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Summary

Objectives: To describe the tissue reactions at the bone-titanium interface of orthodontic miniplates
in humans.

Materials and methods: Forty-two samples, consisting of tissue fragments attached or not to
miniplates or their fixation screws, were collected from 24 orthodontic patients treated with
miniplate anchorage, at the time of removal of their miniplates. The samples were embedded in
methylmethacrylate and cut into undecalcified sections which were submitted to microradiographic
analysis. The sections were also stained and examined under ordinary light.

Results: Three types of reactions were observed both on the histological sections and on the
microradiographs. 1. The majority of the stable miniplates were easy to remove (34/42). The tissue
samples collected consisted mainly in mature lamellar bone with some medullary spaces containing
blood vessels, 2. two screws were highly osseointegrated and required the surgeon to remove
them by trephining (2/42). They were surrounded by bone tissue which extended to the miniplate.
The histological features were similar to the previous group, though the bone-screw contact was
higher, and 3. in six samples obtained after unstable miniplate removal during the treatment, we
observed either some woven bone trabeculae or loose connective tissue, without any histological
sign of inflammation.

Limitations and Conclusion: For evident ethical reasons, our data were limited by the size of the
tissue fragments and the limited number of patients and variety of clinical presentations. The
healing reactions consisted mainly in mature lamellar bone tissue sparsely in contact with the
screw or the miniplate, with signs of a moderate remodelling activity.

Introduction anchorage unit to move other teeth. Additional compliance-depend-
. . ent devices such as intermaxillary elastics or headgear are often
Skeletal anchorage is now part of contemporary orthodontics . i
necessary to reach therapeutic success. Furthermore, traditional

because of its advantages over traditional anchorage systems (1, 2). AR ]
anchorage tools reach their limitation when dental anchorage is

Conventional orthodontics relies on the use of several teeth as an
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lacking, for example in periodontally compromised patients. In these
cases, the use of skeletal anchorage can be considered. Prosthetic (3),
retromolar (4) and palatal (5) implants, still useful in limited indi-
cations, have been progressively substituted by miniscrews (6) and
miniplates (7) which are smaller, less expensive, less traumatic, and
can provide a direct anchorage. We use the term ‘miniplate system’
to refer to the miniplate or the fixation screws.

The tissue reactions of the bone-screw interface of orthodontic
miniplates have been exhaustively described in a dog model at 7 and
29 weeks (8). Although these miniplates were shown to be efficient
and innocuous in patients, no microscopic data are available about
their tissue interface in humans. Moreover, the duration of use of
these miniplates in clinical conditions is usually longer than what has
been reported in animal models (9).

Therefore, the purpose of the present study is to evaluate the
tissue reactions at the bone-screw and bone-plate interface of an
orthodontic miniplate system in humans. Our hypothesis is that
the healing reactions in human samples would be typical of mature
lamellar bone with some bone contact with the screws or miniplate.

Materials and methods

Samples, consisting of tissue adjacent to miniplates or their fixation
screws, were collected from patients treated with orthodontic mini-
plates, at the time of miniplates’ removal. The inclusion criteria for
the samples were: macroscopic bone fragments, free or sticking to
the miniplate system or macroscopic soft tissue fragments on the
miniplate or on the fixation screws. Forty-two samples coming from
24 patients were included in the study following these criteria. Those

Table 1. Distribution of miniplates and samples.

24 patients were part of a cohort enrolled in a previous prospec-
tive study (9), approved by the Biomedical Ethics Commission of the
Université catholique de Louvain (UCL, Belgium).

