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Microfractured Lipoaspirate May Help Oral Bone
and Soft Tissue Regeneration: a Case Report
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ABSTRACT
Background: Among most of the mesenchymal
stem cells sources, adipose tissue represents an
ideal source because of the easy access and the
simple isolation procedures. We developed an innovative technique (Lipogems®) to obtain microfragmented fat tissue transfer. This adipose
tissue houses intact stromal vascular niche and
mesenchymal stem cells with high regenerative
capacity.
Objectives: Aim of this case report is to show a
novel Lipogems® application in a difficult case of
oral surgery.
Materials and Methods: We treated a difficult patient
with localized oral bone atrophy with Lipogems®
micro fat grafting technique in combination with
swine cortico-cancellous bone mix Gen-Os. The patient was followed-up for 12 months.
Results: As in other surgical applications, we observed an excellent tissue healing and absence of
inflammation and infection, and a significant
subjective pain reduction within the grafted
areas. The postoperative radiographic evaluation and the histological slides showed homogeneous redefinition of bone defects, and intensive
osteointegration.
Conclusion: This case report suggests that Lipogems® may improve the healing, osteointegration and stability of the implants in newly
formed bone. More studies are required to confirm the efficacy of Lipogems® in oral surgery on
larger scale.
Keywords: Lipogems®, Lipoaspirate, Adipose tissue, Oral
surgery.

INTRODUCTION

The adipose tissue represents a very attractive source
of mesenchymal stem cells (MSCs) and supports the
healing and regeneration of many tissues1-5. Adipose
tissue harvesting is greatly facilitated by the technique of liposuction, which is relatively non-invasive
and results in minimal discomfort of the patient and
it is easily performed under local anesthesia6, 7.
Adipose derived mesenchymal stem cells are
routinely obtained enzymatically from fat lipoaspirates as SVF8 and/or may undergo prolonged ex vivo
expansion, with significant senescence and decline
in multipotency, which leads to clinical results
below the expectations9. Besides, these techniques
have complex regulatory issues10.
Objective of this case report is to show how
micro-fractured fat transplantation obtained with the
new device Lipogems® is safe and effective in the
treatment of an oral bone defect.
MATERIAL AND METHODS
HARVESTING AND PROCESSING OF THE FAT TISSUE

Lipogems System has been developed to improve
the classical fat graft lipofilling technique5 with the
aim of providing transplantable clusters of lipoaspirate with reduced size for the improvement of their
post-transplant engraftment2,11. The system consists
of a disposable kit for the aspiration, processing and
reinjection of adipose tissue in both human and veterinary medicine12-17. Before harvesting the fat, the
selected site is injected by local anesthesia and adrenaline at high dilution12. Its core is a disposable and
closed device filled with saline solution that pro1
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gressively reduces the size of the clusters of adipose
tissue by means of mild mechanical forces and eliminates oil and blood residues responsible for the
inflammation processes. The technique is gentle and
intra-operatively provides micro-fractured fat in a
short time (15-20 minutes), without expansion
and/or enzymatic treatment12,17. The vasculo-stromal
niches of Lipogems® survive in the site of the injection and improve tissue health. To induce new bone
formation, we mixed Lipogems® with the swine cortico-cancellous bone mix Gen-Os (http://www.ostralos.com/webapps/category/102540/336204/99644)
which has been demonstrated to have a high osteoconductive activity. We selected Gen-Os because of
its highest similarity with the human bone in terms
of actual density, mineral content, infrared spectroscopy, FTIR and XRD diffractograms. Gen-Os expands up to 50% in volume after hydration with
sterile saline: hydrated collagen contained in each
granule also increases biomaterial adhesiveness.
HISTOLOGICAL ANALYSIS
Three months after the surgical procedure, the carrot for the histological analysis were extracted from

