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Summary

Autologous bone, for its osteoconductive, osteoinduc-

tive and osteogenetic properties, has been considered

to be the gold standard for maxillary sinus augmentation

procedures. Autograft procedures bring also some dis-

advantages: sometimes the limited amount of available

intraoral bone makes necessary to obtain bone from an

extraoral site, and this carries an associated morbidity.

To overcome this problem we started using homologous

freeze-dried bone in maxillary sinus augmentation pro-

cedures. This bone is industrially processed with γ-irra-

diation to eliminate its disease transmission potential

and it’s considered safe, but this treatment also elimi-

nates the osteoinductive and osteogenetic properties,

making it just an inert scaffold for regeneration. Mes-

enchymal stem cells are successfully used in and ortho-

pedic surgery for their amplification potential of healing

mechanisms. We assumed that mesenchymal stem cells

can restore the osteogenetic and osteoinductive proper-

ties in homologous bone grafts. The aim of this study

was an histological evaluation of bone regeneration in

maxillary sinus elevation using: 1) mesenchymal stem

cells engineered freeze-dried bone allografts; 2) freeze-

dried bone allografts.

Twenty patients (10M, 10F) with a mean age of 55.2 years

affected by severe maxillary atrophy were treated with

bilateral maxillary sinus floor elevation. For each patient

were randomly assigned a “test” side and a “control”

side, different from each other exclusively in the compo-

sition of the graft material. The “control” sides were

composed by corticocancellous freeze-dried bone chips

and the “test” sides were composed by corticocancel-

lous freeze-dried bone chips engineered in a bone mar-

row mesenchymal stem cells concentrate. After three

months bone biopsies were performed on the grafts and

histological specimens were made in order to evaluate

the healed bone from an histological point of view.

Histologically all the specimens showed active remodel-

ling signs and all the tissues were free of inflammatory

cells. “Control” side specimens showed a substantial

persistence of the grafted bone and, with the interposi-

tion of connective tissue, a considerable amount of new-

ly formed bone. “Test” side specimens showed a much

more represented cellular component compared to the

“control” sides. The grafted bone trabeculae, when de-

tectable, were completely imprisoned inside new formed

bone, in direct contact with it and without interposition

of connective tissue.

Freeze-dried bone can be used successfully as graft ma-

terial in the treatment of maxillary atrophy. The same

bone engineered with stem cells showed a greater histo-

logical integration potential comparable with autografts

histological morphology. Further studies are needed to

confirm these hypotheses.
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Introduction

Autologous bone grafts are currently considered the gold

standard for regeneration of the hard tissue in oral surgery

because of their osteoconductive, osteoinductive and os-

teogenic properties. However, they are limited by major dis-

advantages, such as lack of availability of intraoral bone,

double-site surgery and postoperative morbidity, that have

stimulated the research for alternative graft materials (1, 2).

Various osteoconductive materials have been used for graft-

ing but these, due to the preparation technique, are devoid

of cells and growth factors (3-5) and require long times for

integration.

In recent years, bone grafting techniques have taken great

advantage of the establishment of Tissue Banks, which have

allowed an increasing diffusion of freeze-dried bone allo-

grafts (FDBA). Freeze-drying is suitable for reducing heterol-

ogous bone tissue antigenicity without inducing biomechani-

cal changes in the material. This procedure consists in subli-

mation of water from frozen bone tissue specimens, which

are then vacuum-packed and made suitable for long-term

storage at room temperature. On the other hand, freeze-dry-

ing destroys bone cells and soft organic matrix, thus result-
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ing in a substantial limitation of the osteogenic and osteoin-

ductive potential of FDBA, which can be regarded as a mere

osteoconductive scaffold.

