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ABSTRACT

Background: Severe alveolar atrophy often presents a challenge for the implant surgery. The significant lack of bone in

the alveolar ridges may compromise the final restorations both from the aesthetic and functional standpoints.

Objectives: To evaluate the behavior of bone block allografts for the maxillary augmentation and to investigate its

incorporation, remodeling, and implant survival rates in two different healing time points.

Material and Methods: Sixty-six consecutive patients (52 female/14 male, mean age: 57.95 6 9.06 years old), presenting

113 atrophic alveolar ridges underwent maxillary augmentation with fresh-frozen allogeneic bone blocks from tibia.

Patients were randomly assigned in two groups: Group 1—patients who would wait 4 months for implant placement

after grafting, and Group 2—patients who would wait 6 months. Events of infection, suture dehiscence or mucosal

perforation were recorded. Cone-beam computed tomography scans were compared volumetrically between the time of

the grafting surgery and reentry procedure after incorporation. Biopsies were collected and subjected to histological,

histomorphometric and immunehistochemical analysis.

Results: A total of 305 implants were placed in the reconstructed sites. The mean resorption rate in Group 1

(13.98% 6 5.59) was significantly lower than Group 2 (31.52% 6 6.31). The amount of calcified tissue, newly formed

bone and remaining graft particles demonstrated no difference between groups. The samples showed evident

immunolabeling for the podoplanin protein in both groups. The implants cumulative survival rate was 94.76%.

Conclusions: The findings of the present study indicate that there is a significant difference regarding the resorption of

the grafts when waiting 4 or 6 months before placing the implants, even though no difference was found in the

histological, histomorphometric, and immunohistochemical features. Both 4-month and 6-months healing times are

suitable for the implant placement.

KEY WORDS: alveolar ridge reconstruction, bone allograft, bone augmentation, bone grafting, edentulous atrophic

maxilla, implant survival, randomized controlled trial, histological analysis

INTRODUCTION

The rehabilitation of fully and partially edentulous

patients with the use of oral implants today is consid-

ered as a routine treatment modality and it is very

well-documented in literature.1 High success rates

achieved with the techniques currently available

allows the planning of complex cases, extending the

indications of these strategies in dentistry.2

Severe alveolar atrophy often presents a challenge for

the implant surgery. Extensively reabsorbed ridges cannot

only lead to an insufficient bone volume for the place-

ment of dental implants but may also lead to unfavorable
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maxillo-mandibular prosthetic relationships. Therefore,

the significant lack of bone in the alveolar ridges may

compromise the final restorations both from the aesthetic

and functional standpoints.3,4

The reconstruction of the alveolar ridges aiming

for the implant placement should provide sufficient

structure for fixation of the screws in a favorable tri-

dimensional position, as well as a healthy and physio-

logically active environment for the osseointegration.

