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Abstract

Objectives: To compare cortical (AL-C) and corticocancellous (AL-CC) fresh-frozen block bone

allografts to cortical block bone autografts (AT) used for lateral ridge augmentation in terms of

radiographic dimensional maintenance and histomorphometrical graft remodeling.

Materials and methods: Twenty-four patients, requiring ridge augmentation in the anterior

maxilla prior to implant placement, were treated with AT, AL-C or AL-CC bone blocks (eight

patients per graft type). Patients were examined with CBCT prior to, 14 days, and 6–8 months after

grafting. Amount of augmentation and dimensional block graft maintenance over time was

evaluated by comparing planimetric measurements of the alveolar ridge made on CBCT sections of

the augmentation area. During implant installation surgery, 6–8 months after grafting, cylindrical

biopsies were harvested perpendicularly to the lateral aspect of the augmented alveolar ridge. The

relative volumes of vital and necrotic bone and soft tissues were histomorphometrically estimated.

Comparisons among groups and observation times were performed using Friedman test followed

by Dunn’s post-hoc test.

Results: Radiographic evaluation showed that the three types of grafts resulted in a significant

increase in alveolar ridge width, with no significant differences among the groups in terms of

ridge dimensions at the various observation times. However, significant graft resorption (P = 0.03)

was observed in the AL-CC group over time (!8.3 " 7.1%) compared with the AT and AL-C groups,

where a slight increase was observed, on average (1.5 " 20.6% and 1.3 " 14.9%, respectively).

Histomorphometrical analysis showed that larger amounts of vital bone were found in the biopsies

from the AT augmented sites (25.1 " 11.2%) compared with AL-CC and AL-C augmented sites

(9.3 " 3.8% and 3.9 " 4.6%, respectively; P ≤ 0.01). AL-CC and AT biopsies had the smallest

amount of necrotic bone (38.2 " 12.1% and 56.7 " 26.0, respectively) compared with AL-C

(83.7 " 10.8%, P < 0.01) biopsies. AL-CC biopsies showed the largest amount of soft tissues

(52.5 " 11.7%) compared with those from AT (18.1 " 17.1%, P = 0.03) and AL-C (12.3 " 8.5%,

P < 0.01) sites.

Conclusions: AL block bone graft architecture influences significantly its dimensional incorporation

and remodeling. Compared with AT bone graft, a small portion of the AL block consists of vital

bone 6–8 months after grafting. Cortical AL blocks seem to show the least amounts of vital bone,

while corticocancellous AL blocks seem to undergo more resorption over time.

Among the important factors connected to

high success rates achieved in dental implant

treatment is the presence of an adequate

local bone volume (Stanford 2002). Neverthe-

less, the clinical reality is that, in many

cases, the amount of available bone is

reduced in patients who seek implant treat-

ment. In those cases, a bone graft may be a

predictable way to restore bone volume and

enable oral rehabilitation using dental

implants (Chiapasco et al. 2006).

Autologous bone (AT) is still considered

the gold standard graft material for bone aug-

mentation procedures in the maxillo-facial

region (Misch & Misch 1995; Nowzari &

Aalam 2007). However, due to absence of
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adequate volume of intraoral donor bone in

cases of severe jaw resorption and with the

purpose to avoid extra bone harvesting and

the associated drawbacks (donor site morbid-

ity and extra surgical time), other bone mate-

rials are frequently used (Goldberg &

Stevenson 1994). Fresh-frozen allogeneic bone

grafts (AL) have lately received renewed

attention (Carinci et al. 2010; Hou et al.

2005; Lee et al. 2010; Spin-Neto et al. 2013b)

due to the fact that recent strict processing

guidelines have increased the safety of the

material, practically eliminating the risk of

patient cross-contamination (e.g., with hepa-

titis or HIV) (Waasdorp & Reynolds 2010), in

contrast to practices of the past. Cases of

infection, including hepatitis and HIV, due to

implantation of contaminated allograft bone

have indeed been previously observed

(Salvucci 2011). So far, no major systemic

complications have been reported after the

use of AL grafts processed according to the

new guidelines (Hinsenkamp et al. 2012), and

recent studies have shown unremarkable

immune reactions connected to AL-grafting

of a magnitude relevant for alveolar ridge

augmentation in humans (Spin-Neto et al.

2012, 2013a).

AL grafts exert primarily an osteoconduc-

tive property (Mizutani et al. 1990), acting as

a scaffold into which host cells migrate, pro-

liferate, differentiate, and produce new bone.

It has been observed that AL exhibit slower

incorporation and remodeling than AT grafts

(Spin-Neto et al. 2013b; Spin-Neto et al.

