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Abstract

Background: The aim of this study was to compare the success rate of autogenous bone and
combination of autogenous bone and beta-tricalcium phosphate (B-TCP) grafts in restoring the
primary stability and osseointegration of dental implants after the oversized preparation of the
bone cavity in animal models.

Methods: Three months after extracting 3 premolars from 4 male Terrier dogs, 24 implants were
inserted in cavities larger than the fixture size. Then, based on the type of graft materials around
the implant fixture, they were randomly divided into the autogenous bone group (A, n=38), the
autogenous bone group with B-TCP (B, n=38), and the control group with no grafts (C, n=38). After
16 weeks, the removal torque quantity (RTQ) test and Periotest® were used for osseointegration
assessment.

Results: According to the results of the RTQ test, group B was significantly higher than group C
(P=0.022), but no statistical difference was observed between groups A and B, as well as groups
A and C. Based on the results, the Periotest® value significantly differed in group B compared to
groups A (P=0.049) and C (P=0.014), but there was no difference between groups A and C in
this regard.

Conclusion: According to the findings of the study, the combination of autogenous bone graft
and TCP could improve secondary stability and osseointegration of dental implants.
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Background

to improve the osseointegration process (5,6).

According to the Branemark paradigm, good primary
stability immediately after implant insertion plays a key
role in establishing optimal secondary stability and long-
term success (1,2). However, achieving proper primary
stability is not always easy, and, in some cases, such as
insufficient bone volume and poor bone quality, it is a
major challenge for the surgeon (3,4).

Insufficient stability of the fixture inside the cavity during
the healing time and the occurrence of micromotions
above a threshold of 50-100 um cause the failure of the
osseointegration process and result in the formation
of fibrous tissue instead of bone. Therefore, it is highly
important to use alternative methods in order to achieve
proper stability of the fixture inside the implant cavity or

Modifying the contact surfaces of the implant with the
bone by creating surface roughness through acid etching
or the coating of biocompatible materials can play an
important role in increasing bone formation around the
implant and improving the osseointegration process (5).
Further, using larger diameter fixtures is another routine
measure in the case of an unintentional increase in the size
of the implant cavity (7). In addition, the use of autogenous
bone or other types of bone substitutes is the proposed
method to prevent osseointegration failure in cases of
inadequate primary stability (7).

Various compounds are available as bone substitutes,
including calcium phosphate ceramics, which behave
similarly to bone (8,9). Although beta-tricalcium
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phosphate (B-TCP) is highly similar to hydroxyapatite
(HA), itis not considered a natural bone material. However,
the B-TCP in the body can be converted into HA (8). The
rate of resorption and durability of this material depend
on the characteristics of its chemical structure, porosity,
and particle size. B-TCP is osteoconductive and forms a
physical matrix that is highly suitable for the deposition
of a new bone. Furthermore, -TCP can be used to restore
non-pathological defects. The combination of B-TCP
with osteoinductive or osteogenic materials can increase
the graft quality. B-TCP is safe and well-tolerated by the
body (8,10).

Various methods have been introduced for evaluating
implant stability before and after surgery. The most
important methods for assessing the stability and
osseointegration of implants after surgery are radiographic,
percussion, Periotest, and measurement of insertion
and cutting torque. Radiography can be considered for
both pre-operative and post-operative assessments.
Bone quality and quantity analysis is one of the most
important pre-operative assessments performed by cone-
beam computerized tomography. Moreover, crestal bone
changes are measured through conventional radiographic
techniques as a common post-operative examination.
Periotest evaluation is based on Periotest values (PTVs),
in which electromagnetic signal generation is determined
in the range of (-8) to (+50), and PTV decreases with
an increase in implant stability (11). Additionally, the
reverse torque quantity (RTQ) test, based on the study
by Sennerby et al, is considered another important value
for measuring the interfacial shear strength between the
fixture and bone tissue (12,13).

According to the above-mentioned evidence, this study
sought to evaluate the ability of the autogenous bone and
autogenous-p-TCP graft to improve the primary stability
and osseointegration of dental implants after the improper
preparation of cavities in the dog’s jaw.

