Clinical, Tomographic, and Histological
Assessment of Periosteal Guided Bone
Regeneration with Cortical Perforations in
Advanced Human Critical Size Defects

Fernando Verdugo, DDS;* Antonio D’Addona, DDS;' José Pontén, PhD*

ABSTRACT

Background: Large osseous defects that fail to heal spontaneously require ridge augmentation prior to implant placement.
The periosteum can act as an effective barrier membrane. Little is known about the influence of bone decortication in
enhancing guided bone regeneration outcomes.

Purpose: The aim of the present study was a clinical, tomographic, and histological evaluation of bone healing in large defect
sites treated with cortical perforations without the use of other membranes but the periosteum.

Material and Methods: Ten consecutive patients undergoing ridge augmentation on the pre-maxilla due to severe bone loss
were followed for an average of 35 months. Recipient sites were cortico-perforated and augmented using a combination of
autogenous particulate and block grafts. The periosteal membrane was preserved and it fully covered the autografts.
Histological analysis was performed in four sites from a trephine core taken at the time of implant osteotomy preparation.
Tomographic assessment (computed tomography [CT] scan) at baseline and post-augmentation evaluated graft volume
maintenance.

Results: Recipient sites were re-entered for implant placement showing good incorporation of the grafts with minimal
volume loss. Biopsy specimens showed viable bone rich in osteoblast-like cells with little or no inflammatory cells. Clinical
exam revealed absence of implant transparency, mucosal recession, mobility, bleeding on probing, or suppuration at
follow-up. CT scan evaluation showed an average increased bucco-lingual width at the recipient site of 8.1 mm £ 0.9 (2.5
fold) versus a 3.2+ 0.9 at baseline (p <.0001; CI 95%: 4.04-5.71 mm), maintaining on average 98% of the augmented
width at 2.9 years.

Conclusions: Periosteal preservation seems to be sufficient as a barrier membrane to protect particulate or block
osseous grafts provided that good primary closure is achieved. Bone decortication may enhance clinical and histological
outcomes. Graft viability (biopsy specimens) and volume maintenance (CT evaluation) remained stable 35 months
post-augmentation.
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INTRODUCTION

Different surgical techniques have been developed to
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defect, allowing the slower process of osteogenesis to
take place without interruption."?

A recent prospective split-mouth study in 14
patients using iliac block grafts concluded that revascu-
larization of the graft was sufficient after 3 months
regardless of the graft coverage. The resorption rate
seemed to be similar for grafts covered with the perios-
teum or a bioresorbable membrane."

Lemperle and colleagues' studied the healing of
large cranial and mandibular defects in an animal model
evaluating bone regeneration with and without peri-
osteal preservation. Defect protection by the periosteum
alone seemed sufficient to allow for healing even in the
critical size defects. When the periosteum was absent,
spontaneous bone formation was limited. The concept
of GBR can also be applied whenever the periosteal
membrane remains intact over the graft material. More-
over, this natural membrane provides a source of blood
supply and nutrients that artificial membranes lack.

A recent human study” evaluated the long-term
influence of periodontal biotype on the volume main-
tenance of onlay grafts without the use of membranes
to cover them. Computerized tomography assessment
demonstrated that autogenous osseous transplants
predictably maintained stable bone volume around
implants at an average of 3.5 years. There is limited
scientific documentation on the long-term healing
response of autogenous bone grafts in large bony defects
and the healing of human critical size defects. Moreover,
little is known about the potential long-term influence

of specific anatomical factors, such as the thickness or
integrity of the periosteum, the underlying cortical
plate, and the periodontal biotype, on the outcome
therapy. Empirical evidence suggests that thick tissue is
more resistant to trauma, promotes creeping attach-
ment, improves implant esthetics and renders more pre-
dictable surgical procedures."*"

Autogenous grafting from intraoral sites is a predi-
cable technique for successful osseous reconstruction
and presents advantages such as short healing period,
minimal bone loss, good volume maintenance, and high
concentration of bone morphogenetic proteins.””**>*
The two main donor sites for this type of bone grafting
are the mandibular symphysis and ramus.>*'>?0*

The aim of the present prospective study was to
evaluate bone healing of large defect sites treated with
cortical perforations and a combination of particulate
and block autografts without the use of other mem-
branes but the periosteum. A further aim was to provide
clinical and histologic evidence of adequate transplant
healing 4 to 6 months after augmentation at the time of
implant placement. Moreover, a tomographic examina-
tion was done to assess transplant volume maintenance

35 months post-augmentation.