Thus, it is imperative that the grafting material used

in the reconstructions is able to regenerate the lost

tissue with a new organized calcified scaffold, proper-

ly vascularized, which would allow the appropriate

healing around the implants similarly to the native

bone.4,5

Ideally, bone grafts should have sufficient struc-

tural integrity to maintain space for the growth, mat-

uration, and bone consolidation. Furthermore, they

should be capable of promoting cell recruitment with

the potential to form bone within the graft. Although

controversial, another feature commonly cited in lit-

erature as preferable in the graft materials is that they

must be fully absorbed and replaced by viable native

bone. As with any desirable technique or material, the

grafts must present predictable and reproducible

results.6,7

The incorporation of grafted material to the new

site is given through intramembranous ossification by

migration and vessel growth within the graft and a

subsequent slow remodeling.8,9 During this process,

as the material undergoes engraftment, it also

decreases in volume as a result of the remodeling

activity. It is known that different materials have dif-

ferent behaviors and different optimal waiting periods

prior to implant placement, resulting in distinctive

degrees of incorporation and resorption.3

The gold standard block graft material in litera-

ture is the autologous bone.6,10–12 The use of this

material in alveolar reconstruction with high rates of

success and good predictability is widely reported in

scientific publications. The bone collected from the

same patient has osteogenic, osteoinductive, and

osteoconductive properties given by the viable cells,

morphogenetic proteins and its scaffold, respective-

ly.10 However, the use of autologous bone results

invariably in increased morbidity inherent to the har-

vesting surgery.6,13–15 Likewise, limited availability,

the possibility of injury to vital structures, excessive

swelling, loss of blood, increased morbidity and com-

plications associated with the second surgical access,

encourage the search for other bone substitutes.11,16

In the past decade, several studies have demon-

strated the application of fresh-frozen bone allografts

(FFBA) as a viable option to replace the autogenous

tissue.17–20 The use of bone allografts has been

described extensively in orthopedic procedures, and

today can be considered as a safe material from the

immune and contamination standpoints.21 Even

though it is well documented in case reports and case

series, the FFBA still requires more well-designed

studies to guide the clinical practice.16

The waiting time after the grafting procedure for

the second surgery (implant placement) is not a con-

sensus yet in literature.20,22–28 It is assumed that the

greater degree of incorporation of the grafts, the

more beneficial for the implant placement. However,

the extension of the waiting period for the second

surgical stage also seems to imply a higher resorption

of the grafted bone.29 The incorporation times and

resorption rates of allografts are not yet well defined

and many studies are based on the data from other

biomaterials.21,27,29,30

The aim of this study is to evaluate the clinical

behavior of allogenic bone block grafts for ridge aug-

mentation and to investigate its incorporation,

remodeling, and implant survival rates in two differ-

ent healing time points.

MATERIAL AND METHODS

This research protocol was approved by the Ethics

Committee of The University Hospital Pedro Ernesto

under the protocol number: CEP-HUPE, 2762/2010.

All of the eligible patients signed informed consent

forms. The treatments were performed by trained sur-

geons with comprehensive experience in oral reconstruc-

tive surgery at the Department of Oral Implantology,

Pontifical Catholic University of Rio de Janeiro [Rio de

Janeiro, Brazil]

Patient Selection

A total of 66 consecutive partially or totally edentu-

lous patients (52 female/14 male, mean age:

57.95 6 9.06 years old, ranging from 37 to 75 years),

presenting 113 atrophic alveolar ridges and looking

for oral rehabilitation with dental implants were

included in this study during a 4-year period (2010–
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2014). The inclusion criteria was: present at least one

edentulous site with severe bone deficiency [Cawood

and Howell class IV atrophy]31 that required horizon-

tal alveolar augmentation prior to implant placement.

The diagnosis for all the eligible patients was con-

firmed by cone-beam computerized tomography scan-

ning (CBCT) [i-CAT Classic, Imaging Sciences

International, Hatfield, PA, USA]. The images were

acquired with a resolution of 96 dpi, 14-bits gray

scale and 0.25 mm voxel size, and set to 120 kVp, 5

mA, with a 20-second exposure time. The exclusion

criteria were: smoking, systemic diseases, current, or

previous therapy with oral or intravenous bisphosph-

onates and irradiation at the head and neck in the

past 5 years and noncompliance with the study proto-

col. The interventions were classified as anterior, pos-

terior, or full-arch.

The FFABs were acquired for each patient accord-

ing to the Brazilian National Transplant System policy

from the Musculoskeletal Tissue Bank of the National

Institute of Traumatology and Orthopedics [Rio de

Janeiro, Brazil]. The grafts used were fragments of

cortico-cancellous proximal tibia.

Before the surgeries, the patients were randomly

assigned by an electronic random number generator to

one of the two groups as follows: Group 1—patients

who would wait 4 months for implant placement and

Group 2—patients who would wait 6 months for

implant placement.

Surgical Procedures

The surgical procedures have been described in details

in our first study.32 Briefly, before the surgical proce-

dures, the patients were asked to perform a mouth

rinse with chlorhexidine 0.12% for 1 minute. Antisep-

sis was made on the peri-oral skin with povidine-

iodine solution and then the head, neck and chest

were draped with a perforated sterile drape. The bone

grafts were left in sterile saline for approximately 30

minutes before the procedure to thaw following the

Tissue Bank recommendations. Under local anesthe-

sia, consisting of lidocaine 2% with epinephrine

1:100,000 [DFLVR , Rio de Janeiro, RJ, Brazil], a full-

thickness muco-periosteal flap was elevated providing

proper access to the resorbed ridge. The receptor site

was prepared using a surgical drill at a low speed to

create a “box” of approximately 0.5 mm in depth to

increase the contact area and stabilize the bone blocks

and also to remove any remains of soft tissue adhered

to the buccal plate. The defects were measured and

then bone grafts were sculpted into block shapes to

fit the sites appropriately. The blocks were then

adapted to the receptor bed and were fixed with tita-

nium screws of 1.5 mm in diameter and 10, 12, or

14 mm in length, depending on the needs of each

region. Each block was fixed with at least two screws

to ensure the mechanical stability of the grafts. The

flaps were repositioned, ensuring primary closure of

the wounds. To close, 4-0 silk sutures were used

[Ethicon Inc.
VR

Somerville, NJ, USA].

