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ABSTRACT

Purpose: The aim of this randomized clinical trial was to compare the potential of deproteinized bovine bone added to
autologous bone or corticocancellous allograft block with or without the addition of recombinant human platelet-derived
growth factor-BB (rhPDGEF-BB) to regenerate mandibular atrophic ridges.

Materials and Methods: Trial design: parallel, allocation ratio of 1:1 using a split-mouth model. Eligibility criteria for
patients: adult patients; bilateral atrophic edentulous areas in the posterior area of the mandible; a preoperatory cone beam
computed tomography scan; and absence of systemic diseases affecting the bone metabolism. Bone graft intervention for
control group consisted of bone chips collected with a scraper mixed with deproteinized bovine bone covered with a
resorbable membrane. Bone graft intervention for test group consisted of a corticocancellous allograft block, shaped before
surgery, and protected with a collagen membrane. In addition, both groups received rhPDGF-BB or a saline solution as
control. As primary outcome quantity, bone variation after a 1-year healing period was considered. A p-value of .05 was
considered statistically significant.

Results: Sixteen patients were enrolled in this trial. A total of 50 implants and 32 bone grafts were placed. All patients
concluded the study (no dropouts). Change at 1 year in bone volume was not significantly different between the two groups
(p-value = .25). Effect of treatment in terms of change in bone volume at 1 year was not significant (p-value = .89) when
saline solution was used while was at limit of significance when rhPDGF-BB was used (p-value =.052). After 1 year, all the
implants were successfully integrated.

Conclusions: The block allograft and the standard regenerative procedure showed similar results in terms of regenerated
bone volume after 1 year of functional loading. The rhPDGE-BB positively influenced soft-tissue healing.
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INTRODUCTION placed in a prosthetically driven position." Literature has

Bone augmentation is often necessary when the alveolar validated several techniques by considering autogenous

crest is reabsorbed and standard implants cannot be graft as the gold standard, especially for large defects.

Several authors have pointed out that the outcome in

large defects is better with a block graft rather than with
*Dentist, private practice, Gallarate, Italy; "dentist, orthognathodontic
specialist; “Department of Surgical Sciences and Integrated Diagnostic
University of Genoa, Genoa, Italy, (DISC), Genoa University, Genoa,
Italy; *Department of Health Sciences, Section of Biostatistics, Genoa  raises the morbidity and complication rates, thereby
University, Genoa, Italy; *assistant professor, Department of Orth-
odontics, University of Genoa, Genoa, Italy, and Orthodontics
Department, Genoa University School of Dentistry, Genoa, Italy;

a particulate one.”™* Autogenous blocks need to be har-
vested from intraoral or extraoral sites, and this process

limiting this procedure to selected patients. Moreover,
the quantity of bone that can be collected from intraoral
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The use of allogenic bone graft, first tested in
intraoral defects in the 1970s,” avoids the complications
and the morbidity of harvested sites and it has no limita-
tions in terms of quantity. Fresh-frozen allogenic onlay
graft has a risk of potential disease transmission.*” Pro-
cessed bone allogenic bone comprises several steps includ-
ing delipidization, oxidation, dehydration, and gamma
irradiation, lowering the risk of disease transmission.'

In the last few years, guided surgery has become
an argument of discussion in modern implant treat-
ment."" Computer-aided oral implant surgery may
offer several advantages over the traditional approach.
Even regenerative surgery may have some advantages
by using computer software planning. Through a com-
puter analysis, it is possible to obtain a surgical tem-
plate for implant insertion, gain information about
the exact quantity of the bone defect, and fabricate
a three-dimensional stereolithographic model of the
patient’s jaw by using a nylon polyamide thermo-
plastic material that is capable of withstanding auto-
clave sterilization."

In case of deficient ridge height or severe ridge
atrophy, block bone grafting is often necessary to res-
tore the hard-tissue anatomy to renew a proper bone
anatomy. The use of mineralized corticocancellous bone
allograft can eliminate the additional surgical procedure
required to harvest an autograph: the allograft can be
prepared made on a sterile field before surgery, enabling
the surgeon to evaluate the material from different views
without intraoral obstacles and to optimize the perfect
adaptation of the graft on the model. The allograft
can then be transferred from the sterile model the speci-
men directly to the same location in the patient’s jaws
without the need necessity of any other preparation
handling.'""*

The stability, effectiveness, and predictability of
such a technique in horizontal defects are yet to be vali-
dated, especially when compared with the autogenous
particulate mixed with demineralized bovine-bone
technique."

