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Biomechanical and Histomorphometric Characterizations of
Osseointegration during Mini-Screw Healing in Rabbit Tibiae*

Jing Wua; Yu-Xing Baib; Bang-Kang Wangb

ABSTRACT
Objective: To evaluate effects of different healing times on integration of titanium mini-screws
and bones under unloaded conditions.
Materials and Methods: Biomechanical stability measurements and histomorphometric obser-
vations were performed in a rabbit tibia model after different healing times: 0 (immediate) and 1,
2, 4, and 8 weeks.
Results: Biomechanical stability and both maximum torque and maximum pullout load increased
with healing time but increased significantly only after 4 weeks. Maximum torque and maximum
pullout load both significantly correlated with healing time and with each other. Similarly, histo-
morphometric analyses showed that new bone formation increased with healing time but in-
creased dramatically only after 4 weeks. The data may provide guidance for determining optimal
implant plans in clinical practice.
Conclusion: Mini-screw healing is a continuous process, and week 4 is a critical time point in
this process. (Angle Orthod. 2009;79:558–563.)
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INTRODUCTION

Good anchorage control is one of the prerequisites
to successful orthodontic therapy. It affects not only
treatment plans but also results. Recently, mini-im-
plant anchors, particularly titanium mini-screws, have
attracted orthodontists’ attention for their advantages:
flexibility in choosing implant locations, lower medical
costs, simpler implant surgery, and lower degrees of
discomfort after implantation compared with traditional
dental implants.1–4 However, these mini-screws loosen
easily or even break and their stability must be further
investigated.1–4 Increasing knowledge about the heal-
ing phase is important for an understanding of factors
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that are required to achieve implant-bone integration
and to identify the optimal time of initial loading. Too
little or too late loading may result in reduced stability
at implant-bone interfaces and bone atrophy. On the
other hand, too much or too early loading may loosen
implant-bone interfaces and cause bone damage.5,6

Initial loading time varies a lot in clinical case reports
and animal studies.7–11 In this study, a rabbit tibia mod-
el was used to examine the effects of different healing
times on biomechanical stability and histomorphomet-
ric characteristics during integration of mini-screws
and bones.

MATERIALS AND METHODS

Animals

A total of 15 male, 3-month-old New Zealand White
rabbits (mean weight, 4.0 kg) were randomly divided
into five groups with different healing times: 0 (imme-
diate) and 1, 2, 4, and 8 weeks. Ten animals were
subjected to mechanical tests and the other five to his-
tomorphometric studies. All animal protocols were ap-
proved by The Beijing Hospital of Stomatology and
Capital University of Medical Sciences (SYXK2005-
0031) (Beijing, China).
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Figure 1. Biomechanical measurements after different healing
times. (a) Maximum torque at different time points. (b) Maximum
pullout load at different time points. Statistical analyses are shown
on the graphs.

Implants

Ninety titanium mini-screws, 6.0 mm long and 1.9
mm in diameter, were used in this study. All implants
were custom-made of c.p. titanium (Medicon, Tuttlin-
gen, Germany). Before experiments were performed,
all implants were cleaned ultrasonically in butanol and
absolute ethanol for 10 minutes. Sixty implants were
used for mechanical tests, and the other 30 for histo-
morphometric studies.

Surgical Procedures

All surgeries were performed under sterile condi-
tions in an animal operation room. The animals were
anesthetized with an intramuscular injection of keta-
mine (10 mg/kg). The local nerve supplies of the in-
ternal surface of the tibia were further blocked with 0.5
mL of 2% lidocaine. Both tibial metaphyses were cho-
sen as experimental sites and were exposed through
curved skin incisions. The mid-diaphyseal surface of
the tibia was surgically exposed by blunt dissection. A
guide drill was used first to mark the implant sites ap-
proximately 10 mm apart, with three implants on each
tibia. Room temperature saline was used to prevent
overheating of the drilling sites. Implants were inserted
into cortical layers manually with care. The surgical
wounds were closed in layers. All animals were given
antibiotics for 3 days after surgery.