Materials and Methods

Overall, four 2-year-old adult male dogs that were
healthy according to veterinary examinations were used
in this animal study. The study was approved by the
Ethics Committee of Hamadan University of Medical
Sciences (Exclusive ID No. D/P/16/35/9/2755). Then, the
vaccination was completely performed, and all animals
were kept individually in the Animal Care Center of
Hamadan University of Medical Sciences. All animals had
free access to water and food.

Preliminary Surgery
In the preliminary surgery, the first, second, and third
mandibular premolars on both sides were extracted under
general anesthesia. The anesthesia regimen consisted of
acepromazine 2% (0.1 mg/kg IV), ketamine 10% (20 mg/
kg IV), atropine sulfate 0.6 mg/cc (0.04-0.05 mg/kg IV),
and xylazine 2% (1.1 mg/kg IV) (14).

It is worth noting that due to the high pull-out strength
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and thin periodontal ligament space of the dog’s premolar
teeth, the roots of the teeth were removed by performing
full-thickness flaps and wusing a standard surgical
handpiece. Before incision closure, intraoral periapical
radiographs were prepared for each quadrant to ensure
complete removal of the roots. Finally, the flap was sutured
using 4/0 chromic, and the dogs received oral antibiotics
at a dose of 20 mg/kg (suspension amoxicillin) for 5 days.

The First-Stage Surgery of Implantation
Three months after the healing process (15), each
specimen was anesthetized by a veterinarian using a
combination of ketamine, xylazine, and acepromazine (as
mentioned), along with a continuous infusion of Ringer’s
lactate serum. Then, periapical radiographs were taken
under general anesthesia using a radiopaque reference to
measure the height of the mandibular bone ridge. Next,
both mandibular nerves were blocked by the injection of
2% lidocaine, and the edentulous bone ridge was exposed
by mucoperiosteal flaps. After drilling three oversized
cavities on each side, the samples were allocated to two
experimental groups and a control group with three-block
randomization and closed envelope concealment:
A. Implant+autogenous bone graft
B. Implant+autogenousbone graft and B-TCP (KASIOS
TCP Dental HP, France)
C. Implant without any graft material (control)

Therefore, 24 implants (SM, DIO, Implant, Busan,
Korea) were placed in the oversized cavities. According to
the size of the fixtures (8 x 3.8 mm, SM, DIO, Implant,
Busan, Korea), the size of the drilled cavities was prepared
with a diameter of 4.5 mm (two drills more than the
designated drill for diameter 3.8) and a depth of 10 mm, so
that after placing the fixtures inside the cavity (the fixtures
were 0.35 mm away from the cavity wall), no stability was
observed using tissue forceps.

KASIOS TCP Dental HP is a high-porosity (90%)
synthetic bone substitute with total interconnection. Due
to this porosity and its chemical composition (p-TCP),
when placed in a bone site, it is replaced in 6 or 7 months
by new bone.

The veterinary surgeon harvested the thirteenth rib of
each specimen under aseptic conditions as an autograft.
Then, the harvested bone was crushed using a bone mill
(Surgical Smart, British Columbia, Canada) and then
placed in two experimental cavities with or without p-TCP.
In the experimental groups (A and B), after holding the
fixture in the center of oversized cavities by a fixture driver,
the free space between the fixtures and cavity walls was
filled with bone substitutes. The graft material was packed
until the fixtures were immobile during the placement of
the rod of Periotest®. The control group (C) was still left
without any graft material, and the fixtures were placed
while they were loose in their cavities.

The primary stability of the fixtures in the A and B
groups was measured with Periotest® (Medizintechnik
Gulden, Modautal, Germany). Periotest® has a rod that
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comes out of the device and strikes fixtures or abutments
in the form of a magnetic pulse at a certain speed (16).

Two-stage surgery was applied to all fixtures, and after
closing the cover screw with a 10 N/cm torque, the flaps
were closed using a 4/0 chromic suture. The antibiotic
diet, including Gentamycin (40 mg/one dose daily) and
Penicillin G (400 000 U/two doses daily), was administered
for 5 days. Additionally, for the first 24 hours after the
surgery, the liquid diet was used, and then the soft diet
was established for up to 2 weeks.

