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Abstract: Background: Xenogenous bone is considered an alternative treatment to autogenous
grafting. The objective of this experiment was to study bone dynamics at inlay and onlay xenografts
used for bone augmentation applying a ring technique. Methods: The bone at the lateral surface of
the mandibular lateral aspect of 12 rabbits was exposed bilaterally. The cortical layer received
multiple perforations at one side of the mandible and a xenograft block of collagenated cancellous
equine bone, 7 mm in diameter and 3 mm in width, was secured on the prepared surface using an
implant (onlay group). On the opposite side, a defect 7 mm in diameter and 3 mm in depth was
prepared, the xenograft block was adapted to the defect and fixed with an implant (inlay group).
Results: After ten weeks, in the onlay grafts, bone was mainly formed on the trabeculae surface,
reaching in some specimens the most coronal areas of the grafts. In the inlay grafts, bone was formed
arranged on the trabecular but also occupying the areas amongst the trabeculae. The entrance of the
defect was often found close at the top of the block by newly formed bone. A higher percentage of
new bone was found in the inlay (19.0 +9.3%) compared to the onlay (10.4 +7.4%) groups (p=0.031).
The mean gain in osseointegration at the implant in relation to the base of the original 3 mm deep
defect was 0.95 +1.05% at the onlay group and 0.78 +0.71% at the inlay group (p=0.603). Conclusion:
The inlay grafts exhibited a higher new bone percentage than the onlay grafts possibly due to the
defect conformation that presented more sources from which bone could be formed. The trabecular
structure and the composition of the grafts made possible the expression of the osteoconductive
properties of the material used. This resulted, in several specimens, in growth of bone on the graft
trabeculae toward the most superior regions in both groups, and in the closure of the coronal
entrance of the defects in the inlay units.

Keywords: animal study; bone healing; histology; lateral augmentation; bone transplantation;
biomaterial; bone defect

1. Introduction

An atrophied posterior mandible, because of tooth loss, periodontal pathologies, tumor removal,
trauma, or congenital diseases, represents a challenge for implant-supported rehabilitation because
of the reduction in bone volume between the residual alveolar ridge and the mandibular canal [1-3].
In this scenario, bone augmentation has become an integral part of implant dentistry [4-6].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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The inlay grafts showed optimal incorporation to the recipient sites, presenting small resorption
over time and high implant survival rates [7-9]. Although good results have been reported for
posterior mandibular bone augmentation using this technique [10-13], it demands considerable
surgical experience and requires sufficient bone height above the mandibular canal [11,12].

Onlay bone grafts had been successfully applied in mandibular bone augmentation. However,
high rates of bone resorption were reported with this technique at implant installation [2,14]. An
important concern in the restoration is the lack of keratinized tissue that may contribute to wound
dehiscence and possible infection and subsequent necrosis of the onlay graft [15].

Autogenous bone collected from extra- or intraoral donor sites is considered the gold standard
graft for alveolar ridge augmentation due to its osteoconductive, osteoinductive, and osteogenic
properties [16-19]. Nevertheless, autografts have several disadvantages such as wound
complications and infection at the donor site, paresthesia, increased timing for surgery and recovery,
and enhanced postoperative pain. Moreover, the availability of bone might limit the volume of the
graft [20-25].

Xenogenous might be considered an alternative to overcome the disadvantages of autogenous
grafting [26-28]. A recent study compared graft healing of autogenous graft and xenogeneic equine
bone graft applied as onlay for bone augmentation in rabbits [29]. Similar proportions on new bone
were observed after 60 days. More recently, collagenated bone grafts from equine were used as inlay
or onlay on the lateral wall of the mandible of rabbits. It has been observed that the proportion of
newly formed bone increased faster and was higher in the inlay group [30]. It was observed that the
proportion of newly formed bone increased more rapidly and was greater in the inlay group.

