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Stability of implants as anchorage for orthopedic traction

G.AM. De Pauw, DDS; L. Dermaut, DDS, PhD; H. De Bruyn, DDS, PhD; C. Johansson, PhD

Abstract: The aim of this animal study was to investigate the stability of osseointegrated fixtures when used as anchorage
for orthopedic traction with extreme force magnitude. Three Branemark fixtures were placed in the left zygomatic arch and
three in the right of five adult dogs. An orthopedic nonaxial force of 5 N was applied using an intraoral coil system. The
initial displacement immediately after force application was measured by means of speckle interferometry. After 2 months
of continuous loading, bone adaptation and mineralization around all implants were analyzed. All the loaded implants
were immobile. Significant marginal bone loss at the abutment-fixture interface (<1 mm) was observed around each loaded
fixture implant. Bone remodeling was significantly more pronounced at the tension side of the implants, irrespective of
fixture length. Radiographical and histological analyses showed bone with normal trabecular pattern around the implants.
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n orthodontics, external force

systems, such as face masks

and reverse headgears, apply
forces through tooth structures.'
Unfortunately, this indirect appli-
cation of force causes undesirable
tooth movements and limits ortho-
pedic effects. To avoid these den-
tal side effects, anchorage to
ankylosed teeth’® or oral im-
plants®? is preferable. Even after
oral implants have achieved
osseointegration, overloading or
bacterial infection in the surround-
ing tissues may lead to failures.!
Axial and nonaxial loading of den-
tal implants have been investigated
extensively."”'* However, an ex-
treme nonaxial force of 5 N, nor-
mally wused in dentofacial
orthopedics in order to induce
changes in skeletal growth, has not
yet been studied.

Double exposure holography and
speckle interferometry techniques
are noninvasive techniques used in
orthodontics to describe bone or
tooth displacement after force ap-
plication.?! This technique is
based on the superimposition of
two exposures. The object (tooth or
bone) is photographically regis-
tered twice, once before and once

after force application. An initial
displacement of the object due to
force application results in the cre-
ation of a fringe pattern that can be
observed on the double-exposed
photographic plate. The amount
and orientation of the fringes per-
mit calculation of the magnitude
and direction of the initial displace-
ment compared with a stable ref-
erence line.

The aims of this animal study
were (1) to evaluate by means of
laser measuring techniques the ini-
tial displacement of the implants
immediately after loading, and (2)
to evaluate bone remodeling and

osseointegration after 2 months’
application of a nonaxial force of
5 N magnitude.

Materials and methods

The sample consisted of five
healthy adult dogs, each with a full
set of permanent teeth. Pre- and
postoperative care of the five dogs
was controlled by a veterinarian to
ensure all necessary treatments.

All operations were performed
under general anesthesia. The ani-
mals were premedicated intramus-
cularly (Thalamonal®, Janssens-
Cilag), anesthetized with thiopental
sodium (pentothal, Abbott), and
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intubated. General anesthesia was
maintained wusing halothane
(Fluothane, Zeneca).

The skin of the zygomatic arch
was shaved in full circumference
and prepared and draped in a ster-
ile fashion. A 3 cm incision was
made 2 cm above the bone area
chosen for placement of the fix-
tures. The dissection was carried
through skin, subcutaneous tissue,
and periosteum. A subperiosteal
dissection exposed an area of the
temporal bone adequate for fixture
placement.

Experimental setup

Three standard Branemark fix-
tures (Nobel Biocare AB), 3.75 mm
diameter and 15, 10, or 7 mm long,
were installed in the posterior part
of both zygomatic arches of the
temporal bone (Figure 1). Standard
titanium abutments 3 to 5.5 mm
long were connected to the fixtures
during the surgery, and an impres-
sion of the fixtures and abutments
was taken using a polyether mate-
rial. Surgical placement of fixtures
and abutments and technical con-
struction of the splint were per-
formed according to a protocol,™
using original equipment and
components provided by the
manufacturer (Nobel Biocare AB,
Gothenburg, Sweden). After the
impression was removed, healing
caps were screwed on top of the
abutments to avoid connective tis-
sue ingrowth. The surgical site was
disinfected and local antibiotic
treatment was initiated before su-
turing the skin periosteal flap. The
implants were re-exposed after a
healing period of 8 weeks. At the
time of exposure, a splint connect-
ing the two longest implants was
screwed onto the abutments. A coil
system was connected between
each splint and a maxillary splint
on the teeth. The chromium-cobalt
splint was bonded onto the crowns
of six teeth by means of an orth-
odontic composite material (Con-
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Figure 1

Occlusal view of skull with applied force
system (F) between implants (1) and the
maxillary splint (S).