2014; Waasdorp & Reynolds 2010). Previous

preclinical in vivo studies have demonstrated

that remodeling of an AT block bone graft

depends also on variations in graft architec-

ture, specifically the cortical-to-cancellous

bone ratio (Ozaki & Buchman 1998). It is cur-

rently unknown whether the same is valid

for AL grafts.

Therefore, the aim of this study was to

compare cortical (AL-C) and corticocancel-

lous (AL-CC) fresh-frozen block bone allo-

grafts to cortical block bone autografts (AT)

used for lateral ridge augmentation in terms

of radiographic dimensional maintenance and

histomorphometrical graft remodeling, 6–

8 months after grafting for anterior maxillary

ridge augmentation.

Materials and methods

The protocol for this controlled case series

was approved by the Araraquara School of

Dentistry Ethics Committee (CEP-FO/Car)

and by the National Research Ethics Com-

mittee (CONEP-MS) under the protocol num-

ber 36/08, and it is in accordance to the

World Medical Association Declaration of

Helsinki (2002). All treatments were per-

formed in the Department of Diagnosis and

Surgery, Section of Periodontology, Araraqu-

ara Dental School (UNESP – Univ. Estadual

Paulista), Araraquara, S~ao Paulo, Brazil.

Patient selection

A total of 40 partially or totally edentulous

patients (23 female/17 male, age average:

45 years; range 18–69 years) who desired oral

rehabilitation with dental implants and had

at least one site with severe bone deficiency

(i.e. <4 mm alveolar ridge width) impeding

the placement of a regular size implant, were

treated from May 2009 to May 2012. Alveolar

ridge width was determined in cross-

sectional image sections of Cone Beam Com-

puted Tomography (CBCT, i-CAT Classic,

Imaging Sciences International, Hatfield, PA,

USA) generated images (DICOM-based data

sets) with a resolution of 96 dpi, 14-bits gray

scale and 0.25 mm voxel size. The CBCT

unit was set at 120 kVp, 5 mA, with a 20 s.

exposure time. None of the patients pre-

sented with systemic diseases affecting bone

turnover, or were pregnant or lactating, or

had habits that could interfere with treat-

ment (for example: smoking, alcoholism and

drug use).

In this case series, treatment group alloca-

tion (AL or AT) was not randomly assigned

and was based on the following hierarchical

criteria: (i) subjective estimation of augmen-

tation needed, based on the clinical and

radiographic (CBCT) screening examination

and the amounts of donor bone available;

patients with inadequate amounts of donor

bone were allocated to AL, (ii) patients with

adequate amounts of donor bone, but refusing

a second surgical area for AT block graft har-

vesting, were thereafter allocated to AL; (iii)

patients allocated to AL were then treated

with AL-CC or AL-C block bone graft (only

one type of graft in each patient irrespective

of the number of blocks), depending on avail-

ability of the grafting material in the specific

bone-bank (UniOss, Mar"ılia, Brazil). Accord-

ingly, thirteen patients were treated with

autologous cortical bone grafts (20 bone

blocks; AT group), 19 patients were treated

with fresh-frozen allogeneic corticocancellous

bone grafts (52 bone blocks; AL-CC group),

and eight patients were treated with fresh-

frozen allogeneic cortical bone grafts (20 bone

blocks; AL-C group).

To fulfill Brazilian regulations, documents

regarding the allogeneic biomaterial request

were filled-out and sent to the registered

bone bank that supplied the allografts (Uni-

Oss). The fresh-frozen allogeneic bone was

collected and processed according to the

American Association of Tissue Banking

guidelines (Tomford 2000) and delivered at

the University Clinic on the day before sur-

gery. The AL-CC material was retrieved from

the femoral head and/or patella, while the

AL-C material was retrieved from the tibia.

In the present analysis, a matched-group

design at the block level was used, as fol-

lows: the block from which the trephine

biopsy was harvested in one randomly (by

means of a lottery draw) chosen patient of

the AL-C group was matched with the corre-

sponding biopsied block placed in the same

region (anterior maxilla) in one randomly

chosen patient (with the same or a larger

number of blocks) from each of the AT and

AL-CC group. Thus, at the end, the analysis

included eight patients/blocks per treatment

group. Table 1 shows sample characteristics.

Surgical procedures

Immediately prior to the augmentation sur-

gery, a mouth rinse was performed with 10–

15 ml 0.12% Chlorhexidine digluconate for

1 min, and Povidine-iodine 10% solution was

applied to the peri-oral skin. Then, under

local anesthesia (Mepiadre 2%, DFL, S~ao

Paulo, Brazil), a full thickness flap was raised

to provide full visualization of the resorbed

alveolar ridge. All remaining soft tissues

were removed from the bone surface and

small-size round burs (ZB-70 Carbide bur;

MicroAire, Chicago, IL, USA) were used

under intense saline solution irrigation to

penetrate the host cortical bone for enhanc-

ing vascularization toward the base of the

grafts. In the AT group, cortical grafts of ade-

quate size according to defect dimensions

were retrieved from the mandibular ramus.

