Sagittal view.
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iper (Fig. 4A). To obtain the guide-hole diameter, 
the diameter of the miniscrew pickup driver is 
measured, and .2mm is added to allow frictionless 
interaction between pickup and tube. The offset is 
found by inserting the screw into the pickup driv-
er and measuring the linear extension from the end 
of the miniscrew neck to the occlusal limit of the 
pickup. When the offset parameter is correct, the 
miniscrew will reach its planned vertical position 
when the occlusal limit of the surgical tube co-
incides with the occlusal limit of the pickup. To 
ensure maximum precision during insertion, it is 
important to extend the guide tube up to the pala-
tal mucosa, which requires the tube height param-
eter to match the value of the offset parameter.

If the miniscrew manufacturer does not pro-
vide a special pickup driver for guided insertion, 
a conventional hands-free, cylindrical pickup driv-
er can be adapted by uniformly covering its surface 
with composite resin, sandblasting to stabilize the 
resin, and polishing and smoothing the surface to 
create a uniform cylindrical shape (Fig. 4B).

In restorative implant dentistry, the implant 
site is prepared using a wide cylindrical bur that 
contacts the surgical guide. This requires a metal 
sleeve to prevent erosion of the surgical guide’s 
acrylic and potential contamination of the insertion 
site. Miniscrew insertion in the anterior palate does 

the axial, coronal, and sagittal views as well as in 
the 3D rendering (Fig. 3). The objective is to ensure 
adequate bone support and the desired relationship 
with the nasal cortical bone, avoiding contact with 
the nasopalatine foramen—the only critical ana-
tomical structure in terms of potential neuronal 
lesions during insertion. In cases of multiple mini-
screw insertions, Blue Sky Plan has a feature that 
ensures miniscrew parallelism, facilitating inser-
tion of the miniscrew-supported appliance. If a 
hybrid appliance is being designed, with bands on 
the maxillary molars, the miniscrew orientation 
should be adjusted to coordinate the screw inser-
tion path with the band positions.

Ideally, the intersection between screw body 
and head should be at the level of the palatal mu-
cosal surface, so that the screw head is clear of the 
palatal mucosa. If two parallel miniscrews are 
planned in the anterior paramedian region, how-
ever, the lateral slope of the palatal mucosa could 
overlap the miniscrews. To avoid patient discom-
fort, it is important to maintain free space around 
the miniscrew heads during placement of the im-
pression caps (if a traditional impression is being 
taken for appliance construction) and during ap-
pliance insertion.

The next step is to design a surgical tube, part 
of the surgical guide that will ensure proper screw 
orientation during insertion. The software needs 
three parameters—guide-hole diameter, offset, and 
height—which can be measured with a digital cal-

Fig. 4 A. Digital caliper used to record measurements for virtual design of surgical insertion tube. B. Conversion 
of conventional 10mm OrthoEasy** mechanical pickup into pickup driver for miniscrew insertion.

**Registered trademark of Forestadent GmbH, Pforzheim, Germany; 
www.forestadent.com.
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not typically require predrilling, however, or can 
be prepared with a small-diameter bur that does 
not contact the guide tube. Because the only con-
tact is between the guide tube and the screw pick-
up, a metal sleeve is not needed.

Once the tube parameters have been entered, 
the surgical guide is designed to rest on the occlu-
sal surfaces of the posterior teeth (Fig. 5). The 
dimensions of the surgical guide are defined by 
tracing its border on the 3D model and subsequent-
ly adjusting the selection dots that define the ex-
tension curve. The guide must be stable without 
being excessively bulky, and it should permit good 
visibility and easy removal once the miniscrews 
are placed. Therefore, it is essential to extend the 
anterior and posterior margins of the guide beyond 
the profile of the surgical tubes—usually to the 
upper canines and first molars, depending on the 
individual patient’s characteristics. The most pos-
terior upper molars are not included so as to limit 
the occlusal extension while still providing good 

stability. Vertical “windows” can be designed in 
the anterior or posterior regions of the guide tubes 
to facilitate miniscrew insertion in patients with 
limited mouth opening. These windows will also 
assist the clinician in checking the progress of in-
sertion, which is complete when the upper occlusal 
margin of the pickup driver reaches the upper mar-
gin of the guide-tube window.

