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Ultrastructure of the Interface between Periodontal Tissues and
Titanium Mini-Implants

Jaqueline Carvalho Rinaldi¢; Victor E. Arana-Chavez®

ABSTRACT

Objective: To describe the ultrastructure of the interface between periodontal tissues and titanium
mini-implants in rat mandibles.

Materials and Methods: A titanium mini-implant was placed between the buccal roots of the
mandibular first molar of 24 adult rats. After 21, 30, 45, 60, 90, and 120 days of implantation, the
mandibular portion was removed and fixed in cacodylate-buffered 2% glutaraldehyde + 2.5%
formaldehyde. The material was decalcified and processed for scanning and transmission electron
microscopy.

Results: Ultrastructural analysis revealed a thin cementum-like layer at longer times after
implantation at the areas in which the periodontal ligament was in contact with the implant.
Conclusions: The alveolar bone and the periodontal ligament reorganized their constituents
around the implant, and a thin cementum-like layer was formed at longer times after implantation at
the areas in which the periodontal ligament was in contact with the implant. (Angle Orthod.

2010;80:459-465.)
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INTRODUCTION

Titanium implants have been used largely in
dentistry over past decades. The close contact
between bone and titanium implants provides an
ankylosis-like type of interaction, an event named
osseointegration." Because osseointegration offers
necessary conditions for load and transfer bearing,
the use of dental implants as orthodontic anchorages
has increased progressively over the years.?®

Although implants provide excellent anchorage,
some limitations such as the waiting time for allowing
osseointegration, invasive surgery, high cost, and
difficulty removing the dental implant after completion
of orthodontic treatment were noted initially because of
their routine use in orthodontics.*® Another initial
difficulty was that conventional implants are placed in
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edentulous sites with sufficient bone for anchorage;
however, most orthodontic patients are young and do
not have edentulous areas. To overcome this limita-
tion, titanium screws with smaller dimensions (mini-
screws) were introduced and were referred to as
orthodontic mini-implants®; these can be placed in
unconventional sites such as the alveolar bone of
adjacent teeth without damaging roots and without
requiring time for osseointegration,”® while offering
stable anchorage even in critical conditions.® Although
insertion of mini-implants might result in contact with or
proximity to root surfaces or nerves,’'" no evidence
indicates whether they influence the periodontal
tissues to be repaired around them. Although the
relationship between bone and titanium implants is
well known, what does occur when titanium implants
are placed in contact with the periodontal ligament
remains unclear.

Because few reports in the literature are based
mainly on light microscopy analyses, we felt it was
necessary to apply a powerful method to discern the
cells and matrix of the periodontal ligament in contact
with titanium mini-implants. Transmission electron
microscopy offers the advantage of evaluating cells
and tissues at higher magnifications while maintaining
good resolution. Therefore, we carried out an ultra-
structural study to examine fine details of the interface
between alveolar bone and periodontal ligament, and
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Figure 1. Drawings show the site where the implant is placed (a), the fracture of resin block for removal of the implant (b, c, d), and how the
interface between the periodontal tissues and the implant appears in the semithin sections (e).

of titanium mini-implants placed between the roots of
the mandibular first rat molar.

MATERIALS AND METHODS
Mini-implants

Commercially pure titanium mini-implants 1.4 mm in
length and 1.2 mm in diameter were manufactured for
this study (INP System, Sao Paulo, Brazil). Before
surgeries were performed, all instruments were ster-
ilized in a Prosmatic T 215 autoclave (Prismatec, Sao
Paulo, Brazil) for 30 minutes at 180°C.

Animals

Twenty-four 3-month-old male Wistar rats weighing
350 g were housed with a 12-hour light/dark cycle and
were allowed a standard pellet diet and tap water ad
libitum throughout the experiments. Principles of
laboratory animal care (NIH publication 85-23, 1985)
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and national laws were observed for the present study,
which was authorized by the Ethics Committee of the
University of Sao Paulo, Brazil.

