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Abstract

C-implant is a two-component orthodontic mini-implant with 1.8 mm
diameter and 8.5 mm length. It is surface treated with sandblasting and
acid etching to reduce implant failure. The head portion of the C-implant
is detachable and functions as a buccal tube of a fixed appliance to allow
archwire to pass through the hole in the head portion. Osseointegration of
C-implants widened the clinical treatment modality by allowing multidi-
rectional orthodontic force applications for intended orthodontic tooth
movement. Rotation resistance increased the efficiency and efficacy of
force control during orthodontic treatment. C-implant is especially useful
for Biocreative Orthodontics, defined as independent en masse retraction
of the anterior teeth while avoiding orthodontic appliances on the posterior
segments during the retraction period. This alternative approach is benefi-
cial in maximum anchorage cases that present with a poor dental health
status such as severe dental caries, advanced periodontal disease, or miss-
ing posterior teeth.

C-implant was first introduced in 2000 and the
design of the mini-implant has not been modi-
fied since then. Design of C-implant is similar to
orthodontic miniscrews, and also itis analogous to
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the miniature version of endosseous implant. The
difference of C-implant from orthodontic minis-
crews is that it has been surface treated by sand-
blasting and acid etching to increase the bone to
implant osseointegration potential. The similar-
ity of the C-implant to endosseous implant is that
it is composed of two separate parts: the screw
part in the bone and head part in the oral cavity
(Fig. 2.1). The screw part is 1.8 mm in diameter
and 8.5, 9.5, 10.5 mm in length. The entire sur-
face, except for the upper 2 mm, is sandblasted
and acid etched (SLA) for optimal osseointegra-
tion because partial osseointegration reduces the
risk of implant failure [1-3]. The head portion
of the C-implant is detachable from the screw
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Fig.2.1 The design of the C-implant

part. The head portion can function as a buccal
tube of the fixed appliance that allows archwire
to pass through the hole (0.08” diameter) in the
head portion (Fig. 2.2). The C-implant lacks self-
drilling ability unlike orthodontic miniscrews,
so manual drilling with driver is required before
placing the C-implant. Before placing the screw
part of the C-implant, pilot hole is drilled through
the gingiva into the bone to guide direction of the
C-implant. A 1.5-mm-diameter guide hand drill
is connected to the screw handle. The pointed tip
of the drill permits manual screwing. Lastly, the
head portion is tapped into lock in the screw part.

The C-implant opened up new paradigm of
skeletal anchorage in orthodontic treatment.
The osseointegration potential has been stud-
ied clinically and histologically. Moreover, the
survival rate and the clinical applications of
C-implants were reported, and these generated
changes in orthodontic treatment modalities.
First, the SLA-treated C-implants were proved

Fig. 2.2 Clinical (a) and radiographic (b) pictures demonstrating the wire insertion at the head part of the
C-implant
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Fig.2.3 (a) Showing the visible alveolar bone attachment upon C-implant removal. (b) SEM image demonstrating the

intimate osseointegration between thread and bone. (¢) TEM image

Fig.2.4 Animal study
comparing the machined
miniscrews and SLA-treated
miniscrews on rotational
force and the removal toque

a

V[V MMA

A AYS
9T S

uf ¥ Ty

value experiment.
(a) Machined group,
(b) SLA-treated group

b
(w1 V]

mnﬁmﬁig;‘w

AT AYS
M Pl MMA&

WR v(f\m{?‘q @ﬁ n
Al d( % m{i} ﬁmu

o o (el o I

® SLA group

to have osseointegration with the bone (Fig. 2.3).
As a measurement of osseointegration potential
and related stability of miniscrews, the removal
torque values (RTV) of C-implants were studied
by Kim et al. to compare the difference in RTV
between machined and SLA-treated (C-implant)
miniscrews on clockwise and counterclockwise
force application on experimental animal model
(Figs. 2.4 and 2.5) [4]. Also, it was proved to have
increased RTV with longer duration of C-implant
placement [5]. There have been debates whether
miniscrews remain absolute skeletal anchor-
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age or not with applied orthodontic forces. The
positional stability of C-implants was examined
with superimposition of the CBCT images, and
the result clarified that the C-implants remained
absolutely stationary [6]. So, C-implants remain
stationary through treatment and, as a result, resist
multidirectional orthodontic forces. Since the
osseointegrated endosseous prosthetic implant
has known to have positional stability, the finding
from the CBCT study implies the osseointegra-
tion of C-implants. In recent study of Lee et al.
on survival rate of the C-implant, they found that
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Fig.2.5 (a) Machined
clockwise rotational force. B
(b) Machined counterclockwise |+ ’:'
rotational force. (¢) SLA-
treated clockwise rotational
force. (d) SLA-treated
counterclockwise rotational
force. Histological images
showing osseointegration of
both machined and SLA-
treated miniscrews

the decrease in hazard function can successfully
suggest the osseointegration of the orthodontic
C-implants [7]. Lastly, in the backscatter SEM
examination of the removed C-implants, the
direct bone attachment to the implant surface was
identified [8].