MATERIAL AND METHODS

Ten consecutive patients (6 males and 4 females) who
underwent ridge augmentation due to insufficient
bone prior to implant placement entered in this study.
Residual ridges averaged 3.2 mm in width (Table 1). All

TABLE 1 Descriptive Analysis. Patients 1 to 10 Received Autogenous Bone Grafting for Ridge Augmentation.

Etiologic Factors for Maxillary Collapse Included Endodontal, Periodontal, Combination, Trauma, and

Peri-Implantitis Origin. Follow-up Listed in Months

BL Width* BL Width
Age Ethnicity Donor Recipient Baseline Post-Augment Follow-Up Etiology
1 28 Caucasian symphysis #7 and #10 3.0 9.2 26 Endo
2 48 Caucasian symphysis #10 2.0 7.5 30 Peri-implantitis
3 38 Hispanic symphysis #8 and #10 4.1 8.3 24 Endo-perio
4 46 Caucasian symphysis #8 1.5 8.0 38 Trauma
5 37 Caucasian symphysis #7 and #9 4.3 9.0 32 Endo
6 69 Caucasian symphysis #10 2.8 7.6 30 Endo
7 41 Hispanic symphysis #8 4.0 8.2 66 Perio
8 68 Caucasian symphysis #8 3.5 9.6 53 Endo
9 39 Caucasian ramus #9 and #10 3.8 7.2 24 Trauma
10 27 Asian ramus #10 and #11 3.3 6.5 28 Trauma

*BL width: bucco-lingual width in mm.
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patients presented unremarkable medical history and
had an average age of 44 years (range: 27-69). Patients
with uncontrolled diabetes, heavy smokers (more than
'/, pack per day), long-term corticosteroid therapy,
history of intravenous bisphosphonates use, or uncon-
trolled hypertension were excluded from the study.
Patients needed ridge reconstruction and had lost their
teeth due to advanced periodontal disease (1), peri-
implantitis (1), trauma (3), combined endo-perio
lesions (1), or endodontic (4) reasons. They had an
average of 26 teeth (range: 25-29) per person and
probing depths ranging from 2 to 3 mm before the sur-
gical phase. The recipient sites included six central inci-
sors, eight lateral incisors and one canine.

Surgeries were performed between the years 2004
and 2007 in two private offices (Huntington Beach and
Altadena, CA, USA, and Rome, Italy) by two surgeons
with over 10 years of experience. Ethical approval was
obtained from the University of Basque Country Ethics
Committee. Patients were informed of the procedures
and signed a written consent form.

Surgical Protocol

Subjects were medicated with 500 mg of amoxicillin
three times a day starting the day before the surgical
procedure for a total of 1 week. They were asked to brush
their teeth immediately before the procedure for 2
minutes with a 0.2% chlorhexidine rinse (Corsodyl,
Brentford, Middlesex, UK).
(Betadine, Purdue Pharma,
Stamford, CT) was applied to the peri-oral skin to