Mechanical Tests

After 0, 1, 2, 4, or 8 weeks of healing, in vivo me-
chanical tests were performed. The animals were
anesthetized as described above. Surgical areas were
carefully dissected to avoid any preload application to
the mini-screws. (1) Removal torque test. An electron-
ic torque meter (model WD-4020, specially designed
by Digital Torque Measurement Co, Beijing, China)
was used to assess the maximum torque (Ncm) re-
quired to loosen the implants. (2) Pullout test. A mul-
tifunction electronic meter (model M10�M200, Min-
feng Trading Co Ltd, Shanghai, China) was used to
measure the maximum load (N) required to pull out
the implants. All animals were euthanized when the
experiments had been completed.

Histomorphometric Analyses

The animals were sacrificed by an intravenous over-
dose of pentobarbital. The implants, together with sur-
rounding bone and soft tissues, were removed and
were fixed in 10% buffered formaldehyde for the fol-
lowing histomorphometric analyses. (1) Polarized light
microscopic analysis and toluidine blue staining (non-
decalcified). After embedding in polyacrylate, samples
were cut and ground to about 60-�m-thick serial sec-

tions, parallel to the long axis of the mini-screws. Sec-
tions first were examined with polarized light micro-
scope and then were stained with toluidine blue for
further analysis. (2) Hematoxylin and eosin staining
(decalcified). Samples were fixed in 10% buffered
formaldehyde solution (pH 7.4) at 4�C for 1day and
were decalcified in a mixture of formic acid and sodium
citrate at 4�C for 6 days. The samples were embedded
in paraffin, cut into �7- to �8-�m serial sections, and
stained with hematoxylin and eosin (H&E). (3) Scan-
ning electron microscopic analysis. The implant-bone
units were cut longitudinally and were fixed for histo-
morphometric examination with the scanning electron
microscope.

Statistical Analyses

Differences between groups were analyzed with
Student’s t-test. Correlations between groups were an-
alyzed with the nonparametric permutation test.

RESULTS

Time-Dependent Increase in Maximum Torque
and Maximum Pullout Load

The maximum torque and pullout load reflect the de-
gree of integration of titanium mini-screws and
bones.12 Removal torque tests measure the biome-
chanics on the implant-bone interfaces, and pullout
tests probe the biomechanical properties of the bones
surrounding the implants.12

Our results showed that the longer the healing time,
the larger was the torque or pullout load required to
remove the implants (Figure 1a,b). However, only after
4 weeks of healing did the maximum torque and max-
imum pullout load increase significantly (Figure 1a,b),
indicating that 4 weeks is an important time point for
implant-bone units to gain biomechanical strength and
integration. The maximum torque further increased
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Table 1. Correlation Between Healing Time, Maximal Torque, and
Maximal Pullout Loada

Healing
Time

Maximal
Torque

Maximal
Pullout Load

Healing time — r � .788 R � .811
P � .0001 P � .0001

Maximal torque r � .788 R � .601
P � .0001 P � .001

a r indicates Pearson correlation coefficient.

Figure 2. Histomorphometric analyses immediately after mini-screw
insertion. (a) Polarized light microscopic image (10�). I indicates
implant; i, interface; and O, old bone. (b) Toluidine blue staining
(20�). The implant-bone interface is filled with erythrocytes and de-
bris. (c) Hematoxylin and eosin (H&E) staining (20�). I indicates the
location of the implant that disassociated from bone tissue during
the processing procedure of decalcification. The erythrocytes and
debris on the implant-bone interface also are dislocated.

significantly after 8 weeks of healing (Figure 1a), but
the maximum pullout load did not (Figure 1b).

Positive Correlations Between Healing Time,
Maximum Torque, and Maximum Pullout Load

The relationships between healing time, maximum
torque, and maximum pullout load were further ana-
lyzed by the nonparametric permutation test. Both
maximum torque and maximum pullout load signifi-
cantly correlated with healing time (Table 1). Maximum
torque and maximum pullout load correlated with each
other significantly as well (Table 1). All correlations
were positive, suggesting that implant-bone units
gained their biomechanical strength over time.

Histomorphometric Analyses Showing
Time-Dependent New Bone Growth

Specimens obtained immediately after mini-screw
insertion (0 week) and after 1, 2, 4, or 8 weeks of
healing were analyzed under light microscope and
scanning electron microscope. Immediately (0 week)
after mini-screw insertion, implant-bone interfaces
were filled with erythrocytes and debris under polar-
ized light microscopic analysis and toluidine blue stain-
ing (Figure 2a,b). After decalcification and H&E stain-
ing, implant-bone interfaces appeared to be smooth
(Figure 2c). These observations revealed no new bone
formation at this stage.