Osseointegration of C-implants widened clini-
cal treatment modality by allowing multidirec-
tional orthodontic force applications for intended
orthodontic tooth movement. Rotation resistance
increased the efficiency and efficacy of force
control during orthodontic treatment. Biocreative
Orthodontics Strategy (BO) is based on the abil-
ity of osseointegrated absolute skeletal anchorage
control with C-implant. Ideal patient selections
for Biocreative Orthodontics treatment are those
who have stable posterior occlusion with anterior
crowding with lip protrusion. Without altering

the posterior occlusion, BO uses skeletal anchor-
age for en masse retraction without posterior
dental anchorage support. The example of the
Biocreative treatment is described below:

A 24-year-old woman presented with the
chief complaints of lip protrusion and crowding
(Fig. 2.6). Her prior medical and dental history
revealed no significant systemic problems and
absence of significant temporomandibular joint
disorders. The initial clinical findings showed a
convex facial profile associated with a retrognathic
mandible and protrusive lips. The patient had alarge
overjet (6.0 mm) and significant amount of crowd-
ing in both arches (maxilla 20.0 mm; mandible
11.0 mm). The patient had class I molar relation-
ship with the dental midline of lower arch deviated
4.0 mm to the right relative to the facial midline.
Cephalometric analysis indicated a skeletal Class
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Fig.2.6 Case treated with two C-implants in the maxillary arch with Biocreative Orthodontics Strategy

II, a hyperdivergent profile with steep mandibular
plane angle, and upright maxillary and mandibular
incisors. The patient was diagnosed with skeletal
Class II protrusion with severe crowding.

Four first premolars were extracted. Two
C-implants were placed between the second pre-
molar and first molar in the maxilla. Brackets
were bonded only on six anterior teeth in the
maxilla during the initial stage of en masse
retraction. Upper archwire was bent upward from
distal of canines to pass through the head portion
of the C-implant. Retraction of six anterior teeth
and correction of the midline were performed
by elastics. Class III elastic was placed between
the maxillary C-implant and lower canine in the
right side. When the extraction space was almost
closed on the right side, the bracket was bonded
on the upper second premolar and the button was
bonded on the upper first molar. For detailing,
brackets were bonded on all remaining teeth. At
the completion of the treatment, soft tissue pro-
file was dramatically improved. Panoramic x-ray
revealed acceptable root parallelism without any
other complications.

With C-implants, intrusive force can be cre-
ated from resistance to rotation. The application of
intrusive force is described using mousetrap appli-
ance for molar intrusion (Figs. 2.7, 2.8, and 2.9).

In a patient who needed minor tooth move-
ment for molar intrusion, two C-implants were
placed between the second premolar and molar
in the buccal and palatal areas. Mousetrap appli-
ance made with TMA archwire is held in the
occlusal surface of the molar for intrusion, and
150-300 g of intrusive force is immediately
applied. Osseointegration of the C-implant resists
the rotational force and is converted into the intru-
sive force, which then is applied to the molar to
intrude the palatal cusp. Because C-implant was
identified to be osseointegrated into the bone, the
mousetrap appliance can be successfully used
with the assurance of resistance to rotational
force created by intrusion.