In the last years, a tissue engineering procedure has been

set up in which autologous mesenchymal stem cells (MSCs)

are used in combination with an osteoconductive scaffold as

a graft material. MSCs are a population of bone marrow-de-

rived, non-hematopoietic multipotent cells which can be ex-

panded and differentiated in vitro into cells with osteogenic

phenotype (6, 7). Recent studies have highlighted that MSCs

are capable of regenerating large bone defects when used in

combination with bone substitutes (8, 9) and increasing allo-

graft osteointegration (10).

Another method that has been used to improve the outcome

of bone grafting is based on autologous platelets. Indeed,

they are a readily accessible, safe and cheap source of

growth factors, such as platelet-derived growth factor

(PDGF), transforming growth factor beta (TGF-b), epidermal

growth factor (EGF), vascular endothelial growth factor

(VEGF), and insulin-like growth factor I (IGF-I), which play a

key role in tissue homeostasis (11-13). Platelets are usually

concentrated in a small volume of plasma called platelet-rich

plasma (PRP), which can be an excellent addition to MSCs

and freeze-dried bone grafts. In fact, MSCs express recep-

tors for the growth factors contained in the PRP, and in vitro

studies have shown that the addition of PRP promotes MSC

proliferation.

Based on the above grounds, we performed the present

study to test the hypothesis that grafting of FDBA in combi-

nation with autologous MSCs and PRP may lead to in-

creased bone regeneration and reduced healing time, thus

reproducing the performance of autologous bone grafting.

Materials and methods

Subjects

Twenty patients (10 males and 10 females, mean age 55.2)

with severe maxillary atrophy, attributable to V class, accord-

ing to Cawood and Howell (14) and requiring bilateral maxil-

lary sinus augmentation, were enrolled in the study between

September 2010 and February 2012. The clinical protocol

complied with guidelines of the Declaration of Helsinki, as

amended in Edinburgh, 2008, and was approved by the Ethi-

cal Committee of the Faculty of Medicine, University of Flo-

rence, Italy. The patients were thoroughly informed about the

possible risks and complications related to the use of homol-

ogous grafting materials, including the rare possibility of

transmission of human immunodeficiency (HIV), hepatitis C

(HCV) and hepatitis B (HBV) viruses. All the enrolled pa-

tients signed a written informed consent to the treatment.

Inclusion criteria were: i) edentulous premolar and molar re-

gion and ii) presence of less than 5 mm of residual crestal

bone between the sinus floor and alveolar ridge. General ex-

clusion criteria were: acute myocardial infarction in the six

months preceding the intervention, coagulation disorders,

metabolic diseases (diabetes mellitus, bone diseases), psy-

chiatric disorders, heavy smoking habits (> 10 cigarettes per

day), head/neck radiotherapy in the previous 24 months,

treatment with intravenous bisphosphonates. Local exclusion

criteria were: disorders of the maxillary sinus, oral infections

and periodontal diseases.

All patients underwent anamnesis, physical examination and

panoramic radiographs. Subsequently CT investigations

were performed to evaluate the best sites for implant place-

ment, to assess the morphology of the maxillar/mandibular

bone and to identify possible disorders of the maxillary sinus.

According to the split-mouth design, each patient underwent

two parallel treatments, as detailed below: the test quadrant

was grafted with FDBA in the form of cortico-cancellous par-

ticulate, rehydrated in sterile saline and then absorbed with

MSCs and PRP; the control quadrant was grafted with FDBA

alone. Allocation concealment of the patients’ quadrants to

either treatments was performed by sequentially numbered

opaque sealed envelopes (SNOSE).

MSC preparation and PRP preparation

We have used a RegenKit Extracell Glue procedure (Re-

genLab SA Losanne, Swiss) to concentration of autologous

Stem Cells

Preparation of autologous bone marrow from withdrawal of

the iliac crest:

1) 4 sampling points moving with the trocar;

2) filling volume in Regen THT tubes, 5 ml for tube, final

volume before centrifugation approximately 20 ml;

3) only centrifugation 3400 rpm x 8 minutes (greater recov-

ery of stem cells);  

4) Centrifuge Regen Centrigel H-19 F. 