Smithkline Beecham,
Povidone-iodine 10%

prevent contamination. Surgeries were carried out in a
designated surgical operating room. The procedure has
been explained elsewhere.”” Briefly, local anesthesia
was achieved through infiltrations of lidocaine 2% with
1:100.000 of epinephrine. A crestal and two vertical
incisions were performed one to two teeth distant from
the recipient site. A mucoperiosteal flap was elevated.
After degranulation, intra-marrow penetrations were
performed using a small '/, round burr and cortical
particles were placed to fill all voids around or under-
neath the fixated blocks (Figure 1, A—C). Block grafts
were harvested from the symphysis or ramus and a safe
scraper was used to collect the bone particles. All block
grafts were fixated using 2 X 10 mm titanium mini-
screws (Ace Surgical, Brockton, MA, USA). No mem-
branes but the periosteum were used to cover the grafts.
Interrupted 5-0 chromic gut sutures were used to close

the flap. All patients received the same protocol of treat-
ment: 4 to 6 months after ridge augmentation, implants
were placed following a 2-stage approach (Figure 1,
D-G). At that time, a biopsy specimen was taken using a
2 mm trephine from the same implant osteotomy site
(Figure 1, H-I). Implants were uncovered and healing
abutments placed 3 to 6 months after implant place-
ment. Fixed provisional restorations were placed 4 weeks
thereafter. Definitive screw retained restorations were
delivered 1 to 3 months after healing abutment connec-
tion (Figure 2, A-B).

Computerized cone beam tomography (NewTom,
QR sr 1, Verona, Italy) scans (computed tomography
[CT] scan) were taken at an average of 35 months
(Table 1; Figure 3, A-F) after augmentation to docu-
ment bone volume maintenance and healing of the
grafts.

Data Analysis

Descriptive analysis of data was expressed as mean + SD.
A commercially available software program (SPSS®,
version 14.0, SPSS Inc., Chicago, IL, USA) was utilized to
compare means and draw the box plot graphics. The
t-test was used for paired observations to analyze values
of bucco-lingual (BL) width at baseline and after aug-
mentation. Statistical significance (SS) was set at p < .05.

RESULTS

Clinical examinations revealed absence of implant
transparency or mucosal recession at an average of 35
months. Mobility, bleeding on probing or suppuration
was not detected in any case. Probing depths ranged
from 3—4 mm at implant or adjacent teeth sites.

Four to six months after grafting, all ten patients
were re-entered for screw removal and implant place-
ment. All cases showed good incorporation and blend-
ing of the blocks and particulate grafts with minimal
volume loss (Figure 1, D-G). Biopsy specimens demon-
strated, under light microscopy, viable bone rich in
osteoblast-like cells with little or no infiltration of
inflammatory cells at the regenerated sites. The sections
revealed a core of tissue composed partly of immature
woven bone with rims of mature lamellar bone. The
supporting marrow was uninflamed and the marrow
spaces generally showed no significant osteoclastic activ-
ity (Figure 1, I).

Patient’s follow-up ranged from 24 to 66 months
after

and averaged 35 months augmentation.



Periosteal Guided Bone Regeneration with Cortical Perforations in Advanced Human Critical Size Defects 115

Figure 1 A, Pre-operative frontal view of patient 1 after degranulation and cortical perforation of bilateral 8 x 15 mm size defects. B,
Buccal view of defect fill with particulate cortical graft and symphysis blocks partially covering bony defects. C, Symphysis graft on
patient 3: buccal and oclussal blocks and cortical particles filling voids. D, Buccal view of patient in A and B at 5 months. Notice
excellent graft incorporation and blending with adjacent osseous tissues. E, Buccal view of patient in A, B, and D at 5 months.
Implant placement. F, Implant placement 4 months post-augmentation patient in C. G, Patient 3 from C and F: implant placement.
H, Biopsy specimen taken in patient 1 at the time of implant placement. I, Light microscopy evaluation showing viable bone:
osteoblast-like cells with no infiltration of inflammatory cells.
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Figure 2 A, Pre-operative picture of recipient site in patient 1.
B, Post-operative site at 26 months follow-up with definitive
restorations.

Tomographic evaluation showed that the recipient site
BL width average was 3.2 mm (SD 0.9 mm, range: 1.5—
4.3) at baseline and 8.1 mm (SD 0.9 mm, range: 6.5-9.6)
after augmentation (Table 1). This difference was statis-
tically significant (p <.0001; CI 95%: 4.04-5.71 mm)
(Figure 4). The average augmentation per site was 2.5
fold the initial BL width and maintained 98% of the
augmented width after 2.9 years. All patient’s functional
and esthetic condition has been stable for the period
of time followed. Moreover, the donor sites presented
osseous repair ranging from 80 to 98% (Figure 3, E and
F).

