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Abstract

Background: A main drawback of bone block graft surgery is the resorption occurring

in early stages of healing. To our knowledge, there are no studies comparing out-

comes of freeze-dried bone allograft (FDBA) blocks with different architecture.

Purpose: The aim of this work was to investigate different factors that can affect

graft resorption and to compare the resorption rates of two different types of alloge-

neic blocks, corticocancellous and cancellous.

Materials and Methods: A randomized clinical trial was designed. Twenty-eight

patients referred for onlay bone augmentation prior to implant placement were

included in the study. Preoperative computerized tomography (CT) was taken for all

patients. Patients received FDBA blocks of either cancellous or corticocancellous

bone obtained from the iliac crest. After a 4-month follow-up, postoperative CT was

taken. Then, another surgery was performed, with the purpose to place dental

implants. The aforementioned groups were compared for bone resorption and

implant outcome using analysis of covariance (ANCOVA) and repeated ANOVA mea-

sures, respectively. Demographic data, trabecular bone density, and graft sites were

also analyzed.

Results: A total of 93 implants were placed in the augmented bone sites over

28 patients. A 100% survival rate was achieved during a mean follow-up period of

24 months in both groups. Higher bone resorption rate was found with cancellous

bone grafts (29.2% ± 2.6) compared with corticocancellous grafts (19.3% ± 2.3).

Moreover, higher resorption rates in patients with lower bone density (<185 Houns-

field Units) (31.7% ± 3.1) and smokers (26.39% ± 2.3) were observed when compared

with patients with higher bone density (>185 Hounsfield Units) (16.8% ± 2.1) and

nonsmokers (22.1% ± 2.3), respectively.
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Conclusion: Within the limitations of this study, these findings indicate that both

corticocancellous and cancellous FDBA grafts constitute a clinical acceptable alterna-

tive for bone reconstruction, although cancellous grafts present higher resorption

rates. Moreover, host factors such as patient's low bone density and smoking habits

may also increase graft resorption rates.
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1 | INTRODUCTION

Bone augmentation procedures are widely used to manage severely

atrophic alveolar ridges prior to dental implant placement. Onlay bone

block grafting technique is often indicated to repair small- and

medium-sized bone defects.1-4

Autologous bone (AB) is currently considered the gold standard

bone graft material for such procedures; however, its use is limited by

its availability, the need of a harvesting surgery, and patient's accep-

tance.5,6 Alternative materials such as fresh frozen bone (FFB) and

freeze-dried bone allograft (FDBA) from homologous donors (individ-

uals of the same species), have been extensively used in orthopedic

surgery,7,8 and have been suggested as a suitable option to achieve

predictable alveolar ridge augmentation.9-11

The use of allogeneic bone block grafts has increased in the

last decades, with the implementation of strict guidelines for

donor selection and material processing, protocols that virtually

eliminate the risk of antigenicity and primary infections.8-12 These

types of grafts have several advantages as, unlimited supply, low

morbidity and shorter operative time when compared with autoge-

nous bone grafts.13-15 Nevertheless, controversial results have

been reported in the literature. While some authors reported

encouraging results,16-18 other studies described questionable

data regarding to its resorption and long-term sequestration of the

graft.19-23

However, factors underlying bone graft resorption remain unclear,

since they can be influenced by different variables as embryologic ori-

gin, characteristics of recipient site in terms of vascularization, mechani-

cal stress and graft's microarchitecture.

One of the theories to explain onlay block graft resorption is

the concept of “biological boundary,” which states that soft tissue

edges has a genetically predetermined shape, which tends to

remain constant.24 As onlay grafts disrupt the body's natural soft

tissue edges, it stimulates a homeostatic response to maintain the

original boundary.25

More specific factors as bone graft density and architecture have

also been proposed as important factors influencing on its clinical

behavior. It has been shown that high density grafts undergo a slower

resorption than low-density grafts.20,26 Thus, cortical grafts were also

determined to be better grafting material in terms of resorption rates

when compared with cancellous one.20,22,25

This fact could be explained by its biological behavior; while cancel-

lous bone graft revascularization takes place rapidly and completely,

due to the large intertrabecular space, which allows the infiltration of

blood vessels and the diffusion of nutrients from the host bed, the cor-

tical graft revascularization occurs slowly and incompletely, due to its

dense lamellar architecture leaving regions of necrotic bone that can

remain indefinitely.25

The use of nonvascularized block grafts relies on the creeping sub-

stitution process, by which the removal of necrotic hard tissue occurs

simultaneously with newly bone formation over a period of weeks to

months. It has been observed a close correlation between bone remo-

deling and vascularization, so the more vascularization the more

creeping substitution take part.27

Nevertheless, the effectiveness and predictability of block allo-

grafts remains unclear. To our knowledge, there are no studies com-

paring outcomes of FDBA blocks with different architecture.

