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Achieving predictable guided bone regeneration in critical size
defects for future endosseous dental implant therapy poses a
great challenge to clinicians. A novel technique utilizing
autogenous osteogenic progenitor cells, calcium sulfate activated platelet-rich plasma in addition to particulate allograft
was successfully used to augment a severely deﬁcient maxillary anterior edentulous ridge. After 6 months of healing, satis-

factory radiographic and clinical bone gain was noted with
signiﬁcant increase in alveolar ridge width. Endosseous
implants were placed and restored successfully. The techniques with underlying clinical and biologic rationales are presented and discussed in this report. (Quintessence Int 2016;47:
233–240; doi: 10.3290/j.qi.a34975)
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Adequate quantity and quality of alveolar bone prior to
implant placement is crucial for the successful use and
positive long-term outcome of osseointegrated
implants in partially and completely edentulous
ridges.1,2 Atrophic ridges may provide insuﬃcient volume or an unfavorable inter-arch relationship, which
does not allow for the correct and prosthodontically
driven positioning of dental implants.3 Various techniques to augment and restore these deﬁcient ridges
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have been reported.1,4 Autogenous graft has been considered as the gold standard in guided bone regeneration (GBR).1,5 However, despite their favorable results,
autogenous grafts may pose disadvantages including,
but not limited to potential donor site morbidity, extra
surgical time associated with graft harvesting, potential
graft resorption, and limited volume and dimension of
available graft.1,5 Due to these disadvantages of autogenous grafts, commercially available biologic modiﬁers,
such as bone morphogenic protein-2 (BMP-2) and
recombinant human platelet-derived growth factor
(rh-PDGF) have been suggested and utilized in combination with particulate allograft, xenograft, or alloplastic graft for GBR of deﬁcient ridges.6-8 However,
although these biologic modiﬁers may help augment
hard tissue therapeutically, the demand is growing for
cell-based therapies and novel advanced material-based devices to deliver cells and healing factors.9
The need for additional sources of cells is particularly
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Fig 1a A trans-cortical bony defect was performed using a
piezoelectric cutting tip on a mandibular right ramus.

Fig 1c The donor site after ﬂap closure. No membrane was utilized to cover the created defect.

important in case of severe trauma and reconstructive
surgery.9 In this report, we suggest a novel technique,
using calcium sulfate–activated platelet-rich plasma
(CS-PRP), osteogenic progenitor cells, and particulate
allogeneic bone grafts. Here we describe the successful
use of this technique to reconstruct a severely atrophic
maxillary anterior ridge. The underlying clinical and
scientiﬁc rationales are also thoroughly discussed.

CASE REPORT
A 37-year-old Asian man presented to the graduate
periodontology clinic at the Harvard School of Dental
Medicine. The patient was diagnosed with generalized
severe chronic periodontitis. The maxillary right central
and lateral incisors were previously extracted by his
general dentist due to severe alveolar bone loss. A clinical and radiographic examination revealed a severely
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Fig 1b Using a straight chisel, the cortical layer of the alveolar
bone was removed. Complete removal was not performed to
prevent potential collapse of soft tissue over the defect.

atrophic alveolar ridge with horizontal and vertical
ridge resorption in this area. After successful treatment
of his severe chronic periodontitis based on the principles of cause-related therapy,10,11 GBR was planned and
executed prior to dental implant therapy. To obtain
osteogenic progenitor cells, 4 weeks prior to the
planned GBR a bony defect was surgically created in the
right mandibular ascending ramus. This was performed
after obtaining and reviewing the cone beam computed tomography (CBCT) of the relevant anatomical
landmarks in the surgical area (ie, inferior alveolar nerve
canal, thickness of buccal cortical plates). By using a
piezoelectric device (Piezosurgery), a 20 mm × 10 mm
rectangular-shaped outline was created with multiple
internal horizontal and vertical connecting lines
(Fig 1a). A piezoelectric tip (OT71, Piezosurgery) was
further precisely inserted beyond the cortical layer into
the marrow space. A straight chisel (CP7/10, Hu-Friedy)
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Fig 2a The donor site was reentered after 4 weeks of healing,
and the immature osteogenic tissue was collected.