After 1 week of healing, collagen fibers and granu-
lation tissues were found on implant-bone interfaces
under polarized light microscopic analysis and tolui-
dine blue staining (Figure 3a,c). In areas close to end-
ostea, tiny trabeculae were growing toward the im-
plants (Figure 3b,d). After decalcification and H&E
staining, implant-bone interfaces still appeared to be
smooth (Figure 3e). Inflammatory cells, mainly mac-
rophages, were observed on the implant-bone inter-
faces under scanning electron microscopic analysis
(Figure 3f). These macrophages showed extensive
spreading, large surface areas, and prominent ruffled
membranes and filopodia. These histomorphometric
characters revealed a stage of inflammatory response
and the beginning of new bone growth.

After 2 weeks of healing, implant-bone interfaces
were surrounded by large amounts of fibers and con-
nective tissue under polarized light microscopic anal-
ysis and toluidine blue staining (Figure 4a,c). In areas
close to endostea were small trabeculae, primarily a
lattice of bones with random structures, growing to-
ward the implants (Figure 4b,d). H&E staining showed
thin layers of collage fiber bundles formed on implant-
bone interfaces, dense on the implant side and loose
on the old bone side (Figure 4e). Osteoblasts, fibro-
blasts, and collagen fibers were observed under scan-
ning electron microscopic analysis (Figure 4f,g). Os-
teoblasts are polygonal or oval, and fibroblasts are
star-like, spindle-like, or irregular. These histomorpho-
metric characteristics revealed a stage of increasing
new bone growth.

After 4 weeks of healing, new bone, particularly wo-
ven bone (W), was observed on implant-bone inter-
faces (Figure 5a,c) and endosteal surfaces under po-
larized light microscopic analysis and toluidine blue
staining (Figure 5b,d). H&E staining also showed ap-
parent new bone formation with large trabeculae on
the implant-bone interfaces (Figure 5e) and a noncal-
cified matrix between the trabeculae (Figure 5f). The
new bones have a distinct growth direction (almost
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Figure 3. Histomorphometric analyses 1 week after mini-screw in-
sertion. (a) Polarized light microscopic image shows collagen fibers
and granulation tissues on the implant-bone interface (40�). I indi-
cates implant; i, interface; and O, old bone. (b) Polarized light mi-
croscopic image shows tiny trabeculae growing toward the implant
(10�). E indicates endostea. (c) Toluidine blue staining shows col-
lagen fibers and granulation tissues on the implant-bone interface
(20�). (d) Toluidine blue staining shows tiny trabeculae growing to-
ward the implant (10�). (e) H&E staining (20�). I indicates the lo-
cation of the implant that disassociated from bone tissue during the
processing procedure of decalcification. (f) Scanning electron micro-
scopic image (1500�). A macrophage is illustrated by the arrow.

Figure 4. Histomorphometric analyses 2 weeks after mini-screw inser-
tion. (a) Polarized light microscopic image shows fibers and connective
tissue on the implant-bone interface (10�). I indicates implant; i, inter-
face; and O, old bone. (b) Polarized light microscopic image shows
small trabeculae growing toward the implant (10�). E indicates end-
ostea. (c) Toluidine blue staining shows fibers and connective tissue on
the implant-bone interface (10�). (d) Toluidine blue staining shows
small trabeculae growing toward the implant (10�). (e) H&E staining
(20�). I indicates the location of the implant that disassociated from
bone tissue during the processing procedure of decalcification. Collagen
fiber bundles are illustrated by the arrow. (f) Scanning electron micro-
scopic image (1200�). An osteoblast is illustrated by the arrow. (g)
Scanning electron microscopic image (1000�). The area is filled with
osteoblasts, fibroblasts, and collagen fibers.