The 24 patients were aged from 10 to 46 years (mean 235 years)
at the time of miniplates placement (Table 1). A total of 48 mini-
plates (Bollard, Surgitec, Bruges, Belgium) were placed (1 to 4 per
patient). The miniplates were made of Titanium Grade 2 (unalloyed
Titanium). The miniplates were anchored with two or three 5 or
7mm long, 2.3 mm diameter Titanium Grade 5 (TiAl6V4) self-tap-
ping screws (Surgitec, Bruges, Belgium) placed after drilling with a
1.6mm drill. All miniplates were loaded about 3 weeks after place-
ment, within a frame of 100 to 250g. In the majority of the patients
(19/24), the miniplates were placed on the infrazygomatic crest for
distalization purposes (10). In five patients, the miniplates were
placed on the infrazygomatic crest and on the mandibular alveolar
bone (between lateral incisor and canine) for bone-anchored maxil-
lary protraction (11). The miniplates were subsequently removed 1
to 48 (mean 22 months) months later. 42/48 miniplates were consid-
ered clinically successful at removal, meaning that the orthodontist
was able to achieve the objectives established. The remaining six
miniplates (patients 1, 8 and 11, Table 1) were removed because of
instability before the end of treatment. During the removal surgery
of the miniplates, the surgeon collected the samples according to the
above-mentioned inclusion criteria. Importantly, only the fragments
of biological tissue detached during the removal procedure were col-
lected: no additional tissue was resected for the sole purpose of the
present study. Therefore, removal of some miniplates did not provide
any sample and were thus not meeting the inclusion criteria. All the
miniplates were removed by simple unscrewing of the screws (12),

Time between miniplate Number Clinical Type of prelevement (1: bone
Ageat  Number of Number of placement and removal of stable success (S) or  fragments, 2: trephined screws, 3:
Patient Gender surgery miniplates screws (months) miniplates  failure (F)* unstable miniplates with soft tissue)
1 F 34 2 6 2/25 12 1F1S 3
2 F 29 2 6 22 0/2 2S 1-1
3 M 17 2 6 27 2/2 25 1
4 M 33 2 6 31 2/2 28 1
N M 14 1 3 10 11 1S 1-1-1
6 F 46 2 6 22 2/2 25 1
7 M 14 1 3 18 0/1 1S 1
8 F 12 4 9 1 0/4 4F 3-3-3-3
9 M 25 2 6 16 12 25 1
10 F 27 1 3 18 11 1S 1
11 F 10 4 10 1/9 3/4 1F3S 3
12 M 32 2 6 22 2/2 25 2
13 F 43 1 3 13 1/1 1S 1
14 F 23 2 6 17 2/2 2§ 1
15 F 22 1 3 17 171 1S 1
16 F 13 4 10 38 4/4 4S 1-1-1-2
17 F 22 2 6 24 2/2 2S 1-1-1-1-1-1
18 F 11 4 10 29 4/4 4S 1-1-1-1-1
19 F 22 2 6 9 12 1S 1
20 F 26 2 6 48 2/2 25 1
21 F 35 1 3 35 11 1S 1
22 M 12 2 6 22 2/2 28 1
23 F 44 1 3 30 11 1S 1
24 F 34 1 3 23 11 1S 1
Average: Total: 48  Total: 135  Average: 22+10 Total stable/ Total success/  Total number of prelevements: 42
25«11 total: 37/48  total: 42/48

*A miniplate was considered successful if the clinical objectives were obtained at miniplate removal. In four patients (2, 7, 9, 19) the clinical objectives could be

achieved even if the miniplate(s) was (were) slightly mobile.
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except in two patients (12 and 16) in whom excessive retention of
one screw forced the surgeon to cut the miniplate and to remove the
screw with a trephine.

The samples were fixed in 4% neutral formaldehyde, dehydrated
and embedded in methylmethacrylate without preliminary decalci-
fication. After polymerization, they were cut with a diamond saw
(Leitz, Wetzlar, Germany) into 350 pm thick sections, according to
the best axis of the sample. The sections were reduced to a uniform
thickness of 80 pm with a rotating grinding machine (Planapol 2,
Struers, Copenhagen, Denmark) and microradiographed by placing
the sections in contact with a fine grain emulsion (VRP-M, Slavich-
Geola, Lithuania). This film was exposed to long wavelength X radi-
ations produced by a Machlett tube (Baltograph BF-50/20, Balteau,
Liege, Belgium) at 17kV and 14 mA. The exposure lasted 50 minutes
for a film-focus distance of 106 mm. The films were developed in
SM-6 developer (Kvant Ltd, Bratislava, Slovakia), fixed, rinsed in tap
water and dried before mounting like histological samples.

The sections were superficially stained with 1% fuchsin alcoholic
solution followed by 1% aqueous solution of methylene blue buff-
ered with potassium biphthalate at pH 4.8, and were observed under
ordinary light.