Moreover, recombinant human platelet-derived
growth factor-BB (rhPDGF-BB) has been combined
with various matrices to accomplish periodontal regen-
eration and both horizontal and vertical bone augmen-
tation prior to implant therapy.'*'®

The efficacy and the safety of rhPDGF were largely
showed in many studies from the last 20 years especially

for the treatment of periodontal osseous defects.'*

It has been shown to stimulate angiogenesis and to
be both chemotactic and mitogenic for osteoblasts and
gingival fibroblasts, thus, being capable of promoting
hard- and soft-tissue healing."** Deproteinized bovine-
bone blocks infused with rhPDGF-BB when applied to
severely resorbed ridges have demonstrated promising
clinical and histological results both preclinically and in
patients.'”*!%

Considerable new vital bone formation was found
throughout the grafted areas in a majority of test sites
(rhPDGEF-BB), and there was a significant positive effect
on soft-tissue healing. The aim of this single blind ran-
domized clinical trial was to evaluate the 1-year clinical
and radiographical outcomes of dental implant reha-
bilitations inserted in an allogenic bone graft or an
autogenous bone chip graft mixed with deproteinized
bovine-bone particulate in a split-mouth model with or
without rhPDGEF- BB.

MATERIALS AND METHODS

Sixteen patients were included in this single-center,
split-mouth, two parallel-armed (1:1 ratio) randomized
clinical trial. The CONSORT guidelines were used as the
framework for this research (Figure 1). The study was
conducted following the ethical principles founded in
the Declaration of Helsinki; a written informed consent
was obtained from all eligible patients before enroll-
ment. The median age of patients at the baseline (BL)
was 59.5 year (minimum 32 year, maximum 72 year).
Split-mouth study was chosen because it allows obtain-
ing the control group (CG) from the same patients and
increases the statistical efficiency measure as well.

Participants

They were enrolled based on the following inclusion
criteria: adult patients; patients presenting bilateral atro-
phic posterior edentulous areas in the mandible; a pre-
operatory cone beam computed tomography (CBCT)
scan of the lower arch; and absence of systemic diseases
affecting the bone metabolism. Data obtained from the
CBCT were processed using computer software plan-
ning (SimPlant OMS, Materialise, Leuven, Belgium);
defects should be symmetrical and show the same
amount of horizontal resorption (Figure 2). One opera-
tor consecutively treated all the subjects, whereas data
were collected and analyzed at the Genoa University,
Health Science Department.
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Figure 1 CONSORT statement 2010 flow diagram. GBR = guided bone regeneration.

Interventions

Two main intervention arms were planned: in the first one
(test group [TG]), a block allograft technique was used,
whereas in the second group (CG), a conventional guided
bone regeneration (GBR) technique was chosen. Further-
more, it was decided to blindly subgroup the two arms
by using only saline solution in subgroup A (A) or
rhPDGEF-BB in subgroup B (B) during the graft procedure.

Test Intervention Protocol (TG)

The study of the bone stereolithographic reconstruc-
tions allowed the setting up of the mineralized bone
allograft before surgery. Corticocancellous iliac block
allografts (Puros Block Allograft; Zimmer Dental, Carls-
bad, CA, USA) were used in this procedure. The donor’s
tissues are strictly controlled in order to reduce any
possible presence of infectious disease. The bone was
collected according to the manufacturing practices

required by the US Food and Drug Administration by
a certified tissue bank and subjected to a five-step pro-
prietary process (Tutoplast Process; Tutogen Medical,
Neunkirchen am Brand, Germany) including delipidi-
zation, osmotic contrast treatment, oxidation treatment
with hydrogen peroxide, solvent dehydration in acetone
baths, and limited-dose gamma irradiation (17.8 Gy).
All these passages retain the natural mineralization,
collagen, and bone morphogenetic proteins (BMPs) of
the native bone tissue.