The patients were medicated with 500 mg oral

azithromycin once daily for 3 days, NSAIDs for post-

operative pain control and chlorhexidine 0.12%

mouth rinse twice per day for 15 days. Sutures were

removed 7 to14 days after surgery.

During the healing period, the patients were

recalled for a follow-up consultation at the 30, 60, 90,

and 120 days after surgery. Events of infection, suture

dehiscence or mucosal perforation exposing the grafts

were recorded and treated when needed.

CBCT Evaluation

After grafting surgery, all the patients underwent a

CBCT scan at a maximum interval of 7 days (T0).

After the waiting period for each group, all the

patients underwent a new CBCT scan at a maximum

interval of 7 days before the day planned for implant

placement surgery (TF). The scans followed the same

acquisition protocol, resolution, voxel size and expo-

sure time as the scans used for the diagnosis at the

first moment.

The images were generated in DICOM files and

were analyzed and compared using the VoXimVR /

Osteo software [IVS Technology GmbH, Chemnitz,

Germany]. The measurements were performed by a

single trained operator. The intraexaminer calibration

was performed using three CT scans of patients not

included in the study, acquiring two measurements

for each test with an interval of one week between

them. The Kappa index was 0.95.33

The volume of the grafts was calculated by sepa-

rating the blocks virtually from the host maxilla in

the CBCT images using the Voxim software segmen-

tation tool. This tool calculates the volume from a

designated area in a mililiter scale. Using the comput-

er mouse, the block grafts were carefully selected on

Incorporation of Block Allografts 3



the 3D view and the final selection was then con-

firmed on the coronal, sagittal, and transversal plane

views. The measurements were done on both scans

(T0 and TF) and were then compared. The software

fusion tool was used to visually illustrate the blocks

volume alterations. It allows the superposition of two

different data sets facilitating the three-dimensional

(3D) understanding of the resorption pattern (Figure

1, A and B).

The volumetric changes were determined for each

graft using the following formula:

Volume reduction ð%Þ5 TF Volume 2T0 Volume

T0 Volume
3 100:

Thus, the final volume is given as a percentage of the

total reduction compared with the initial volume.

Statistical analysis was performed to test if the

two samples came from the same population. The

Mann-Whitney test was the tool used. Significance

was determined at the 5% [p< .05] level. Discrepan-

cies within each group were evaluated using the

Friedman test.

Implant Placement Surgeries

The patients were scheduled for implant placement

procedures according to the times determined for each

group. All of the procedures followed the same rou-

tine: local anesthesia was administered using lidocaine

2% with epinephrine 1:100,000, and a full-thickness

muco-periosteal flap was elevated. The screws used to

fix the blocks were removed, and a graft sample was

collected with a trephine drill 3.0 mm in diameter

applied to a bucco-palatal depth of 10 mm (Figure

2A). The fragments were preserved in 10% buffered

formalin (Figure 2B). The implants were placed using

implant system drills [International Intralock VR , Boca

Raton, FL, USA] according to the manufacturer’s spec-

ifications (Figure 2, C and D). The flaps were reposi-

tioned and closed with 4-0 silk sutures.

The patients were medicated with 500 mg azi-

thromycin once daily for 3 days, NSAIDs for postop-

erative pain control and chlorhexidine 0.12% mouth

rinse twice per day for 15 days. The sutures were

removed 7 days after surgery.

Histological and Histomorphometric Analysis

Samples of the grafts retrieved by a cylindrical biopsy

with a trephine bur during implant placement surgery

were immersed in 10% buffered formaldehyde and

submitted to histological and histomorphometric

analysis.

The samples were decalcified in 5% nitric acid,

routinely processed, and embedded in paraffin. Three

5-mm sections from each sample were stained with

hematoxylin and eosin following the standard proto-

col of the Oral Pathology Laboratory, School of Den-

tistry, and State University of Rio de Janeiro.

