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Abstract: Objective: To compare the effects of filling bone gap between implants with bone graft materials of different sizes
and forms of primary stability after alveolar split osteotomy process. Materials and Methods: Materials and Methods: Fourty
fresh ribs were divided into four main groups. The groups created are based on the xenograft material of different sizes and forms;
group Putty (P): Group applied Putty (form) graft (granule size 0.25— 1 mm), group Small (S): Group applied Small particle graft
(granule size 0.25— 1 mm) group, group Large (L): Group applied Large particle graft (granule size 1— 2 mm), control group (C):
classified as group where no bone graft was applied. Bone expansion was performed using piezosurgery. In all groups, two
implants were inserted into the each rib after alveolar crest expansions. The gap between implants (outside the control group) was
filled with bone graft materials of different forms and sizes (large, small, putty). The primary stability values of the implants were
measured with in the direction of the bucco-lingual (BL) and mesio-distal (MD) by the ISQ (implant stability quotient) and
compared between groups. Results: The primary stability values measured in the BL direction are higher than the primary
stability values measured in the MD direction and values are statistically significant difference. There is no statistically
significant difference between the 1st and 2nd implants in each group (C, P, S, L) for their measured values in both BL direction
and MD direction. Conclusion: According to the ISQ values used to evaluate primary stability, it was found that the graft
materials of different sizes used in our study did not cause a significant difference for the primary stability of the implants.
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direction [3, 4]. For alveolar split osteotomy, various
instruments such as fissure burs, chisels and hammer or piezo
surgery are used [5]. With piezo surgery, alveolar split
osteotomy has become easier, safer, and less complicated [6,
7]. Compared with other instruments, the most important
advantage of piezo surgery is the low risk of damaging
anatomically important formations [6-8]. Generally, in
alveolar split osteotomy, vertical incisions in the crest and
bone are made using piezo surgery, and chisels and hammers
are used for horizontal alveolar enlargement [6-8]. Alveolar
split osteotomy can be performed as single or double-stage
surgery. In a single-stage surgical procedure, implants are
placed in the same session as bone expansion, and bone graft

1. Introduction

In the place of teeth lost for various reasons, dental
implant treatments, which support chewing and speech
functions and help make dental aesthetic restorations, have
been used in dentistry for many years [1]. Loss of soft and
hard tissue occurs around teeth lost due to trauma or infection
[2]. Defects due to significant hard tissue loss may not allow
ideal placement of dental implants. Various bone
augmentation procedures are performed in cases of
insufficient bone for dental implant placement [1]. Alveolar
split osteotomy is one of the simple, effective, and reliable
surgical techniques used to expand the bone in a horizontal



35 Ugur Mercan and Suheyla Kaya:

Evaluation of the Effect of Bone Grafts in Different Sizes and Forms

Used During Alveolar Split Osteotomy on the Implant Stability

materials are placed in the space between. In two-stage
surgery, alveolar enlargement is performed and augmentation
is provided with a graft. Implants are placed after mature
bone is obtained [3, 5]. Studies emphasized that
interpositionally placed grafts increased implant stability and
positively affected osseointegration in two-stage alveolar
split osteotomy [3]. Autogene grafts, allografts, xenografts,
and alloplastic graft materials are used in alveolar split
osteotomy [9]. Primary stability is called the stiffness that
occurs after the first contact between bone and implant, and
is one of the most important factors affecting the
osseointegration process and clinical success of dental
implants [10]. The concept of primary stability is called
secondary stability in the process of osseointegration [11].
Although the concept of primary stability is generally
described as the mechanical interaction of bone and implant
relationship, it is known that primary stability is influenced
by bone quality and amount, implant design, and the surface
properties (shape, geometry, length, diameter, surface) of the
implants [11-13]. There is no contact of the implants with the
bone in the mesio-distal direction of the implants placed in
the cavities formed as a result of bone dilation performed by
alveolar split osteotomy. In studies of these bone defect
models, it has been shown that the bone-implant relationship
is increased with bone graft materials of various sizes and
forms [3, 9]. There is insufficient research on how such bone
graft materials used to fill defects that occur after split
osteotomy after implant placement affect the primary
stability of the implant. Resonance frequency analysis (RFA)
is a non-invasive method that can be used during and after
surgical procedures to evaluate primary and secondary
stability [11]. With this device, which can measure in terms
of implant stability quotient (ISQ) with Osstell Mentor
(Osstell™, Integration Diagnostics, Gothenburg, Sweden),
values are graded between 1-100. It can also be used to
evaluate the osseointegration process because it is
noninvasive [14]. The aim of this study was to evaluate the
effects of filling bone gaps/cavities between implants with
bone graft materials of different sizes and forms on primary
stability (implant stiffness) after the bone expansion process
(alveolar split osteotomy).