The software allowed previewing the amount of
bone to be regenerated and to optimize time during the
surgery. An overcorrection of the defect was calculated
in order to limit the forthcoming resorption. Prior to the
surgery, the stereolithographic model of all the patients
were sterilized; the bone blocks were prepared by aseptic
surgery using the same procedures of conventional
grafting surgery. Using a low speed bur, the allografts
were shaped in order to have the maximum bone
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Figure 2 (A) Occlusal view of a patient showing the atrophic ridges. (B) Cone beam computed tomography scan: defect area in
correspondence of the prosthetically driven implant site.

contact and stability to the atrophic area. Finally, the
blocks were secured with osteosynthesis screws to the
model similar to how it would be in the patient’s mouth.
The sinterized models with the allografts were packaged
in two sterile envelopes. On the day of surgery, after a
full thickness flap elevation, implant beds were prepared
using a teeth-supported stereolithographic guide and all
the implants were placed without passing through the
guide.

Overall, 25 Straumann® SLActive Bone Level
implants were inserted (Straumann AG, Basel, Switzer-
land; 3 had a diameter of 3.3 mm and 22 were of
4.1 mm-—diameter; length ranged from 8 to 12 mm and
56% of them were of 10 mm length).

After implant insertion, the graft procedures were
performed. The prepared blocks were screwed with an
osteosynthesis screw to the receiving bone and covered
with a resorbable membrane (Bioguide®, Geistlich AG,
Wolhusen, Switzerland). Prior to use, the allografts have
been removed from the model and rehydrated with a
sterile physiologic solution by expelling the air inside.

The original blocks were trimmed to obtain the
planned volume. To this amount, the bone chip collected
during the reduction was added to the regenerated area.

Then, syringes with saline solution in subgroup
or rhPDGF-BB (GEM 21S® Osteohealth, Luitpold
Pharmaceuticals, Shirley, NY, USA) were extracted
from sealed packages and the grafts were infused and
left in immersion in them until fixation on the patients.

For each patient, the weight (milligram) and volume
(cubic centimeter) of allograft bone were evaluated and
recorded. Allograft augmentations procedure took an
average of 30 minutes, excluding the implant insertion
and the suture (Figure 3).

Control Intervention Protocol (CG)

On the day of surgery, after a full thickness flap
elevation, the implant beds were prepared using a
teeth-supported stereolithographic guide and all the
implants were placed without passing through the
guide. Autologous chips of bone were harvested with a
bone scraper from the posterior mandible, positioned
directly on the implant site followed by the deprotein-
ized bovine bone (Bioss®, Geistlich) in the defect
and covered with a double layer of resorbable collagen
membrane (Bioguide®, Geistlich). A total of 16 pack-
ages each of 125 mg were inserted in the regenerated
area, as well as autogenous bone chips of the same
quantity as that of the planned graft volume. In order
to stabilize the regeneration material, osteosynthesis
screws were inserted.

Overall, 25 Straumann® SLActive Bone Level
implants were inserted (3 had a diameter of 3.3 mm and
22 were of 4.1 mm-diameter; length ranged from 8 to
12 mm and 56% of them were of 10 mm length). For
each patient, the weight (milligram) and volume (cubic
centimeter) of autologous bone and Bioss were evalu-
ated and recorded.
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Figure 3 Test group. (A) Augmentation site exposed with implants in position. (B) Bone-block adaptation to the model.
(C) Allograft block secured to the defect area.

Then, syringes with saline solution in subgroup or
rhPDGE-BB were extracted from sealed packages and the
grafts were infused before the covering of the membrane.

Soft-tissue closure was achieved without tension,
with large periosteum incisions and sutured with 6-0
expanded polytetrafluoroethylene (Gore-Tex suture;
Gore, Flagstaff, AZ, USA) suture. For each patient, the
weight (milligram) of deproteinized bovine bone and
that of autologous bone were evaluated and recorded.
Bioss + autogenous augmentation procedure took 45
minutes, excluding the implant insertion and the suture
(Figure 4).

Prosthetic Procedure

Patients were observed once a month for 6 months.
Healing was uneventful except for two patients from the
CG, subgroup A, who had early exposure of the mem-

brane and they were treated with local antiseptics
(rinse with chlorhexidine 0.2% sol and application with
chlorhexidine gel). Minimal swelling was observed and
the patients required minimal analgesics. At 6 months
after implant placement, radiographs of the implant sites
were obtained, and the implants were restored with 15
partial fixed prosthesis, 1 total fixed prosthesis, 12 single
crowns, and 2 bar-retained overdentures (Figure 5).