Histological analysis was performed using a Leica

DM500 light microscope [Leica Microsystems, Wet-

zlar, Germany] and histological images at 3100,

3200, and 3400 magnifications were obtained using

a connected Leica ICC50 HD digital camera [Leica

Microsystems, Wetzlar, Germany].

Immunohistochemical Analysis

Three-micrometer sections from each sample were

submitted to immunohistochemistry using a mouse

Figure 1 (A) Image fusion of the initial volume data set and
the final volume data set (front view); (B) Occlusal view. Ini-
tial graft volume in blue and final graft volume in gray.
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monoclonal antibody anti-podoplanin [clone D2-40,

dilution 1:200, DAKO, Glostrup, Denmark] through

the immunoperoxidase method [LSAB, Dako, Carpin-

teria, US] and diaminobenzidine as the chromogen.

The podoplanin is a protein expressed by osteocytes

in the dendrite elongation process and, therefore, was

chosen to selectively mark osteocytes viability and

function.34 The slides were counterstained with Car-

azzi hematoxylin and examined by a single investiga-

tor through optical microscopy at 3100, 3200, and

3400 magnifications.

For the histological and immunohistochemical

analysis, the assessment was descriptive, without com-

parison between the groups. The parameters

described were the presence of newly formed bony

tissue, the presence of osteoblasts/osteocytes, the pres-

ence of vessels, the existence of inflammatory infil-

trate and positivity for podoplanin marker.

The histomorphometric evaluation was performed

by a single trained operator using the pictures taken

from each sample in the ImageJ [NIH] software. The

parameters evaluated were: percentage of calcified tis-

sue, percentage of newly formed bone and percentage

of allograft remains. To quantify each parameter, the

examiner used the software to identify the areas of

interest in the pictures and selecting them in an

automated manner (Figures 3 and 4). When needed,

the selection was corrected manually in order to main-

tain the precision of the measurements. The total area

selected for each parameter was given by the software

in a percentage of the total field.

Statistical analysis was performed to compare the

mean percentage of the parameters evaluated among

the two groups. The normality of the sample was test-

ed using the Shapiro-Wilk test. The comparison

among groups was performed using the Mann-

Whitney test. Significance was determined at 5%

[p< .05]. Discrepancies within each group were eval-

uated using the Friedman test.

Second Stage Surgery

Three months after the implant placement, the sec-

ond stage surgery was scheduled in order to uncover

the fixtures and connect the healing abutments. All

the patients received implant-supported fixed pros-

theses. The follow-up period after loading the

implants was set at 12 months. Events of nonintegra-

tion of the implants were recorded in order to assess

the short-term cumulative survival rate (CSR). The

difference in the percentage of the failed implants

between the groups was assessed using the Mann-

Whitey test. The possible difference in the number of

Figure 2 (A) Graft sample being collected with a trephine drill; (B) Biopsy fragment preserved in 10% buffered formalin; (C and D)
Implants placed in the grafted area.
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lost implants between the grafted sites was assessed

using the Kruskal–Wallis test.

RESULTS

Clinical Observations

Of the 66 patients included in the study, 3 developed

complications that led to total graft lost and were

excluded from the study. Thirteen subjects presented

complications that did not jeopardize the grafting

outcomes, distributed in: 2 cases of infection, 4 of

suture dehiscence, 3 of mucosal perforation, 3 of

infection combined with suture dehiscence and 1 of

infection combined with mucosal pefuration. A sum-

mary of the demographic data and described compli-

cations are shown in Table S1. Cases of infection and

dehiscence were promptly treated with debridement,

antibiotic therapy, and hygiene instruction. Mucosal

perforations exposing the grafted area after the initial

healing were followed-up carefully to avoid secondary

infection of the surgical site. The exposures were

cleaned by a professional and the patients were

instructed to apply a 0.2% Chlorhexidine gel twice

daily during the healing period or until the perfora-

tion closing.

During the grafts reentry, all the blocks showed

good mechanical stability after the fixation screws

removal. A total of 305 implants were placed in the

reconstructed sites. The grafts allowed a satisfactory

positioning of the implants according to the prosthet-

ic planning. All the implants were placed with the

insertion torque from 20 to 45 Ncm, demonstrating

good primary stability.

A summary of the variables measured is pre-

sented in Table S2.