In the AL-CC and AL-C groups, standard size

bone blocks (15 9 10 9 6 mm – AL-CC;

15 9 10 9 4 mm – AL-C) were removed from

the freezer and put into sterile saline solution

for at least 10 min, allowing them to hydrate

and obtain room temperature gradually. The

blocks were trimmed and compressed using

burs, under abundant sterile saline solution

irrigation, to match the defects. The trim-

ming and compression procedures deliber-

ately reduced the amount of soft tissue

(medulla) in the AL-CC blocks, but always

largely preserving their corticocancellous

architecture. After compression, AL-CC

blocks showed a thickness comparable to AT

and AL-C blocks, ranging from 3.5 to

4.5 mm, as measured with a caliper. AL-CC
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blocks were fixed with the cancellous bone

side facing the host bone. All bone grafts

were fixated using 1.5 mm 9 10 or 12 mm

(Ø 9 length) titanium screws (Neodent, Cu-

ritiba, Brazil) and were covered with a colla-

gen membrane (Genius Baumer, S~ao Paulo,

Brazil). Then, the flaps were repositioned to

cover the grafts completely and sutured with

interrupted nylon 4–0 single sutures.

All patients received antibiotics (Amoxicil-

lin 500 mg) three times daily for 7 days, non-

steroidal anti-inflammatory treatment (Ni-

mesulide 100 mg) two times daily for 5 days,

and analgesics (Acetaminophen 750 mg)

according to individual needs. Patients were

advised to rinse with Chlorhexidine digluco-

nate for the following 7 days. Sutures were

removed 14 days after surgery.

CBCT image section assessment

In addition to the pre-treatment screening

scanning, all patients were scanned again

14 days- (14 d) and 6 months (6 m – AT and

AL-CC groups) or 8 months (8 m – AL-C

group) after grafting (prior to implant installa-

tion) using the same standardized exposure

parameters. The DICOM data sets were saved

on a hard disk and reconstructed using spe-

cific software (OnDemand 3D 1.0.7.0295,

Cybermed, Seoul, South Korea) to reconstruct

the image sections and export the 2-dimen-

sional image sets for the quantitative evalua-

tion of bone dimensions.

Only the data sets obtained at 14 d and 6

or 8 m were used for analysis, as image sec-

tion generation from pre-surgical CBCT scans

could not be performed in a standardized

manner and with the same spatial orienta-

tion due to absence of a fixed reference (i.e.

the fixation screw). In the post-surgical scans,

the graft fixation screw was used as a guide

to re-orientate the data sets from the two

time-points, so that sections with the same

spatial orientation could be generated for

both time-points (Spin-Neto et al. 2013c).

Thus, 0.25 mm thick cross-sections (distance

between sections = 1 mm) through the bone

block and the residual ridge and entire jaw-

bone were generated parallel to the long axis

of the screw and perpendicular to the occlu-

sal plane, and extended throughout the entire

bone block width. Consequently, the number

of sections varied among blocks depending

on individual width; the same number of sec-

tions was generated and evaluated for each

particular block for both observation periods.

The contrast of the images was adjusted, and

the center level (L) and band-width (W) were

set according the suggestions in the software

(W = 3086 and L = 667).

For every CBCT section, one TIF (tagged

image file) image was generated. The images

had a resolution of 96 dpi matching the scan-

ner resolution and therefore avoiding any dis-

tortion. They contained a ruler, which

allowed the setting of the linear scale of each

image. All generated images were anony-

mized and randomized, to mask the evaluator

with respect to treatment group and observa-

tion period.

The assessment of the TIF images was per-

formed using dedicated software (ImageJ;

NIH, Bethesda, MD, USA) by manually trac-

ing the structures under study with the com-

puter mouse. To attain a measuring standard

in the images, the total maxillary bone area

(TBAFinal, in mm2) visible in each image sec-

tion was included and traced, as presented

elsewhere (Spin-Neto et al. 2013c). In the

14 d images, TBA (TBA14d) was estimated by

adding the traced areas (Fig. 1) of the grafted

bone block and the host bone. The changes

in bone area (CBA) over time (from 14 d to 6

or 8 m) were calculated and expressed as a

percentage of bone area at 14 d.