Figure 2

Entrance of the coil system into the oral
cavity in the area of the second molar
and the connection with the maxillary
splint.

cise, 3M, Monrovia, Calif).

The entire coil system was under-
neath the skin and entered the oral
cavity in the second molar area
(Figure 2). The skin-periosteal flap
was meticulously sutured and the
animals were kept 2 weeks before
the actual experiment started.

Initial displacement

The animals were anesthetized
and the frontal bone of each dog
was clamped between four pins
screwed against the skull.*** Mea-
suring plates (small pieces of metal
that reflect the laser light beam)
were fixed on both the bridge con-
necting the two implants and the
temporal bone. The amount of the
initial displacement of the bridge
was compared with the initial dis-
placement of the temporal bone. In
the case of perfect osseointegration,
both parts react as one unit.

The photographic plate was ex-
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Figure 3A-B

A: Procedure for measuring bone height
(h) before and after loading by means of
a perio-probe (p), sagittal view.

B: Bone height was measured along
each implant at three standardized
places—two leading grooves on the
tension side (1,2) and one on the
pressure side (3), occlusal view.

Figure 4

Initial displacement vectors | and T of
both implants and the temporal bone
after loading in one experimental animal.

posed twice in 10 seconds: once
before and once after a force appli-
cation of 5 N.

A bilateral anteroposterior force
of 5 N on the maxilla was exerted
through a coil system (Figure 1)
pushing between the connected
implants in the zygomatic arch (an-
chorage) and the maxillary splint.

After loading, the initial displace-



ment of the bridge connecting the
two implants and the displacement
of the temporal bone were mea-
sured by speckle interferometry .3

The direction of the displacement
vector of the bridge as well as of
the temporal bone was expressed
relative to a stable reference line
(occlusal plane) in each dog. Differ-
ences in the magnitude and direc-
tion of the displacement between
the temporal bone and the inserted
implants were calculated and com-
pared by means of the Student’s ¢-
test.

Evaluation of bone loss

The distance between the mar-
ginal bone level adjacent to the im-
plant and the reference point on the
bridge (Figure 3A) was measured
immediately after abutment con-
nection (first measurement) and af-
ter 8 weeks of loading (second mea-
surement). This allowed bone loss
to be measured after loading. The
bone height around each implant
was measured with an automatic
pressure-controlled periodontal
probe (Peri Probe) before and 2
months after the force application
at three standardized places. Two
measurements were made on the
anterior (tension) side and one on
the posterior (pressure) side. Lead-
ing grooves for the probe (Figure
3B) were made on the constructed
bridge to measure bone height at
the same place and parallel to the
implant direction. The measure-
ment in each groove was repeated
five times.

At both experimental times, the
error of the method was randomly
determined in each dog by taking
the first and fifth values of the mea-
surements in each groove. The er-
ror of the method was tested by 24
paired measurements in each dog,
according to the Dahlberg formula
(Table 1),

Differences in bone loss were de-
termined on the tension side as
well as on the pressure side for
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also Figure 3A)

n = number of measured pairs

Table 1
Error of the method for bone loss measurements
Dog 1 Dog 2 Dog 3 Dog. 4 Dog 5
n 24 24 24 24 24
s 0.12 0.08 0.16 0.15 0.11
Error percentage =100d 1.3% 1.1% 1.9% 1.7% 1.2%

, 2
Error of measurement: s = _EE_ (formula of Dahlberg)
n

| = distance between the marginal bone level and the reference point on the bridge (see

d = difference between a pair of repeated measurements

Table 2
Average values for the direction () and magnitude (number of fringes) of
initial displacement in five dogs (D, - D)

NS = not significant

Direction Magnitude

n  Temporalbone Implants t Temporalbone Implants t

o (SD) o (SD) x (SD) x (SD)

D, 12 -0.4 -1.9 131 134
D, 13 10 10.9 12.8 13.1
D, 14 5.6 45 9.8 10.1
D, 14 8.7 9.1 12.6 12.9
D, 13 23 1.5 145 14.6

All dogs 52(43) 48(53) NS 12.6 (1.7) 128 (1.7) NS

n = number of measurements of initial displacement
t = comparison of displacement from temporal bone and implants at 0.05 level

each implant. This measurement
was carried out on each implant in
each dog, and the overall difference
in bone loss between sides was cal-
culated. The influence of implant
length on bone loss was examined
as well. A two-factor ANOVA
analysis with replicate tests on both
factors (length of implant and side)
was used to compare the bone loss
measurements.