perpendicular) compared with the old bones, and clear
edges can be seen between new and old bones (Fig-
ure 5e,f). Scanning electron microscopic analysis re-
vealed that at this stage, osteoblasts were clustering
together (Figure 5g) and were forming woven trabec-
ulae (Figure 5h). Needle- or flake-shaped woven tra-
beculae connect to each other to form grid structures.
These histomorphometric characteristics revealed a
dynamic bone growth stage.
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Figure 5. Histomorphometric analyses 4 weeks after mini-screw inser-
tion. (a) Polarized light microscopic image shows woven bones on the
implant-bone interface (10�). I indicates implant; W, woven bone; and
O, old bone. (b) Polarized light microscopic image shows woven bones
near the endosteal surface (10�). E indicates endostea. (c) Toluidine
blue staining shows woven bones on the implant-bone interface (20�).
(d) Toluidine blue staining shows woven bones near the endosteal sur-
face (20�). (e) H&E staining shows a large trabecula (illustrated by the
arrow) (20�). I indicates the location of the implant that disassociated
from bone tissue during the processing procedure of decalcification. (f)
H&E staining shows noncalcified matrix (illustrated by the arrow) (20�).
(g) Scanning electron microscopic image shows clustered osteoblasts
(400�). (h) Scanning electron microscopic image shows woven trabec-
ulae (700�).

Figure 6. Histomorphometric analyses 8 weeks after mini-screw in-
sertion. (a) Polarized light microscopic image shows lamellae for-
mation on the implant-bone interface (20�). I indicates implant; L,
lamellae; and O, old bone. (b) Polarized light microscopic image
shows mature and highly calcified bones near the endostea (10�).
E indicates endostea. (c) Toluidine blue staining shows lamellae for-
mation on the implant-bone interface (10�). (d) Toluidine blue stain-
ing shows mature and highly calcified bones near the endostea
(10�). (e) H&E staining shows lamellar remodeling (illustrated by
the arrow) (20�). I indicates the location of the implant that disas-
sociated from bone tissue during the processing procedure of de-
calcification. (f) Scanning electron microscopic image shows mature
lacunae (1000�).

After 8 weeks of healing, mature, compact, and
highly calcified bones such as lamellae (L) were ob-
served under polarized light microscopic analysis and
toluidine blue staining (Figure 6a,c). Bones near end-
ostea also were mature and highly calcified (Figure
6b,d). H&E staining revealed that many lamellae were
compact and had similar degree of calcification com-
pared with the old bones, and that the edges between
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the new and old bones became blurred by lamellar
remodeling (Figure 6e). Osteoblasts were found in ma-
ture lacunae during scanning electron microscopic
analysis (Figure 6f). These histomorphometric char-
acteristics suggested a mature bone growth stage.

DISCUSSION

Branemark et al12 studied mini-implants using rat tib-
ia, but the method that was used to assess biome-
chanical and histologic characteristics was not ideal
because the same fixture was used for torque test,
then pullout test, and finally histomorphometric ex-
amination. Here we used rabbit tibia to study biome-
chanical and histomorphometric changes during the
integration process of mini-screws in parallel cohorts
for the purpose of obtaining a more accurate assess-
ment of these important issues.

Maximum torque and maximum pullout load were
used to characterize biomechanical strength. Both pa-
rameters increased with healing time (Figure 1). Four
weeks is a critical time point at which biomechanical
strength was first observed to increase significantly
(Figure 1). These results are comparable with those
obtained in rat tibiae.12 Histomorphometric results ob-
tained with polarized light microscopic analysis and to-
luidine blue staining, H&E staining, and scanning elec-
tron microscopic analysis further support that 4 weeks
is a crucial time point, at which abundant new bone
formation was observed (Figure 5), although occasion-
ally, new bones were noticed as early as the 1-week
time point (Figure 3).

Optimal loading time is critical to successful therapy
in orthodontics.11 The results of this study show that
during the first 2 weeks, integration of titanium mini-
screws and bones was weak (Figures 1 and 4), and
loading during this time may not be appropriate. After
4 weeks of healing, integration of titanium mini-screws
and bones was significantly stronger (Figures 1 and
5), and loading at this time point should be safe. Four
weeks is a critical time point during the progress of
integration of titanium mini-screws and bones. After 8
weeks of healing, both biomechanical stability and his-
tomorphometric implant-bone interfaces continued to
increase (Figures 1 and 6), suggesting that larger
loading is safe between �4 and �8 weeks. These
data may serve as the basis for additional clinical stud-
ies in humans to help orthodontists choose optimal im-
plant plans and achieve more successful treatment
outcomes.

CONCLUSION

• Loading during the first 2 weeks of healing time
would damage the stability of the implant-bone fix-
ture. Therefore, we do not recommend loading dur-
ing this period.

• After 4 weeks, the implant-bone fixture is strong
enough to support loading. Loading at this time is
recommended.

• After 8 weeks, loading is still safe. Therefore, at least
a 4-week window is suitable for loading.
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