Bone biopsies: clinical procedures and
evaluation

Implant installation surgery was performed

six (AT and AL-CC) or eight (AL-C) months

after the grafting procedure. During this ses-

sion, one cylindrical biopsy, including the

graft and part of resident bone, was retrieved

perpendicularly to the lateral aspect of the

augmented ridge by means of a trephine bur

(2 mm internal Ø) from each patient.

The biopsies were routinely fixed, decalci-

fied, dehydrated, embedded in paraffin, and

sectioned. Three 6 lm thick hematoxilin-

eosin stained sections, representing central

aspects of the cylindrical biopsy, were used

for histological and histomorphometrical

analysis using a DIASTAR light microscope

(Leica Microsystems, Wetzlar, Germany) con-

nected to a Leica Microsystems DFC-300-FX

digital camera (Leica Microsystems). A stan-

dardized (6 9 2 mm, length 9 width) area of

interest (AOI), was digitally over-projected on

the most lateral (buccal) part of the biopsy;

thus the AOI represented 55–75% of grafted

bone and 25–45% of resident bone for the

various groups. The relative amount (%) of

vital bone (VB), necrotic bone (NcB), and soft

tissues (ST) within grafted and resident bone

Table 1. Characteristics of the matched study sample

Triplet
patient
group Region

Group AT Group AL-CC Group AL-C

Age
(years)

Gender
(F/M)

CBCT
Sections

Age
(years)

Gender
(F/M)

CBCT
sections

Age
(years)

Gender
(F/M)

CBCT
sections

1 Anterior maxilla 46 F 10 39 F 10 46 M 8
2 Anterior maxilla 21 M 6 44 F 6 50 F 13
3 Anterior maxilla 37 M 7 42 M 9 61 F 11
4 Anterior maxilla 33 F 9 57 F 12 55 F 7
5 Anterior maxilla 57 F 9 50 F 13 38 F 10
6 Anterior maxilla 43 F 8 32 F 10 56 F 8
7 Anterior maxilla 47 M 9 31 M 8 39 M 10
8 Anterior maxilla 54 F 7 55 F 10 56 F 8
Averages/Totals 42 5/3 8.1 44 6/2 9.7 50 6/2 9.4

(a) (b)

Fig. 1. Example of the measured areas in each image. At 14 d (a), the host bone (in blue) and the grafted bone block

(in red) areas were separately measured. At 6 m (b), the total bone area (“TBAFinal”, in green) was measured.
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in the AOI was planimetrically measured

using the ImageJ software (NIH).

Data analysis

Commercially available software (GraphPad

Prism 6.0 for Windows, GraphPad Soft-

ware Inc., La Jolla, CA, USA) was utilized to

compare all assessed parameters and draw

graphics. Due the limited sample size and to

avoid random statistical differences, data was

treated as not normally distributed. For the

radiographic evaluation, comparisons among

groups regarded the mean total bone area

assessed on all sections of each block (TBA14d

and TBAFinal), and the% changes in bone area

(CBA) between the two observation periods.

For the histomorphometrical evaluation, com-

parisons regarded the relative amount (%) of

vital bone (VB), necrotic bone (NcB), and soft

tissues (ST) within AOI. Friedman test (due to

the repeated measures, with the block graft as

the repeated variable) followed by Dunn’s

post-hoc test for multiple comparisons. The

level of significance was set at P < 0.05.

Results

Clinical observations

No complications were observed throughout

the study and all block bone grafts showed

radiographic and clinical signs of incorpora-

tion to receptor bed at 6 or 8 m post-

operatively. All planned implants could sub-

sequently be inserted.

CBCT evaluation

The results of the CBCT evaluation are pre-

sented in Table 2. Host bone was statistically

similar for all groups. A significant increase in

TBA was observed from baseline (“Host Bone

Area”) to 14 d and 6 m and 8 m (P ≤ 0.05) in

all groups, but there were no statistically sig-

nificant differences among AT, AL-C, and AL-

CC groups regarding TBA at both observation

times. The grafted bone block area observed in

the 14 d images was larger in the AL-CC

group compared to the two other groups

(P = 0.04 and 0.02, for AL-C and AT, respec-

tively). The TBAFinal was not different from

TBA14d in all groups. Regarding% CBA, AL-

CC showed statistically significant larger

bone area loss when compared to both AT

(P = 0.03) and AL-C (P = 0.03) groups.