The Blue Sky Plan software will automati-
cally complete the design of the surgical guide, 
removing undercuts for easy insertion. The digital 
design is than exported as an STL file, which is 
used for 3D printing of the surgical guide with a 
resin*** intended for that purpose (Fig. 6).

Case Report
A 15-year-old female sought orthodontic 

treatment to improve her smile esthetics (Fig. 7A). 
She displayed good facial symmetry and lateral 
buccal corridors on smiling, with a harmonic pro-
file and adequate lip projection. The patient had a 
Class I molar relationship on both sides and mod-
erate crowding in both arches. Cephalometric anal-
ysis confirmed good skeletal proportions in both 
the sagittal and vertical planes. The panoramic 
x-ray revealed an impacted upper right canine with 
mesial crown inclination. A CBCT surface render-
ing of the segmented maxillary teeth28 showed the 
canine to be in a palatal position, mesially inclined, 
with the crown just behind the roots of the lateral 
and central incisors and the root close to the apex 

Fig. 5 Digital design of surgical 
guide.

Fig. 6 3D-printed surgical guide.

***Formlabs, Inc., Somerville, MA; www.formlabs.com.
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Fig. 7 A. 15-year-old female patient with Class I molar relationship, moder-
ate crowding, and impacted upper right canine before treatment (continued 
on next page).A

A
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of the first premolar. Analysis of the digital models 
with Maestro 3D† found excessive buccal crown 
torque of the upper molars and premolars on both 
sides, indicating dentoalveolar compensation for 
maxillary constriction (Fig. 7B).

Initial treatment goals included skeletal expan-
sion of the maxillary arch and de-impaction of the 
upper right canine with maximum anchorage. Con-
sidering the patient’s age and dento alveolar com-
pensation, we decided to use a miniscrew- anchored 
device for optimal skeletal expansion. Two mini-
screws would be inserted in the anterior paramedi-
an region of the palate to support the expander.

CBCT examination was performed using an 
i-CAT‡ unit with settings of .3 isotropic voxels, 
8.9s, 100kV, 20mA, and a small 8cm × 5cm field 
of view. The distance between two slices was set 
at .3mm to ensure accuracy in anatomical regis-
tration. An intraoral scan was taken using a Med-
it I500†† and exported as an STL file. The DICOM 
and STL files were then imported into Blue Sky 
Plan for registration and superimposition.

Digital equivalents of two self-drilling mini-
screws were selected with Blue Sky Plan’s “cus-
tomize implant” feature. Using the coronal, sagit-
tal, and axial views of the CBCT scans, the 
miniscrew orientation and insertion site were ad-
justed to obtain an area with adequate bone and to 
maintain a safe distance from the impacted canine. 
Adjustments were also made in the 3D view to 
verify proper inclination of the miniscrews in re-
lation to the main axes of the first molars,29 as well 
as full coverage of the transmucosal miniscrew 
neck and free space between the miniscrew heads 
and the lateral slope of the palatal mucosa. Next, 

Fig. 7 (cont.) A. 15-year-old female patient with Class I molar relationship, 
moderate crowding, and impacted upper right canine before treatment.  
B. Analysis of digital models shows excessive buccal crown torque of upper 
premolars and molars.

**Registered trademark of Forestadent GmbH, Pforzheim, Germany; 
www.forestadent.com.
***Formlabs, Inc., Somerville, MA; www.formlabs.com.
†Registered trademark of AGE Solutions S.r.l., Pisa, Italy; www.
maestro3d.com.
‡Registered trademark of Imaging Sciences International, Hatfield, 
PA; www.i-cat.com.
††Registered trademark of Medit Corp., Seoul, South Korea; www.
medit.com.
‡‡Registered trademark of Dentaurum, Inc., Newtown, PA; www.
dentaurum.com.
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the miniscrew positions were replicated with two 
analogs (Fig. 10). A hybrid Hyrax‡‡ expander was 
fabricated with an anterior arm on the right side 
and an attached eyelet that would serve as an oc-
clusal guide for traction of the impacted canine 
(Fig. 11). The arm was designed to generate a force 
vector capable of moving the canine crown distal-
ly and occlusally, thus facilitating guided eruption.