Outcomes

Following a 1-year healing period from the defini-
tive prosthesis delivery, a second CBCT evaluation was
carried out for all patients to evaluate the stability and
volume of the augmented areas. As a primary outcome,
bone volume changes among different graft procedures
in the regenerated area were considered. The preo-

perative and postoperative CBCT scans were aligned

Figure 4 Control group. (A) Bone defect at control site. (B) Autologous bone chips collected. (C) Deproteinized bovine bone mixed
with autogenous bone chips positioned on the opposite defect area.
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Figure 5 (A) Occlusal view of the final prosthesis after 1-year follow-up. (B) Control site radiograph 1 year after functional loading.

(C) Test site radiograph 1 year after functional loading.

pairwise using an iterative closest point algorithm,
which allowed for comparison between the bone defect
and the actual bone correction. One operator performed
all measurements using Simplant OMS software (Mate-
rialise). It was possible to quantify the regenerated
bone status by underlaying the areas from the difference
between the two superimposed bone profiles using
a software program (Bone Grafting, Materialise)
that allowed calculating the exact resulting volumes
(Figure 6).

As secondary outcomes, stability and health status
of the augmented area were evaluated in different
healing periods clinically and with standardized radio-
graphs. The following four indexes were used: (1)
mean marginal bone loss (mMBL); (2) bleeding on
probing (BOP); (3) modified plaque index; and (4)
probing pocket depth (PPD). mMBL was measured
using intraoral apical radiographs obtained with the
long-cone paralleling technique and it confirmed
good implant integration. mMBL was carried out by

Figure 6 Bone volume changes evaluation method. (A) Cone beam computed tomography (CBTC) after 12 months of the grafted
area. (B,C) Evaluation of bone augmentation 1 year after surgery: three-dimensional superimposition image. (D,E) Evaluation of
bone augmentation 1 year after surgery: superimposition of the bone surfaces (pink lines represent the postop CBCT).



standardizing the distance on the x-ray with the known
implant length (Nevins and colleagues 2005). The
healing periods were at the reopen procedure (BL), at
the crown insertion (CI) stage, 6 months after CI, and
1 year from CIL

Randomization

Specifically customized Java software (Oracle Corp.,
Redwood City, CA, USA) was developed to generate a
randomized sequence by a statistician. After insertion of
patient data, if all inclusion criteria were respected, the
software allocated the left side of the patient in the group
1 or group 2 and in the subgroup A or B. Allocation
results were delivered to an operator who assisted the
surgeon. Concealment of treatment was possible only
for the subgroups when the assistant prepared and gave
the saline solution or the PDGF to the surgeon.
Patients were enrolled in a private practice by one
clinician, where a third operator performed data collec-
tion and bone volume analysis. All the data were col-
lected in a blinded file and returned to the statistician.

Statistical Analysis

Mean and standard deviation or median and interquar-
tile range were reported for continuous measurements.
Nonparametric Wilcoxon test for paired data was first
used to assess differences between treatments on change
at T1 of bone volume and on resorption.

Generalized estimating equation (GEE) model,
taking into account correlation between the measure-
ments from same patients, was also used to assess the
differences in bone volume change between treatments
and between different materials (subgroup A and B)
used during surgery. Significance of interaction between
treatment and material on bone volume difference was
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also assessed. Similarly, assessment of impact of treat-
ment and of materials used on mMBL and on PPD was
done.

McNemar’s test was used to assess if a change
occurred between TG and CG for modification of plaque
index and BOP at different time points. Correlation
between continuous characteristics was assessed by means
of the nonparametric Spearman’s rank correlation. A
p-value of .05 was considered statistically significant.
SPSS (v.19, IBM Corp., Armonk, NY, USA) and GPower
(Dusseldorf, Germany) were used for computation.

RESULTS

Primary Outcome

Bone volume at BL (T0) and 1 year (T1) and differences
between 1 year and BL (T1—TO0), expressed both as
absolute and percentage difference, for CG and TG
are shown in Table 1. Changes in bone volume at T1
were not significantly different in the two groups
(p-value =.25). Similarly, there were no significant
differences in percentage resorption in the two groups
(p-value = .17).