Histological and histomorphometric evaluation

Areas of necrotic bone of varying size with

empty osteocyte lacunae and absence of cap-

illaries (in the Haversian canals) were consis-

tently observed in all biopsies. The interface

between resident bone and the bone block

graft was not generally distinct for either the

AT or AL-CC groups, while it was easier to

identify in the AL-C group. The newly

formed bone was in direct contact with – or

occasionally completely engulfed within

necrotic bone and only a few osteoclasts were

seen in the sections. The marrow spaces in

the AL-CC blocks were primarily filled with

dense fibrous connective tissue and bone

marrow was only occasionally observed, irre-

spective of the group. There were no signs of

inflammatory process in any of the groups.

Figure 2 shows a representative histological

section of each group.

The results of the histomorphometric eval-

uation are presented in Table 2 and Fig. 3.

The AL-CC (P = 0.003) and AT (P = 0.01)

groups showed the smallest amount of necro-

tic bone, compared with the AL-C groups.

AL-CC also showed significantly larger

amounts of soft tissues than AT (P = 0.03)

and AL-C groups (P = 0.002). In contrast, sta-

tistically significant larger amounts of vital

bone were found in the AT group, compared

with both AL-CC (P = 0.006) and AL-C

groups (P = 0.003). AL-CC and AL-C groups

were statistically equal regarding amounts of

vital bone.

Discussion

Various aspects of the treatment outcome,

including the radiographic maintenance and

histological remodeling of the block grafts, of

the AT and AL-CC patients included herein,

have been reported in previous papers (Spin-

Neto et al. 2013b,c; Spin-Neto et al. 2014).

Inclusion of data from those patients aimed

to allow comparisons with the AL-C treated

patients, which are presented for the first

time in this study. The analysis included

eight patients/blocks per treatment group,

allowing the matching of both radiographic

and histological assessments. The use of

fresh-frozen allogeneic bone (AL) block grafts

has increased in the last decades, primarily

because the implementation of strict guide-

lines for donor selection and material pro-

cessing, which has practically eliminated the

risk for disease transmission (Waasdorp &

Reynolds 2010). Thus, AL has recently also

gained attention for intraoral indications, in

cases where large volumes of augmentation

are needed and there is limited availability of

intraoral AT (Spin-Neto et al. 2013b).

The results of the radiographic assessment

showed that all types of grafts resulted in a

significant increase in alveolar ridge dimen-

sions, but also showed that corticocancellous

AL block bone grafts (AL-CC) presented sig-

nificantly larger dimensional reduction

(ca. !8.5%) than cortical AL (AL-C) or autog-

enous (AT) block bone grafts, which showed

a slight increase (ca. +1.5%), 6–8 months

post-surgery. The observed reduction was

most likely primarily due to volumetric

changes in the AL-CC grafted block itself

and not due to vast changes of the alveolar

process. The large dimensional reduction

associated with AL-CC grafts observed herein

has been already discussed in a previous

report on all patients included in the AL-CC

and AT groups of the present patient material

(Spin-Neto et al. 2014). At that point, it was

suggested that the reduction of AL-CC in

comparison to the AT blocks (herein, being

mostly cortical) could partly be explained by

differences in graft architecture, in terms of

cortical-to-cancellous bone ratio. The present

results, in which similarly low amounts of

dimensional reduction were observed in the

Table 2. Average ± standard deviation (range) for radiographic host bone area, graft block bone area, total bone area (TBA) at the various observa-
tion periods, and% change in bone area (CBA), and for histologic relative volumes of vital bone, soft tissues, and necrotic bone in the AT, AL-CC, and
AL-C groups

Parameter AT AL-CC AL-C

Host bone area (mm2) 182.9 " 62.2 (123.2–301.4)a 136.4 " 51.3 (75.3–215.0)a 178.7 " 35.4 (134.6–239.2)a

Grafted bone block area (mm2) 27.5 " 7.4 (16.3–37.0)a 56.8 " 17.0 (24.4–75.5)b 29.4 " 10.4 (12.8–44.3)b

TBA14d (mm2) 203.3 " 63.3 (136.0–308.6)a 193.5 " 63.9 (105.5–271.8)a 204.6 " 29.6 (172.8–264.8)a

TBAFinal (mm2) 215.5 " 76.9 (115.47–322.72)a 181.2 " 55.8 (91.0–244.6)a 211.0 " 37.8 (160.8–262.8)a

CBA% (“Average”) 1.5 " 20.6 (!32.7–4.0)a !8.3 " 7.1 (!15.4–4.0)b 1.3 " 14.9 (!23.8–22.2)a

Vital bone 25.1 " 11.2 (11.8–40.9)a 9.3 " 3.8 (2.8–13.4)b 3.9 " 4.6 (0.2–13.3)b

Soft tissues 18.1 " 17.1 (1.8–52.8)a 52.5 " 11.7 (30.3–67.5)b 12.3 " 8.5 (1.3–24.6)a