PRGF was used in all patients as an adjuvant in order to pre-

vent complications during wound healing. PRGF is a platelet con-

centrate with almost no leukocyte, that was first introduced by

Anitua et al. (1999)28 with the objective of enhancing soft tissue

healing and promoting a faster regenerative process following

intraoral surgical procedures. PRGF is obtained by a one-step cen-

trifugation procedure and requires the conjugation of anticoagu-

lants with the freshly collected blood, followed by the addition of

calcium chloride, to allow the releasing of growth factors and the

creation of an adhesive matrix, which is primarily composed by

fibrin.

Nowadays, the role of PRGF (platelet rich in growth factors) on

bone regeneration is still controversial. Although the effectiveness of

PRGF in enhancing bone regeneration remains unclear,29 this platelet

concentrate seems to have antimicrobial properties which can pro-

mote the prevention of postoperative infection and may improve the

tissue healing, reducing the risk of graft exposure.30,31

Thus, the aim of this article was to identify the factors that can

influence graft resorption, by evaluating and comparing the recon-

struction of alveolar bone defects using two types of FDBA: cancel-

lous and corticocancellous blocks obtained from the iliac crest. The

0 Hypothesis was that cancellous FDBA onlay block resorption rate is

comparable to that of corticocancellous FDBA block graft. Moreover,

host factors such as patient's low-bone density, graft site, and

smoking habits were also analyzed.
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2 | MATERIALS AND METHODS

This studywas approved by the ethical committee of ComplutenseUniver-

sity (protocol number P-15/566) and was registered in the US National

Institutes of Health Clinical Trials Registry (identifier: NCT03412838). The

study was performed following the CONSORT statement. All patients

received and signed an informed written consent explaining the study

objectives, surgical techniques, and possible side effects. This study

followed the guidelines of Helsinki Declaration. The study was conducted

in a private dental office ofMadrid (ClínicaDental Alcalá).

2.1 | FDBA blocks

The corticocancellous and cancellous FDBA blocks derived from iliac

crest were obtained from DIZG (German Institute for Cell and Tissue

Replacement; Germany), and Tutogen Medical GmbH (Neunkirchen

am Brand; Germany), respectively.

FDBA blocks were processed in accordance with the regulations

of The European Association of Tissue Banks (EATB) and EMA

(European Medicines Agency).

Both bone blocks were processed under strict aseptic conditions

from postmortem donors, previously screening by their medical history

and serological and microbiological tests. Finally, both of them were

lyophilized for room temperature storage and treated with low-dose

gamma irradiation for ensuring the sterility of the packaged graft.

2.2 | Plasma rich in growth factors

PRGF was prepared according to the Anitua's method.32 Blood was

collected from all patients a few minutes before surgery, and cen-

trifuged with a BTI PRGF System II centrifuge (BTI Biotechnology

Institute S.L., Vitoria, Spain).

2.3 | Randomization

Corticocancellous or cancellous allograft onlays blocks were placed,

prior to dental implant insertion. Patients included in the clinical trial

were randomly allocated by a blinded assistant in two groups:

corticocancellous group (CC) and cancellous group (C). Allocation of

participants to intervention groups in a randomized sequence was per-

formed using a computerized random number generated by the

GraphPadQuickCalc software (GraphPad Software Inc., La Jolla, CA).

Blocked randomization was performed to maintain equal group size. As

a result, 14 patients were randomly assigned to de CC group and other

14 to the C group. All bone augmentation surgeries were performed by

the same oral surgeon, with expertise on block surgeries (JT).

