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Effects of cortical bone thickness at different healing times on

microscrew stability

Xing Weia; Lixing Zhaob; Zhenrui Xua; Tian Tangb; Zhihe Zhaoc

ABSTRACT
Objective: To compare the effects of different cortical bone thicknesses on the stability of
microscrews at different healing times.
Materials: Sixty-four microscrews were inserted into the femurs of eight beagles, with four
microscrews for one femur of one beagle dog. The dogs were sacrificed at 0, 3, 6, and 9 weeks
after microscrew placement, respectively. All specimens were prepared for pullout testing. Cortical
bone thickness was measured. Statistical analyses were conducted with analysis of variance
(ANOVA) and Student-Neuman-Keuls (SNK) tests.
Results: Pullout forces in thick cortical bone sites are significantly higher than those in thin sites at
0 week and 3 weeks. For both thick and thin cortical bone thickness sites, the highest pullout forces
were seen in the 0 week group and the lowest in the 3 week group. In the thin cortical bone
thickness sites, the pullout force of the 3 week group was statistically different from those of the
6 week group and the 9 week group; however, no such differences were noted in thick cortical bone
thickness sites.
Conclusion: Microscrews inserted into thick cortical bone thickness sites had better stability than
those inserted into thin cortical bone thickness sites at early healing time. The difference
diminished and became insignificant as healing time got longer. Longer healing time may be
necessary if microscrews are inserted into thin cortical bone thickness sites. (Angle Orthod.
2011;81:760–766.)
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INTRODUCTION

Anchorage may be the most important factor that
influences the plan and the result of orthodontic
treatment without exaggeration. Teeth can be moved
in an appropriate way if anchorage is strong enough to

resist orthodontic force. Various methods can be used
to control anchorage in clinical practice. Recently,
microscrews (MI) providing absolute anchorage have
attracted the attention of orthodontists.1–3 Microscrews
performed better than traditional appliances because
of their versatility of placement, ease of removal, and
lower cost.4 Although microscrews bring many advan-
tages to orthodontists, they sometimes loosen during
orthodontic treatment.5,6

The stability of microscrews may be associated with
many factors.7–10 However, many studies adhere to the
generally accepted protocol that the stability of micro-
screws has a close relationship to the quality and
quantity of cortical bone, the design of the microscrew,
and the degree of peri-implant tissue inflammation and
applied load11–13; the firmness of cortical bone is
generally thought to be a principal factor controlling
the stability of microscrews.14,15 Miyawaki et al.16 stated
that a high mandibular plane angle with thin cortical
bone was associated with failure of the screws.
Moreover, many studies have investigated cortical
bone thickness (CBT) and the relationship between it
and the success rate of microscrews placed with
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different CBT; many results imply that thick CBT
increases implant stability.17–19 Salmória20 has found
that pullout strength is greater immediately after
placement of MI, and cortical bone thickness decreases
because of bone resorption. Also, a regular correlation
has been observed between pullout strength and peri-
implant cortical bone thickness at the time immediately
after placement of MI (r 5 0.44). However, this study did
not compare the effects of different initial CBTs on
pullout force (POF) of microscrews. Stahl21 found
highest loads in the bone in all models when cortical
thickness measured 1 mm but not 2 mm and with a
Young’s modulus of cancellous bone of 100 MPa.
Therefore, no conclusion has yet been reached about
the relationship between CBT and POF.

The pullout test is the method used most often in
orthopedics and oral and maxillofacial surgery when
the biomechanical performance of microscrews placed
into bone is evaluated.22,23 Although many studies have
reported a close relationship between CBT and the
stability of microscrews, few studies have focused on
the stability of microscrews with different CBT at
different healing times, and no determinate result can
be found in the literature about the ideal healing time
that should be allowed.24–26 Therefore the purposes of
this study were to record the pullout strengths of
microscrews placed at various locations in the femurs,
where CBT increased gradually for beagles at different
healing times.