DISCUSSION

The present prospective study aimed to assess bone
healing in large maxillary defect sites augmented with
particulate and block autografts and the suitability of
the periosteal membrane to contain the graft material.
Furthermore, this study intended to provide clinical and
histologic evidence of the osseous transplant healing 4
to 6 months post-augmentation at the time of implant
placement. Moreover, a tomographic examination was
performed on each patient to assess transplant volume
maintenance 35 months after ridge augmentation. At

the time of implant placement, recipient sites were
re-entered to remove fixation screws. Digital pictures
were taken at the time of augmentation and at re-entry.
The particulate graft had blended in with adjacent
osseous tissues maintaining nearly intact volume
(Figure 1, D-G). The post-CT scan taken at an average
of 2.9 years confirmed the volume maintenance of the
transplanted bone (Figure 3, C-F). Lee and colleagues®
reported a case series of reconstruction of orbital floor
fractures using maxillary bone with no evidence of
resorption of the graft. Their evaluation was done at an
average of 1.7 years using a computerized tomography
scan.

In an animal model, Berglund and colleagues™
found different bone reactions to longstanding func-
tional loading and compared this situation with
unloaded control implants. Subsequent to loading, an
increase in percentage of bone to implant contact com-
pared with non-loaded controls was noted. The authors
concluded that functional loading may enhance
osseointegration and bone maintenance. A different
paper confirmed this finding in human histological case
reports.” Other researchers have found short-term con-
flicting evidence on the effect of onlay graft membrane
coverage, suggesting that factors other than membrane
GBR may play a more important role in grafted bone
volume maintenance.””*

Within the limitations of the present study, it was
demonstrated that ridge augmentation was predictably
achieved even in cases with a minimum BL width of
1.5 mm in large osseous critical size defects. The scaffold
provided by the fixated block may have served as a tent
to hold the space between the periosteum and the
residual alveolar bone, allowing for minimal resorption
of the particulate graft. Moreover, the dense micro-
architecture of cortical block grafts has been shown to
play an important role in maintaining the bone volume
long term.*"

Fonseca and colleagues” studied the histological
healing of cortico-cancellous block transplants in pri-
mates showing an irregular pattern of trabeculae still
evident at 3 months with occasional detection of osteo-
clasts and osteoblasts. At 6 months, the transplant was
fully incorporated into the recipient site, however, the
lamellar pattern of newly formed bone was still imma-
ture. This light microscopy observations and pattern of
healing are in accordance with the biopsy specimens of
the present study.
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Figure 3 A, Pre-operative cross-sectional image of #7 area in patient 1 (Figure 1, A). Buccal wall is absent and palatal wall perforated.
B, Pre-operative cross-sectional image of #10 area in patient 1 (from Figure 1, A). C, Post-operative cross-sectional image 5 months
after augmentation #7 area (see A). D, Post-operative cross-sectional image 5 months after augmentation #10 area (see B). E,
Post-operative cross-sectional image 26 months after augmentation #7 area (see A). F, Post-operative cross-sectional image 26
months after augmentation #10 area (see B).

A recent review paper found conflicting informa-  procedures.”® Cortical perforations at the recipient site
tion on the role of bone decortication in enhancing  may have enhanced the blood supply coming from the
outcomes for GBR. The authors suggested the need for =~ marrow spaces favoring the process of osteogenesis
clinical trials to elucidate the role of this variable in GBR ~ in the present study. Rapid vascularization of the
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Figure 4 A, Box plot graphic depicting bucco-lingual width
thickness of recipient site at baseline and post-augmentation
(p <.0001).