the cortical/medullary – vestibular/lingual direction,
more or less in the center of the area regenerated
with a cutter Trefine ∅ 3 mm. Samples had cylindrical shape, about 7 mm long axis and 2.5 mm diameter. The specimens were fixed at room
temperature for 2 days in 10% phosphate buffered
formaldehyde pH 6.9, and dehydrated overnight in
ethanol prior to a three-step impregnation in a methylmethacrylate (MMA) monomer (Merk) for at
least 3 days. For embedding, specimen blocks were
stored in MMA 80%, Plastoid N 20% (Rohm
Pharma, Germany) for 2 h in uncapped vials under
vacuum and embedded in capped 10 mL glass vials
at 37°C overnight. After the polymerization, the
glass vials were removed and moistened sections
(50 µm) were cut using a Leica SP 1600 Saw Microtome with a rotating diamond saw blade for
high-quality sample preparation of hard materials
for microscopic analysis. After the cutting, slides
were smoothed on a Mecapol 220 U (Presi, Grenoble, France) using the LD polishing methods with
diamond abrasives and mounted on polyethylene
slides. The cutting was performed on the long axis
of the carrots; the polished sections were stained
using fucsin/light-green and Toluidin blue (Sigma)
for histological evaluation.
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Figure 1. Pre-surgical pictures showing very extensive bone
defect in the region 4.1 with a vertical root fracture of the
same element. A, Digital image; B, Panorex; C-D, CT scans.
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ETHICS
The procedures mentioned in this case reports are
in accordance with the ethical standards and with
the Helsinki Declaration of 1975, as revised in
2000. The patient has been informed about risks, benefits and alternative options to the proposed treatment. She expressed and signed the informed
consent form.

CASE REPORT
Forty-five (45) years old female with a very localized
bone defect, 3 walls, in the region 4.1, which resulted
in a vertical root fracture of the same element. The clinical history showed diabetes type I on insulin therapy.
All the biochemical parameters were stable. Considering the systemic disease of the patient (Figure 1) and
evaluating all the possible therapeutic options to repair
the localized bone defect, Lipogems® mixed with GenOs appeared to be the most suitable, because of its noninvasiveness and the possibility that Lipogems® might
lower the risk of complications15.

FIRST SURGICAL PROCEDURE
We harvested and processed the subcutaneous fat
with Lipogems® as previously described14. We then
mixed the micro-fragmented fat with the scaffold
Gen-Os, a swine cortico-cancellous bone mix with
high osteoconductive activity (http://www.ostralos.com/webapps/category/102540/336204/99644).
We performed a full-thickness 1 cm vertical incision between the first premolar and the lower right
canine (4.4-4.3), with a 2/4 Molt, and gently proceeded in the direction of the defect in order to realize a horizontal tunnel. At the point 4.1, we
accurately detached the periosteum on all the walls
of the defect keeping it as intact as possible and
stretching it in order to have enough free space for
the insertion of the mix Lipogems/Gen-Os.
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To harvest, compact and place in site the mix, we
used a special syringe for biomaterials. We closed
the tunnel with sutures in GoreTex CV5 (Figure 2).
We post-surgically treated the patient for 5 days
with 1200 mg Bacampicilline (2 capsules per day),
400 mg Dexibuprofene (2 capsules per day), and 20
mg Pantoprazole (1 capsule per day).
Seven days after the treatment, we observed
good healing of the soft tissue and absence of
edema. After the removal of the sutures at day 15,
we observed a perfect tropism of the surrounding
tissue. The clinical picture was excellent with a consistent improvement and acceleration of the healing
process of the soft tissues and bone density, measured with the high rating score scale Hunsfield, of
850 at the second month and 980 the third month
after surgery (Figure 3)18.