At the end of the experiment, the
animals were sacrificed and
radiographical and histological
analyses were performed. In this
part of the study, the unloaded im-
plant served as a control.

Results

At the time of connection of the
splints (2 months after fixture in-
stallation) all implants were clini-
cally immobile.

After loading, an initial displace-
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ment of the temporal bone, includ-
ing the bridge connecting the two
implants, was noticed in all dogs.
Speckle interferometry measure-
ments revealed that both the tem-
poral bone and the implants were
translated backward with some
small upward rotation (Figure 4).
There was no significant difference
between the direction or magni-
tude of the initial displacement of
the temporal bone and the implants
in each dog (Table 2). The implants
did not move in a way different
from the temporal bone, indicating
perfect osseointegration.

An initial amount of bone loss af-
ter a nonaxial force application of
5 N was obvious almost all the way
around the loaded implants. Since
the constructed bridge was carried
only by the implants to be loaded,
measurement of the control im-
plants was not involved in this part
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of the study. In the loaded im-
plants, the average bone loss in
each dog was about 0.5 mm (Table
3). After loading, bone loss ap-
peared to be more pronounced at
the tension side (x = 0.6 mm) than
at the pressure side (x = 0.3 mm).
This was substantiated by a two-
factor ANOVA of the bone loss
measurements with replicate tests
on length of the implant and side
(pressure and tension). The analy-
sis showed that there was no dif-
ference between short and long
implants for the whole group of
dogs (p = 0.9673), with no interac-
tion between length and the side of
the loaded implants (p = 0.4886).
However, the difference in bone
loss between the pressure and ten-
sion side of the loaded implants
was highly significant (p = 0.0001).

Radiographic analysis revealed
bone tissue with a normal trabecu-
lar pattern and no obvious radiolu-
cencies around or beneath the
implants (including the control ar-
eas, Figure 5). No marginal bone
loss was seen around the unloaded
control implants, whereas a small
dip at the bone level up to 1.5 mm
could be seen on the tension side
of the loaded implants. On the
pressure side, however, the bone
level was more horizontal. This
was confirmed by histological sec-
tions in which intimate, well-orga-
nized, vital bone contact with the
loaded implants was seen. No evi-
dence of connective tissue capsules
or inflammatory reaction at the in-
terface was observed (Figure 6).
The unloaded control implants had
mature bone tissue along the entire
titanium surface, whereas the
loaded implants had bone contact
only starting from the first thread.
So, compared with the control im-
plants, there was some marginal
bone loss around the loaded im-
plants after the experimental pe-
riod.
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Figure 5
Radiograph and tracing of implant area. No marginal bone loss was observed around
the unloaded control implant (1) or on the pressure side of the loaded implant (2). A
small dip of bone loss can be observed on the tension side (3) of two loaded implants.

Discussion

Osseointegrated implants of com-
mercially pure titanium are used
for the fixation of dental prosthe-
ses. Specific criteria for placement
of the implants are advocated (see
introduction) and adequate statis-
tical methods to analyze implant
success have been reported.”** The
indications for use of implants have
been gradually extended to regions
of vital bone outside the oral cav-
ity.35_36

The absence of a sufficient num-
ber of anchor teeth in adults can be
a limiting factor in orthodontic
treatment planning. In these cases,
the rigidity and stability of im-
plants can help resist reaction
forces.** The possibility of perma-
nently changing the relationship
between the maxillary and man-
dibular jaws using conventional or-
thopedic appliances can still be
questioned.” According to Smalley
et al.,’ the use of implants as abut-
ments for extraoral traction can
limit undesirable tooth movements
and enlarge the orthopedic effects.

The criteria for defining the suc-
cess of implants in orthodontics
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Figure 6

Histological section showing well-
organized, vital bone contact with the
implant after loading.



and orthopedics are not the same
as in prosthetic dentistry. To obtain
skeletal changes, larger force mag-
nitudes are needed. Osseointe-
grated implants are aimed at
resisting these larger forces during
the experimental period. The long-
term conditions of osseointegration
are less important in orthopedics
and orthodontics than in prosthetic
dentistry because of the shorter
loading period.

The magnitude and duration of
force application on the implants
are important factors for the con-
ditions of the tissues surrounding
the implant surfaces. Force appli-
cation immediately or shortly after
placement of the implants may lead
to the development of a fibrous
capsule around the implant®; fur-
thermore, no osseointegration will
take place. In this study, a
nonloaded healing period of 8
weeks after implant placement
seemed to be sufficient to obtain
adequate osseointegration of the
implants. In the first part of this
study, the stability of implants 2
months after placement was inves-
tigated in vivo by means of speckle
interferometry. The error of the
method has been studied by De
Clerck et al.,** who found measure-
ment errors of approximately 1°
and 1 p for displacements smaller
than 10 p. As every displacement
in each dog was larger than 10 p,
this measuring error was consi-
dered within acceptable limits.
Nevertheless, to improve accuracy,
the double exposure procedure
was repeated 10 to 15 times in each
dog and average values were com-
pared.