2.4 | Surgical procedure

All patients were assessed clinically and radiographically with CT-

scans. Prior to the surgery, all patients rinsed their mouth with 15 mL

0.12% chlorhexidine digluconate for 1 min, and then povidone-iodine

10% solution was applied to the perioral skin. All patients were

treated under local anesthesia; midazolam (7.5 mg) as premedication

was administered 30 min before the surgery. A full thickness flap was

raised to provide a full visualization of the alveolar ridge, and cortical

perforations were performed to provide a better blood supply towards

the grafts. Before fixations, the grafts (both the corticocancellous and

cancellous blocks) were rehydrated into saline solution for at least

30 min. Bone blocks were trimmed in length and height to fit the

defects under abundant sterile saline solution irrigation, then blocks

were fixed with the cancellous bone side towards (or “in contact with”)

the host bone using osteosynthesis screws (AO/ASIF 4.0 self-drilling

screws; Synthes, Synthes GmbH&Co, Umkirch, Germany) (1.2 mm Ø,

10 mm length). After fixation, a digital caliper was used to measure the

buccal height and the superior and inferior buccal-lingual width of the

block bone used. Then, all blocks were covered with PRGF as a mem-

brane, and the flaps were repositioned to cover the bone grafts

completely, previous periosteal releasing incisions to allow a tension-

free closure of the flaps with 4-0 nylon sutures (Figure 1A-F). After the

surgery, 4 mg of dexamethasone was given to the patients intramuscu-

larly. Postoperative antibiotic therapy (1 g amoxicillin every 8 h for the

following 7 days) was prescribed to all patients, and postoperative

instructions included liquid/soft diet for 2 weeks and 0.2% chlorhexi-

dine mouth-washes until suture removal, which was performed 12 to

14 days after the reconstruction. During the postoperative period,

patients were not allowed to wear prostheses for a minimum of

8 weeks. After a 4-month follow-up, patients underwent another clini-

cal and radiographic examination with CT-scans. Then, another surgery

was performed, to remove fixation screws and place dental implants

(Biomet 3i, Palm Spring, CA).

2.5 | Radiographic analyses

Preoperative and postoperative medical Multislice CT examinations

(GE Healthcare, Wauwatosa, WI) were carried out in all patients, using

the same scanner and imaging protocol (140 kV, 100 mAs, 250-mm

field of view, 1-mm slice thickness, 1-mm increments, 512 × 512

matrix, filter D, 0!gantry angulation). The field of view included only

one full dental arch in standard resolution, allowing for a low effective

radiation dose. DICOM (Digital Imaging Communication in Medicine)

images were assessed using a DICOM viewer software (OsiriX 8.0.1

version, Pixmeo, Geneva, Switzerland).

Bone mineral density of the surgical sites was measured in the preop-

erative parasagittal CT scans using OsiriX software. The analysis was done

within a region of interest (ROI) containing the entire trabecular bone area

of the alveolar ridge, and measurements, registered in Hounsfield Units

(HU), were defined as preoperative trabecular pixel value (PTPV).

Postoperative CT scans were taken 4 months after surgery. The

final allograft block area and its respective HU were measured from a

ROI outlining the remaining area of the block in the same parasagittal

CT slice containing the entire long axis of the fixation screw (ie, the

one closer to the alveolar crest, Figure 1G).

To assess the percentage of bone graft resorption, the postopera-

tive bone graft area at the site of the fixation screw (described above)
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was compared with the original situation upon graft implantation

using the Osirix Software.

The original bone graft buccal height and width were measured at

time of surgical installation using a digital caliper (Figure 1H, dashed

white lines). These measurements were incorporated into the postoper-

ative CT scan images to create a ROI indicating the original bone graft

area (Figure 1G,H).

Ridge cortical width at the alveolar crest (in mm) and mean radio-

graphic bone density (in grayscale values, Figure 1G,H) were mea-

sured in the ROI images.

All measurements were performed in random order by two trained

observers (ie, dentists with expertise in oral radiology, JCA and

ARGC). Intraobserver reliability was assessed between measurements

performed 2 weeks apart to eliminate memory bias. Intra and inter-

observer agreement were assessed using the intraclass correlations

coefficient (ICC) for continuous variables.

After implant placement, periapical control radiographies were

taken on yearly basis to assess peri-implant bone resorption.

2.6 | Implant outcomes

The parameters considered to assess implant's survival were based

on the Consensus report of workgroup 4 of the 2017 World

Workshop on the Classification of Periodontal and Peri-Implant

Diseases and Conditions. They were; maintenance of osseoin-

tegration (absence of mobility), absence of severe infection in the

peri-implant soft tissues (erythema, swelling and/or suppuration)

absence of progressive loss of supporting bone, bleeding on prob-

ing, increased probing depth, and continuous prosthesis stability

(Berglundh 2018).33

For that purpose, marginal bone loss, PPD (probing pocket

depth) and BOP (bleeding on probing) were evaluated. All measure-

ments took place at baseline, 1 and 2 years after insertion of pros-

thesis reconstruction.