transplant is paramount for successful neo-
osteogenesis.”” Cortical transplants could be penetrated
by blood vessels in as little as 6 days and be fully revas-
cularized in 1 to 2 months.””! The cancellous transplant
becomes revascularized by end-to-end vascular anasto-
mosis. It would be plausible to speculate that cortical
perforations could enhance phase 2 of the transplant
healing process. Phase 2, or osteoinduction by osteoclas-
tic secretion of promoter proteins, entails the release of
bone morphogenetic proteins and osteogenin that will
activate the transformation of pluripotent mesenchymal
cells into osteoblasts.”>* Moreover, the normal cascade
of physiologic healing events in response to injury might
have favored the bone repair at the donor and recipient
sites. This phenomenon was proposed by Frost’” as a
regional accelerated process of increased bone turnover
in response to noxious stimuli. Further investigations
are granted to evaluate the osseous repair potential of
human critical size defects and assess the periosteum
performance as compared with artificial membranes.
Flap management may also influence the degree
of primary and collateral blood supply to underlying
osseous grafts and ischemia could result from lack of
adequate new angiogenesis.”** In this regard, broad

base mucoperiosteal flaps (Figure 1, A—-C) may main-

tain better blood supply and undergo lesser trauma
than small, one tooth wide, flaps. Some studies have
suggested that thick biotype tissue promotes better
blood supply to the underlying osseous structures
affecting the early stages of wound healing.”>*® A high
volume of extracellular matrix and collagen as well as its
increased vascularity would allow a surgical flap to
withstand collapse and contraction. A more enhanced
perfusion of oxygen could favor the elimination of toxic
products during wound healing, enhancing growth
factor chemotaxis. This entire process could promote a
more desirable wound healing. Nonetheless, a recent
human study has shown that the periodontal biotype
has no influence on the long-term volume integrity of
onlay grafts."”

Accurate diagnosis may be aided by the use of CT
scans. Computerized tomography has been used as a
non-destructive method to evaluate bone volume.”*!
This technique was deemed highly accurate when
measuring changes in bone stereology and micro-
architecture in an animal model study.” There are mul-
tiple CT scan clinical applications, from diagnosis to
treatment planning as well as assessment of regenerative
therapy outcomes.”*****! The tomographic evaluation
at 35 months from the time of grafting validates the
hypothesis that GBR with periosteal preservation and
cortical perforations may have a positive effect on the
healing and volume maintenance of transplanted autog-
enous bone long term. The above statement should be
taken with caution due to the small sample size of the
present study. Further prospective clinical trials with
additional histological information are forthcoming.

CONCLUSIONS

Autogenous osseous transplants can predictably recon-
struct function and esthetics in maxillary anterior severe
critical size defects. Periosteal preservation appears to be
a critical factor in maintaining long-term stable bone
volume in transplanted bone grafts. Cortical perfora-
tions may enhance the transplant healing process of
osteogenesis within the block and particulate graft by
increasing revascularization and neo-angiogenesis from
adjacent bone marrow spaces.

ACKNOWLEDGMENTS

This work was supported by grants IT-264-07 from the
Department of Education, Universities and Research,
and S-PO8BUNIO from the Department of Industry,



Periosteal Guided Bone Regeneration with Cortical Perforations in Advanced Human Critical Size Defects 119

Trade and Tourism, Basque Government, Spain. The

authors have no conflicts of interest related to this

research project. This paper does not necessarily reflect
the views of the VA Hospital Healthcare System.

None of the authors has any conflict of interest in

this study.

REFERENCES

1.

10.

11.

12.

Hiammerle CH, Karring T. Guided bone regeneration at oral
implant sites. Periodontol 2000 1998; 17:151-175.

Geurs NC, Korostoff JM, Vassilopoulos PJ, et al. Clinical and
histologic assessment of lateral alveolar ridge augmentation
using a synthetic long-term bioabsorbable membrane and
an allograft. J Periodontol 2008; 79:1133—1140.

Zins JE, Whitaker LA. Membranous vs. endochondral bone
autografts: implications for craniofacial reconstruction.
Plast Reconstr Surg 1983; 72:778-785.