Furthermore, the C-implant can be used in
general dentistry as a provisional implant due
to the proof of osseointegration. The C-implant
design is analogous to endosseous prosthetic
implant with the screw part and head part and
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Fig.2.7 (a) Mousetrap appliance diagram illustrating the
conversion of rotational force to intrusive force. (b)
Clinical picture of mousetrap appliance for intrusion of

2 months

Fig.2.8 (a) Illustrating the expected result of the mouse-
trap appliance. (b) Two months of application shows
intruded second maxillary molar. (¢) After 6 months of the

used for provisional implant system (Figs. 2.10
and 2.11). The head part can be replaced with
implant custom-made abutment and tapped into
the endosseous screw part. The provisional crown
can be fabricated to evaluate the function and
esthetic of the final implant crown. It is useful in
growing child to maintain space, to function as a
provisional crown, and to enhance esthetics until
the termination of growth for the future recipient
of endosseous implant. If in case of the limited

the maxillary second molar. (¢) The intrusion of the
maxillary second molar shown

6 months

mousetrap appliance, maxillary second molar intrusion is
completed without any complication and the space for the
opposing implant site is prepared

edentulous space for the endosseous implant, the
C-implant can act as replacement of choice.

Here are case presentations of the C-implants
applied in orthodontic treatment.

Case 1 (Figs. 2.12,2.13,2.14, 2.15,2.16, 2.17, 2.18,
and 2.19)

A 12-year-old male presented at the orth-
odontic department of Kyung Hee University
with the chief complaint of protrusive lips.
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Fig.2.9 Clinical pictures
showing the initial
(a) and final (b)

Fig.2.10 C-implants working as a provisional implant fixture and custom-made abutment illustrated on the upper row.
The finished provisional implant crown in place shows esthetic result in the bottom row

Fig.2.11 The panoramic
radiograph with three
C-implants placement
without custom abutment and
crown portion
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Fig.2.12 Case 1 of Biocreative treatment. Lateral facial photograph with lateral cephalometric tracing and lateral

cephalogram

(\\

Fig.2.13 Right maxillary C-implant placement between the second premolar and first molar with upper and lower
right first premolar extraction. Notice Class I molar relationship in both right and left sides

Clinical examination showed a convex profile,
incompetent lips with incisal exposure of 5 mm at
rest, decreased nasolabial angle, deep labiomental
sulcus, and normal lower facial height. Intraoral
examination revealed Class I molar and Class II
canine relationship, with an overjet of 6 mm and
an overbite of 2 mm (Fig. 2.12). All third molars
were not erupted. The patient had proclined upper
and lower incisors. There were no signs of TMJ
problems. Cephalometric analysis indicated den-
toalveolar bimaxillary protrusion. The treatment

objectives were to reduce the lip protrusion and
improve the soft tissue esthetics and correct the
axial inclinations of the anterior teeth. These
objectives could be achieved by retracting the
upper and lower anterior teeth with maximum
anchorage after extraction of the four first pre-
molars. Extracting the four first premolars was
expected to offer the greatest potential for retrac-
tion of the anteriors. Other extraction combina-
tions would not provide as much improvement on
the soft tissue profile [9].
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Fig.2.14 Intraoral photographs of the progression in en masse maxillary retraction demonstrate progression of extrac-
tion space closure. Conventional treatment is progressing in the lower arch

Fig.2.15 Completed space closure of the extraction space on upper and lower dentition in 9 months

Three treatment options were explained. (1)
Use headgear as an extraoral anchorage, (2)
use miniscrews as anchorage to reinforce the
bonded or banded posterior anchorage teeth

during anterior retraction, or (3) use miniscrews
as an independent appliance for anterior retrac-
tion without placing posterior fixed appliances
in the maxilla. The patient and his parents opted
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Fig.2.16 Complete debonding of upper and lower arches and bonding of the fixed lingual retainer in upper and lower
arches

Fig.2.17 The initial lateral cephalogram (a) and the final lateral cephalogram (b). Notice the improved facial profile
with retruded upper and lower lips
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Fig.2.18 The lateral facial photographs showing the initial (a) and final (b) profile improvement in lip protrusion,
nasolabial angle, and submental sulcus

for the third treatment option. This plan allowed
maximum retraction of the upper anterior teeth
without disturbing molar occlusal relationships
and minimizing stress on the periodontium.
This treatment protocol is called “Biocreative
Orthodontics,” defined as independent en masse
retraction of the anterior teeth while avoiding
orthodontic appliances on the posterior seg-
ments during the retraction period [10, 11].
This alternative approach, which uses partially
osseointegrated mini-implants or miniplates to
resist multidirectional heavy orthodontic forces,
can be beneficial in maximum anchorage cases
that present with a poor dental health status such
as severe dental caries, advanced periodontal
disease, or missing posterior teeth. The aim of
Biocreative Orthodontics is to consider this seg-
ment as a whole and apply careful torque control
during retraction.