Gently resuspend the cells by separating gel, concentrated

and put them in a arcella for engineering, based on the final

volume of autologous stem cells concentrate (about 14/15

ml) will added 5ml of gluconate calcium if the cells will need

to be gelled.

Protocol of use PRP

Blood withdrawal directly with the closed tube - system, con-

centration of platelets with dedicated centrifuge  Regen Cen-

trigel H19 F. 

Only centrifugation 3200 rpm x 12 minutes, collecting the

PRP above cells selector gel. Production of Autologous

Thrombin Serum with dedicated ATS tube.

Complete solution 

Mix of BMC and PRP with calcium and autologous bone or

substitute for osseous reconstruction.

Effects and advantages 

Autologous and natural product, no risk of intolerance or al-

lergies. Stimulate healing process and the growth of injured

tissues, improves angiogenesis and rivascularisation of tis-

sues, stimulate mesenchymal cells proliferation, stimulate

both fibroblasts growth and collagen production, accelerate

the development of bone tissues by osteo-inductive capacity

and stimulation of osteoblast growth.

Mixing of the components

In the sterile surgical field, a container was filled with

lyophilized bone tissue. The bone was then rehydrated by

soaking in freshly prepared PRP and then absorbed with

concentrated MSCs. Finally, autologous thrombin serum was

added to induce platelet activation.

Surgical Procedure

The patients were subjected to general anesthesia in naso-

tracheal intubation. Intraoral and extraoral tissues were dis-

infected with 10% Iodopovidone (Betadine, Purdue Pharma

LP, Stamford, CT, USA). The maxillary surgical sites were

infiltrated with local anesthetic with vasoconstrictor (40

mg/ml D-Ultracain plus 5 mg/ml Suprarenin; Hoechst, Frank-
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furt am Main, Germany). The anterolateral wall of the maxil-

lary sinus was exposed by continue crestal incision and a

vertical incision in the vestibular fornix. After elevation of a

mucoperiosteal flap, an oval-shaped osteotomy was made

with a round bur and the Schneiderian membrane was lifted

by an appropriate periosteal elevator. Then the control or

test graft material was put in place, according to the random-

ized split-mouth protocol. Finally, the flap was sutured with-

out tension to prevent dehiscence using multiple points in

horizontal mattress sutures with 3-0 absorbable thread

(Vicryl Rapid, Ethicon, Johnson & Johnson Rome, Italy).

Biopsy procedure

Three months after maxillary sinus surgery, the patients

were recalled for implant placement. During this intervention,

bone biopsies perpendicular to the alveolar bone were per-

formed in the grafted region using a trephine drill (16 mm

length, 5 mm outer diameter, 3.5 mm inner diameter) under

constant cooling using sterile saline flow. After collection, the

specimens were marked at the level of external cortical bone

with India ink and immediately fixed by immersion in buffered

4% formaldehyde (pH 7.3) overnight. Then, bone samples

were thoroughly washed and stored in 70% ethanol at 4° C

until inclusion. The samples were included in an embedding

medium composed of 80% methyl methacrylate and 20%

Plastoid®. Five μm-thick sections were obtained with a micro-

tome (Reichert-Jung, Germany), de-waxed and stained with

hematoxylin and eosin.

Results

Clinical observations

No complications occurred during the surgical procedures for

maxillary sinus elevation, the post-operative course and the

bone biopsies performed 3 months after surgery. None of the

enrolled patients complained for pain or other dysfunctional

symptoms which could impair normal feeding habits. In all

the patients, at the time of biopsy, the objective conditions of

the control and test quadrants were deemed adequate for in-

sertion of implants, allowing prosthetic reconstruction and re-

habilitation of the dental apparatus. 

Histological analysis

By light microscopy, all the samples examined showed signs

of bone remodelling and no substantial infiltration by inflam-

matory cells. However, major histologic differences were ob-

served between the control and test areas.