SECOND SURGICAL PROCEDURE
After 3 months, we implanted the prosthesis into the
regenerated defect. Because of the paucity of the
inter-radicular space, we selected a direct implant
“One-piece” with a diameter of 2.6 mm. We placed
the implant in 35 Ncm of Torque and, immediately
after, positioned a passive prosthesis keeping it in a
light static and dynamic occlusion.
The CT scan performed three months after the
implant of the prosthesis showed a complete bone
regrowth (Figure 4).
In summary, we evaluated the efficacy of our approach according to clinical, histological and radiological parameters. In details, 7 days after the
treatment, we observed a very satisfactory healing
of the soft tissue and absence of edema. The patient
did not suffer any disturbance in the grafted area and
reported a modest pain in the lumbosacral area

Figure 2. Lipogems® is mixed with Gen-Os (A) and inserted in the periosteal tunnel (B).
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Figure 3. Fifteen days after treatment: perfect healing of
the soft tissue and “filling” of the bone defect with Lipogems® mixed with Gen-Os. A, Digital image; B,
Panorex; C-D, CT scans.

where we harvested the fat. After the removal of the
sutures at day 15, we observed a perfect tropism of
the surrounding tissue. The clinical picture was excellent with a consistent improvement and acceleration of the healing process of the soft tissues and
bone density, as observed in similar cases previously treated without Lipogems®.
The follow-up at one, two, three, six, and twelve
months also revealed an early and intensive osteosynthesis, which is well documented also by the histological analysis done on samples at three months
after the second surgical procedure (Figures 5 and 6).
Indeed, Fucsin/Light Green staining revealed the for-
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mation of mineralized bone stained in green and indicated in Figures as lb (lamellar bone) when mature,
and wb (woven bone) when immature; soft/newly
formed tissue is revealed in red and indicated in Figures as ft (fibrous tissue) when characterized by fibroblasts in collagen fibres and mt (mineralizing
tissue) when it is not yet mineralized but the organization of cells and extracellular matrix looks like immature bone and the staining from red became
fuchsia. We observed excellent tissue neo-formation
with no indications of inflammatory responses after 3
months from the second surgical procedure. After the
treatment with Lipogems®, the areas previously de-

Figure 4. CT scan showing complete bone regrowth after 3 months.
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Figure 5. Histological sections of the tissue formed
after three months from the
second surgery. lb) lamellar
bone evidenced by ordered
disposition of osteocytes embedded in an orderly mineralized matrix; wb) woven
bone, primary bone, with random distribution of osteocytes in a disorganized
mineralized matrix; ft) dense
fibrous tissue; mt) connective
tissue partially mineralized;
at) adipose tissue. Original
magnification 100x; Fucsin/Light Green staining.

void of bone appeared almost fully jointed with connective tissue rich in fibrous matrix that occasionally
loses its organization in parallel fibres turning into the
typical structure of the newly formed bone. In addition, the newly formed tissue replaced the lipoaspirate and the particulate injected. Only in some areas,
few residues of well-organized and vascularized adipose tissue are present as shown in Figures 5B and
5D and at higher magnification in Figure 6B.

Figure 6. Histological images at
400X magnification of the areas
included in white squares of the
images reported in Figure 5.