2. Materials and Methods

2.1. Specimen Preparation and Stability Measurements

In this in-vitro study, 40 fresh sheep ribs were used, with
which four (n=10) main groups were formed. In order to
provide uniform test conditions, ribs with the same cortical
layer thickness (3 mm) were selected, which were compatible
with Type II bone according to the Lekholm and Zarb
classification [15]. The groups created were based on
xenograft materials of different sizes and forms; putty (group
P): a putty graft was used (granule size 0.25-1 mm) (Geistlich
Bio-Oss Pen®, Geistlich, New Jersey, United States); small
(group S): small particle grafts were used (granule size 0.25-1
mm) (Geistlich Bio-Oss®, Geistlich, New Jersey, United

States); large (group L): large particle grafts were used
(granule size 1-2 mm) (Geistlich Bio-Oss Pen®, Geistlich,
New Jersey, United States), controls (group C): no bone graft
was used (Figure 1). The distance between the two implants
(3+4+3) was calculated as 10 mm for placing two implants on
the ribs, enough to place three implants with a diameter of 3.5
mm to mimic multiple tooth deficiencies. Distances to allow
vertical osteotomy 1.5 mm lateral to both implant slots were
marked (Figure 1). In accordance with these distances to the
crest of the rib (1.5+3.5+3+4+3+3.5+ 1.5 mm) 20-mm
(Figure 2) horizontal and 10-mm long vertical osteotomies
were performed. The first cuts required for alveolar split
osteotomy were performed to all ribs using piezo surgery, and
chisel osteotomies for alveolar enlargement. After the alveolar
crest expansion was completed in both groups, implant
drilling was performed to provide a 1.5 mm distance between
the vertical osteotomy line and implant. First and second
implants were inserted after the drilling was completed to
accommodate the 3.5-mm diameter (NobelActive®, Nobel
Biocare, Gothenburg, Sweden) and 8-mm long implant. The
space between implants (outside the control group) was filled
with the various xenograft materials (large, small, putty). The
primary stability values of the implants were bucco-lingual
(BL) and mesio-distal (MD) (Figure 2), by measuring the ISQ
three times with the Osstel device and their averages were
taken by the same physician and compared between the
groups.

2.2. Statistical Analysis

The IBM SPSS Statistics 22 (SPSS IBM, Turkey) program
was used for the statistical analysis of the findings obtained in
this study. The Shapiro—Wilk test was used to determine
whether the parameters were normally or non-normally
distributed, and they were found to be normally distributed.
One-way analysis of variance (ANOVA) was used for
intergroup comparisons of parameters, and Student’s t-test
was used for comparisons between directions and implants.
The level of significance was determined as p<0.05.
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Figure 1. This schema shows the planned (1.5 +3.5 +3 +4 +3 +3.5 +1.5
mm) 20 mm horizontal and 10 mm long vertical osteotomy line and implant
locations.

Figure 2. A; Alveolar split osteotomy were applied to all subjects by using
piezosurgery. B; After the alveolar crest expansion was completed first and
second implants were inserted. C; The primary stability values of the
implants were measured by Osstell device.



International Journal of Clinical Oral and Maxillofacial Surgery 2020; 6(2): 34-39 36

3. Results

When both the values of the first and second implants in all
groups were measured in the BL direction, and the values
measured in the MD direction were compared between the
groups (groups C, P, S, L), no statistically significant
difference was observed (Table 1, 1p) (p>0.05). When the ISQ
values measured in the BL and MD directions were compared
with each other, the values measured in the BL direction were
statistically significantly higher than those in the MD direction
(p<0.001). Similarly, a statistically significant difference
(p<0.001) was found between the groups (C, P, S, L) in the
second implants in ISQ values measured in terms of BL and
MD. The ISQ values of the second implant measured in the
BL and MD directions were compared and the values
measured in the BL direction were statistically significantly
higher than the values in the MD direction (Table 1, 2p)
(p<0.001; p<0.05). There was no statistically significant
difference between the first and second implants in each group
(C, P, S, L) for their measured values in both the BL direction
and MD direction (p>0.05) (Table 2).