Surgery

The animals were anesthetized intramuscularly with a
combination of ketamine hydrochloride (Ketalar®, Parke
Davis, Brazil) and xylazine (Rompun®, Bayer SA, Brazil)
at concentrations of 6 mg and 0.7 mg/100 g body
weight, respectively. The surgical area was shaved with
a razor blade and was cleaned with an alcoholic solution
of iodine. A total flap was made by a horizontal incision in
the buccal face at the level of the right first lower molar.
After careful dissection of the periosteum was per-
formed, a cortical hole was drilled between the mesial
and distal buccal roots of the first molar with a slow-
speed (800 rpm) dental handpiece, using a sequence of
three drills (0.5, 0.9, and 1.2 mm diameter) with copious
irrigation of sterile physiologic saline to avoid heating.



ULTRASTRUCTURAL ANALYSIS OF MINI-IMPLANTS IN RATS

461

Figure 2. Scanning electron micrographs after fracture of a resin block from a specimen at 120 days after implantation to correlate the grooves
and ridges of the two fragments of the same block. In 2a, the half resin block that has retained the titanium mini-implant (Tl) appears free of any
residual resin. Periodontal tissues (Pt) can be observed at both sites of the implant in intimate contact with its threads. In 2b, the corresponding
replica from 2a appears free from the mini-implant, exhibiting grooves and ridges on its surface, with shape and dimensions comparable with
those of the threads from the implant. Bar = 100 um. Figure 3. Scanning electron micrograph shows a higher magnification view from a region at
the interface between the periodontal tissues (Pt) and the thread (T) from a mini-implant. Observe that osseointegration has taken place. Bar =
35 um. Figure 4. Light micrograph shows a semithin section of periodontal tissues detached from a titanium implant in a resin-embedded
specimen at 60 days after implantation. Observe the alveolar bone (B) and the periodontal ligament (PL) adjacent to the space that remains after

detachment of the implant (Is). Bar = 100 um.

Then, the miniscrew was installed on the right mandible
(Figure 1a) in contact with the periodontal tissues, and
the scrap was sutured with polyglactin 910 (Vicryl® 6.0,
Ethicon, Somerville, NJ). All intraoral procedures were
carried out under a surgical stereomicroscope (DF
Vasconcellos, Sdo Paulo, Brazil) at magnifications
ranging from 125X to 200X.

Tissue Processing

Screws and the general health of rats were checked
daily. A screw was considered successful when, at the
end of the experimental period, it showed no mobility in
situ, and the sound on percussion was clear; other-
wise, the animal was discarded.

After 21, 30, 45, 60, 90, and 120 days, the rats were
anesthetized, the miniscrews were evaluated as
described previously, and the mandible portion con-
taining the first molar and the implant were removed
using a dental handpiece with a carborundum disk.

The samples were dissected out and fixed in 2%
glutaraldehyde + 2.5% formaldehyde (freshly prepared
from paraformaldehyde) buffered at pH 7.4 with 0.1 M
sodium cacodylate under microwave irradiation.'?
Then, specimens were washed in the same buffer for
1 hour and were decalcified in 4.13% ethylenediamine-
tetraacetic acid (EDTA), pH 7.2, under microwave
irradiation for 15 hours, washed in the same buffer,
postfixed in 1% osmium tetroxide for 2 hours, dehy-
drated in graded concentrations of ethanol, and
embedded in Spurr resin. The blocks were fractured
into two fragments using a groove that was made with
a steel disk as a guide (Figure 1b).

After the fracture occurred, the screw usually was
retained on one fragment, and the other one showed
the interfacial replica of resin (Figure 1c). Some
specimens containing the implant and their corre-
sponding replicas were processed for scanning elec-
tron microscopy (SEM) to correlate the grooves and
ridges of the two fragments of the same block. The
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Figures 5-11. Transmission electron micrographs at the interface between forming alveolar bone and the implant space. Figure 5. The bone—
implant interface at 21 days after implantation shows portions of osteoblast-like cells (O) in which well-developed synthesis organelles can be
observed. These cells are present between the unmineralized bone matrix (UM) and the implant space (Is). Bar = 0.25 um. Figure legends

continued on next page.
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remaining samples had the implants removed and
were re-embedded in Spurr resin (Figure 1d) and
trimmed; semithin sections were obtained using a
Microm HM-360 microtome (Thermo Fisher Scientific
Inc, Waltham, Mass) equipped with a glass knife.
Toluidine blue—stained sections 500 micrometers thick
and containing alveolar bone and/or the periodontal
ligament—implant interface (Figure 1e) were trimmed
for cutting of 80-nanometer-thick ultrathin sections that
were collected onto copper grids, stained with uranyl
acetate/lead citrate, and examined in a Jeol 1010 (Jeol
Ltd, Tokyo, Japan) transmission electron microscope
operating to 80 kv.