DISCUSSION
During the last two decades, treatment with implants
become one of the first options for the prosthetic rehabilitation of partially edentulous jaws. There is a
critical need to find new therapeutic approaches for
the treatment of the atrophic alveolar bone, especially
when the bone defects prevent immediate dental restoration. Up to now, several surgical options have
been adopted for the reconstruction of a full-thickness
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alveolar defect, such as autologous bone grafts, allografts, xenografts, alloplastic materials, barrier membranes for guided bone regeneration (GBR), growth
factors, platelet rich plasma (PRP) and distraction
osteogenesis19. All of them aim to obtain enough bone
for an optimal implant stabilization and a good osteointegration. The gold standard is the autologous bone
graft20, because of its osteogenic potential, biomechanical properties, and the biocompatibility. Nevertheless, the limit of the autologous bone graft is the
technical difficulty and the morbidity of the harvested
bone site. The use of allograft (human cadavers
bone)21 or xenograft (material derived from animals)24
as well as synthetic bone substitutes (hydroxyapatite –
HP) and bioactive glasses (alone or in combination
with autogenous bone grafts) have been also proposed. Because of their osteoconductive properties, all
of these approaches can provide the framework for
bone formation, but not bone formation itself, as they
are not osteoinductive. On the contrary, platelet rich
plasma (PRP) and bone morphogenetic proteins
(BMPs) have the ability to promote and stimulate
bone development23 and this can be attributed to the
pro-angiogenic, -proliferative, and -differentiating effects on osteoblasts24. PRP is obtained by sequestering and concentrating platelets from whole blood25
and it is very important in wound healing because it
promotes coagulation and supplies growth factors26.
Published data on PRP show controversial results,
some indicating an improvement of the amount and
density of the bone formation24, some others showing
no significant effects, possibly because of the low
PRP concentration27,28. Therefore, the unpredictable
amount of bone promotion and the variability in the
levels of growth factors, make this approach still not
completely standardized27-29.
Recently, MSCs seeded onto porous ceramics
scaffold with osteoconductive properties30-32 have
been proposed as an alternative method. Published
data indicate sub-optimal results due to low rate of
HP resorption and the poor plasticity, thus worsening the implantation procedure and even increasing the risk of infection33. Other studies using a
combination of fibrin glue, MSCs and PRP reported
good results. Indeed, neovascularization of bone
with accelerated healing and earlier new bone formation were assessed34,35. Despite the good results,
this method has the disadvantage of being time consuming, as it requires bone marrow aspiration, cell
isolation and expansion33. An ideal human MSC
source should be abundant, harvested with mini-

mally invasive procedures, and should provide a
cell population retaining good viability and differentiation potential despite donor age; adipose tissue
incorporates all these features9. The therapeutic and
healing effect of fat grafting is now widely recognized and attributed to the stromal vascular fraction, which contains the stem cell compartment,
responsible for tissue remodeling13.
The chance of clinical translation of the multilineage potential of adipose tissue derived MSCs is delayed by the poor/negligible cell survival within
cryopreserved lipoaspirates, the difficulty of ex vivo
expansion, and the complexity of current Good Manufacturing Practice (cGMP) requirements for expanded cells. Hence, availability of a minimally
manipulated, autologous, hMSC/pericyte-enriched fat
product would have remarkable biomedical and clinical relevance. Recently, Prof. Tremolada developed
and patented an innovative system, named Lipogems®, providing a non-expanded, ready-to-use fat
product. The system uses mild mechanical forces in a
completely closed system, avoiding the use of enzymes, additives, and other manipulations. Differently
from unprocessed lipoaspirate, the non-expanded Lipogems® product encompasses a remarkably preserved vascular stroma with slit-like capillaries wedged
between adipocytes and stromal stalks containing vascular channels with evident lumina36. The entire procedure is fast, safe, and not subjected to the regulatory
restrictions imposed by the Good Manufacturing
Practice Guidelines. In this case report, we aimed to
show how micro-fractured fat transplantation obtained with Lipogems® applied in combination with cortico-cancellous inorganic bone of pig (xenografts)
could improve the healing, osteointegration and stability of the implant. The results are very promising:
no infection within the site of implant, halved healing
time, no periodontal inflammation and retraction, and
good osteointegration and stability of the implant.
We are aware that this case report has a number
of limitations, and we certainly know that more studies are required to confirm the efficacy of Lipogems® in oral surgery on larger scale. We anticipate
that other patients with combined bone defects (horizontal/vertical) have been treated with Lipogems®
mini-invasive technique and the results, although
partial, are very promising. At this stage, we cannot
demonstrate the efficacy of our approach with a
comparative histological analysis at defined endpoints in terms of differences in the rate of neoosteogenesis and maturation of newly formed bone
tissue compared with control cases treated with traditional approaches37-40. Based on our experience,