4. Discussion

In our study, our hypothesis was that the primary stability of
the implants placed during alveolar split osteotomy would not
be affected by the size or shape of the graft particles placed
between the cortical bone layers separated by split osteotomy.
In order to test our hypothesis, standard width (3 mm) split
osteotomy was performed using piezo surgery on sheep ribs
and two dental implants were placed in each group. After the
implantation of the dental implants, the space between the
cortical bone layers was filled with small particle, large
particle, and putty graft material, and the possible effects of
graft materials on the resonance frequency analysis (RFA)
measurements of dental implants and their primary stability
were compared between the groups. Although RFA is defined
as a criterion that shows the suitability of implants for the
immediate loading technique, it can also be used to assess the
primary stability of implants placed in atrophic areas that first
require augmentation procedures [5]. There are also studies
indicating that the ISQ values can be affected by the implant
placement position, bone graft use, and cortical bone thickness
[7, 16, 17]. Primary stability is thought to be an effective
factor in the evaluation of osseointegration of dental implants
[5]. Primary stability is influenced by factors such as bone
quality and quantity, implant geometry, and technique of
implant surgery [13]. In our study, we tried to minimize all
factors that might affect primary stability in order to examine
the possible pure effects of graft particles. In order to rule out
the effects of bone quality and quantity, sheep ribs with thick
compact bone surrounding the spongious bone with a dense
trabecular web were selected in line with the classic
classification of Lekholm and Zarb [15]. The absence of a
significant difference between the groups and between the
first and second implants for the values measured in the BL
direction may indicate that the established test setup was

standardized and controlled between both the first and second
implants. A similar interpretation may not be made in the MD
direction due to the possible effect of the graft particles. In our
study, both BL and ML measurements were made in the same
direction to prevent a possible change according to the
measurement direction. Some researchers studied how the
measurement direction affected the ISQ values of implants.
Studies have shown that there is no statistically significant
difference between the buccal surface with defect and the ISQ
values of the lingual surface without defect [18]. In our study,
it could be interpreted that there was no significant grafting
between the groups in the BL direction and that the ISQ values
measured in the BL direction did not differ significantly
between the groups because the primary stability was only
provided with inter-cortical bone surfaces. There was a
statistically significant difference between the values
measured in the BL direction compared with the MD direction.
This finding may show that the support from the inter-cortical
bone for primary stabilization is more effective in terms of
ISQ than graft application. In order to eliminate the
differences that may develop due to the surgical procedure,
split osteotomy was performed using piezo surgery, which
also helps to reduce the complications that can occur during
split osteotomy. Also, the procedure is less affected by the
surgeon's dexterity or the selected procedure [6-8]. The
alveolar split osteotomy method used in the study was
performed as described by Scipioni et al. in 1994 [4]. A
suitable inter-cortical space is created by split osteotomy. This
technique prevents necrosis of the outer surface of the bone
cortex and allows the placement of implants and / or bone
grafts [5]. In order to eliminate the effects of the implant
geometry, all implants used were NobelActive implants. There
are studies showing that autogenous grafts, allografts,
xenografts, and synthetic materials are used to protect the
bone around the implant after immediate implant placement,
but none has superiority over each another [19-21]. However,
xenografts can protect the alveolar bone and remain stable
without  dimensional change because they have
osteoconductive effects and also a space-saving feature [22,
23]. According to McGlumphy and Larsen's suggestion of
graft placement or directed bone regeneration when the gap
between implant and bone is more than 1mm, deproteinized
bovine bone graft containing grafts were used in our study
[24]. There are studies examining the effect of bone grafts and
membrane applications to achieve bone regeneration directed
into the space between the bone layers that separate during
alveolar split osteotomy [25-27]. In a study on dogs, it was
reported that the use of grafts and/or membranes in the space
between implants placed after alveolar split osteotomy
prevented marginal bone loss [28]. In a pig study, the authors
stated that after the application of alloplastic biphasic calcium
phosphate graft and membrane around the implants placed
immediately after alveolar split osteotomy, the cavity formed
with the split technique was filled with bone regardless of the
graft or membrane used after 6 weeks [29]. There are studies
in which the cavity formed during alveolar split osteotomy
was filled with xenograft or alloplastic graft materials and its
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contribution to bone formation was examined, but no study
investigating the effect of these graft materials on primary
stability has been found [28, 29]. In our study, it was aimed to
investigate the effect of DBBM grafts on primary stabilization
by imitating augmentation of the inter-cortical space formed
after split osteotomy using different sized materials.
According to our findings, placing deproteinized
bovine-derived bone grafts with the same content but different
particle sizes in the cavity had no significant effect on the
primary stability of the implants. Some researchers
investigated the effect of graft materials on primary stability of
implants after sinus lift operation using deproteinized
bovine-derived grafts with different particle sizes. According
to the results of Jensen et al., small and large particles had no
statistically significant effect on ISQ values [30]. However,
the primary stability values of the implants were measured
when implants were placed, before the sinus cavity was
grafted. In that study, the effects of grafts on stability were not
evaluated in terms of primary stability of implants, secondary
stability of implants were evaluated after sacrifice [30].
Depending on the duration of the evaluation of stability,
Jensen et al. did not consider to fully examine the effect of
graft particles on ISQ values. The main evaluation is the effect
of the graft particles on the ossification process, the findings
of which are that small particles have a significantly higher
osteoconductive effect at 6 weeks compared with large
particles [30]. This finding overlaps with the hypothesis that
small particles can accelerate bone formation by increasing