Ozaki W, Buchman SR. Volume maintenance of onlay bone
grafts in the craniofacial skeleton: micro-architecture versus
embryologic origin. Plast Reconsrt Surg 1998; 102:291-299.
Jensen J, Sindet-Pedersen S. Autogenous mandibular bone
grafts and osseointegrated implants for reconstruction of the
severely atrophied maxilla. A preliminary report. J Oral
Maxillofac Surg 1991; 49:1277-1287.

Williamson RA. Rehabilitation of the resorbed maxilla and
mandible using autogenous bone grafts and osseointegrated
implants. Int J Oral Maxillofac Implants 1996; 11:476-488.
Lin KY, Bartlett S, Yaremchuk M], Fallon M, Grossman RF,
Whitaker LA. The effect of rigid fixation on the survival of
onlay bone grafts: an experimental study. Plast Reconstr
Surg 1990; 86:449-456.

Buser D, Bornstein MM, Weber HP, Griitter L, Schmid B,
Belser UC. Early implant placement with simultaneous
guided bone regeneration following single-tooth extraction
in the esthetic zone: a cross-sectional, retrospective study in
45 subjects with a 2- to 4-year follow-up. J Periodontol 2008;
79:1773-1781.

Kanno T, Mitsugi M, Furuki Y, Hosoe M, Akamatsu H,
Takenobu T. Overcorrection in vertical alveolar distraction
osteogenesis for dental implants. Int J Oral Maxillofac Surg
2007; 36:398—402.

Saulacic N, Somosa Martin M, Gdndara Vila P, Garcia Garcia
A. Bone defect formation during implant placement follow-
ing alveolar distraction. Int ] Oral Maxillofac Implants 2007;
22:47-52.

Heberer S, Riithe B, Krekeler L, Schink T, Nelson JJ, Nelson K.
A prospective randomized split-mouth study comparing
iliac onlay grafts in atrophied edentulous patients: covered
with periosteum or a bioresorbable membrane. Clin Oral
Implants Res 2009; 20:319-326.

Lemperle SM, Calhoun CJ, Curran RW, Holmes RE. Bony
healing of large cranial and mandibular defects protected

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

from soft-tissue interposition: a comparative study of spon-
taneous bone regeneration, osteoconduction, and cancellous
autografting in dogs. Plast Reconstr Surg 1998; 101:660—
672.

Verdugo F, Simonian K, Nowzari H. Periodontal Biotype
influence on the volume maintenance of onlay grafts. J Peri-
odontol 2009; 80:816-823.

Wennstrom J, Lindhe J. Plaque-induced gingival inflamma-
tion in the absence of attached gingiva in dogs. J Clin Peri-
odontol 1983; 10:266-276.

Wennstrom J, Lindhe J. Role of attached gingiva for main-
tenance of periodontal health. Healing following excisional
and grafting procedures in dogs. J Clin Periodontol 1983;
10:206-221.

Serino G, Wennstrom JL, Lindhe J, Eneroth L. The preva-
lence and distribution of gingival recession in subjects with a
high standard of oral hygiene. J Clin Periodontol 1994;
21:57-63.

Matter J. Creeping attachment of free gingival grafts. A five-
year follow-up study. ] Periodontol 1980; 51:681-685.
Muller HP, Heinecke A, Schaller N, Eger T. Masticatory
mucosa in subjects with different periodontal phenotypes. J
Clin Periodontol 2000; 27:621-626.

Kois JC. Predictable single-tooth peri-implant esthetics: five
diagnostic keys. Compend Contin Educ Dent 2004; 25:895—
896.

Canalis E. Effect of growth factors on bone cell replication
and differentiation. Clin Orthop Relat Res 1985; 193:246—
263.

Reddi AH, Wientroub S, Muthukumaran N. Biologic prin-
ciples of bone induction. Orthoped Clin North Am 1987;
18:207-212.

Albrektsson T. Repair of bone grafts. A vital microscopic and
histologic investigation in the rabbit. Scand J Plast Reconstr
Surg 1980; 14:1-12.