MATERIALS AND METHODS

Sixty-four microscrews (6 mm height, 1.6 mm
diameter, Aarhus screw system, Medicon Company,
Tuttlingen, Germany) were placed in eight skeletally
mature beagles (aged 24 months, weight 12.5 kg on
average). They were supplied by the Experimental
Animal Center of Sichuan University as left from an
unrelated study. This study was approved by the
Bioethics Committee of Sichuan University, China.
Veterinary records indicated that the dogs were
healthy. Using a computer-generated randomization
method, eight beagles were divided into four groups
(T0, T3, T6, and T9 groups). They were sacrificed at
0 week (T0), 3 weeks (T3), 6 weeks (T6), and 9 weeks
(T9), respectively, after microscrew placement. In
every group, implants were inserted at two different
CBT sites that included thick cortical bone sites and
thin cortical bone sites (Figure 1).

All surgical procedures were done with systemic
anesthesia (1 mg/kg ketamine and 2 mg/kg intramus-
cular xylazine; North China Pharmaceutical Company,
Hong Kong, China) and local anesthesia (2% lidocaine
with 1:80,000 epinephrine). We inserted four micro-
screws into the mesial and distal metaphyses of one

femur of one beagle dog, with the surface of the
experimental site exposed by blunt dissection; there-
fore, each beagle received eight microscrews. This
means that two microscrews were implanted at one
end of the metaphysis (Figure 2), with CBT gradually
increasing from the end to the center of the femur.

Then we used a guide drill to locate the microscrew
insertion sites and made sure that the microscrews
had been inserted perpendicular to the cortical bone
surface of the femurs. Microscrews were placed
manually with a screwdriver until the beginning of the
cylindrical part reached the surface of the femur.
Monocortical anchorages were intended. Microscrews
were not loaded throughout the experiment.

After the beagles had been killed, their femurs were
surgically removed, dissected, and sectioned into
small blocks with a band saw. Each microscrew was
surrounded by approximately 4 mm of bone tissue
without soft tissue (Figure 3).

Given that the CBT of femurs was continuous
(Figure 4), CBT around the microscrews can be
calculated as the mean value of the two ends of bone
blocks. Because of obvious borders between cortical
bone and cancellous bone, we can measure CBT of
the distal and mesial ends at the upper side of every
bone block with Vernier calipers.

The bone blocks were frozen in saline-soaked gauze
at 215uC until testing. On the day of testing,
specimens were thawed to room temperature. Then
the bone specimens were embedded in polymethyl-
methacrylate (PMMA; Dental Products, Heraeus,
Germany), vertical to the longitudinal axis of the
microscrews, and microscrews had to be aligned with
the axis of the testing machine to prevent a bending
moment during the test; axial pullout strengths were
recorded correctly without disturbance. The testing
machine could tightly clamp the block and pull the
head of the microscrews by using a grip with the
microscrew heads exposed. All acrylic resin blocks
were made in the same shape and size.

Figure 1. Illustration for experiment design.
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The axial pullout test was carried out with a
Materials Test Systems (Instron 5565, Instron Corpo-
ration, Norwood, Mass) (Figure 5), and a crosshead
speed of 0.05 mm per second was applied. The
applied load was monitored, and the POF was
obtained from the data file.

Normal data distribution and homogeneity of group
variances of POF were tested before analysis with a
repeated measures analysis of variance (ANOVA); this
detected statistically significant differences (P , .05)
among time periods with the use of SigmaStat
software (Statistical Package for the Social Sciences
[SPSS] Inc., Chicago, Ill). Variables with statistically
significant differences were submitted for multiple

comparisons using the Student-Newman-Keuls
(SNK) method (P , .05).

RESULTS

The success rate of microscrews was 100% for all
groups, and the microscrews did not loosen throughout
the study. The results of pullout tests on 64 specimens
were completely recorded. Because all prepared
specimens were tested in groups and all microscrews
from the same group were tested on the same day, an
unexpected disturbance could be excluded to some
extent. Means and standard deviations for POF and
CBT are shown in Table 1 and Figure 6. Results of
comparisons are provided in Table 2. These data had
normal data distribution and homogeneity of group
variances, thus ANOVA was suitable for analyzing
them.