For a sample of 16 patients and by applying
the Wilcoxon signed-rank test for matched pairs and a
hypothesized correlation between pairs of 0.9, using
post hoc power calculation, it was found that the power
of the test was 80.6%.

Bone volume for subgroups at TO and TI1 and
differences between 1 year and BL, expressed both as
absolute and percentage difference, detected by the
interaction of treatment and the material used during
surgery, are shown in Table 2.

Change of bone volume showed significant
difference between subgroup A and subgroup B
(p-value <.001), irrespective of the treatment group,

TABLE 1 Median Bone Volume at Baseline and after 1 Year, and Both Absolute and Percentage Median

Difference in TG and CG

GBR (CG) Allograft (TG)
Characteristics Median (IQR) Median (IQR) p-Value
Bone volume baseline (cm?) 0.19 (0.14 to 0.25) 0.19 (0.14 to 0.25) —
Bone volume 1 year (cm?) 0.18 (0.13 to 0.24) 0.16 (0.13 to 0.20)
Bone volume difference (T1 — T0) (cm?) —0.01 (=0.03 to 0.01) 0 (—0.03 to 0) .25
Bone volume difference (T1 — TO0) (%) —3.8 (-12.1to 5.4) -3.3 (-16.2 t0 0) 17

CG = control group; GBR = guided bone regeneration; IQR = interquartile range; TG = test group.
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TABLE 2 Bone Volume at Baseline and after 1 Year, and Both Absolute and Percentage Difference Considering

Subgroups Detected by Treatment and Materials Used during Surgery. A: Saline Solution. B: rhPDGF-BB

GBR (CG)

Allograft (TG)

(A)

(A) (B)

Characteristics

Median (IQR) p-Value

0.20 (0.17 to 0.26)
0.19 (0.15 to 0.21)
—0.03 (=0.05 to —0.01)

Bone volume baseline (cm?)
Bone volume 1 year (cm?®)
Bone volume difference
(T1=TO) (cm?)
Bone volume difference
(T1 - TO) (%)

~12.1 (-19.3 to —5.3)

0.15 (0.11 to 0.23)
0.16 (0.13 to 0.25)
0.01 (0 to 0.02)

54 (0to 11.8)

0.20 (0.13 to 0.25)
0.17 (0.12 to 0.20)
—0.03 (—0.04 to —0.01)

0.16 (0.14t0 0.25) .90

0.16 (0.13t0 0.22) .44
0(0to 0) <.001

~11.8 (-21.9 to —4.3)

0(=3.3100) <.001

CG = control group; GBR = guided bone regeneration; rhPDGF-BB = recombinant human platelet-derived growth factor-BB; TG = test group.

and particularly the change between BL and 1 year
was significant for subgroup A (p-value < .001) with an
absolute decrease of bone volume while change was not
significant for subgroup B (p-value =.89).

Both at the BL (p-value=.90) and at 1 year
(p-value = .44), no significant difference between the
subgroups was highlighted.

Interaction between treatment and materials was
significant (p-value <.001); thus, the change of bone
volume with time was different for different treatments
and materials. Particularly, the effect of treatment on
change in bone volume at 1 year was not significant
(p-value = .89) when saline solution was used. However,
it had limited significance when rhPDGF-BB was used
(p-value =.052).

Correlation between bone volume at BL and
percentage of resorption was statistically significant
(rho =-0.37; p-value = .035).

When correlation between measurement from same
patients was taken into account, the association between
resorption and bone volume at BL was always signifi-
cant (p-value =.047; GEE model) without differences
between CG and TG (p-value for interaction =.85;
GEE model). Relation between resorption and BL bone
volume was also not statistically different between
subgroups detected by treatment and materials used
(p-value =.93).

Secondary Outcomes

Considering secondary outcomes, the mMBL was
found to significantly change during healing time
(p-value =.023), and this change resulted in significant
difference between the two treatments (p-value =.05)

and between the two materials used (p-value <.001);
however, it was not significantly different between
the subgroups based on treatments and materials
(p-value =.26). Particularly, a higher change for TG
at both 6 and 12 months was observed. The differences
in PPDs during healing time were significant
(p-value<.001) but not between CG and TG
(p-value = .51) and between subgroup A and subgroup
B (p-value=.16) and so also between subgroups of
treatments and materials (p-value = .63 for interaction
among time, treatment, and material).