In particular, the biopsies taken from the control quadrants

(Figure 1, A-D) showed numerous elongated particles of the

grafted FDBA, recognizable by the presence of acellular

bony lacunae and pseudo-basophilia of the extracellular ma-

trix, intermingled with trabeculae of newly formed bone, rec-

ognizable as being populated by viable osteocytes. Howev-

er, the grafted FDBA was usually separated from the trabec-

ular bone by large amounts of interposed fibrous connective

tissue. It is conceivable that this type of graft material, used

alone, carries an action exclusively osteoconductive and that

therefore will encounter a substitution mechanism similar to

that of fresh frozen bone (FFB), described by other Authors

as “creeping substitution”. 

On the other hand, the biopsies taken from the test quad-

rants showed that the grafted FDBA was usually adjacent to

or embedded within the newly formed bone, without interpo-

sition of fibrous connective tissue. This histological pattern is

suggestive for successful osseointegration of the grafted FD-

BA conditioned with MSCs and PRP and closely resembles

that of autologous bone grafts. 

For proper comparison, an archive biopsy taken from a pa-

tient who underwent grafting of autologous bone from the ili-

ac crest was also examined. In this biopsy, an optimal inte-

gration of the grafted and endogenous bone was observed,

as judged by the extended, tight contact between the two

bone tissues and the absence of any fibrotic reaction. This

type of healing resembles that observed in the grafts of au-

tologous bone. 

Discussion and conclusion

The increasing demand for implant-based prosthetic rehabili-

tation in patients with maxillary atrophy has prompted opera-

tors to search for a valuable alternative to autologous bone

for grafting purposes. In this context, the use of lyophilized

human bone in combination with bone-stimulating cells has

been investigated as a suitable method to induce endoge-

nous bone regeneration, in a way that can fairly reproduce

the osseoinductive effects of autologous bone.

The present split-mouth study offers circumstantial evidence

that a bio-engineered grafting material, composed of homol-

ogous freeze-dried bone (FDBA), absorbed with autologous

MSCs and activated PRP, can induce de-novo formation of

alveolar bone, thus substantially accelerating elevation of the

floor of the maxillary sinus for implant placement purposes.

In fact, the osseoinductive performance of the bio-engi-

neered FDBA was significantly better than that of FDBA

alone placed in the contralateral, control sites of the same

patients. Clinically, 3 months after grafting, the newly-formed

bone is sufficiently stable to allow safe placement of en-

dosseous implants. On the other hand, it is conceivable that

FDBA alone can have a merely osteoconductive effect, acti-

vating a slow substitution mechanism similar to that ob-

served with fresh frozen bone (FFB) and previously termed

“creeping substitution” (15). The histological analysis of bone

biopsies taken 3 months after grafting confirmed the clinical

data. Indeed, the degree of osteogenesis was greater in the

test than in the control quadrants and clear-cut images of

newly-formed bone interlocked with the grafted bone were

frequently observed in the former sites. Basically, these his-

tological pictures were nearly similar to those observed upon

grafting of autologous bone taken from the ileal crest.

The present findings fit well with those of the recent litera-

ture, indicating that transplantation of MSCs and PRP can in-

duce increased bone formation when using osteoconductive

scaffold for maxillary sinus floor raising (Ohya et al., 2005,

Ueda et al., 2005).

In conclusion, our study provides further support to the no-

tion that FDBA bio-engineered with MSCs and PRP can sig-

nificantly improve bone formation as compared with FDBA

alone and can represent the treatment of choice for sinus

floor elevation. In turn, rapid and adequate reconstitution of

maxillary bone thickness can significantly improve the bio-

mechanical performance and hence clinical outcome of den-

tal implants. Further studies are needed to determine the

long-term behaviour of this grafting material, especially con-

cerning the possibility of delayed resorption.
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High-magnification detail of an osteointegrating area in which a continuous row of osteoblasts can be seen juxtaposed to a grafted trabecu-

la. H&E; bars = 50 μm.
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