Necrotic bone 56.7 " 26.0 (17.4–84.0)ab 38.2 " 12.1 (26.3–59.6)a 83.7 " 10.8 (67.1–96.6)b

Same letters indicate non-significant differences between the groups, for that specific parameter determined factor.
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AL-C and AT blocks compared with the AL-

CC blocks (which also showed the highest

amount of soft tissues with the grafted area),

corroborate the above assumption and indi-

cate that variations in bone block graft archi-

tecture in terms of cortical-to-cancellous

bone ratio may be more important than the

origin (AL or AT) of the graft itself, with

regard to the dimensional maintenance of the

block. The assumption that bone block archi-

tecture is important for the dimensional

maintenance of an AL block bone graft is in

accordance with current understanding of AT

bone block graft remodeling and incorpora-

tion. Reports from preclinical in vivo studies

evaluating the influence of AT bone block

architecture on block graft maintenance,

remodeling and incorporation have indeed

shown that cancellous and corticocancellous

AT block bone grafts present significantly

larger resorption compared to cortical AT

bone blocks (Goldstein et al. 1995; Ozaki &

Buchman 1998; Ozaki et al. 1999).

On the other hand, although the AL-C

blocks presented volumetric maintenance

similar to that observed for the AT cortical

blocks, the histologic analysis in the present

study showed significant differences in terms

of remodeling of the two types of bone block.

The AL-C bone blocks remained almost

entirely necrotic after 8 months of healing

and showed minimal amounts (4%) of vital

bone only in the proximity of the resident

alveolar ridge. In contrast, 25% of a biopsy

from an AT cortical block consisted of vital

bone. Thus, despite the fact that implants

were successfully placed in the planned posi-

tion and subsequently loaded in all patients

included in the present study, no assump-

tions on the long-term prognosis of the treat-

ment can be made. Some recent short-term

studies have suggested that AL may show

results similar to those achieved with AT

grafts, regarding the possibility of implant

installation in the augmented sites (Carinci

et al. 2010, 2009a,b; Waasdorp & Reynolds

2010). However, it is important to interpret

those results carefully, as implant success

rates of only 40% after 4 years were reported,

due to the increased rate of peri-implant mar-

ginal bone loss at implants inserted in AL

augmented sites (Carinci et al. 2010, 2009b).

In perspective, the longitudinal success rates

for implants placed in AT augmented ridges

are in general >90% (Chiapasco et al. 2009).

The finding that all implants placed in AL

augmented sites in the present group of

patients did osseointegrate and could be

loaded may be explained by the fact that the

implants were inserted primarily within resi-

dent bone and within the narrow inner

aspect of the block graft containing a large

proportion of vital bone. Nevertheless, it

must be kept in mind, that the biological

and biomechanical challenges, on the long-

term, of a loaded largely non-vital block

graft remain unknown. In addition, the

results from a recent preclinical in vivo

study suggest that peri-implantitis may pro-

gress faster when the peri-implant tissues

contain non-vital bone biomaterials com-

pared with cases where implants are installed

in pristine sites (Stavropoulos et al. 2012).

The histological observations in the present

analysis, showing basically non-vital bone

toward the lateral (buccal) aspects of the AL

blocks, may explain the above-mentioned

increased peri-implant marginal bone resorp-

tion reported in the literature (Carinci et al.

2010, 2009b).

The histomorphometric analysis in the

present study showed that biopsies from the

AL-CC blocks presented smaller amounts of

necrotic bone compared to those from the

AL-C and AT blocks (37%, 84%, and 58%,

respectively), although this difference is sig-

nificant only for the AL-C group. No differ-

ences in terms of vital bone were observed

between the two types of AL blocks, and the

smaller amount of necrotic bone in the AL-

CC originated in the fact that the mineral-

ized bone fraction in this type of blocks was

initially lower than in the AL-C blocks, due

to its trabecular structure. Earlier studies

have attributed the reduced incorporation/

remodeling of AL (when compared to AT) to

the possible presence of antigenicity in AL

(Kirkeby et al. 1992; Stevenson et al. 1991).

However, AL grafting in the present group of

patients did not result in IL-10, IL-1b, IFN-c,

and TNF-a serum values beyond the

Fig. 3. Stacked percentages of vital bone, necrotic bone,

and soft tissues percentage in the biopsies (mean%), for

all groups.

Fig. 2. In the first row, photomicrographs of characteristic biopsies retrieved from AT, AL-CC, and AL-C aug-

mented ridges. New bone (→) in direct contact with necrotic bone (*) was observed in all three types of grafts. No

signs of inflammatory reaction or excessive osteoclastic graft resorption could be observed, irrespective of graft type.