the surface area for osteoblastic activity. Therefore, the study
of Jensen et al. is thought to have measured the effect of graft
particles on osseointegration, that is, secondary stabilization
rather than primary stability [30]. Jensen et al. showed that
graft materials with different particle sizes did not differ
significantly in the quality and quantity of the new bone that
formed after 12 weeks [30]. In the literature, no other study
has evaluated the possible effects of graft materials with
different particle sizes on ISQ values by measuring
immediately after the placement of implants and immediately
after the graft material has been applied. Since there is no
study that can fully refer to the effects of graft particles on
alveolar split osteotomy, studies that meet the criteria in this
study were examined, considering that placing graft particles
after implants have been implanted in our study will be
methodologically similar. One study stated that placing graft
particles in the cavity formed immediately after implantation
following tooth extraction made a significant difference on the
ISQ values of grafts in the group with initial ISQ values below
65 without grafting [23]. The averages of ISQ values in our
study were below 65 in all groups; it was observed that graft
applications made no significant difference compared with the
control group, The lowest ISQ average value in our study was
45.7£5 (first implant, control group M-D) and the highest
value was 59.3+2 .4 (first implant, large group, BL). In general,
ISQ values are thought to vary between 45-85 [5]. The data we
obtained also remained in this range.

Table 1. Evaluation of primary implant stability of the first and second implants in terms of groups and distances.

Primary Stability
Implant Direction Group C Group P Group S Group L 'n
Mean+SD Mean+SD Mean+SD Mean+SD
B-L 57,5+4 57,4+3,2 57,4428 59,3+£2,4 0,466
1. Implant M-D 45,745 47,5+4,7 4745,1 49,444 0,381
p 0,000%* 0,000%* 0,000%* 0,000*
2. Implant B-L 58,1+2.9 58,3+£2,7 58,4+2,2 60+2,6 0,348
M-D 47,5+5,1 48,4+4,5 48,2+4.,4 49,8+3.9 0,708
p 0,000%* 0,000%* 0,000%* 0,000*
'Oneway ANOVA Test Student test *p<0.05

Table 2. Evaluation of primary implant stability of first and second implants separately in groups and distances.

Primary Stability

Group Direction 1. Implant 2. Implant P
Mean+SD Mean+SD

Group C B-L 57,54 58,1+2,9 0,704
M-D 45,7£5 47,5+5,1 0,437

Group P B-L 57,4+3,2 58,3+2,7 0,506
M-D 47,547 48,44+4,5 0,665

Group S B-L 57,4+2,8 58,4+2,2 0,392
M-D 4745,1 48,2+4.4 0,579

Group L B-L 59,3+2,4 60+2,6 0,538
M-D 49,4+4 49,8+3,9 0,823

Student t test.

5. Conclusion

Using ISQ values to evaluate primary stability, it was found
that the different sizes of graft materials used caused no
significant difference for the primary stability of the implants.

This situation can be interpreted as that the primary stability of
implants taken from the inter-cortical bone layers in the BL
direction may be sufficient and that an extra graft application
may not contribute to primary stability. In the literature, the
increase in ISQ values after bone regeneration with the use of
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grafts can be explained by the transformation of bone particles
into new bone tissue. The results of our study should be
supported by animal experiments and clinical studies.
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