Results showed that the T0 group had the highest
POF, and T3 had the lowest. Then, the POF for T6 and
T9 groups increased gradually. In the T0 and T3
groups, the POF for different CBT sites showed
significant differences. However, for T6 and T9 groups,
POF showed no such statistical differences. In thin or
thick CBT sites, the POF demonstrated a statistically
significant difference between T0 and T3 groups. The
POF for the T3 group indicated significant differences
compared with T6 and T9 groups in thin CBT sites, but
not in thick CBT sites.

DISCUSSION

To assess the biomechanical influence of CBT, we
used the pullout test. The POF is the result of bone

Figure 3. Every bone block, measuring approximately 4 mm, without

soft tissue, contained one microscrew, respectively.

Figure 2. Two microscrews were implanted at one end of the metaphysis of a femur, 2 cm and 4 cm away from the metaphyses, respectively.
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failure10 and reflects the magnitude of POF that the
microscrew will bear before bone rupture.27

In this study, we chose femurs as placement sites
for microscrews because the shape of the femurs was

regular, and CBT increased gradually from metaphas-
es to the middle part of the femurs; boundaries
between cortical and cancellous bone were very clear.
Thus we can measure and calculate the CBT very
precisely and conveniently without the use of complex
equipment. Second, microscrews in femurs will not be
affected by bad oral hygiene or eating. Third, micro-
screws inserted into the femurs will not be approximate
to roots of teeth or inserted into some dangerous
zones such as the maxillary sinus. Finally, we chose
the insert location close to the metaphases, but far
from the middle parts of the femurs, which contacted
too much bone marrow and might be harmful to the
initial stability of microscrews. On the contrary, placing
microscrews in jaws leads to greater risk of failure
because of increased occurrence of peri-implant
inflammation or damage to dental roots.28 Based on
these reasons, we chose femurs as our experimental
sites to test the effects of CBT.

Roberts29 compared the bone repair time of dogs,
rabbits, and humans, dividing the healing time into four
periods that were respectively called acceleration,
active resorption, latency, and bone formation phase.
As for the dogs, in the first days of microscrew
insertion, osteoclasts began to be active, and cortical
bone was about to absorb. Then the osteoclasts
became more active and resorption of cortical bone
was accelerating; this would last for about 2 to 3 weeks.
After this, bone resorption got to the latency phase
gradually. After 6 weeks of microscrew placement,
osteoblasts were more activated than osteoclasts, and
osteoid matrix formed, beginning a new phase called
bone neoformation. Finally, at 9 weeks, bone formation
and filling were mostly completed. Based on these

Figure 4. The cortical bone thickness of femurs was continuous, increasing gradually from the end to the middle part.

Figure 5. The pullout test for a specimen with Materials Test

Systems.
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parameters, the time periods chosen for this study
were 0, 3, 6, and 9 weeks after microscrew placement.
T0 was elected for ascertaining the primary stability of
the microscrews. T3 represented the beginning of the
latency phase of the bone remodeling cycle, and T6
corresponded to the osteoid matrix deposit phase in
dogs. T9 connected with the final bone formation
phase.

At T0, peripheral microscrew thread portions were in
intimate contact with surrounding bone (mechanical
engagement), ensuring the primary stability that
accounted for the POF. Owing to solid mechanical
engagement, the POF at T0 was very high. Decreased
POF at T3 can be associated with the previously
mentioned healing circle of bone. Between T0 and T3,
the bone repair cycle seen in the dogs was at
accelerating and resorption phases. Therefore, osteo-
clastic bone resorption had already occurred, whereas
at T6, bone formation was proceeding with the osteoid
matrix deposit, beginning a new phase called bone
neoformation. This may explain why at T3 both thin
and thick CBT sites had the lowest POF and at T6 the
POF increased. As healing time goes by, at about 9 to
10 weeks, increasing amounts of bone are formed and
a resorption cavity becomes filled with bone; thus the
POF continues to be higher.