we can assert that the treatment with Lipogems®
constantly improved the healing rate of the soft tissues within the surgical incision. In addition, we observed an excellent tissue tropism even starting
from day 2, with little or no post-surgical edema,
and abundant induced neo-vascularization. The histological analysis after 3 months revealed a level of
maturation of the bone tissue, which is usually detectable after 6 months or more.
To confirm these data, we are setting a randomized double-blind clinical trial possibly performed bilaterally, with a test site and contralateral site control.
Anyhow, as soon as the cases actually under treatment with Lipogems® will be concluded, we will extend this preliminary report with additional results.
CONCLUSIONS
Many technical approaches to restore bone defects
in oral surgery have been suggested and discussed,
and different results in terms of osteointegration,
rate of infection, healing rate, and stability of the
implant are reported. This case report suggests that
Lipogems® micro-fractured fat may be a safe and
effective option to improve bone regeneration. Of
course, more studies are required to confirm this technique in oral surgery on larger scale and in different clinical situations.
REFERENCES

1. Caplan AI. Adult mesenchymal stem cells for tissue engineering versus regenerative medicine. J Cell Physiol 2007;
213: 341-347.
2. Coleman SR. Structural fat grafting: more than a permanent filler. Plast Reconstr Surg 2006; 118(3S): 108S-120S.
3. Rigotti G, Marchi A, Galie M, Baroni G, Benati D, Krampera M, Pasini A, Sbarbati A. Clinical treatment of radiotherapy tissue damage by lipoaspirate transplant: a healing
process mediated by adipose-derived adult stem cells. Plast
Reconstr Surg 2007; 119: 1409-1422.
4. Sultan SM, Barr JS, Butala P, Davidson EH, Weinstein AL,
Knobel D, Saadeh PB, Warren SM, Coleman SR, Hazen
A. Fat grafting accelerates revascularisation and decreases
fibrosis following thermal injury. J Plast Reconstr Aesthet
Surg 2012; 65: 219-227.
5. Sultan SM, Stern CS, Allen Jr RJ, Thanik VD, Chang CC,
Nguyen PD, Canizares O, Szpalski C, Saadeh PB, Warren
SM, Coleman SR, Hazen A. Human fat grafting alleviates
radiation skin damage in a murine model. Plast Reconstr
Surg 2011; 128: 363-372.
6. Casteilla L, Planat-Benard V, Cousin B, Silvestre J, Laharrague P, Charriere G, Carrière A, Pénicaud L. Plasticity
of adipose tissue: a promising therapeutic avenue in the treatment of cardiovascular and blood diseases? Arch Mal
Coeur Vaiss 2005; 98: 922-926.