Installing implants simultaneously with a bone graft can reduce the total treatment time by
eliminating a second surgery. Several clinical [31-36] and experimental [37—41] studies reported data
on implant installed with ring grafts secured by implant for vertical bone augmentation.

To investigate the efficacy of this approach, a randomized clinical trial evaluated marginal bone
loss of autogenous bone grafts collected from the chin used for either inlay or onlay grafting with
concurrent implant placement [42]. Bone gain was significantly higher for the inlay group. However,
the comparison between xenogeneic bone blocks used for inlay and onlay grafts with implants has
not been investigated yet.

Thus, the aim of the experiment was to study bone dynamics at inlay and onlay xenografts used
for bone augmentation applying a ring technique.

2. Materials and Methods

2.1. Ethical statements

The Ethical Committee for Animals use of the Dental Faculty of Ribeirdao Preto, USP, Brazil
approved the experiment on October 16, 2019, as reported in protocol 2019.1.694.58.4. The rules
reported in the rules for animal experimentation in Brazil were strictly followed. The ARRIVE
Checklist was followed.

2.2. Study design

This was paired, prospective, controlled, randomized study. Xenograft blocks were applied to
the lateral wall of the mandible using the onlay or inlay techniques. Both blocks were fixed to the
recipient sites using an implant. The healing was evaluated after 10 weeks.

2.3. Experimental model and sample size calculation

The results from a similar experiment in rabbits were used to determine the sample size [43].
Considering the maximum standard deviation found to be 7.4% and 10% of the difference between
the two groups as histologically relevant, an n=8 was obtained applying a = 0.05 and a power of 0.9
(PS, Dupont and Walton D. Plummer). The sample size was increased to 12 to account for possible
loss of animals or experimental sites.
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Hence, 12 adult male New Zealand White rabbits, 3.5-4.0 kg of wight, and 5-6 months of age,
were comprised incorporated in the study.

2.4. Randomization and allocation concealment

An author not involved in animal selection, surgery and histological evaluation performed
electronically the randomization (S.P.X.). The allocation treatment was concealed in coded envelopes
which were opaque and sealed. The envelopes opened after recipient site preparation just before the
placement of the first xenogeneic block. The histological slides were examined by an assessor
(E.F.D.R., see acknowledgements) who was not informed about the allocation treatment. However,
the treatment inlay/onlay was easily identified on histological slides.

2.5. Biomaterials

SpBlock is a xenograft block of exclusively collagenated cancellous equine bone (Tecnoss,
Giaveno, Italy). This process prevents ceramization of hydroxyapatite crystals, aiming to accelerate
resorption. Cylindrical blocks were prepared with diameters of 7 mm and thicknesses of 3 mm. A
hole, in the dimensions of the implant, was prepared in the center of the blocks (Figure 1).

Figure 1. Xenografts with a hole in the center for implant insertion.

Bio-Gide (Geistlich Biomaterials, Wolhusen, LU, Switzerland) is a porcine-derived resorbable
membrane composed of types I and III collagen. The bilayer structure contains an outer smooth layer
that prevents the invasion of soft tissues and an inner layer that favors the growth of vessels and cells.
[44].

2.6. Anesthetic procedures

Acepromazine M. (1.0 mg/kg; Acepran, Vetnil, Louveira, Sao Paulo), and xylazine (3.0 mg/Kg;
Laboratérios Calier S/A, Barcelona, Spain) in conjunction with ketamine I.M. (50.0 mg/Kg; Unido
Quimica Farmacéutica Nacional S/A, Embuguac¢i, Sao Paulo, Brazil) were administered.
Oxytetracycline was administered once the animals were sedated. (0.2 ml/Kg; Biovet, Vargem Grande
Paulista, Sao Paulo, Brazil). After shaving and disinfecting the experimental region, local anesthesia
was injected.

2.7. Surgical procedure

One qualified expert surgeon performed all surgeries (V.F.B.; see acknowledgments).