At T0 and T3, significant differences were noted
between thin and thick CBT sites, and thick CBT sites
had a higher POF. We may infer that at T0, micro-
screws had intimate contact with surrounding bone

through mechanical engagement, but not osseointe-
gration. Cortical bone can supply a more intimate
contact than cancellous bone because of its denser
bone quality. Therefore, thick CBT sites had a higher
POF. At T3, the POF was statistically significantly
different between thin and thick CBT. Berglundh30

supposed that the stability of microscrews was decided
by mechanical extrusion in the first phases, and then
instead of biological attachment, gradually. As we
mentioned previously, after about 3 weeks, bone
resorption got to a latency phase and osteoclasts
were replaced by osteoblasts. Thus before 3 weeks,
the stability of microscrews may be dominated mainly
by mechanical extrusion; therefore, a significant
difference was noted between thin and thick CBT sites
at T3. We recommend that longer healing time may be
necessary if microscrews are inserted into thin cortical
bone thickness sites.

At T6 and T9, no significant differences were seen
between thin and thick CBT sites. We consider that
with longer healing time, more osseointegration occurs
and biological attachment becomes increasingly im-
portant. On the one hand, it is demonstrated that bone
remodeling changes as healing time goes by. On the
other, as bone remodeling and osseointegration
proceed, both thin and thick CBT sites can get good
biological attachment, and significant differences
between the two diminish. Thus we may infer that at
thin CBT sites, longer healing time is necessary.

Our results show that thicker CBT had a higher
POF—a finding that is consistent with those of other
studies.14,19

Salmória et al.20 demonstrated significantly greater
strength at 0 days compared with after 15 days and
60 days. Investigators reported decreased POF at
15 days and 60 days as healing phases of bone and
peri-implant inflammation were caused by dental
plaque accumulation. In our study, POF at T0 was
also highest, but at T6 and T9, POF gradually
increased. This may be associated with the different
insertion sites. As we inserted microscrews into the
femurs of dogs, not into the jaws, less peri-implant
inflammation was noted without dental plaque. There-
fore, the phase of bone absorption may be shorter.Figure 6. POF for different healing times at different CBT sites.

Table 1. CBT and POF in Each Group of Samples

Healing Time Site CBT Mean 6 SD, mm POF Mean 6 SD, N P Value

0 week Thin CBT 1.74 6 0.56 310.21 6 59.63 , .05

Thick CBT 2.62 6 0.47 370.59 6 32.56

3 weeks Thin CBT 1.75 6 0.44 226.11 6 45.63 , .05

Thick CBT 2.65 6 0.39 293.18 6 75.36

6 weeks Thin CBT 1.69 6 0.51 289.85 6 49.78 . .05

Thick CBT 2.61 6 0.29 328.96 6 39.21

9 weeks Thin CBT 1.76 6 0.35 296.32 6 47.25 . .05

Thick CBT 2.69 6 0.59 331.68 6 65.21
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Because the force necessary for tooth movement in
orthodontics varies from 0.3 to 4 N,31 which is much
lower than the POF found in this study at T0, T3, T6,
T9, we believe that microscrews can be loaded at any
of these phases. One study suggests that microscrews
tested in the axial mode have 34% higher POF than
the same microscrews tested in the tangential (canti-
lever) mode.32 Correcting our results downward by
34% still showed enough strength to bear an ortho-
dontic force. Therefore, to achieve more reliable
parameters, we suggest that future studies should
examine qualitatively bone tissue at sites of micro-
screw placement, and that investigators should apply
loads to the microscrews at different times.

CONCLUSIONS

N The value of pullout force in thick CBT sites is
significantly greater than that in thin CBT sites at T0
and T3, but not at T6 and T9.

N For thick CBT sites and thin CBT sites, the value of
the POF is highest in the T0 group and lowest in the
T3 group. Then, with prolongation of healing time,
the stability of microscrews increases gradually.

N Microscrews inserted into thick CBT sites have
stronger stability than those inserted into thin CBT
sites at early healing time. However, differences
diminish and become insignificant with longer heal-
ing time.
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