Marginal bone loss was measured by periapical radiographs, using

parallel intraoral techniques, the same equipment (VistaScan, Dürr,

Bietigheim-Bissingen, Germany) and an image analyzing program

(CS 3D Imaging Software, Carestream Dental, Atlanta, GA). It was

assessed by measuring the distance of the bone level at the mesial

and distal surface of each implant to the implant connection, using

this interface as a reference point. The known distance among four

implant threads was used for the purposes of calibration and determi-

nation of the exact magnification of the images.

PPD and BOP were measured at the same time as marginal bone

loss. All mediations were performed at six sites of each implant and its

two adjacent teeth.

F IGURE 1 A, Full thickness
flap. B, Cortical perforations prior
to bone block fixation. C, FDBA
blocks were cut appropriately to
achieve the desired size. D, Bone
block fixation with
osteosynthesis screws. E, Bone
block trimmed to avoid cutting
edges. F, PRGF covering
allogeneic bone blocks before
flap reposition with sutures. G,
Block area outlined in a
parasagittal CT image taken after
a 4 month healing. H,
Comparison with the estimation
of original block area (dashed
white line). FDBA, freeze-dried
bone allograft; PRGF, platelet rich
in growth factors
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2.7 | Statistical analyses

The sample size was based on the primary outcome parameter, the

resorption, and performed using the data of a pilot study carried out in

the Complutense University, considering an alpha-type error of 5% and

a beta-type error of 20%. A total of 10 blocks were included in the pilot

study, the mean resorption rate of the five corticocancellous and five

cancellous blocks were 15.29 ± 5.28 and 25.77 ± 6.14, respectively,

the common standard deviation (SD) was 7.73. This estimation resulted

in 10 patients per group; however it was ampliated to 14 to prevent to

be prone to attrition bias and potential patients' withdrawals.

All variables were analyzed using the analysis of covariance (ANCOVA).

The independent effect of each variable regarding to bone resorption (age,

gender, graft site, smoking, PTPV, and graft type)was calculated.

Normality and homogeneity of variances was assessed using the

Shapiro-Wilk and Levene's test, respectively. Also, other requirements

for ANCOVA were performed.

Implant outcomes were analyzed using repeated ANOVA mea-

sures, comparing both groups at baseline, 1 and 2 years after loading.

A decision tree (CRT model) was used to classify the PTPV vari-

able to a cut-point which the resorption is more apparent.

All statistical analyses were performed at a level of significance of 5%,

using the same software (IBMSPSS Statistics 17.0, SPSS, Inc., Chicago, IL).

3 | RESULTS

3.1 | Demographics results

3.1.1 | Inclusion and exclusion criteria

Twenty-eight totally and partially edentulous patients referred for

dental implant therapy from January 2011 to September 2015 were

enrolled in the study. Insufficient buccolingual (BL) alveolar bone

width (<4 mm) that would complicate regular size implants placement

was an inclusion criterion.

Patients with severe systemic disease (American Society of Anesthe-

siology III or IV) were excluded from the study. In addition, patients who

were pregnant, or patients with diseases affecting bone, such as Paget's

disease, osteomalacia, diabetes, vitamin D deficiency, alcoholism, hyper-

thyroidism, cancer, or osteoporosis as well as those medications that

might affect bone metabolism, such as bisphosphonates, corticosteroids

or antidepressant medicaments were also excluded from the study.

Smoker patients had been classified as smoking more than 10 ciga-

rettes per day.

The study included 6 male and 22 female patients, the mean age

of the participants was 65.8. No statistically significant differences

were found in age (P = .626) and gender (P = .732). The study sample

characteristic is described in the Table 1.

3.2 | Clinical outcomes

A total of 28 patients were recruited for the study. The patients were

treated for bone augmentation with 37 cancellous blocks and

49 corticocancellous blocks before receiving a total of 93 implants at

the end of the study. Healing was uneventful in 26 patients as none

of them complained of significant pain, and no signs or symptoms of

infection were reported. However, during the 4-month period follow-

ing bone graft placement, two patients presented partial graft expo-

sure. The dehiscence was sealed using PRGF as a membrane. In the

other 26 patients satisfactory healing of soft tissues was observed

during the follow-up period.