Verdugo F, Simonian K, Smith McDonald R, Nowzari H.
Quantitation of mandibular symphysis volume as a source of
bone grafting. Clin Implant Dent Relat Res 2009; DOI:
10.1111/j.1708-8208.2008.00140.x.

Verdugo F, Simonian K, Smith McDonald R, Nowzari H.
Quantitation of mandibular ramus volume as a source of
bone grafting. Clin Implant Dent Relat Res 2009; DOI:
10.1111/j.1708-8208.2009.00172.x.

Lee HH, Alcaraz N, Reino A, Lawson W. Reconstruction of
orbital floor fractures with maxillary bone. Arch Otolaryn-
gol Head Neck Surg 1998; 124:56-59.

Berglundh T, Abrahamsson I, Lindhe J. Bone reactions to
longstanding functional load at implants: an experimental
study in dogs. J Clin Periodontol 2005; 32:925-932.
Romanos GE, Testori T, Degidi M, Piattelli A. Histologic and
histomorphometric findings from retrieved, immediately
occlusally loaded implants in humans. J Periodontol 2005;
76:1823-1832.



120

28.

29.

30.

31.

32.

33.

34.

35.

Clinical Implant Dentistry and Related Research, Volume 14, Number 1, 2012

Dongieux JW, Block MS, Morris G, Gardiner D, Dean K. The
effect of different membranes on onlay bone graft success in
the dog mandible. Oral Surg Oral Med Oral Pathol 1998;
86:145-151.

Fonseca RJ, Clark PJ, Burkes EJ, Jr., Baker RD. Revascular-
ization and healing of onlay particulate autologous bone
grafts in primates. ] Oral Surg 1980; 38:572-577.
Greenstein G, Greenstein B, Cavallaro J, Tarnow D. The role
of bone decortication in enhancing the results of guided
bone regeneration: a literature review. ] Periodontol 2009;
80:175-189.

Kusiak JF, Zins JE, Whitaker LA. Early revascularization of
intramembranous bone. Plast Reconstr Surg 1985; 76:510—
516.

Frost HM. The biology of fracture healing: an overview for
clinicians. Clin Orthop 1989; 248:283-309.

Egelberg J. The blood vessels of the dento-gingival junction.
] Periodontal Res 1966; 1:163—179.

Kindlova M. Development of vessels in the marginal peri-
odontium in rats. ] Dent Res 1968; 47:507.

Kennedy JE. Effect of inflammation on collateral circulation
of the gingiva. ] Periodontal Res 1974; 9:147-152.

36.

37.

38.

39.

40.

41.

Wilderman MN, Pennel BM, King K, Barron JM. Histogen-
esis of repair following osseous surgery. ] Periodontol 1970;
41:551-565.

Buchman SR, Sherick DG, Goulet RW, Goldstein SA. Use of
microcomputed tomography scanning as a new technique
for the evaluation of membranous bone. ] Craniofac Surg
1998; 9:48-54.

Feldcamp LA, Goldstein SA, Parfitt AM, Jesion G, Kleereko-
per M. The direct examination of three-dimensional bone
architecture in vitro by computed tomography. J Bone
Miner Res 1989; 4:3—11.

Kuhn JL, Goldstein SA, Feldkamp LA, Goulet RW, Jesion G.
Evaluation of a microcomputed tomography system to study
trabecular bone structure. ] Orthop Res 1990; 8:833-842.
Ito K, Yoshinuma N, Goke E, Arai Y, Shinoda K. Clinical
application of a new compact computed tomography system
for evaluating the outcome of regenerative therapy: a case
report. ] Periodontol 2001; 72:696-702.

Bhatavadekar NB, Paquette DW. Long-term follow-up and
tomographic assessment of an intrabony defect treated
with enamel matrix derivative. ] Periodontol 2008; 79:1802—
1808.



Copyright of Clinical Implant Dentistry & Related Research is the property of Wiley-Blackwell and its content
may not be copied or emailed to multiple sites or posted to alistserv without the copyright holder's express
written permission. However, users may print, download, or email articles for individual use.