Lipogems® in oral surgery

7

7. Oedayrajsingh-Varma M, Van Ham S, Knippenberg M,
Helder M, Klein-Nulend J, Schouten T, Ritt MJ, van Milligen FJ. Adipose tissue-derived mesenchymal stem cell
yield and growth characteristics are affected by the tissueharvesting procedure. Cytotherapy 2006; 8: 166-177.
8. Gimble JM, Bunnell BA, Chiu ES, Guilak F. Concise review: Adipose-derived stromal vascular fraction cells and
stem cells: let’s not get lost in translation. Stem Cells 2011;
29: 749-754.
9. Strem BM, Hicok KC, Zhu M, Wulur I, Alfonso Z, Schreiber RE, Fraser JK, Hedrick MH. Multipotential differentiation of adipose tissue-derived stem cells. Keio J Med
2005; 54: 132-141.
10. Roseti L, Serra M, Tigani D, Brognara I, Lopriore A, Bassi
A, Fornasari PM. Cell manipulation in autologous chondrocyte implantation: from research to cleanroom. Chir Organi Mov 2008; 91: 147-151.
11. Coleman SR. Structural fat grafts: the ideal filler? Clin
Plast Surg 2001; 28: 111-119.
12. Bianchi F, Maioli M, Leonardi E, Olivi E, Pasquinelli G,
Valente S, Mendez AJ, Ricordi C, Raffaini M, Tremolada
C, Ventura C. A new nonenzymatic method and device to
obtain a fat tissue derivative highly enriched in pericytelike elements by mild mechanical forces from human lipoaspirates. Cell Transplant 2013; 22: 2063-2077.
13. Canaider S, Maioli M, Facchin F, Bianconi E, Santaniello
S, Pigliaru G, et al. Human stem cell exposure to developmental stage zebrafish extracts: a novel strategy for tuning
stemness and senescence patterning. Cell 2014; 2: e1226.
14. Maioli M, Rinaldi S, Santaniello S, Castagna A, Pigliaru
G, Delitala A, Bianchi F, Tremolada C, Fontani V, Ventura
C. Radioelectric asymmetric conveyed fields and human
adipose-derived stem cells obtained with a nonenzymatic
method and device: a novel approach to multipotency. Cell
Transplant 2014; 23: 1489-1500.
15. Raffaini M, Tremolada C. Micro Fractured and Purified
Adipose Tissue Graft (Lipogems®) Can Improve the Orthognathic Surgery Outcomes Both Aesthetically and in
Postoperative Healing. CellR4 2014; 2: e1118.
16. Tremolada C, Palmieri G, Ricordi C. Adipocyte transplantation and stem cells: plastic surgery meets regenerative
medicine. Cell Transplant 2010; 19: 1217-1223.
17. Tassinari R, Canaider S, Pasquinelli G, Tremolada C, Ventura C. Lipogems, a New Modality of Fat Tissue Handling
to Enhance Tissue Repair in Chronic Hind Limb Ischemia.
Limb Ischemia. CellR4 2014; 2: e1289.
18. Shapurian T, Damoulis PD, Reiser GM, Griffin TJ, Rand WM.
Quantitative evaluation of bone density using the Hounsfield
index. Int J Oral Maxillofac Implants 2005; 21: 290-297.
19. Esposito M, Grusovin MG, Felice P, Karatzopoulos G,
Worthington HV, Coulthard P. Interventions for replacing
missing teeth: horizontal and vertical bone augmentation
techniques for dental implant treatment. Cochrane Database Syst Rev 2009; (4): CD003607.
20. Palmer P, Palmer R. Dental Implants: Implant surgery to overcome anatomical difficulties. Br Dental J 1999; 187: 532-540.
21. Amorfini L, Migliorati M, Signori A, Silvestrini Biavati
A, Benedicenti S. Block allograft technique versus standard guided bone regeneration: a randomized clinical trial.
Clin Implant Dent Relat Res 2014; 16: 655-667.