Two C-implants were placed in the interradic-
ular space between the upper second premolars
and first molars on each side and it was started on
the right side first (Fig. 2.13). Four first premo-
lars were extracted. Brackets were bonded on six
anterior teeth in the maxilla and from the central
incisor to the first molar in the mandible. Upper
archwire was bent from distal of canines to pass
through the head portion of the C-implant. After
preliminary alignment was obtained, 0.018”
stainless steel archwires were placed. Elastics
were placed from C-implant to extension hooks
of canines and lateral incisors to retract six ante-
rior teeth (Fig. 2.14).

Space closure was completed in 9 months
(Fig. 2.15) and brackets were debonded (Fig. 2.16).
Posttreatment cephalometric analysis revealed
significant amount of incisor retraction by con-
trolled tipping and excellent maintenance of
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Fig. 2.19 Five-year retention of the same patient shows stable occlusion and ideal overbite and overjet in Class I
relationship

molar occlusal relationship (Fig. 2.17). Patient’s
profile was considerably improved. Soft tis-
sue objectives were met by achieving a signifi-
cant reduction in the lip protrusion (Fig. 2.18).
Treatment result remained stable 5 years after
debonding (Fig. 2.19).

Case 2 (Figs. 2.20, 2.21, 2.22, 2.23, 2.24, 2.25, 2.26,
and 2.27)

A 30-year-old female visited our department
with chief complaint of “crooked front teeth”
(Fig. 2.20). Her prior medical and dental history
revealed no significant systemic problems and no
significant temporomandibular joint disorders.
The patient had straight facial profile with long
lower facial height and acute nasolabial angle.

Intraoral examination showed Class I molar and
canine relationship with moderate crowding on
both arches. All four wisdom teeth were absent.
Cephalometric analysis revealed skeletal Class
II with steep mandibular plane (Fig. 2.21). The
treatment objectives were to resolve crowd-
ing without influencing soft tissue profile.
Considering patient’s straight facial profile,
extraction was excluded. Molar distalization was
planned to resolve crowding.

In the maxilla, retraction force was applied by
C-palatal plate! (temporary skeletal anchorage

! C-palatal plate: Alternative treatment of choice instead
of miniscrews for guarded periodontal health patients.
Push and pull mechanics are possible.
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Fig.2.20 Initial photographs of Case 2 patient showing the anterior crowding and arch length discrepancy but stable
posterior occlusion

devices) in the palatal side and open coil spring
on the buccal side. In the mandible, distaliz-
ing force was applied by open coil spring con-
nected between C-implants and extension hook
of the first molar. Two C-implants were placed
between the first and second premolars on each
side of the mandible (Figs. 2.22 and 2.23). With
palatal C-plate and two C-implants, distaliza-
tion of posterior segments was achieved first,
and with gained space, anterior crowding was
resolved (Figs. 2.24 and 2.25). After leveling
and aligning with conventional brackets on the
upper and lower arches, brackets were debonded
(Fig. 2.26). Final lateral cephalogram shows no

change in soft tissue profile with achievement
of the treatment plan, and panoramic radiograph
shows satisfying root parallelism (Fig. 2.27).

The C-implants can be further studied in
studying the nanoscale examination of bone to
implant osseointegrated interface. In the recent
study of Kang [8], the implant interface under
SEM and TEM analysis, there was intimate sur-
face contact between the bone and implant inter-
face surfaces. Further detailed investigation to
find the chemical composition and histotopogra-
phy of the interface is expected. Also, using the
clinical data of C-implants, the failure of dental
prosthetic implant can be referred.
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Fig.2.21 Initial lateral cephalogram (a) and panoramic radiograph (b)
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Fig.2.22 On maxillary arch, palatal C-plate is retracting  between the first and second premolars and are connected
the transpalatal arch connecting premolars on the palatal  to the posterior segments with extended hook. Open coil
side and the open coil springs are pushing the second springs are pushing the posterior segments with open coil
molars. In the mandible, the C-implants are placed springs from C-implants

Fig.2.23 The magnified views of the C-implants demonstrating the pushing mechanics
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Fig. 2.24 Sequential (a—d) mandibular intraoral photographs showing the distalization of posterior segments and
decrowding of the anterior dentition
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Fig. 2.25 Sequential (a-d) maxillary intraoral photographs showing the distalization of posterior segments and
decrowding of the anterior dentition

Fig.2.26 Final intraoral photographs after debonding
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Fig.2.27 Final lateral cephalogram (a) and panoramic radiograph (b)
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