CBCT. The mean volume reduction in Group 1

(13.98% 6 5.59) was significantly lower than Group 2

(31.52% 6 6.31), as shown in Graph 1. The pattern

and direction of the changes suffered by the graft

blocks were not uniform and seemed to be more evi-

dent in the cancelous portion and also from the edges

to the center. Although the 6 months group have

shown more volumetric loss, the resorption did not

jeopardize the implant placement as planned.

Figure 3 (A and B) Histomorphometric quantification of the remaining graft in blue and the newly formed bone in green by the
ImageJ software (H&E, 3200 magnification).

Figure 4 (A and B) Histomorphometric quantification of the calcified tissue in red by the ImageJ software (H&E, 3200
magnification).
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Histological. By the light microscope, the samples

showed different degrees of incorporation and bone

maturation. It was possible to see that the cortical

plate showed less cellular activity compared to the

cancelous area. Nonremodeled allograft remains were

present in all the biopsies evidenced by the empty

osteocytes lacunae. In both groups, the samples

showed areas of new bone formation with distinctive

amounts of immature calcified tissue, osteoblasts and

osteocytes. Blood vessels were also found abundantly

in between the graft spaces. Overall, the samples

showed healthy bone contents with discrete or no

inflammatory infiltrate (Figure 5).

Histomorphometric. Differences in the amount of calci-

fied tissue found in the samples were not observed

between the groups (Group 1545.06%611.38, Group

2545.64%610.97) (Graph 2). The percentage of newly

formed bone also demonstrated no difference when

compared to the samples from Group 2 (Group

1520.8%69.52, Group 2527.2%614.86) (Graph 3).

Remaining grafted bone was found in both groups with

no statistical significance between them (Group

1524.27%614.84, Group 2518.44%65.77) (Graph 4).

Immunohistochemistry. The samples showed evident

labeling for the podoplanin protein in both groups.

The protein expression revealed long osteocyte den-

drite formation within the grafted area, which is

impossible to see with usual histology staining. The

podoplanin activity was detected in areas of new

bone formation, immature bone, and also in lamel-

lar bone areas. As expected, the allograft remains

particles were negative for the immuno-labeling

(Figure 6)

Implants Survival

From the 305 implants placed in the reconstructed

areas, 16 implants (5.24%) were lost in the period

assessed in the study, showing a CSR of 94.76%.

When using the patient as the unit, 21% of the

Graph 1 Boxplot of the volume reduction in both groups. Graph 2 Boxplot of the quantification of calcified tissue in
both groups.

Graph 3 Boxplot of the quantification of newly formed bone
in both groups.
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individuals presented implant failures. There was no

correlation between the number of lost implants and

the groups [p 5 .673] and also no statistically signifi-

cant correlation with the grafted sites

[p 5 .252](Graphs 5 and 6, respectively).

DISCUSSION

The use of onlay bone blocks grafts to reestablish

maxillary width and height prior to implant

Figure 5 Nonremodeled allograft evidenced by the empty
osteocytes lacunae (arrows). Newly formed bone presenting
osteoblasts and osteocytes (stars). Discrete inflammatory infil-
trate (H&E, 3200 main picture, 3100 localization picture).

Graph 4 Boxplot of the quantification of remaining graft in
both groups.

Graph 5 Correlation between of the number of lost implants
and the groups.

Graph 6 Correlation between of the number of lost implants
and the grafted area.
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placement is a well described and predictable tech-