In the second row, the same images are shown with masked colors, representing vital bone (red), necrotic bone

(blue) and soft tissues (gray).
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physiological levels (Spin-Neto et al. 2012),

indicating that AL grafting does not seem to

challenge significantly serum cytokines.

Thus, the reduced remodeling/incorporation

of AL grafts must be attributed to some other

factors than antigenicity, currently not well

understood. Nevertheless, the reduced

remodeling/incorporation of AL block grafts

may be simply due to absence (largely) of

bone cells surviving the processing to initiate

bone apposition/resorption (creeping substitu-

tion), as is the case with AT grafts (Roberts

& Rosenbaum 2012).

In conclusion, AL block bone graft architec-

ture influences significantly its dimensional

remodeling and incorporation. Compared to

AT bone grafts, only a small portion of the

AL block consists of vital bone 6–8 months

after grafting. Cortical AL blocks seem to

show the least amounts of vital bone, while

corticocancellous AL blocks show the high-

est amount of soft tissues and seem to

undergo more resorption over time. It seems

thus reasonable to suggest that AL-C and

AL-CC bone block grafts may be an option

only in cases where a relatively limited

amount of augmentation is needed and

where the future implant can be predictably

positioned primarily within resident bone

and the inner aspects of the block showing

large amounts of vital bone. However, the

possibility of peri-implantitis, peri-implant

bone loss, and implant failure in the long-

term could be a concern more relevant for

AL than AT grafts, due to the small quanti-

ties of viable bone found on the augmented

site.

Acknowledgments: This study was

financed by the Brazilian agencies Fapesp

(2008/09207-9), CAPES (0050/10-5) and

CNPq. Rubens Spin-Neto holds a PhD

scholarship from Aarhus University,

Denmark.

References

Carinci, F., Brunelli, G., Franco, M., Viscioni, A.,

Rigo, L., Guidi, R. & Strohmenger, L. (2010) A

retrospective study on 287 implants installed in

resorbed maxillae grafted with fresh frozen alloge-

nous bone. Clinical Implant Dentistry and

Related Research 12: 91–98.

Carinci, F., Brunelli, G., Zollino, I., Franco, M., Vi-

scioni, A., Rigo, L., Guidi, R. & Strohmenger, L.

(2009a) Mandibles grafted with fresh-frozen bone:

an evaluation of implant outcome. Implant Den-

tistry 18: 86–95.

Carinci, F., Guidi, R., Franco, M., Viscioni, A., Rigo,

L., De Santis, B. & Tropina, E. (2009b) Implants

inserted in fresh-frozen bone: a retrospective analy-

sis of 88 implants loaded 4 months after insertion.

Quintessence International 40: 413–419.

Chiapasco, M., Zaniboni, M. & Boisco, M. (2006)

Augmentation procedures for the rehabilitation of

deficient edentulous ridges with oral implants.

Clinical Oral Implants Research 17: 136–159.

Chiapasco, M., Casentini, P. & Zaniboni, M. (2009)

Bone augmentation procedures in implant dentis-

try. International Journal of Oral and Maxillofa-

cial Implants. 24 Suppl: 237–259.

Goldberg, V.M. & Stevenson, S. (1994) Bone graft

options: fact and fancy. Orthopedics 17: 809–

810.

Goldstein, J.A., Mase, C.A. & Newman, M.H.

(1995) The influence of bony architecture on fixed

membranous bone graft survival. Annals of Plas-

tic Surgery 34: 162–167.

Hinsenkamp, M., Muylle, L., Eastlund, T., Fehily,

D., Noel, L. & Strong, D.M. (2012) Adverse reac-

tions and events related to musculoskeletal allo-

grafts: reviewed by the world health organisation

project notify. International Orthopaedics 36:

633–641.

Hou, C.H., Yang, R.S. & Hou, S.M. (2005) Hospital-

based allogenic bone bank–10-year experience.

Journal of Hospital Infection 59: 41–45.

Kirkeby, O.J., Pinholt, E. & Larsen, T.B. (1992)

Fresh, frozen, or decalcified bone grafts: a study

of early vascularisation and mineralisation of

allogeneic and syngeneic bone grafts in rats.

Scandinavian Journal of Plastic and Reconstruc-

tive Surgery and Hand Surgery 26: 141–145.

Lee, D.W., Koo, K.T., Seol, Y.J., Lee, Y.M., Ku, Y.,

Rhyu, I.C., Chung, C.P. & Kim, T.I. (2010) Bone

regeneration effects of human allogenous bone

substitutes: a preliminary study. Journal of Peri-

odontal and Implant Sciences 40: 132–138.