The initial displacement of im-
plants inserted in temporal bone
and the initial displacement of the
temporal bone itself were com-
pared after loading with a force of
5 N. In all dogs, both the temporal
bone and the bridge connecting the
inserted implants were equally
translated backward with some

Stability of implants as anchorage for orthopedic traction

Table 3
Bone loss measurements (mm) in five dogs (D,- D,)
D, D, D, D, D, Ali dogs
n=>5(SD)
Total overall % 0.5 0.6 0.5 0.6 0.5 0.5
bone loss (SD) (0.2) (0.5) (0.4) (0.2) (0.2 (0.05)
Average bone loss X 06 06 06 07 06 0.6
at tension side (0.04)
Average bone loss X 04 05 0.1 03 02 0.3
at pressure side (0.1)
Average bonelossat  x 05 07 04 08 05 0.5
short implant (10 mm) (0.1) NS
Average bonelossat  x 05 04 06 06 05 0.5
long implant (15 mm) (0.1)
X = average values, n = number of dogs, SD = standard deviation,

S =significant, NS = not significant (ANOVA analysis with replicate tests)

upward rotation. There was no sig-
nificant difference between the di-
rection or magnitude of the initial
displacement vector of the con-
nected implants and the temporal
bone in each dog. The displacement
of the implants coincided with that
of the other parts of the temporal
bone. Both the implants and the
temporal bone were displaced as a
unit. These findings indicate that
the degree of osseointegration was
adequate. In other words, the reac-
tion forces exerted by the force sys-
tem were well translated to the
temporal bone through the im-
plants. This displacement of tem-
poral bone was due to opening of
the suture between the temporal
and the zygomatic bones. Similar
findings were reported by Smalley
et al.,” who noticed a complete dis-
articulation of the zygomati-
cotemporal suture after an antero-
posterior force application.

In the second part of this study,
changes in the tissues surrounding
the implants after a continuous
force application for 2 months were
studied. Mean marginal bone loss
was about 0.5 mm. This result was
similar to the results of clinical ex-
periments: After implant loading,
bone loss of 1 mm to 1.5 mm due
to bone remodeling during the first
year of function is considered clini-
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cally acceptable.®*

Although the experimental period
of force application was short, bone
loss was not greater, despite the
high force magnitude and the
nonaxial loading of the implants.
Bone loss was more obvious along
the tension side of the loaded im-
plants (0.6 < 0.3 mm). It was not
correlated with the length of the
implant. More bone loss along the
tension side can be explained by
the excessive nonaxial force appli-
cation of 5 N during the experimen-
tal period. The magnitude and
direction of the force probably cre-
ate an adverse stress distribution
around the cervical part of the im-
plant. It can be questioned if the
differential bone loss observed in
this study will continue over time.
If so, this amount of bone loss may
have some clinical impact. This
would mean that implants initially
used as anchorage for orthopedic
or orthodontic tooth movement in
a nonaxial direction could not be
used as fixtures for prosthetic re-
placement on a long-term basis.
This conclusion, however, cannot
be deduced from this experiment
because of the short experimental
time of the study. In a recent com-
parable study,* Akin-Nergiz et al.
didn’t find a progression of bone
loss even after a period of 24
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weeks. This finding suggests that
the same amount of loading (5 N)
did not cause an increasing amount
of bone loss on a long-term basis.

Continuous excessive force appli-
cation can change the initially
obtained osseointegration.®® Histo-
logical analysis in this study
showed good vital bone contact
with both the loaded implants as
well as the controls. Marginal bone
height around the loaded implants
was at a lower level on the tension
side than on the pressure side.
Bone loss measurements were con-
firmed by radiographic analysis.
Somewhat more bone resorption
seems to occur on the tension side.
This bone loss, however, was
within acceptable limits and com-
parable to bone loss reported after
loading of implants in clinical stud-
ies.¥* No bone loss was observed
around the unloaded controls.

Histological examination revealed
good osseointegration with well
organized vital bone contact al-
though, as in other reports, %
100% bone contact was not ob-
served (Figure 6).

Based on the results of this study,
the use of titanium implants as
anchorage for orthopedic force ap-
plication systems can be recom-
mended.
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