The lower edge of the mandible was incised and the bone on the lateral wall of the mandible
was exposed. At the onlay sites, the cortical bone was perforated up to the marrow compartment
with a 1.0 mm truncated-conical drill (Figure 2A).
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Figure 2. Onlay experimental site. A, recipient site prepared with perforations. B, block graft fixed
with an implant at the top of the experimental region. C, a membrane in collagen was placed above
the experimental region.

The central perforation was enlarged for implant placement. The xenogeneic block was secured
on the recipient region using an implant 8.5 mm long and 3.25 mm in diameter (Leader Medica,
Padua, Italy) (Figure 2B). The shoulder of the implant was placed at about the level of the graft. A
healing cap was placed on the implant and the experimental site was covered with a resorbable
membrane (BioGuide®; Geistlich Pharma AG, Wolhusen, Switzerland) (Figure 2C).

Trephines and drills were used on the opposite side to obtain a defect about 7 mm in diameter
and about 3 mm deep (Figures 3A). The xenogeneic graft was adapted within the defect and fixed
with an implant 8.5 mm long and 3.25 mm in diameter (Leader Medica, Padua, Italy) (Figure 3B).
After placement of the cover screw, the region was protected with a resorbable membrane
(BioGuide®; Geistlich Pharma AG, Wolhusen, Switzerland) ((Figure 3C). The wounds were closed
with double sutures, internal with Vicryl 4-0, and external with Nylon 4-0.

Figure 3. Inlay experimental site. A, preparation of the 7 mm wide and 3 mm deep defect. B,
placement of the xenograft block inside the defect, secured with an implant. C, collagen membane
placed on the top of the graft.

2.8. Animal maintenance

After surgery and during the following 3 days, the animals received ketoprofen (3.0 mg/kg,
12/12h, i.m., 10% Ketofen, Merial, Campinas, Sdo Paulo, Brazil) and 2% tramadol hydrochloride (1.0
mg/kg 12/12h, subcutaneous; Cronidor, Agener Unido Satide Animal, Apucarana, Parana, Brazil).

The rabbits were housed in individual metal cages (1 animal/4500 cm?) in an acclimatized room
with split air conditioning, an exhaust fan (27 to 34 air changes/h), and automatic lighting control (12-
hour light-dark cycle) at the Animal Facility of the Faculty of Dentistry of Ribeirao Preto, University
of Sao Paulo. The animals received dedicated food and had ad libitum access to water. Every day, a
careful check of the basic biological functions was performed.

2.9. Euthanasia

Euthanasia was performed with an overdose of thiopental L.V. (Thiopentax; Cristalia, Itapira,
Sao Paulo, Brazil) and the biopsies of the experimental regions were harvested.
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2.10. Histological processing

After fixation in paraformaldehyde, the biopsies were dehydrated in alcohol and then, they were
included in resin (LR WhiteTM HardGrid, London Resin Co Ltd, Berkshire, United Kingdom) and
polymerized. Subsequently, the histological slides were prepared using a cutting/grinding
equipment (Exakt, Apparatebau, Norderstedt, Germany. Stevenel’s Blue and Alizarin Red or
Toluidine Blue were applied for staining.

2.11. Histomorphometric evaluation

An expert assessor (E.F.D.R., see acknowledgements) performed all histological measurements,
after a calibration with another expert (D.B.). The inter-rater agreement has to reach a coefficient k >
0.90.

An Eclipse Ci microscope (Nikon Corporation, Tokyo, Japan) connected to a computer was used
for histological assessments applying a x10 lens. Histological measurements were performed with
the NIS Elements D software (v 5.0, Laboratory Imaging, Nikon Corporation, Tokyo, Japan). As linear
evaluation, the distance between the implant margin (M) and the most coronal contact of the bone
with the implant surface (B) was measured. The gain of osseointegration was evaluated as the
difference between the depth of the original defect (3 mm) and the distance M-B. For morphometric
measurements, a lattice was superposed on the image applying a point counting methods. Four
regions were evaluated within the grafted region, both sides lateral to the implant: inferior/internal
(I-I), inferior/external (I-E), superior/internal (S-I), and superior/external (S-E). The following tissues
were assessed: new bone, xenograft, soft tissues (marrow spaces, provisional matrix, dense and loose
tissues, and connective tissue), and inflammatory infiltrate (Figure 4A,B). A correlation between the
bone percentage in the S-I region and the gain of osseointegration was carried out.