After 4 months, another surgery was performed, to remove fixa-

tion screws and place dental implants. At this time, the clinical obser-

vation revealed that the grafts were correctly incorporated, as they

TABLE 1 Study sample characteristics

Group

Corticocancellous Cancellous

Patient Age (years) Gender (F/M) Grafted blocks Age (years) Gender (F/M) Grafted blocks

1 37 M 2 84 F 3

2 71 F 6 46 M 2

3 36 F 6 67 M 4

4 61 M 2 60 F 1

5 76 F 6 66 F 2

6 70 F 3 72 F 4

7 79 F 4 54 M 4

8 68 F 2 61 F 1

9 70 F 2 68 M 2

10 63 F 6 78 F 2

11 81 F 2 58 F 2

12 65 F 1 66 F 4

13 80 F 6 67 F 2

14 83 F 1 56 F 4

Averages/totals 67.1 12/2 49 64.5 10/4 37
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were fixed to the recipient site and keeps immobile, although in can-

cellous group larger areas with resorption were noticed. Nevertheless,

sufficient new bone formation for implant placement was achieved in

all cases, with no need for regrafting at second stage in any case

(Figure 2A-F). Not drop out was registered during the observation

period (Figure 3).

3.3 | Radiographic results

The CRT (Classification and Regression Trees) was performed to find

an optimum cut-off point in order to split the sample into two seg-

ments that are as homogeneous as possible with respect to the

dependent variable (resorption).

The stopping criteria that limit the size of the tree were:

1. MAXDEPTH, specifies the maximum number of levels of growth

beneath the root node. Value 1, as there is only one independent

variable (PTPV).

2. MINPARENTSIZE, specifies the minimum number of cases

required to split a node; 10% of the sample.

3. MINCHILDSIZE specifies the minimum number of cases in any

child node; 5% of the sample

4. MINIMPROVEMENT to specify the minimum decrease in impu-

rity. The CRT growing method attempts to maximize within-node

homogeneity. In other words, a terminal node in which all cases

have the same value for the dependent variable is a homogeneous,

“pure” node. A node is not split if impurity would decrease less

than the specified value. It was 0.0001.

The cut-point obtained was 185 Hounsfield units (Figure 4).

3.4 | Effects of different factors on bone resorption

The ANCOVA analysis showed no confounding effects regarding age

or sex but confirmed the relationship of graft's type, PTPV, smoking,

and mandibular graft site. The null hypothesis was rejected statisti-

cally, as differences between cancellous and corticocancellous resorp-

tion rates were reported.

The effects of different factors on bone resorption are related in

Table 2.

Intra and interobserver agreement was confirmed according to the

ICC results (0.93, P < .001 and 0.86, P = .001, respectively), as it is

higher than 0.81 it can be interpreted as almost perfect following

Landis (1977)34 level of agreement.

One factor that seems to be important is graft´s microarchitecture,

as cancellous bone graft was associated with higher risk of bone resorp-

tion (29.17% ± 2.58 vs 19.27% ± 2.31) (Figure 5A-D). PTPV values also

have impact over bone resorption as values higher than 185 HU

were associated with lower resorption rates. Elsewhere, mandibular

graft site as well as smoking was associated with higher resorption

rates (Table 2).

3.5 | Implant outcome to 24 months

A total of 93 implants (Biomet 3i, Palm Spring, CA) were inserted;

39 implants in the cancellous bone block graft group and 53 in the

corticocancellous group. In the cancellous group, 4 implants were placed

in the mandible and 35 in the maxilla while in the corticocancellous group

52 were inserted in the maxilla and one in the mandible.

The following case definitions and characteristics of peri-implant

health, peri-implant mucositis and peri-implantitis were based on the

Consensus report of workgroup 4 of the 2017 World Workshop on the

Classification of Periodontal and Peri-Implant Diseases and Conditions.33

Healing was uneventful and no adverse effects were observed.

Besides survival rates of 100% were reported on both groups during

the 24 months follow-up period. However, in the corticocancellous

group one implant presented peri-implant mucositis at baseline (2%),

five at 1 year (9%) and seven at 2 years (13%). While in the cancellous

group four presented it a 1 year (10%) and six at 2 years (15%). All of

mucositis were nonsurgically treated successfully and were solved in

lesser than 3 weeks. No clinical characteristics of peri-implantitis were

observed during the follow-up.

The mean marginal bone loss in corticocancellous group was 0.2 ±

0.45 mm (range 0-2.2) at 1 year and 0.5 ± 0.8 mm (range 0-3.1) at

2 years. While in the cancellous group was 0.3 ± 0.65 (range 0-2.6) at

1 year and 0.7 ± 1.0 mm (range 0-3.4) at 2 years. However, the differ-

ences were not statistically significant (P = .081).