8

R. Benzi, C. Tremolada

22. Ella B, Laurentjoye M, Sedarat C, Coutant JC, Masson E,
Rouas A. Mandibular ridge expansion using a horizontal
bone-splitting technique and synthetic bone substitute: an
alternative to bone block grafting? Int J Oral Maxillofac
Implants 2013; 29: 135-140.
23. Valentin-Opran A, Wozney J, Csimma C, Lilly L, Riedel GE.
Clinical evaluation of recombinant human bone morphogenetic protein-2. Clin Orthop Relat Res 2002; 395: 110-120.
24. Marx RE, Carlson ER, Eichstaedt RM, Schimmele SR,
Strauss JE, Georgeff KR. Platelet-rich plasma: growth factor enhancement for bone grafts. Oral Surg Oral Med Oral
Pathol Oral Radiol Endodontol 1998; 85: 638-646.
25. Kanno T, Takahashi T, Tsujisawa T, Ariyoshi W, Nishihara
T. Platelet-rich plasma enhances human osteoblast-like cell
proliferation and differentiation. J Oral Maxillofac Surg
2005; 63: 362-369.
26. De Vasconcelos Gurgel BC, Gonçalves PF, Pimentel SP,
Ambrosano GMB, Nociti Júnior FH, Sallum EA, Casati
MZ. Platelet rich plasma may not provide any additional
effect when associated with guided bone regeneration
around dental implants in dogs. Clin Oral Implants Res
2007; 18: 649-654.
27. Kassolis JD, Rosen PS, Reynolds MA. Alveolar ridge and
sinus augmentation utilizing platelet-rich plasma in combination with freeze-dried bone allograft: case series. J Periodontol 2000; 71: 1654-1661.
28. Weibrich G, Hansen T, Kleis W, Buch R, Hitzler W. Effect
of platelet concentration in platelet-rich plasma on peri-implant bone regeneration. Bone 2004; 34: 665-671.
29. Lucarelli E, Beccheroni A, Donati D, Sangiorgi L, Cenacchi A, Del Vento AM, Meotti C, Bertoja AZ, Giardino R,
Fornasari PM, Mercuri M, Picci P. Platelet-derived growth
factors enhance proliferation of human stromal stem cells.
Biomaterials 2003; 24: 3095-3100.
30. Boo JS, Yamada Y, Okazaki Y, Hibino Y, Okada K, Hata K,
Yoshikawa T, Sugiura Y, Ueda M. Tissue-engineered bone
using mesenchymal stem cells and a biodegradable scaffold. J Craniofac Surg 2002; 13: 231-239.

31. Kassem M, Abdallah BM. Human bone-marrow-derived
mesenchymal stem cells: biological characteristics and potential role in therapy of degenerative diseases. Cell Tissue
Res 2008; 331: 157-163.
32. Lanza R, Langer R, Vacanti JP. Principles of tissue engineering. Academic press, 2011.
33. Ito K, Yamada Y, Naiki T, Ueda M. Simultaneous implant
placement and bone regeneration around dental implants
using tissue engineered bone with fibrin glue, mesenchymal stem cells and platelet rich plasma. Clin Oral Implants
Res 2006; 17: 579-586.
34. Isogai N, Landis WJ, Mori R, Gotoh Y, Gerstenfeld LC,
Upton J, Vacanti JP. Experimental use of fibrin glue to induce site-directed osteogenesis from cultured periosteal
cells. Plast Reconstr Surg 2000; 105: 953-963.
35. Schwarz N, Redl H, Zeng L, Schlag G, Dinges H, Eschberger J. Early osteoinduction in rats is not altered by fibrin
sealant. Clin Orthop Relat Res 1993; (293): 353-359.
36. Carelli S, Messaggio F, Canazza A, Hebda DM, Caremoli
F, Latorre E, Grimoldi MG, Colli M, Bulfamante G, Tremolada C, Di Giulio AM, Gorio A. Characteristics and Properties of Mesenchymal Stem Cells Derived from
Micro-fragmented Adipose Tissue. Cell Transplant 2014
May 6. [Epub ahead of print].
37. Kaku M, Akiba Y, Akiyama K, Akita D, Nishimura M.
Cell-based bone regeneration for alveolar ridge augmentation—Cell source, endogenous cell recruitment and immunomodulatory function. J Prosthodont Res 2015; 59:
96-112.
38. Sanz M, Vignoletti F. Key aspects on the use of bone substitutes for bone regeneration of edentulous ridges. Dent
Mater 2015; 31: 640-647.
39. Morimoto T, Kaito T, Matsuo Y, Sugiura T, Kashii M, Makino T, Iwasaki M, Yoshikawa H. The bone morphogenetic protein-2/7 heterodimer is a stronger inducer of bone
regeneration than the individual homodimers in a rat spinal
fusion model. Spine J 2015; 15: 1379-1390.
40. Stegen S, van Gastel N, Carmeliet G. Bringing new life to
damaged bone: The importance of angiogenesis in bone repair and regeneration. Bone 2015; 70: 19-27.