Figure 4. Regions evalauted: inferior/internal (I-I), inferior/external (I-E), superior/internal (S-I), and
superior/external (S-E). A, onlay graft; B, inlay graft.

2.12. Experimental outcomes and Statistical Methods

The primary variables were mineralized new bone percentage within the grafts and
osseointegration gain while the other tissues were considered secondary variables. Differences
between onlay and inlay were evaluated using a paired t-test or Wilcoxon matched-pairs signed-rank
test. The selection of the test was based on the results of normality assessed by applying the Shapiro-
Wilk test. GraphPad Prism (version 10.0.2 for Windows, GraphPad Software, Boston, Massachusetts,
USA) was used for statistical analysis. The level of significance was 5%.
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3. Results

3.1. Clinical outcomes

The post-surgical period of the animals was uneventful. No biopsies were lost, and the
histological analysis could be performed in all sites, maintaining the original sample of n=12.
3.2. Descriptive histological evaluation

In the onlay group, new bone was mainly laying on the xenograft trabeculae (Figure 5A,B),
reaching in some cases the most superficial region (Figure 5 C). The areas within the trabeculae were
filled in a few cases with bone marrow (Figure 5A,C), or more often by dense soft tissue (Figure 5B).

Figure 5. Photomicrographs of ground sections illustrating the healing in the onlay grafts. New bone
was maily found covering the trabecuale (A-B) reaching in some cases the most coronal regions (C).
Landmarks indicating examples of tissues: yellow stars, new bone; red stars, graft. Stevenel’s blue

and alizarin red stain.

The configuration of the trabeculae of the graft seemed to have been maintained in several grafts,
whereas in other cases, the trabeculae appeared to have lost the original conformation. An
inflammatory infiltrate was observed in only one specimen. Most of the implants showed new bone
on the surface of the implant within the defect, in some cases up to a distance from the implant margin
<1 mm (Figure 5C).

In the inlay group, new bone was distributed on the trabeculae but also occupying the spaces
among them (Figure 6A-C). A dense soft tissue was occupying the remaining spaces among the
trabeculae. The coronal entrance of the defect was often found closed by bone produced from the
edges of the defect, interconnected to the bone formed within the graft (Figure 6A-C). The trabeculae
of the graft were still present in the region, however, in different proportions in the various
specimens. A small inflammatory infiltrate was observed only in one specimen. Most implants
showed vast areas of osteointegration within the defect region, in some case formed up to <1 mm
from the implant margin (Figure 6A-C).
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Figure 6. Photomicrographs of ground sections illustrating the healing in the inaly grafts. Bone was
found integrated to the surface of the xenograft but also occupying large spaces wihin the trabecualae
(A-C). The coronal entrace of the defect was often closed by new bone formed from the margins of
the defect and connected by the bone formed within the graft. Landmarks: yellow arrows and stars,
new bone; red stars, graft. Stevenel’s blue and alizarin red stain.

3.3. Histomorphometric assessments

Statistically significant higher percentage of newly formed bone was present in the inlay
compared to the onlay grafts, being 19.0 £9.3% and 10.4 +7.4% respectively (p=0.031) (Figure 7). The
percentage of new bone was higher in inlay grafts compared to onlay grafts in all four regions
examined, the difference being statistically significant only for the S-E region. When the bone
percentages of the two superior regions were merged (mean S-E and S-I), a statistically significant
difference was found between the two groups (p=0.010).

NEW BONE XENOGRAFT SOFT TISSUES

S R S e & e S S R
®  OMLAY o = NLAY

.