nique.5,16 High success rates, low complication rates

and the long-term survival of dental implants in these

grafts make it a good alternative for reconstructing

extremely atrophic ridges. It has been well docu-

mented that all bone grafts undergo some resorption

in the incorporation phase, and the resorption rates

seem to vary depending on graft origin (autogenous,

allogenous, xenogenous, or synthetic) as well as graft

source (Ilium, tibia, calvaria).29,35–37 These reductions

in size, depending on the amount, can lead to insuffi-

cient bone volume for subsequent implant

placement.29,38

Bone graft incorporation is a complicated process

with multiple variables influencing rate, pattern, and

completeness.39 The time necessary to ensure the

proper incorporation of bone block allografts prior to

implant placement is still a matter of debate.28 The

physiological and biological events of incorporation

of bone grafts are still poorly understood.39,40 Frozen

grafts are considered to be highly osteoconductive,41

weakly osteoinductive and nonosteogenic.42,43

Therefore, bone formation rates can be expected to

be inferior to that of autograft, even though studies

have considered this affirmation either inconclusive

or contradictory.39,44 Apparently, more healing time

leads to better incorporation but also higher resorp-

tion of the graft. The assessment of time-related

remodeling of bone block grafts is of paramount

importance in determining the best incorporation/

resorption relationship in order to reassess the site

and place the implant. However, most of the available

data on the behavior of block grafts are from animal

models and cross-sectional studies.38,45–47

The studies available in the literature have shown

reductions in the size of grafts ranging from 9 to

50% 3 to 8 months after the surgery.35,36,48 Although

these resorption rates are well described, in most of

the studies, measurements are made either clinically

or in a 2D perspective.49 In a human model, the

most reliable and accurate way to measure three-3D

time-related changes in block grafts after surgery

appears to be by means of CBCT. The low radiation

dose and precise measurements allow assessment of

Figure 6 Podoplanin (D2-40) immunostaining showing long osteocyte dendrite formation within the areas of new bone forma-
tion, immature bone and also in lamellar bone grafted (red arrows). Allograft remains particles negative for the immuno-labeling
(Peroxidase immunostaining, Hematoxilin counterstain, 3400 magnification).
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the grafts’ behavior at different times with no harm

to patients.50–54 The time-related evaluation of

changes after grafting procedures such as sinus graft-

ing, major maxillofacial reconstructions (such as cleft

palate grafts) and harvest of onlay blocks from calva-

ria29,36,55,56 were well described using CBCT scans.

In our study, the block grafts’ volumetric changes

have shown to be related to the time waited before

the implant placement. Furthermore, the resorption

rate has demonstrated to be uniform in each group

with the block grafts used, corroborating with the

rates found in our previous report32 and with others

in the literature.57–59 It is suggested that the process-

ing and the use of bony tissue can influence the

behavior of the grafts. Long periods of freezing, the

removal of the surface layers of the blocks and

the age of the donors can influence the cell growth in

the grafts in vitro.60,61 Likewise, mechanical tests have

demonstrated that different types of washing and

sterilizing can lead to grafts that are more susceptible

to fractures.62,63 In animals, the surgical technique

used for the placement of bone blocks have also

shown to be a significant factor with regard to the

resorption rate of the grafted blocks.9 Similarly, stud-

ies have demonstrated that grafts undergo different

resorption patterns depending on the embrionary ori-

gin of the grafted bone,64–67 as well as the ratio

between cortical and medullary contents.67 Thus, we

made a strong effort to standardize the grafts using

the material from the same Tissue Bank, from the

same bone (tibia) and presenting similar distribution

between cortical and cancellous layers. This attempt

was made in order to assure that we were using

block grafts with comparable processing, bone

origin properties, and microarchitecture features,

respectively.

Similar histologic and histomorphometric find-

ings are commonly reported in the literature for the

allografts biopsies prior to implant placement. The

presence of different degrees of new bone formation,

bone cells (osteoblasts, osteocytes, and osteoclasts)

and vascularization within the grafted areas are fea-

tures of most of the evaluations available despite the

variances between the studies.20,24,32,57,58,68 Absent or

discrete inflammatory infiltrate has been found in the

samples. This corroborates with previous stud-

ies11,20,24,32,58,69,70 and suggests that the graft incorpo-

ration site is a healthy environment.

The remodeling and repair of the grafts is given

by the penetration of vessels and following substitution

by the host bone. During the incorporation of the allo-

geneic bone, the grafted area becomes a hybrid struc-

ture comprising the calcified original graft and the

new host bone, variably mineralized.39 The remaining

graft that has not yet been remodeled is histologically

seen as a calcified tissue with lacunae void of osteo-

cytes nucleai. Regarding these remnants of the graft

after the initial incorporation, the findings are similar,

but the interpretation of the results is varied. Some

authors suggest that this feature is due to the slow

process of remodeling suffered by these grafts and part

of the process,20,24,32,57 while other groups interpret

this finding as necrotic bone.11,58,68,71,72 In the present

study, we could not find a significant reduction in the

amounts of remaining graft in the two different time

points. This data is not in accordance with our previ-

ous findings,32 where the 4-months waiting group

showed statistically significant more graft remains than

the 6- and 8-months groups. The difference in the

results can be due to the more precise histomorpho-

metric measuring technique applied or to the larger

number of patients enrolled in the present study.

