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ABSTRACT

Autologous bone appears to be the most predictable and successful material available. The main problem concerning
its use is its availability, but with autologous bone, there are no immunologic reactions or risks of disease transmission. The
authors present a histological study of autologous bone used in ridge augmentation associated with bone lamina. Twenty
patients participated in this study, and all gave their informed consent. In all patients, autologous bone was obtained during
implant bed preparation in association with bone lamina in lateral and vertical ridge augmentation procedures. After 12
months, a small biopsy of the regenerated tissues was carried out. Histologically, almost all particles of autologous bone were
surrounded by newly formed bone; all particles had been surrounded by new bone or undergoing remodeling. In conclusion,
we observed that autologous bone used in ridge augmentation procedures under bone lamina membranes presented excellent
osteoconductive properties: all the particles were surrounded by newly formed bone.
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INTRODUCTION

Insufficient bone amount of bone is one of the most significant clinical challenges in dental implantology (1).
Alveolar distraction osteogenesis, guided bone regeneration (GBR), and onlay grafting have been described to augment
the horizontal and vertical bone volume (2). Trauma, surgery for tumors, or periodontal pathologies cause resorption of
the alveolar process or, in severe cases, resorption of native bone may produce insufficient bone volume or unfavorable
vertical, transverse, and/or sagittal inter-arch relationships for dental implant placement (3).

Various graft materials have been effectively used for bone regeneration, including xenografts, alloplasts, and
allografts, but autologous bone is considered a gold standard. Autologous bone (AB) grafting is the gold-standard technique
and appears to be the best type of graft used in bone regeneration (4), and is the most predictable and successful material
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available (5-8). In implant surgery, the reported benefits of AB graft include accelerated wound healing and the regeneration
of new bone and soft tissue following tissue injury because it contains viable osteogenic cells, intrinsic growth factors, and a
scaffold that collectively promotes new bone formation (9). However, autologous bone graft can present various
disadvantages, including limited grafted bone and procedure time. Moreover, a year after the regenerative procedure, bone
reabsorption happens in 40% (10).

Usually, the intraoral area is the main site of autologous bone donation, including maxillary tuberosity, mandibular
symphysis, and ascending ramus of the mandible. Also, the iliac crest graft and calvarial graft have been used in major
surgeries because of the large amount of donated bone (11). The autologous harvested bone contains cortical bone and
cancellous bone. Cancellous bone is rapidly revascularized, and this type of bone is resorbed and replaced by creeping
substitution, while cortical bone appears to be revascularized very slowly (12).

The main problems concerning the use of autologous bone are its availability (13), infections, a limited amount of
donor bone tissue, the need for a second surgery site for bone graft harvest, bleeding, and chronic pain. For this reason, many
other types of materials have been used as substitutes for autologous bone (2, 13-15).

However, autologous bone remains the gold standard in bone regeneration due to its osteogenic, ostecinductive, and
osteoconductive properties (16), growth factors, and the fact that it does not cause immunogenic reactions (17). Autologous
bones are classified according to their intraoral or extraoral origin and endochondral or membranous according to their
embryologic origin. In implantology, the most frequently used intraoral donor sites are the chin and body or ramus of the
mandible; the main disadvantage is their high number of postoperative complications (18, 19).

The present study aimed to perform a histologic study in man to analyze the healing features and remodeling patterns
of autologous bone used under bone lamina membranes in ridge augmentation procedures.

MATERIALS AND METHODS
Twenty patients participated in this study (mean age 48; range 32 to 72). All gave their informed consent. In all

patients, autologous bone was obtained during implant bed preparation in association with Bone Lamina (OsteoBiol by
Tecnoss, Italy) in lateral and vertical ridge augmentation procedures (Fig. 1, 2).

Fig. 1. Vestibular bone defect.

Fig. 2. Bone defect treated with autologous bone before placement of the bone lamina.