& B3 5K i
e onAY 9 s sy ¥ e onay ¢ = LAY <

Figure 7. Tissue percentages in the various regions examined. *, p<0.05; **, p<0.01 (Graphs produced
with GraphPad Prism).

The mean percentage of the xenograft did not yield statistically significant differences in any of
the regions evaluated. An inflammatory infiltrate was observed only in one specimen of the onlay
graft.

Even though in some cases the most coronal level of osteointegration on the implant was
positioned <1 mm from the implant margin, other sites presented any or very little bone gain on the
implant surface above the 3 mm deep original defect. The mean gains were 0.95 +1.05% at the onlay
group and 0.78 +0.71% at the inlay group (p=0.603). The r value correlation between new bone
percentage in the superior interior region S-I and level of osseointegration was 0.7 (strong positive
linear relationship).
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4. Discussion

The results from the experiment showed a higher new bone mean percentage in the inlay graft
(19.0 £9.3%) compared to the onlay graft (10.4 +7.4%; p=0.031). The highest differences in bone
formation between the two groups were observed in the region closer to the top of the grafts, i.e., the
furthest regions from the walls/base of the defects.

The reasons for these differences in the proportion of new bone are to be referred to the different
characteristics of the recipient regions. Indeed, inlay grafts were inserted into self-contained defects
presenting walls at the base and around the graft. This means that the grafts could rely on bone
production from various sources located around them. Instead, the onlay grafts could only rely on
bone formed from the cortex at the base of the graft. From that recipient site, the new bone had to
grow toward the top and the lateral sides of the graft.

Aiming to favor bone formation, several perforations of the cortical layer were made reaching
the marrow spaces. This procedure has been shown to improve the healing within the graft. In a
study in rabbits, the lateral aspect of the mandible was prepared with perforations only at one side
while the opposite side was left intact [45]. The iliac crest was used as donor site and the block grafts
were secured on the mandibular recipient sites. Revascularization, volume/density maintenance and
occurrence of bone remodeling proteins were evaluated at different periods of healing. Greater
volume loss was observed in the intact site graft, while greater bone density was measured in the
perforated sites. The VEGF labeling was present already after 3 days in the perforated grafts while,
in the intact sites, the labeling appeared after 5 days. The immuno-labeling of osteoblastic lineage
showed an accelerated bone remodeling process in the perforated sites. The effect of these
perforations was illustrated in detail in an experiment in which grafts collected from the calvaria
were applied on the mandibular body prepared with perforations [46].

The onlay graft can only count on the osteoconductivity of the biomaterial that is of foremost
importance. The lack of osteoconductivy of the biomaterial might lead to failures. In a dog study,
block grafts composed of deproteinized bovine bone material (DBBM) were placed as onlay on the
lateral wall of the mandible. A minimal incorporation of the xenograft was observed, close to the
cortical bone of the mandible [47]. In another dog experiment [48], similar DBBM blocks were placed
as inlay grafts in defects prepared in the alveolar bone crest in the mandible. In the opposite side of
the mandible, a block of autogenous bone was used as graft. While the autogenous bone block
presented a perfect incorporation to the recipient site, the xenograft failed to be incorporated,
showing in most cases connective tissue between the graft and the recipient sites. Instead,
collagenated blocks used as graft showed new bone within the graft, laying onto the trabeculae of the
xenograft, reaching the furthest regions from the recipient site [43].

The self-contained conformation of the defect used for the inlay graft offers multiple sources for
bone formation. Depending on the dimension, self-contained defects have the potential to heal
spontaneously, similarly to the extraction sockets. The spontaneous healing of critical-sized defects
was evaluated in rabbits in both calvaria and mandible [49]. In each animal, through-and-through
circumferential defects were prepared with 10 mm of diameter in the calvaria, and 11 mm of diameter
in the mandible. The defects in one side were filled with autologous bone or biphasic calcium
phosphate granules while the opposite defects were left heal spontaneously. Both microCT and
histological analysis revealed a failure in the closure of the empty defects. The defect applied in the
present study presented more favorable conditions compared to the study mentioned above, i.e.,
smaller dimensions and a box conformation that allowed bone formation also from the base of the
defect.