To achieve rapid maxillary expansion, the 
jackscrew was activated with a .25mm turn twice 
a day (.5mm per day) for 13 days, obtaining a total 

the surgical guide was digitally designed and 
3D-printed*** as described above.

After local anesthesia (2% lidocaine) was 
administered in the surgical sites, the surgical 
guide was fitted to the occlusal surfaces of the pos-
terior teeth. Two OrthoEasy Pal** miniscrews were 
inserted into the adapted pickup driver and mount-
ed on a contra-angle handpiece at a low speed of 
40rpm (Fig. 8). The cylindrical guide tubes were 
designed according to the dimensions of the pick-
up driver to ensure that the screws were inserted 
at the correct angle and the planned depth (Fig. 9).

After impression transfer copings were 
placed over the miniscrew heads, a precision im-
pression was taken with vinyl polysiloxane, and 

Fig. 8 Insertion of OrthoEasy Pal** miniscrew using 
surgical guide.

Fig. 10 Vinyl polysiloxane impression with two mini-
screw analogs.

Fig. 9 Two parallel miniscrews after insertion in an-
terior palate.

Fig. 11 Hybrid Hyrax‡‡ expander with right anterior 
arm for traction of impacted canine and eyelet for 
eruption guidance.
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screw activation of 3.5mm per side. Activations 
were discontinued once dental overexpansion was 
achieved, with the mesiopalatal cusps of the upper 
first molars in contact with the buccal cusps of the 
lower first molars. A diastema appeared between 
the upper central incisors, confirming skeletal 
opening of the midpalatal suture, but a scissor bite 
developed in the posterior segments (Fig. 12).

After three months of passive retention, the 
impacted canine was surgically exposed (Fig. 
13A). An eyelet was bonded to the palatal surface 
of the canine, and force was generated by tying a 
metallic ligature wire between this eyelet and the 
eyelet on the palatal arm (Fig. 13B). A composite 
ball was bonded to the distal end of the ligature 
wire, and an elastomeric chain was attached be-
tween the composite ball and a metal hook welded 
to the arm of the expander. The elastomeric chain 
generated sufficient force for guided eruption of 
the impacted canine through the palatal mucosa.

The patient was seen every two weeks to 
check treatment progress and change the elasto-
meric chain. After three months, the crown of the 
permanent canine was clearly visible in the area 
adjacent to the deciduous canine. The palatal arm 

was removed, and the boneborne Hyrax expander 
was kept in place to be activated for spontaneous 
dental decompensation (Fig. 14).

Although the patient needed subsequent treat-
ment with fixed appliances, this preliminary phase 
of skeletally anchored expansion and canine erup-
tion transformed a complex case into a simpler one.

Discussion
Skeletal anchorage is seeing widespread use 

among clinicians because it facilitates complex 
orthodontic biomechanics that can overcome the 
limitations of conventional treatment with fixed 
appliances.9 Bone-supported anchorage makes it 
possible to increase the efficacy of orthodontic 
tooth movements, counteracting undesired dental 
side effects while enhancing orthopedic effects.1,9

Although surgical guides have been recom-
mended for precise miniscrew placement in relation 
to the cortical nasal bone,5,30,31 a miniscrew can be 
successfully placed in the anterior palatal region 
even without a surgical guide.32-34 A palatal inser-
tion site is relatively secure because of the avail-
ability of bone and the absence of anatomical struc-

Fig. 12 Diastema between upper cen-
tral incisors after 13 days of jack-
screw activation.

Fig. 13 A. Surgical exposure of im-
pacted upper right canine after three 
months of passive retention. B. Eye-
let bonded to palatal surface of im-
pacted canine for traction by metallic 
ligature wire and elastomeric chain.

A B



411VOLUME LVI NUMBER 7

LO GIUDICE, RUSTICO, CAMPAGNA, PORTELLI, NUCERA

tion between the clinician and the laboratory, who 
can share projects using cloud-based files on the 
same software platform.
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