At baseline, PPD was 2.1 ± 0.66 mm in the corticocancellous

group, 2.7 ± 0.89 mm at 1 year and 3.1 ± 1.02 mm at 2 years. While

in the cancellous group was 2.3 ± 0.78 mm at baseline, 2.8 ± 0.96 mm

at 1 year, and 3.3 ± 1.13 mm at 2 years. Considering BOP, one

implant (2%) presented bleeding at baseline in the corticocancellous

group, five (9%) at 1 year and seven (13%) at 2 years. Whereas in the

cancellous group, no implants presented bleeding at baseline, four

(10%) presented at 1 year and 6 (15%) at 2 years. The differences of

the PPD and BOP values at 1 and 2-years examination were not sta-

tistically significant between the cancellous and corticocancellous

groups (P = .064 and P = .881, respectively).

3.6 | Confounders for allogeneic block graft stability

The use of cancellous grafts, smoking and low bone density of the recipi-

ent bed may lead to higher resorption rates (Table 2). Nevertheless, no

6 G. F. TRESGUERRES ET AL.



statistically significant differences were found in other confounding vari-

ables such as age, gender or graft site (mandible or maxilla).

4 | DISCUSSION

Autogenous grafts are still considered the gold standard material for

bone regeneration procedures due to its osteogenic potential. How-

ever, it also presents some limitations such a limited supply, the possi-

ble need of general anesthesia and/or hospitalization, higher probability

of nerve damage12 and an excessive resorption rate (40% or more in

the vertical dimension,35 and 60% in horizontal direction36). On the

other hand, allogeneic bone blocks are free of many of potential com-

plications and limitations associated with autogenous blocks and have

been proven to undergo incorporation with bone formation and remo-

deling. Besides a systematic review reported a mean resorption rate rel-

atively low (21.70% ± 30.55) and a mean gain of 4.79 mm horizontal

and 2 mm vertical, bone augmentation, respectively, that is comparable

to autogenous blocks but with lesser morbidity and lower resorption

rates.

The aim of this work was to investigate different factors associ-

ated with bone graft resorption and implant success by comparing

two different types of allogeneic block (corticocancellous vs cancel-

lous), in horizontal bone regeneration procedures. Host factors such

as patient's low bone density and smoking habits were also analyzed.

Although there are several publications on the use of FFB, to our

knowledge, this is the first study that compares the clinical results

obtained with two different types of FDBA.

Different issues must be considered to understand the behavior

of block graft. The embryologic origin of the graft has been proposed

as a key factor of bone graft resorption, as endochondral grafts resorb

more and faster than those from membranous origin.26,37-40 However,

this fact was based only on an empiric evidence. Buchman and

Ozaki41 suggested that the graft microarchitecture was the basis of

the volume maintenance, and the importance of embryological origin

lies in determining the proportion of cortical and cancellous bone

within the graft.

Consequently, the most relevant factor could be the graft micro-

architecture, as cancellous bone grafts resorb faster than cortical bone

grafts.20,39-41

4.1 | Microarchitecture and resorption

Microarchitecture of grafts could be a key factor in the graft resorp-

tion pattern. Several studies suggest that bone graft's survival is deter-

mined by its relative cortical and cancellous composition, rather than

its embryologic origin.40,41 The aforementioned studies showed that

cancellous onlay bone grafts resorb faster than cortical one's. In this

sense, bone graft dynamics could be strongly influenced by micro-

structure of grafts, as its seems to be that cortical grafts are more

resistant to mechanical deformation and more impermeable to revas-

cularization, which may also be limited by the reduced number of end-

osteal cells that remain viable after transplantation in cortical bone.

This could slow down remodellation mechanisms, which may help to

maintain graft size and shape. As observed herein after 4 months, can-

cellous grafts were remodeled and revascularized more rapidly than

cortical and generally undergo a greater resorption. These findings are

in agreement with other authors.40-44

The creeping substitution process seems to be different in cancel-

lous and cortical bone. Cancellous graft incorporation occurs rapidly,

F IGURE 2 A,C,E,
Reconstruction with
corticocancellous bone grafts in a
patient with a severely maxillary
atrophy with >450 PTPV and its
clinical situation after 4 moths of
healing. Little bone graft
resorption occurred. B,D,F,
Reconstruction of an atrophied
anterior maxilla with cancellous
bone grafts with >450 PTPV, its
clinical situation its adequate
although a little graft resorption
can be observed. PTPV,
preoperative trabecular pixel value
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due to its faster revascularization.19 Osteoprogenitor cells, carried in