Misch, C.M. & Misch, C.E. (1995) The repair of

localized severe ridge defects for implant place-

ment using mandibular bone grafts. Implant Den-

tistry 4: 261–267.

Mizutani, A., Fujita, T., Watanabe, S., Sakakida, K.

& Okada, Y. (1990) Experiments on antigenicity

and osteogenicity in allotransplanted cancellous

bone. International Orthopaedics 14: 243–248.

Nowzari, H. & Aalam, A.A. (2007) Mandibular cor-

tical bone graft part 2: surgical technique, applica-

tions, and morbidity. Compendium of

Continuing Education in Dentistry 28: 274–280.

Ozaki, W. & Buchman, S.R. (1998) Volume mainte-

nance of onlay bone grafts in the craniofacial

skeleton: micro-architecture versus embryologic

origin. Plastic and Reconstructive Surgery 102:

291–299.

Ozaki, W., Buchman, S.R., Goldstein, S.A. & Fyh-

rie, D.P. (1999) A comparative analysis of the

microarchitecture of cortical membranous and

cortical endochondral onlay bone grafts in the

craniofacial skeleton. Plastic and Reconstructive

Surgery 104: 139–147.

Roberts, T.T. & Rosenbaum, A.J. (2012) Bone grafts,

bone substitutes and orthobiologics: the bridge

between basic science and clinical advancements

in fracture healing. Organogenesis 36 [EPub

ahead of print].

Salvucci, J.T. (2011) Bone tissue, lyophilized and

stored at room temperature for 15 days or more,

is not capable of transmitting HIV, HCV or HBV.

Cell and Tissue Banking. 12: 99–104.

Spin-Neto, R., Felipe Leite, C., Pereira, L.A., Mar-

cantonio, E. & Marcantonio, E., Jr. (2013a) Is

peripheral blood cell balanced altered by the use

of fresh frozen bone block allografts in lateral

maxillary ridge augmentation? Clinical Implant

Dentistry and Related Research 15: 262–270.

Spin-Neto, R., Landazuri Del Barrio, R.A., Pereira,

L.A., Marcantonio, R.A., Marcantonio, E. & Mar-

cantonio, E., Jr. (2013b) Clinical similarities and

histological diversity comparing fresh frozen

onlay bone blocks allografts and autografts in

human maxillary reconstruction. Clinical

Implant Dentistry and Related Research 15: 490–

497.

Spin-Neto, R., Stavropoulos, A., Dias Pereira, L.A.,

Marcantonio, E., Jr & Wenzel, A. (2013c) Fate of

autologous and fresh-frozen allogeneic block bone

grafts used for ridge augmentation. A cbct-based

analysis. Clinical Oral Implants Research 24:

167–173.

Spin-Neto, R., Stavropoulos, A., Coletti, F.L., Faeda,

R.S., Pereira, L.A. & Marcantonio, E., Jr (2014)

Graft incorporation and implant osseointegration

following the use of autologous and fresh-frozen

allogeneic block bone grafts for lateral ridge aug-

mentation. Clinical Oral Implants Research 25:

226–233.

Spin-Neto, R., Stavropoulos, A., Freitas, R.M., Car-

los, I.Z., Pereira, L.A. & Marcantonio, E., Jr.

(2012) Immunological aspects of fresh-frozen allo-

geneic bone grafting for lateral ridge augmenta-

tion. Clinical Oral Implants Research 24: 963–

968.

Stanford, C.M. (2002) Achieving and maintaining

predictable implant esthetics through the mainte-

nance of bone around dental implants. Compen-

dium of Continuing Education in Dentistry 23:

13–20.

Stavropoulos, A., Papadimitriou, S., Nyengaard, J.R.

& Karring, T. (2012) Influence of peri-implant

bone tissue composition on progression of peri-

implantitis. Clinical Oral Implants Research 22:

899. Europan Academy of Osseointegration

Abstract # 850 (Basic Research Competition).

Stevenson, S., Li, X.Q. & Martin, B. (1991) The fate

of cancellous and cortical bone after transplanta-

tion of fresh and frozen tissue-antigen-matched

and mismatched osteochondral allografts in dogs.

Journal of Bone and Joint Surgery 73: 1143–1156.

Tomford, W.W. (2000) Bone allografts: past, present

and future. Cell and Tissue Banking 1: 105–109.

Waasdorp, J. & Reynolds, M.A. (2010) Allogeneic

bone onlay grafts for alveolar ridge augmentation:

a systematic review. International Journal of

Oral and Maxillofacial Implants 25: 525–531.

6 | Clin. Oral Impl. Res. 0, 2014 / 1–6 © 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Spin-Neto et al #Allograft architecture on its remodeling