Fig 2b
site.

was used to remove the cortical layers and create a
bony defect (Fig 1b). Complete removal of the cortical
bone was not performed to prevent potential soft tissue collapse into the created defect (Figs 1b and 1c).
The healing was uneventful without any patient morbidity including temporary and permanent neurological damage, excessive bleeding, excessive pain, mandibular fracture, and postoperative infection. After 4
week of healing, at the time of the GBR surgery, the
ramus defect was surgically reentered and the tissue,
potentially containing osteogenic progenitor cells, was
harvested from the defect (Fig 2). Platelet-rich plasma
(PRP) was prepared collecting 20 mL of whole blood
from the patient’s left arm by means of venipuncture,
following a methodology previously described.12 Then,
the maxillary anterior edentulous ridge was exposed. A
minimal width of the alveolar ridge of 3 mm at the most
crestal aspect was noted. A large bony concavity was
also noted on the buccal aspect (Figs 3a and 3b). PRP
was activated by mixing it with calcium sulfate (CS; ACE
Surgical) using the PRP/CS ratio detailed by Intini et al.12
The CS-PRP was then mixed with the collected osteogenic progenitor cells and 1 g of freeze-dried bone
allograft (FDBA; RegenerOss, Biomet 3i; Fig 3c). Following intramarrow penetrations using a high-speed size 2
carbide round bur, the resulting composite graft was
placed on to the edentulous area (Fig 3d). A titaniumreinforced dense polytetraﬂuoroethylene membrane
(dPTFE; Ti-250, Osteogenics) was placed over the graft

and secured using a membrane tacking screw (Proﬁx,
Osteogenics) on the buccal and the palatal aspects of
the GBR site (Fig 3e). Primary closure over the surgical
site was achieved after periosteal releasing incisions,
and maintained over the entire healing period of 6
months. Postsurgically, the patient was prescribed
500 mg amoxicillin three times a day for 10 days,
800 mg ibuprofen three times a day for 7 days, and
chlorhexidine gluconate rinse twice a day for 14 days.
Six months following the GBR surgery, a postsurgical
CBCT conﬁrmed profound radiographic bone gain in the
augmented area (Fig 4). The site was reentered, and the
membrane and the buccal and palatal tacking screws
were retrieved. Satisfactory gain of alveolar ridge width
was observed clinically (Figs 5a and 5b). Prior to implant
insertion, a core biopsy was obtained from the maxillary
right lateral incisor site using a 2.5-mm diameter trephine
bur. Bone level implant ﬁxtures (3.3 × 10 mm, SLActive
bone level implants, Straumann) were placed uneventfully with insertion torque of > 35 Ncm (Figs 5c to 5e).
After 14 weeks of submerged healing, the implants were
uncovered and restored with implant-supported single-unit restorations (Figs 5f and 5g).
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Immature osteogenic tissue harvested from the donor

Histologic analysis
The obtained biopsy specimen was ﬁxed in 10% buﬀered neutral formalin immediately upon collection.
Thereafter, the specimen was decalciﬁed in Morse’s
solution. A paraﬃn block was sectioned and slides were
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Fig 3a Buccal view of the recipient site with signiﬁcant ridge
resorption.

Fig 3b

Occlusal view of the recipient site.

Fig 3d The composite graft was
placed in the
recipient site.
Fig 3c Composite graft consisting of calcium sulfate – activated
PRP, harvested osteogenic progenitor cells, and freeze – dried
bone allograft.

becular ﬁbroconnective tissues contained adipocytes
as well as inﬂammatory cells. The examination of DAPIstained specimen revealed vital osteocytes in the newly
formed bone surrounding the remnants of the
allograft.
Fig 3e A titanium-reinforced
dPTFE membrane
was placed over
the graft and
secured using
tacking screws.

stained with either hematoxylin-eosin (h&e) or 4’,6diamidino-2-phenylindole (DAPI) (Fig 6). Histologic
examination of h&e -stained specimen showed new
bone formation around the residual allograft particles.
The newly formed bone tissues contained osteocytes
and osteoblasts within their trabeculae. The inter-tra-
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DISCUSSION
Evian et al13 conducted a time-dependent human histologic study on the healing of extraction socket. In their
histologic evaluation, the greatest osteogenic potential
was evident between week 4 and week 8 as demonstrated by proliferation of osteogenic cells and immature bone formation. Thus, in the presented case, as an
attempt to harvest potentially osteogenic progenitor
cells, the bony defect on the donor site (ie, mandibular
ramus) was created 4 weeks prior to the planned GBR at
the recipient site (ie, maxillary anterior edentulous
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Figs 4a to 4d Comparison of pre- and postoperative CBCT. (a and b) Sagittal view: (a) preoperative; (b) postoperative. (c and d) Coronal view: (c) preoperative; (d) postoperative.

ridge). The tissue harvested from the created donor
site, potentially containing osteogenic progenitor cells,
was then mixed with CS-PRP as well as allograft.
According to Intini et al,12 exothermic reaction generated by the mixture of CS with PRP activates platelets
contained within the PRP without the need for an agonist. The resulting activated platelets release multiple
biologic factors including, but not limited to, PDGF and
vascular endothelial growth factor (VEGF) in physiologically high concentrations.12 In addition, it was found
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that CS might carry and release these biologic factors
slowly in a time-dependent manner.12,14 Therefore,
CS-PRP serves as a biomaterial for GBR because it is
able to sustain the nourishment of the bone defects
over time via combinational delivery of calcium and
platelets’ multiple biologic factors.12
The primary eﬀect of PDGF in bone is related to its
mitogenic activity.15 PDGF achieves this by activating
two structurally related cell surface receptor kinases (ie,
alpha-PDGF receptor and beta-PDGF receptor), which
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Fig 5a Occlusal view of the recipient site after 6 months of healing.