Results

According to their macroscopic aspect, the samples were divided into
3 groups (Table 1): 1. bone fragments associated to the miniplate
system, 2. fixation screws removed with trephine and surrounded by
bone, and 3. unstable miniplates with adhering soft tissue.

The first and largest group included 34 samples corresponding to
40 miniplates which were considered stable and were easy to remove.
The mean duration of miniplate use (time between placement and
removal of the miniplate) was 23 +10 months. Microradiographic
analysis showed bone fragments consisting in islets of mineralized
bone in contact with some parts of the miniplate system (Figure 1A)
or showing the interface with a partial cast of the screw circum-
terence (Figure 2). Microradiographic aspect of these bone islets
was typical of mature lamellar bone. In the stained sections
(Figure 1B), bone tissue, visible in contact with the screw or the
miniplate, showed cementing lines as well as osteoid on its surface,
attesting a remodelling activity. Blood vessels were also visible in the
medullary spaces.

The second group consisted in two miniplates which were
problematic to remove at completion of orthodontic treatment.
They required the surgeon to remove the screw with a trephine
bur because of bone overgrowth over the miniplate and increased
resistance to unscrewing. Two screws from two different patients
(Table 1, patients 12 and 16) entered this category. These miniplates
were retrieved after 22 and 38 months respectively. Both samples
were cut either into longitudinal (Figure 3) or transverse (Figure 4)
sections. Microradiographic analysis of the sections through those
screws showed abundant bone in contact with the screw, extend-
ing to screw-plate interstice and even to the miniplate (Figure 3A).
The bone at the interface showed various levels of radiopacity, the
less radiopaque tissue being younger than the more mineralized one.
In the stained section, bone islets of different radiopacity appeared
separated by cementing lines, the youngest bone appearing the most
stained (Figure 3B). Blood vessels and osteoid were also visible.
Some highly mineralized bone islets suggesting necrotic bone seques-
trum (N, Figure 3A and 4A) were characterized, in the correspond-
ing stained sections, by a non lamellar, amorphous aspect, paucity of
inhabited osteocyte lacunae, and cracks attesting the tissue friability

Figure 1. Longitudinal section through a miniplate and a screw removed
from a 13-year-old female patient after 38 months of implantation (patient
no. 16). A. Microradiograph (x8). B. Enlargement of the framed area in A,
observed in the stained section (x50). B: bone; V: blood vessels; white arrows:
cementing lines; black arrows: osteoid (unmineralized preosseous layer).

Figure 2. Microradiograph of a transverse section through a bone sample
obtained during implant removal from a 35-year-old female patient after
35 months of implantation (x9) (patient no. 21). The right part of the bone
fragment exactly corresponds to a segment of the screw circumference.

(Figure 3C and 4B). These islets were also delineated from adjacent
lamellar bone by cementing lines.

The last six samples were prematurely retrieved because of mini-
plate instability, after a mean time of one month. They consisted
mainly in some trabeculae of woven bone, as well as connective tis-
sue around the screw (Figure 5) and over the miniplate. No signs of
inflammation could be observed.

Discussion

This study presents a unique illustration of bone healing around
orthodontic miniplates in humans. Recently, Vasoglou and co-
workers analysed miniscrews retrieved from patients (13), but to
our knowledge, no publication reports the microscopic aspect of the
bone screw interface of miniplates implanted in humans.

The results of this study were those expected from shorter term
animal studies, though the difference in bone remodelling cycle
duration has to be kept in mind (3 months in dogs, 4.25 months in
humans (14)).

Microscopic analysis showed bone-implant interface constituted
of lamellar bone tissue with various levels of radiopacity and stain-
ing, typical of normal bone remodelling occurring during implant
osseointegration. Necrotic bone most likely was a consequence of
the placement surgery. The presence of cracks in these remnants of
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Figure 3. Longitudinal section through a miniplate and a screw removed by core drilling from a 32-year-old male patient after 22 months of implantation (patient
no. 12). A. Microradiograph (x9). B. Enlargement of the upper framed area in A, observed in the stained section (x60). C. Enlargement of the lower framed area
in A, observed in the stained section (x57). B: lamellar bone; N: necrotic bone; V: blood vessels; white arrows: cementing lines; black arrows: osteoid.