The half resin blocks kept for SEM examination and
the implants removed from resin-embedded tissue
were mounted on aluminum stubs for sputtering with
a 25-nm layer of gold in a Balzers SCD 050 apparatus
(Bal-Tec AG, Principality of Liechtenstein). The sam-
ples were examined in a Jeol 6100 (Jeol Korea
Ltd) scanning electron microscope operating to 10 to
15 kv.

RESULTS

The mini-implants removed from resin blocks exam-
ined under SEM showed no residual resin. The groove/
ridge surface of the resin-embedded issues (replica)
exhibited shape and dimensions comparable with
those of the threads from the removed implants
(Figures 2a,b). The half resin blocks analyzed by
SEM (Figure 3) and the semithin sections (Figure 4)
showed bone in contact with the titanium surface. The
periodontal tissues were in close relation to the implant
space; no signs of inflammation or epithelial invasion
were detected at the interfaces examined (Figure 4).

Ultrastructural analysis of the interface between the
alveolar bone and the implant showed newly formed
bone in all the specimens, which became mature as
the time periods became longer. Twenty-one days
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after implantation, the bone—implant interface showed
many areas in which flattened cells appeared at the
implant boundary. Secretory osteoblasts showing well-
developed synthetic organelles in contact with un-
mineralized bone matrix (osteoid) were identified over
the implant (Figure 5). Active osteoclasts also were
noted at this early time point. At 30 days, a layer of
flattened cells, which resembled bone lining cells, was
always present between the new bone and the implant.
In addition, a thin electron-opaque line was seen
surrounding the implant. The specimens at 45 days
showed connective (osteoblast-like) cells, surrounded
by a collagen-rich organic matrix at the implant
boundary (Figure 6). At later times (60 and 90 days
after implantation), some regions of the interface
exhibited portions of flattened cells, which were
entrapped against the implant (Figure 7). In other
regions, the alveolar bone reached the implant
surface, exhibiting some osteocytes close to the
interface (Figure 8). The boundary between the newly
formed bone and the original bone was observed
clearly in these specimens (Figure 9). An electron-
opaque line (“laminae limitans’) of bone was observed
in some regions. Adjacent to this region, an amor-
phous material or collagen fibrils were observed in
contact with the implant space (Figure 10). The
collagen fibrils immediately adjacent to the implant
appeared to be aligned parallel to its surface; those
from the interface were arranged randomly. Similar
findings were observed in rats after 120 days of
implantation, but the alveolar bone appeared with a
typical mature aspect. Typical cement lines were
frequent at these regions (Figure 11).

In the areas in which the implant was placed in
contact with the periodontal ligament, it appeared with
its typical aspect as the time periods became longer.
Thus, at advanced times (60 to 120 days), fibroblasts
appeared interspersed among bundles of collagen
fibrils (Figure 12); however, they exhibited no special
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Figure 6. A specimen at 45 days after implantation showing an osteoblast-like cell (O) adjacent to the implant space (Is) that is surrounded by a
collagen-rich unmineralized bone matrix (UM). Bar = 0.25 um. Figure 7. Newly formed alveolar bone (B) apposed to the implant surface at 60
days after implantation is observed. A flattened cell (Fc) appears to be entrapped by the forming bone against the implant surface (Is), in which no
clearly distinguished organelles are present into its cytoplasm. Bar = 0.25 um. Figure 8. The alveolar bone (B) is present in contact with the
implant surface (Is) in a specimen at 90 days after implantation. An osteocyte (Oc) appears inside a lacuna close to the interface, and an
osteocyte process arises from its cell body (arrows). Bar = 1 um. Figure 9. A higher magnification view at the boundary between newly formed
alveolar bone (nB) and the original alveolar bone (oB) in a specimen at 60 days after implantation. Bar = 0.12 um. Figure 10. The interface
between alveolar bone (B) and the implant at 90 days after implantation shows an electron-opaque line, similar to the “laminae limitans” (L) close
of the implant space (Is). A 1.5-um-thick layer of amorphous afibrillar material (am) with variable appearance is observed in contact with the
implant space, adjacent to the “laminae limitans.” Bar = 0.5 um. Figure 11. Observe that the alveolar bone (B) has reached the implant surface
(Is) at 120 days after implantation. Some osteocyte processes (arrows), which are observed at the interior of canaliculae, appear in the vicinity of
the interface. Typical cement lines (cl) are seen in the alveolar bone. Bar = 0.5 um.
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Figures 12-13. Transmission electron micrographs at the interface between periodontal ligament and implant space. Figure 12. The periodontal
ligament from a region that appears close to the implant surface at 60 days after implantation contains fibroblasts (F) with well-developed
synthesis and secreting organelles. They are surrounded by numerous bundles of collagen fibrils (cf). Bar = 1 um. Figure 13. A dense
amorphous material that contains some collagen fibrils (arrows) is forming a 1.35-um-thick cementum-like layer (asterisk) over the implant
surface (Is) in a specimen at 120 days after implantation. At the adjacent periodontal ligament, some bundles of cross-sectional collagen fibrils
(cf) are observed. The inset shows higher magnification of the squared area at the cementum-like layer. Bar = 0.5 um.