In another experimental study in rabbit [50], 2 to 3 mm deep box defects of different dimensions
(4, 5, 6, 8, and 10-mm) were prepared in the mandible. After 12 weeks of healing, the smallest defects
were closed with newly formed bone. However, the 8 mm and 10 mm wide defects persisted
underfilled. The defects applied in the present study had a box conformation and a diameter of 7
mm. Under such conditions, it is reasonable to assume that a certain degree of spontaneous healing
should be expected. However, an implant was placed in the center of the defect to fix the graft. This
implant affected the total volume of the defect and eventually transformed a 7 mm critical-sized
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defect into a circumferential peri-implant marginal defect with a gap <2 mm. This allows us to
suppose that the placement of an implant might accelerate the healing. On the contrary, it has been
already demonstrated that the implant retards the healing at marginal defects [51]. In fact, in a
marginal defect around an implant, new bone is formed from the lateral walls towards the implant
surface, and it stops at about 0.4 mm from the surface, leaving a residual narrow defect around the
implant surface, occupied by connective tissues. This defect is closed over time by newly formed bone
only if the surface has osteoconductive properties [52]. If the implant surface is not osteoconductive,
the residual narrow defect will be not filled by new bone (Botticelli rough/turned; Akimoto) [52,53].
In the present study, an incomplete mean gain of implant osseointegration within the graft region
was observed both in the inlay (0.78 mm) and in the onlay (0.95 mm) groups. In several cases the
osseointegration reached a distance <1 mm from the implant margin in both groups, showing good
osteoconductive properties of the implant surface. The low mean gain of osseointegration is due to a
large variability of the results the reasons of which should be imputed to an insufficient new bone
content in the internal regions of some grafts, especially in the superior-internal region. In the absence
of bone close to the implant surface, the gain in osseointegration is hampered. This assumption is
substantiated by the strong positive linear correlation between osseointegration gain and percentage
of new bone in the superior-internal region.

A rabbit experiment showed bone formation features like those observed in the present study.
[30]. In that study, the onlay and inlay xenografts were of the same nature as those used in the present
study. In that experiment, the block grafts were secured on the recipient sites with a fixation screw.
Two healing periods were analyzed, i.e., 2 and 10 weeks. The results showed a higher proportion of
new bone at the inlay compared to the onlay grafts. The percentage of the xenograft decreased of
about 1/3 between the two periods of healing. In the present study, the evaluation was performed
only after 10 weeks of healing. However, being the percentage of the residual grafts after 10 weeks
similar between the two studies, it might be supposed that a similar percentage of graft resorption
occurred in both studies.

A closure of the coronal entrance of the defects was observed in several specimens of the inlay
blocks of the present study. This agrees with similar observations reported in the study mentioned
above [30].

The present study adopted a “ring” technique with immediate implant installation. This
technique was used for vertical augmentation, the results of which have been reported in systematic
reviews on both clinical [54] and animal [55] studies.

As every animal study, caution should be applied in the interpretation of data. However, it
should be considered that these experiments provide outcomes that should be considered when
similar procedures are applied in humans, and eventually confirmed or refuted by clinical studies.
Further biomaterials and longer periods of healing should be analyzed.

5. Conclusions

The inlay grafts exhibited a higher new bone percentage than the onlay grafts. The reason might
be credited to the defect conformation at the recipient site of the inlay grafts that presents more
sources for bone formation compared to the onlay sites. The trabecular conformation and the
composition of the grafts made possible the expression of the osteoconductive properties of the
material used. This resulted, in several specimens, in growth of bone toward the most superior
regions in both grafts, and in the closure of the coronal entrance of the defects in the inlay group.
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