The Second-Stage Surgery of Implantation
After 4 months, the second-stage surgery was performed
under general anesthesia for uncovering fixtures and
evaluating the osseointegration of fixtures. At this
stage, Periotest’ was used to measure the degree of
osseointegration of each fixture (Figure 1).

In addition, RTQ in Newton centimeters (N/cm) was
utilized to evaluate the shear strength between implants
and bone tissue. A dental implant Ratchet and Torque
Wrench (DIO, Busan, Korea) was employed in this
test. Finally, the flaps were closed using 4/0 chromic
sutures (Figure 1).

Figure 1. A. RTQ test and B. Periotest® examination. Note. RTQ: Reverse
torque quantity

Results

After 4 months, the implants were exposed, and 18 out of
the 24 implants remained in the jaws of the specimens.
The other 6 were not present in the area. The frequency of
residual implants was as follows:

o 6 in the autograft group (group A)

o 7 in the alloplastic-autograft group (B)

o 5in the control group (C)

According to the results of the statistical analysis
(Table 1) and the Monte-Carlo simulation, no significant
difference was found between the survival ratios in the
three groups.

Reverse Torque Quantity Index

The RTQ test is an important value for measuring the
interfacial shear strength between fixtures and bone tissue
(12). All implants remaining in the jaw had RTQs above
35 N/cm, so there was no significant difference between
the three groups (P> 0.05).

Periotest Value

PTv (PT) value is determined in the range of (-8) to (+50),
and PT decreases with an increase in the stability of the
implant (11). The Kruskal-Wallis test demonstrated that
the mean PT was not the same in all three groups before
(A=7.00, B=7, C=7) and after (A=-7.00, B=-7.85,
C=-3.20) surgery, and an improvement in the mean PT
was observed in the second surgery. Furthermore, the
highest and lowest PT values after performing the second
surgery in groups A (-6, -8) and B (-7, -8) were both in
the negative range, while a positive PT value was detected
in the C group (+ 3, -8), the details of which are shown in
Table 2 and Figure 2.

Theresults ofthe Mann-Whitney U test (Table 3) revealed
that there was a statistically significant difference in the
PT index between groups A and B (P=0.049). However,
no significant difference was found between groups A and
C (P=0.093). On the other hand, a statistically significant
difference was observed after comparing the PT index
between groups B and C (P=0.014).

Discussion

There was no significant difference between the three
groups in terms of the number of osseointegrated fixtures.
Although, due to the small number of specimens, it

Table 1. Results of Statistical Analysis and the Monte-Carlo Simulation Related to the Survival Ratios of Implants in the A, B, and C Groups

Outcome

Groups Exact-test Monte-Carlo P Value
Non-durable Durable Total (PValue) (99% CI)
Count 3 5 8
C (controls)
% Within groups 37.5% 62.5% 100.0%
1.33 0.842°
Count 2 6 8
A (autograph) (0.837) (0.80-0.88)
% Within groups 25.0% 75.0% 100.0%
Count 1 7 8
B (alloplastic-autograph)
% Within groups 12.5% 87.5% 100.0%

Note. "Based on 500 sampled tables with starting seed 1502173562. Cl: Confidence interval.
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Table 2. Descriptive Results of Periotest® of Osseointgrated Implants Related
to A, B, and C Groups

Groups PT-Before PT-After
N 6 6
Mean 7.0000 -7.0000
Autograft Standard deviation ~ 0.00000 0.89443
Minimum 7.00 -8.00
Maximum 7.00 -6.00
N 7 7
Mean 7.0000 -7.8571
Autograft+alloplastic  Standard deviation .00000 0.37796
Minimum 7.00 -8.00
Maximum 7.00 -7.00
N 5 5
Mean 7.0000 -3.2000
Control Standard deviation 0.00000 4.32435
Minimum 7.00 -8.00
Maximum 7.00 3.00
N 18 18
Mean 7.0000 -6.2778
Total Standard deviation 0.00000 2.94669
Minimum 7.00 -8.00
Maximum 7.00 3.00

Note. PT: Periotest; Std. deviation; Standard deviation.

cannot be concluded with certainty, it seems that there is a
possibility of obtaining osteointegration in cases where the
implant cavity is too large and the fixture has no primary
stability. Moreover, it may not be necessary to postpone
the fixture implantation and extend the treatment period
for several months. According to the results of this study,
it is recommended to achieve primary stability by using a
bone substitute in the large cavity.