Figure 4. Transverse section through a screw removed by core drilling from
a 13-year-old female patient after 38 months of implantation (patient no. 16).
A. Microradiograph (x13). B. Enlargement of the framed area in A, observed
in the stained section (x30). B: lamellar bone; c: cracks; N: necrotic bone;
white arrows: cementing lines.

Figure 5. Transverse section through an unstable screw removed after one
month in a 12-year-old female patient (patient no. 8). A. Microradiograph
(x20). B. Enlargement of the framed area in A, observed in the stained section
(x150). F: fibroblasts.

older bone, as observed in Figure 4B, was recently demonstrated
in rabbit tibiae to be caused by the insertion procedure (15). This
damaged bone was progressively replaced by bone remodelling, as
shown by cement lines, exactly like it has been described for dental
implants (16). Its persistence as well as the presence of mature lamel-
lar bone after several months suggests that the implantation trauma

was limited and did not induce any massive resorption reaction. This
tissue ensured primary stability while stimulating local remodelling.
Indeed, new, younger bone was apposited directly on these remnants,
from which it is separated by cementing lines, and can be considered
the result of a moderate remodelling. The presence of osteoid on the
bone surfaces completed this panel typical of bone healing around
an implant (8).

Bone overgrowing over the miniplates, which contributes to
increase the stability of the miniplates, also compromises the easi-
ness of the removal procedure. Previous clinical investigations
showed that over 25% of the miniplates are covered by bone
overgrowth in more that one patient out of ten (12). Although the
majority of the miniplates were easy to remove, bone healing was
nevertheless extensive as attested by the presence of lamellar bone
islets adhering to the screw circumference (Figure 1) as well as by
the exact empty screw cast in bone fragments (Figure 2), illustrat-
ing the paradox of skeletal anchoragement to be ‘temporary’ but
however sometimes excessive. Integration seems to increase with
time, which increases miniplates’ stability but can also impede mini-
plate removal in extreme situations. Therefore, miniplates should be
removed as soon as the objectives are obtained, so that the removal
could be easy and atraumatic for the bone. In orthopaedic sur-
gery, similar aspects were observed at the time of surgical removal
of osteosynthesis devices. A recent clinical study describes bone
encasing implants and expanding within the screw holes (17). The
problem is so obvious in orthopeadic surgery that specific implant
surface treatments have been tested on sheep in order to facilitate
removal by decreasing bone-implant interaction (18). Bone over-
growing plates and screws encourage the surgeon to remove them
as soon as they are no longer necessary. This is especially true in
children where plates or screws are completely surrounded by bone
after a few months (19).

By contrast, miniplates removed early because of failure were
surrounded by immature, woven bone and much more conjunctive
tissue than found around the stable miniplates. In those miniplates,
instability generally appeared during the first five weeks, prob-
ably during the transition period between primary and secondary
stability. Instability did not necessarily mean therapeutic failure:
if miniplates were minimally mobile, they could generally achieve
their anchorage purpose anyhow. This was the case for four dif-
ferent patients in this study (2, 7, 9, and 19) where the miniplates
were mobile but orthodontic objectives were obtained after a mean
treatment duration of 16 months. These features can be related to
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lack of primary stability, to difficulties encountered during miniplate
surgery or to proximity with particular anatomical sites like sinusal
cavity or dental roots (8).

In our sample, quantitatively restricted because of ethical and
technical reasons (20, 21), no correlation could be established
between loading duration and quantity of bone, although a longer
loading period was reported to increase the possibility of lamel-
lar bone development around miniscrews in humans (13). For the
same reason, no correlation could be established between age of the
patient and bone response in the present sample.

Conclusion

Our hypothesis was verified: the healing reactions observed in
human samples in the present study are generally typical of mature
lamellar bone tissue, with some bone in contact with the screw or the
miniplate, and moderate remodelling activity. Few patients showed
however abundant bone in contact with the screw, extending even to
the miniplate surface. Finally, around the unstable miniplates, tissue
reactions consisted mainly in some trabeculae of woven bone, as well
as connective tissue around the screw and miniplate.
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