arrangement in relation to the implant surface. In some
areas, a dense amorphous material that appeared to
contain some collagen fibrils was detected forming a
cementum-like layer, approximately 1 to 1.5 um thick,
that seemed to cover the implant; the collagen fibrils,
however, were not inserted into collagen bundles or
Sharpey’s fibers (Figure 13).

DISCUSSION

The present study showed that periodontal ligament
around titanium mini-implants placed between the
roots of rat molars formed a very thin layer of
cementum-like tissue that could be observed only
under transmission electron microscopy.

The present investigation evaluated unloaded mini-
implants, because recent experimental animal studies
reported that loading time has no statistically signifi-
cant influence on osseointegration, thus yielding no
differences in the percentage of bone-to-metal contact
between loaded and unloaded mini-implants.'®-'® Early
times (less than 21 days) were not studied, so the
stages in which the first reactions took place could be
avoided. This was done because the study sought to
determine what does occur when the periodontal
ligament comes in contact with titanium.

In general, the osseointegration pattern observed in
the alveolar bone resembled the one previously reported
in other bones like tibia.'®'” Thus, the more staggering
finding was the presence of a cementum-like layer
covering the implant at longer times when titanium
established contact with the periodontal ligament.
Although this possibility has been stated previously by
some authors,'®?' the formation of a layer of cementum
in their studies was restricted to areas in which the
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implant touched the root, which was not necessarily the
case in our study results. The earlier times exhibited
areas of periodontal ligament in which collagen bundles
with numerous fibroblasts appeared in close relation to
the mini-implant. Later, notably after 90 days, a
conspicuous cementum-like layer constituted the tissue
boundary at the interface between the periodontal
ligament and the mini-implant. Ultrastructural detection
of a mineralized tissue in contact with the implant
surface supports the idea that periodontal ligament
fibroblasts are capable of forming a hard tissue.?2*
Thus, the titanium surface through its well-known
biocompatibility exerts an effect on the periodontal
ligament to lay down a covering hard tissue layer at
later times after implant placement. The possibility of
cementoblasts covering the cementum of adjacent
roots, after having migrated to form the cementum-like
layer, also should be considered.?® The cementum-like
layer contained some collagen fibrils into its milieu; this
is somewhat similar to the acellular extrinsic fiber
cementum that is formed by fibroblasts during cemen-
togenesis.®® Nevertheless, although the layer had a
cementum-like appearance, it did not contain inserted
collagen bundles (Sharpey’s fibers), leaving it toward
the adjacent periodontal ligament. Thus, it was not a
true periodontal ligament if one takes into consider-
ation that a functional periodontal ligament has its
collagen bundles inserted into its neighboring hard
tissues.

In summary, our findings show that repair occurred
at the mini-implant surface through cementoblastic
activity. In addition, the periodontal ligament space
was well preserved in all specimens, and no micro-
ankylotic spots were detected.
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CONCLUSIONS

« A thin cementum-like layer was formed at longer
times after implantation at the areas in which the
periodontal ligament was in contact with the implant.

« In addition, bone formation occurred in the alveolar
bone in contact with the implant surface, thus showing
that osseointegration actually takes place around
orthodontic mini-implants when left for long times.
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