Fig 5b Buccal view of the recipient site after 6 months of healing.

Fig 5c

Fig 5d

e

Occlusal view of inserted implant ﬁxtures.

f

Buccal view of the inserted implant ﬁxtures.

g

Figs 5e and 5f Periapical radiograph of the implant ﬁxtures at
their insertion (e) and at their 14-week follow-up (f).

Fig 5g The implants were restored with single-unit implant-supported crowns.

transduces mitogenic signals on their target cells.16
Target cells include connective tissue cells associated
with bone healing as well as bone-derived mesenchymal stem cells.16,17 Therefore, the presence of platelet-released PDGF in CS-PRP may enhance the mitogenic proliferation of transplanted osteogenic

precursor cells. The presence of VEGF may also help the
GBR as VEGF enhance the formation of new blood vessels (ie, neo-vascularization) at the grafted sites.15 The
stimulatory eﬀect of the activated human PRP on proliferation, migration, and diﬀerentiation of osteoblasts
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1000 μm
a

400 μm
b

Figs 6a and 6b Histologic examination of core biopsy revealed new bone formation with osteocytes (white arrow) and osteoblasts
(red arrow); white bar (a), 1000 μm; white bar (b), 400 μm).

1000 μm
c

400 μm
d

Fig 6c and 6d Histologic examination of core biopsy with DAPI stain showing the presence of vital cells (DAPI+, depicted by white
arrows) surrounding an allograft particle (demarked by white dotted line). White dotted outline, acellular allograft residue; green
dotted outline, newly formed cellular bone surrounding the residual graft; white bar (c),1000 μm; white bar (d), 400 μm).

was demonstrated in the previous studies,18-22 which
further support their use in GBR.15
It must be noted that the primary objective of using
CS was to activate PRP, and serve as a device for releasing biologic factors slowly over the healing period.
Furthermore, the objective of harvesting and transplanting the progenitor cells in the recipient site was to
provide the additional source of cells with osteogenic
potential, considering the severity of the recipient site
being a critical size defect.9 It must be also noted that
wound stability, space maintenance, and osteoconductive potential were primarily derived from FDBA and
securely tacked titanium-reinforced dPTFE membrane.
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Clinicians should also be aware of potential postoperative complications associated with preparing and
obtaining the potentially osteogenic progenitor cells
from mandibular ramus regions. These may include
excessive pain, excessive swelling, postoperative bleeding, mandibular fracture, and inferior alveolar nerve
damage.1,5 In this reported case, in order to minimize
the aforementioned complications and patient morbidity, the horizontal and vertical relationship of the
potential donor site to the inferior alveolar canal and
other relevant anatomical structures was pre-determined using CBCT.23
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Successful insertion and restoration of endosseous
implant ﬁxtures was achieved; however, the long-term
success of the inserted implants in the augmented area
using this particular approach should be assessed with
a longer follow-up and a larger subject size. For a comparison, according to a recent systematic review on the
success of endosseous implants placed in the augmented alveolar ridge, the success rate of the implants
ranged from 61.5% to 100% with at least of 6 months of
loading.3 It is noteworthy that the lowest success rate of
61.5% was reported in the only randomized clinical trial
study with the lowest risk of bias with a 3 year follow-up.3
Furthermore, future studies should be conducted to
fully characterize the osteogenic progenitor cells
obtained from the donor site, assessing their osteogenic potential.

CONCLUSION
The presented novel technique based on the combined
use of CS-PRP, osteogenic progenitor cells, and particulate allogeneic bone grafts was successfully utilized to
reconstruct a severely atrophic maxillary anterior ridge.
Future studies should be performed to further validate
this methodology.

ACKNOWLEDGMENT
The authors thank Dr Katarzyna Wilk for her assistance with histologic
examination and analysis.