the invading blood vessels, are able to differentiate into osteoblasts,

creating new bone around the necrotic trabeculae. Therefore, cancel-

lous grafts are completely revascularized and then replaced by new

bone in a few months. On the other hand, cortical grafts incorporation

takes place slowly, due to its impenetrable architecture. Vascular tis-

sue has to invade Haversian and Volkmann's canals, limiting the blood

vessels penetration toward these preexistent pathways, and this

occurs after the enlargement of this canals by osteoclasts; the earliest

vessels do not enter through the graft until 1 week after. The entire

revascularization process may then take months and is often incom-

plete. Finally, osteoblasts are transported and form new bone in this

enlarged canal spaces.25,27

So, incorporation mechanism of corticocancellous grafts combines

properties of both components. The cancellous layer allows an inti-

mate contact with the native bone and its compressibility increases

the density of the graft leading to more efficient osteoconduction and

vascular infiltration. On the other hand, the cortical layer provides an

adequate resistance to forces affecting the facial skeleton and acts as

a dense barrier protecting against resorption in early stages of healing.

Thus, the combination of these two layers favors a good graft incor-

poration and protects them from a fast resorption during graft

healing.

Nevertheless, other authors described a higher risk of sequestra-

tion on corticocancellous allogeneic block graft, reporting high rates

of spontaneous dehiscences and bone exposures after implant place-

ment, due to an incomplete revascularization.9,21 We have not

observed this type of complications in this 2-year follow-up study.

However, there are few studies that observes a nonsignificant

resorption of 5% in cancellous bone blocks used in mandible at

6 months of healing,17,45 our findings are in accordance with the con-

ception that native bone microarchitecture is important for the

dimensional maintenance of block bone grafts, as cancellous bone

graft was associated with higher risk of bone resorption (Figure 6A).

4.2 | Bone density and resorption

A correlation between CT pixel values (expressed as Hounsfield Units,

HU) and alveolar bone density has been described, along with the

proposition of a diagnostic bone classification, identifying values

between 0 and 500 HU as type 4 bone and values between 500 and

850 HU to types 2/3 bone.46 It is also known that poor bone quality

(<500 HU) is associated with increased rates of implant failure.47,48

However, the correlation between native bone density and its

F IGURE 3 Flow diagram of participants through each stage

F IGURE 4 Decision tree (CRT model), used to classify the PTPV
variable to a cut point which the resorption is more apparent. CRT,
classification and regression trees; PTPV, preoperative trabecular pixel
value

TABLE 2 Effects of different factors on graft resorption

Factor Group n Mean resorption % Sig.

Bone graft Cancellous 37 29.17 ± 2.58 .000

Corticocancellous 49 19.27 ± 2.31

Gender Male 16 25.76 ± 3.18 .085

Female 70 20.02 ± 2.26

Smokers Smoking 55 26.39 ± 2.58 .032

No smoking 31 22.05 ± 2.34

PTPV PTPV<184.35 14 31.66 ± 3.10 .000

PTPV>184.35 72 16.78 ± 2.14

Graft site Mandible 5 28.38 ± 4.04 .044

Maxilla 81 20.06 ± 1.43

Abbreviation: PTPV, preoperative trabecular pixel value.
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influence in bone block resorption has been first described in the pre-

sent study.

Different resorption rates 4 months after surgery were observed

both in corticocancellous and cancellous groups, from the analysis of

CT-scan images. These resorption rates were also significantly

affected by preoperative native alveolar bone density. Denser alveolar

bone (>185 HU) showed lesser resorption than low density bone

(<185 HU) (Figure 6B). Such correlation was independent of

microarchitecture and graft embryologic origin, as both grafts were

harvested from the iliac crest.

Several studies observed a relationship between low bone density

levels and a decreased expression of osteoblast related genes and an

increased expression of osteoclast related genes.49-51 This fact proba-

bly could explain the major resorption pattern observed in patients

with PTPV values lesser than 185 HU.

Previous studies have also shown correlations between bone graft

density and resorption as it has been shown that high density grafts

undergo a lower resorption than low-density grafts.20 In the afore-

mentioned study, allogeneic grafts with a density >800 HU

experimented significantly lower resorption than those with <800

HU. This correlation has not been observed in the present study.

4.3 | Smoking

Smoking is related with deleterious effect on the supporting periodon-

tal tissues, resulting in bone loss and implant failure. Nicotine was rec-

ognized as a negative modulator of cellular proteins involved in

pathobiological processes.52

Our results indicated that smoking had a negative effect on bone

block graft procedures, as it is associated with more resorption rates.