After 12 months, a small biopsy of the regenerated tissues was carried out at implant insertion. The specimens were
retrieved, washed in saline solution, and immediately fixed in 4% paraformaldehyde and 0.1% glutaraldehyde in 0.15 M
cacodylate buffer al 4°C and pH 7.4 to be processed for histology. The specimens were processed to obtain thin ground sections
with the Precise 1 Automated System (Assing, Rome, Italy) (20). The specimens were dehydrated in an ascending series of
alcohol rinses and embedded in a glycolmethacrylate resin (Technovit 7200 VLC, Kulzer, Germany). After polymerization,
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the specimens were sectioned with a high-precision diamond disc at about 150 pm and ground down to about 30 pum. The
slides were stained with basic fuchsin, toluidine blue, and von Kossa. The histochemical analysis of acid and alkaline
phosphatases was carried out according to a previously described protocol (21).

RESULTS

In many histological samples, it was possible to see that almost all particles of autologous bone were surrounded by
newly formed bone. In some fields, it was possible to see that this newly formed bone was lined by a rim of osteoblasts that
was positive for alkaline phosphatase. No osteoclasts or macrophages positive to acid phosphatase were present. A resorption
phenomenon was present. In many areas, it was possible to observe the presence of compact, mature cortical bone that could
be easily differentiated from the newly formed bone. The grafted bone presented different structure and maturation features
from the regenerated bone: it had a lesser affinity for dyes and a basic fuchsin-positive, highly stained line, similar to the
cementing lines, divided the grafted from the regenerated bone (Fig. 3).

Fig. 3. Autologous bone is easily recognized due to its lesser staining affinity than newly formed bone. Basic fuchsin-toluidine
blue 100 X.

These lines had higher staining than the cementing lines observed in normal bone. The biological fluid colonized the
bone plate, which was also present, and in several areas, it was in direct contact with the new bone.

DISCUSSION

The present study shows that all particles of autologous bone were always surrounded by newly-formed bone, and
several areas showed a resorption process. The underlying cellular mechanisms that trigger graft resorption remain to be
elucidated. In the present study, we show graft resorption could plausibly be compared to bone resorption during physiological
remodeling (22). Much remains elusive with regard to the underlying cellular mechanisms that trigger graft resorption. The
old or damaged bone is resorbed by osteoclast during bone remodeling. This is a desirable effect because resorption is coupled
with bone formation during physiological bone remodeling.

Autogenous bone is currently the only osteogenic material available (23). The biology and biomechanics of bone
healing are complex and currently considered that successful bone healing requires the presence of viable osteogenic cells and
appropriate connective tissue matrix, adequate vascularity, the presence of multiple growth factors that have both temporal
and particular specificity within the fracture site, and appropriate degree of mechanical stability (24). Viable bone cells have
been found in borings collected from implant cavities (25).

Autogenous bone from the iliac crest appears to be the best material for sinus-lift procedures (24), treatment of
dehiscences and fenestrations around dental implants (24), and vertical ridge augmentation around dental implants (3).
Autologous bone is inert, does not produce immunologic reactions, is replaced by osteoclastic resorption and bone formation,
presents cell viability and a decreased time for revascularization, resorption, and replacement, and has no risks of disease
transmission (26).

Our histological results show a very high osteoconductivity of the autologous bone: all the particles were always
surrounded by newly formed bone, and the latter was firmly attached to the former (27, 28). It was possible to find a regular
cement line at the interface between the autologous and the newly formed bone (28). These lines occasionally had a crenated
appearance, which osteoclastic resorption could explain this phenomena before bone formation. The bone regeneration with
autologous bone had the most significant bone regeneration (26). Cortical bone becomes revascularized much slower than
cancellous bone (26, 28).
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The cortical portion is revascularized slowly through the Haversian system and remodeled by cortical bone-modeling
units (28). Allografts, on the other hand, are replaced slowly. There is a host immune response, and the failure of all forms of
allografts is significantly higher than that of autografts (26). Autologous bone can be mixed with platelet concentrates to
improve bone healing (29).

CONCLUSIONS

In conclusion, we observed that autologous bone used in ridge augmentation procedures under bone lamina
membranes was excellently osteoconductive: all the particles were surrounded by newly formed bone.
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