REFERENCES
1. Mcallister BS, Haghighat K. Bone augmentation techniques. J Periodontol
2007;78:377–396.
2. Arx von T, Hardt N, Wallkamm B. The TIME technique: a new method for
localized alveolar ridge augmentation prior to placement of dental implants.
Int J Oral Maxillofac Implants 1996;11:387–394.
3. Clementini M, Morlupi A, Canullo L, Agrestini C, Barlattani A. Success rate of
dental implants inserted in horizontal and vertical guided bone regenerated
areas: a systematic review. Int J Oral Maxillofac Surg 2012;41:847–852.
4. Malchiodi L, Scarano A, Quaranta M, Piattelli A. Rigid ﬁxation by means of
titanium mesh in edentulous ridge expansion for horizontal ridge augmentation in the maxilla. Int J Oral Maxillofac Implants 1998;13:701–705.

240

5. Jack-Min Leong D, Li J, Moreno I, Wang H-L. Distance between external cortical bone and mandibular canal for harvesting ramus graft: a human cadaver
study. J Periodontol 2010;81:239–243.
6. Funato A, Ishikawa T, Kitajima H, Yamada M, Moroi H. A novel combined surgical approach to vertical alveolar ridge augmentation with titanium mesh,
resorbable membrane, and rhPDGF-BB: a retrospective consecutive case
series. Int J Periodontics Restorative Dent 2013;33:159–166.
7. Misch CM. Bone augmentation of the atrophic posterior mandible for dental
implants using rhBMP-2 and titanium mesh: clinical technique and early
results. Int J Periodontics Restorative Dent 2011;31:581–589.
8. Hart KL, Bowles D. Reconstruction of alveolar defects using titanium-reinforced
porous polyethylene as a containment device for recombinant human bone
morphogenetic protein 2. J Oral Maxillofac Surg 2012;70:811–820.
9. Colnot C, Zhang X, Tate MLK. Current insights on the regenerative potential of
the periosteum: molecular, cellular, and endogenous engineering approaches. J Orthop Res 2012;30:1869–1878.
10. Kwon T, Levin L. Cause-related therapy: a review and suggested guidelines.
Quintessence Int 2014;45:585–591.
11. Kwon T, Kim DM, Levin L. Successful nonsurgical management of post-orthodontic gingival enlargement with intensive cause-related periodontal therapy. N Y State Dent J 2015;81:21–23.
12. Intini G, Andreana S, Intini FE, Buhite RJ, Bobek LA. Calcium sulfate and platelet-rich plasma make a novel osteoinductive biomaterial for bone regeneration. J Transl Med 2007;5:13.
13. Evian CI, Rosenberg ES, Coslet JG, Corn H. The osteogenic activity of bone
removed from healing extraction sockets in humans. J Periodontol 1982;53:
81–85.
14. Cheah CW, Vaithilingam RD, Siar CH, Swaminathan D, Hornbuckle GC. Histologic, histomorphometric, and cone-beam computerized tomography analyses of calcium sulfate and platelet-rich plasma in socket preservation. Implant
Dent 2014;23:593–601.
15. Intini G. The use of platelet-rich plasma in bone reconstruction therapy. Biomaterials 2009;30:4956–4966.
16. Shah P, Keppler L, Rutkowski J. A review of platelet derived growth factor
playing pivotal role in bone regeneration. J Oral Implantol 2014;40:330–340.
17. Houlihan DD, Mabuchi Y, Morikawa S, et al. Isolation of mouse mesenchymal
stem cells on the basis of expression of Sca-1 and PDGFR-α. Nat Protoc 2012;7:
2103–2111.
18. Creeper F, Lichanska AM, Marshall RI, Seymour GJ, Ivanovski S. The eﬀect of
platelet-rich plasma on osteoblast and periodontal ligament cell migration,
proliferation and diﬀerentiation. J Periodont Res 2009;44:258–265.
19. Ferreira CF, Carriel Gomes MC, Filho JS, Granjeiro JM, Oliveira Simões CM,
Magini R de S. Platelet-rich plasma inﬂuence on human osteoblasts growth.
Clin Oral Implants Res 2005;16:456–460.
20. Frechette JP, Martineau I, Gagnon G. Platelet-rich plasmas: growth factor
content and roles in wound healing. J Dent Res 2005;84:434–439.
21. Goto H, Matsuyama T, Miyamoto M, Yonamine Y, Izumi Y. Platelet-rich plasma/osteoblasts complex induces bone formation via osteoblastic diﬀerentiation following subcutaneous transplantation. J Periodontal Res 2006;41:
455–462.
22. 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.
23. Tyndall DA, Price JB, Tetradis S, Ganz SD, Hildebolt C, Scarfe WC. Position
statement of the American Academy of Oral and Maxillofacial Radiology on
selection criteria for the use of radiology in dental implantology with emphasis on cone beam computed tomography. Oral Surg Oral Med Oral Pathol Oral
Radiol 2012;113:817–826.

VOLUME 47 • NUMBER 3 • MARCH 2016