This was expected, as previous studies concluded that smoking affects

the healing of both bone and mucosa, thus affecting the success rate of

implants placed in both native alveolar bone and augmented bone.53-55

A recent study suggested the tobacco could be able to down-

regulate proliferation and osteogenesis differentiation from marrow

mesenchymal stem cells of human alveolar bone. Thus, smoking could

slow down the osseointegration process and increase bone resorption

around implants.52

4.4 | Soft tissue complications

Some authors have pointed out that bone block surgery is associated

with high incidence of soft tissue dehiscence close to 16% when

blocks are not covered with barrier membranes.9,44 Particularly in allo-

geneic bone block procedures, the incidence of complications such as

dehiscence were even higher (approximately 30%), indicating an

incomplete vascularization of the graft in its outer part.56 In our study,

only 2/86 blocks presented dehiscence. PRGF have been used previ-

ously to enhance soft tissue healing in bone reconstruction proce-

dures.30 In this study, the use of PRGF as an autogenous membrane

for the coverage of onlay bone grafts on its outer part seems to

reduce the risk of soft tissue dehiscence after the reconstruction of

atrophic edentulous ridges with allogeneic block graft.

4.5 | Patients' age

In aging, capacity of regeneration is reduced, as the number and func-

tion of osteoprogenitor cells are decreased in bone marrow stromal

cells.57 Bone formation is also decreased with aging due to a reduc-

tion in osteoblasts differentiation, activity and life span, and a higher

incidence of apoptosis,58 but also a decline in the osteogenic potential

F IGURE 5 A, Image of a corticocancellous block fixed on a >450
PTPV patient. B, Image of a corticocancellous block <450 PTPV
patient. C, Image of a cancellous bone on a >450 PTPV patient. D,
Image of a cancellous block on a <450 PTPV patient. * In red color
resorption areas of corticocancellous bone blocks. ** In yellow color
resorption areas of cancellous block grafts. PTPV, preoperative
trabecular pixel value

G. F. TRESGUERRES ET AL. 9



of bone marrow cells has been described.59,60 Osteoclastogenesis is

also increased with aging.61

Different authors have suggested that endothelial cells might also

play a role on stimulating osteoblasts proliferation and differentia-

tion.62-64 An inverse correlation between age and endothelial poten-

tial could be observed. Indeed, a recent study observed that new

bone formation was age-dependent in cases of allogeneic bone block

surgery.17 The reasons for age-related declines in tissue repair capaci-

ties are not well understood. Suggested possibilities include impaired

cellular activity and a reduction in the total number of osteoblasts as

gene expression of BMP, TGF-β, and IGF-1, among others.65 Such

correlation has also not been observed by our study. One limitation of

the present study, however, is that mostly of patients included in the

study were 65 years or older. Future studies would be recommended

to address the role of other variables such as donor's age and gender.

4.6 | Implant outcomes

Allograft blocks are able to increase the length, diameter, and number

of the implants that can be placed in mandible and maxilla. A 100%

implant survival rate was observed in both groups in 24 months

follow-up study. These results are in accordance with other studies

evaluating implant outcome in allograft blocks. Recent studies

observed implant survival rates between 95% and 99% of standard

diameter implants placed into block allografts both in the maxilla and

mandible.17,66-68 In addition, two systematic review focused on allo-

geneic onlay block graft, reported an implant survival rate between

99% and 100% during three follow-up years12 and a 96.6% (95% CI:

92.8-98.7%), computed from 228 implants over a mean follow-up

period of 23.9 months.69 Hence, it can be concluded that allogeneic

block grafts are comparable to native bone in supporting implant

osseointegration. Nevertheless, the ideal time to place implants fol-

lowing allogeneic block augmentation remains unclear, and follow-up

data over longer time periods are unavailable to evaluate long-term

outcomes.

4.7 | Limitations of the study and future directions

This study was conducted with a relatively short follow-up period.

Besides, another limitation could be the demographic imbalances; as

there were more female patients, most of the blocks were placed in the

maxilla and the distribution between groups was not uniform. Future

studies with a homogeneous population and extended follow-up must be

performed.

5 | CONCLUSION

Allogeneic bone block graft procedures constitute a clinical acceptable

alternative for bone reconstruction; however, the low bone density of

the recipient site, the use of cancellous block grafts and smoking may

lead to higher resorption rates. Further studies will be necessary to

confirm these results.
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