Based on the results of the study, all the remaining
fixtures were stable and did not move with a 35 N/
cm reverse torque. In other words, when the fixtures
remained in the cavity, osteointegration could be created
even without any intervention. It seems that the main
reason for osteointegration is immobilization through the
insertion of fixtures 1 mm below the surface of the bone
crest. However, according to the PT index, there was a
significant difference between the three groups in terms
of the success of secondary stability.

The highest quality was obtained when the combination
of the alloplast-autogenous bone was used for gaining
primary stability, which was significantly different from
the autogenous bone or C group. However, the quality of
osteointegration was not significantly different between
the autogenous bone and control groups. In this regard,
Ivanova et al, based on the findings of a clinical study,
emphasized that bone density and the percentage of vital
bone formation determine the primary and secondary
stability of the implants (17).

The slow rate of resorption (in comparison to bone) of

Primary stability and osseointegration

Table 3. Results of the Mann-Whitney U Test for the PT Index

Test Groups Mean Rank P Value
Autogenous bone graft 9.00
0.049
Autogenous bone graft and TCP 5.29
Autogenous bone graft 4.50
PT 0.093
Control 7.80
Autogenous bone graft and TCP 4.57
0.014
Control 9.20
Note. PT: Periotest; TCP: Tricalcium phosphate.
- PT-Before
10.00~
PT-After
70 70 70
5.00+
=
g 000
=
-5.00~
-7.00
-7.86
-10.00 =

T T T
Autograft Autograft+Aloplast Control

Figure 2. The Mean PT Values Before and After Surgery in the Study and
Control Groups Note. PT: Periotest

B-TCP crystals increased the strength of the graft material,
likely improved the quality of the osseointegration process,
and reduced the volume of the harvesting bone graft.
It seems that the osteoconductive properties and slow
rate of resorption of B-TCP make it a reliable structure
for the osteogenic effects of the autogenous bone graft.
Furthermore, B-TCP is a safe substitute and well-tolerated
by the body (15,18).

On the other hand, the results of the study performed
by Huang et al on bone defects in the dog mandible
showed that bone repair in cavities filled with HA was
histologically superior to the C group (without any grafts)
(19). In addition, the findings of the study by Kim et al
on a biomaterial containing calcium and phosphorus,
such as TCP, demonstrated its positive effects on inducing
osseointegration and restoring the stability of implants
with larger cavities in terms of transverse and longitudinal
dimensions (20). This finding could be due to the function
of CaP in improving surface biointeractivity during
initial osseointegration (21). Further, the results of our
study confirmed that osseointegration was significantly
increased by the combination of TCP and an autogenous
bone graft.

Another factor that plays a crucial role in achieving
adequate primary stability is the presence of an
appropriate three-dimensional contact surface between
the implant and the surrounding bone. Hsu et al stated
that increasing the contact surface improves the primary
stability (22). In an animal study of compromised primary
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stability, Queiroz et al also found that implant placement
without primary stability and in cavities with a gap of
less than 0.2 mm between the fixture and the bone could
achieve osteointegration. According to their findings, the
use of polylactide and polyglycolide copolymers (PLA/
PGA) had no effect on improving the osseointegration
process (7). The results of this study also indicated that
the simultaneous use of the autogenous bone graft and
TCP caused a significant improvement in secondary
stability, and therefore, increasing the contact surface can
be considered an important cause.

Although there was no statistically significant difference
between the RTQ and PT of the autogenous and C groups
in this study, the improvement in the mean of both indices
in the autogenous group was another emphasis on the
positive effects of bone growth factors on the quality of
osseointegration.

Conclusion

The combination of the autogenous bone graft and TCP
improved the secondary stability and osseointegration of
implant treatments. Therefore, this method can be used to
restore the primary stability of implants in larger cavities.
Nevertheless, due to the small number of specimens,
it cannot be concluded with certainty, and conducting
studies with a larger number of samples can help achieve
more accurate results.
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