Moreover, no significant difference was found when

comparing the new bone formation between the

groups. These findings show that the two time points

present extremely similar features, except by the

resorption pattern.

Compared to the autogenous bone, the amount

of graft remains in the receptor site in a short-term

period is larger in the allografts, however, in larger

time intervals, both have similar histological features

which suggest a difference in the remodeling rate as

demonstrated in both human and animal stud-

ies.73–75 In rabbits, the amount of new bone forma-

tion with the use of allografts has shown to be

statistically similar to the amount obtained with

autogenous grafts.74 Reikeras et al.75 have shown

that the slower creeping process depends on the

osteoconductive properties of the graft, which is

equivalent for the frozen allograft and the fresh

autograft.

Data concerning the new bone formation and

remodeling in the allografts using immunohistochem-

istry techniques is scarce in the literature. Regarding

human samples, only few case reports are available.76

In animal studies, different parameters have been
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studied and, as the grafts remodeling and incorpora-

tion are a complex process, there is no consensus on

which antibodies should be used to evaluate

them.47,69,77 When comparing the bone remodeling

between autografts and allografts by immunohisto-

chemistry, Hawthorne et al.77 have found a similar

pattern of labeling for receptor activator of nuclear

factor-k and its ligand (RANK and RANK-L), osteo-

protegerin (OPG), alkaline phosphatase (ALP), colla-

gen 1 (COLI), osteopontin (OPN), osteocalcin (OC)

and an increased activity of tartrate-resistant acid

phosphatase (TRAP) in the allografts. In our study,

we have not used a quantification method due to the

variability of the human samples that can be more

easily standardized in an animal model than in a

human study. Therefore, we have chosen an antibody

that is a marker for osteocyte function and that could

be evaluated qualitatively instead of quantitatively.

The podoplanin protein (D2-40) is selectively

expressed by osteocytes compared to osteoblasts in

response to mechanical stimulation and is increased

by mechanical strain in vitro and in vivo.78–80 This

protein is also necessary for osteocyte dendrite elon-

gation in response to shear stress.34 As dendrite for-

mation is an active process and not a passive

mechanism, it is likely that the podoplanin protein is

critical not only during dendritic formation, but also

for osteocyte viability and function, and, therefore,

essential for normal bone physiology.34,80–85 In our

samples, we found that the podoplanin expression is

evident in both groups, demonstrating that even at

the early time point, the osteocytes development,

function, and expansion within the grafted area are

clear. Furthermore, this finding suggests that this

important feature of normal bone function is being

developed in areas grafted with allogeneic material.

Reported success rates of allogeneic bone block

grafts in the alveolar augmentation are compatible

with other regenerative techniques.71,86–89 The preva-

lence of complications involving bone blocks vary

between 020,24,32,58,71,90 and 11.76%.68 The most com-

mon failures identified in the studies are: partial or

total loss of the blocks, problems in the soft tissues

(dehiscence and late perforation of the mucosa) and

infection. In the present study, a similar occurrence

of the adverse events has been found. As highlighted

in other studies91,92 and in accordance with our expe-

rience, when properly addressed, the complications

do not necessarily lead to total loss of the grafting

procedure.91

The cumulative success rate of implants placed in

allogenic bone reconstructed sites can be considered

high and, similarly, comparable to other modalities of

bone reconstruction. Rates reported vary between

94.7 and 100%,20,59,93,94 extremely similar to our out-

comes. Evaluating the number of implant failures

according to the patients as individuals, 79% of the

participants had no problems related to the fixtures,

demonstrating that this reconstruction modality has a

good previsibility.

CONCLUSIONS

The findings of the present study indicate that the

volume reduction of the bone block allografts for the

ridge augmentation is related to the time after the

grafting procedure. Furthermore, there is a significant

difference regarding the resorption of the blocks in

waiting 4 or 6 months before placing the implants.

There is no difference in the histological, histomor-

phometric and immunohistochemical features or the

implant success rates between the groups, indicating

that both 4- and 6-month healing intervals after the

grafting surgery are acceptable for the implant place-

ment. The alveolar ridge augmentation with the use

of bone block allografts can be considered a reliable

technique with success and complication rates com-

parable to other reconstruction modalities.
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