Correlation between mMBL and resorption
was significantly different between the subgroups
(p-value <.001). In fact, a significant and negative
correlation was found for GBR-saline solution (rho =
—0.56; p-value =.045), allograft-saline solution (rho =
—0.76; p-value=.003), and allograft-rhPDGF-BB
(rho =—0.68; p-value=.015), while a practically null
correlation was found in GBR-PDGF-BB group
(rho =0.023; p-value = .94).

For a total of five patients (one implant for
patients), a modification of plaque index was found for
CG at 12 months, while only one of these patients had a
modification in TG (McNemar’s test: p-value =.13) at
the same time point. Considering BOP, three patients
had values of 1 at 12 months in CG, while all patients
had a value of 0 in TG (Table 3).

DISCUSSION

Autogenous bone is widely used for bone grafts because
of its positive cell stimulation, optimal integration into
the host tissues, and for its osteogenic, ostoeoconduc-
tive, and osteoinductive characteristics.
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TABLE 3 Comparison of Biological Parameters of All the Investigated Groups (A1 GBR Plus Saline; A2 GBR Plus

rhPDGF; B1 Allograft Plus Saline; B2 Allograft Plus rhPDGF) at BL, Pl, 6 Months, and 1 Year

GBR (CG) ALLOGRAFT (TG)
A B A B
Mean (SD)/n (%) p-Value Mean (SD)/n (%) p-Value p-Value
Baseline (BL)
mMBL 0.31 (0.31) 0.23 (0.28) .51 0.35 (0.36) 0.15 (0.22) .34 .62
BOP — —
0 13 (100) 12 (100) 13 (100) 12 (100)
1 0 0 0 0
mPI — —
0 13 (100) 12 (100) 13 (100) 12 (100)
1 0 0 0 0
PPD 0.0 (0.0) 0.0 (0.0) — 0.0 (0.0) 0.0 (0.0) — —
Prosthesis insertion (PI)
mMBL 0.46 (0.23) 0.23 (0.28) 011 0.43 (0.33) 0.24 (0.24) .33 72
BOP — —
0 13 (100) 12 (100) 13 (100) 12 (100)
1 0 0 0 0
mPI 48 74 .57
0 13 (100) 11 (91.7) 12 (92.3) 11 (91.7)
1 0 1(8.3) 1(7.7) 1(8.3)
PPD 1.75 (0.56) 1.99 (0.69) .53 1.77 (0.59) 1.95 (0.55) 42 .94
6 months
mMBL 0.55 (0.34) 0.23 (0.28) .009 0.65 (0.42) 0.39 (0.36) 32 .093
BOP — —
0 13 (100) 12 (100) 13 (100) 12 (100)
1 0 0 0 0
mPI — —
0 13 (100) 12 (100) 13 (100) 12 (100)
1 0 0 0 0
PPD 1.76 (0.54) 2.01 (0.67) 48 1.77 (0.59) 1.96 (0.56) .38 .85
1 year
mMBL 0.62 (0.40) 0.23 (0.28) .007 0.78 (0.52) 0.45 (0.47) 29 .03
BOP .096 — 12
0 13 (100) 9 (75) 13 (100) 12 (100)
1 0 3 (25) 0 0
mPI 46 48 .055
0 11 (84.6) 9 (75) 13 (100) 11 (91.7)
1 2 (15.4) 3 (25) 0 1(8.3)
PPD 1.76 (0.54) 2.07 (0.69) 31 1.77 (0.59) 2.00 (0.58) .28 .81
Global p-Value for Difference Global p-Value for Difference in Time
in Time between Allograft and GBR between Subgroups of Treatment and Material
mMBL 0.05 0.26
PPD 0.51 0.63

BOP = bleeding on probing; CG = control group; GBR = guided bone regeneration; mMBL = mean marginal bone loss; mPI = modified plaque index;
PPD = probing pocket depth; rhPDGF-BB = recombinant human platelet-derived growth factor-BB; SD = standard deviation; TG = test group; —: not
calculable.
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The graft can be harvested from intraoral or
extraoral donor sites. Side effects involved using this
technique could appear during the surgical procedures
or as postoperative drawback; the incisions and scarring
could lead to blunting of papillae, injury of the inferior
alveolar, lingual and mental nerves, and lesions of the
submental and sublingual arteries. In the postoperative
phase, reduced sensitivity of anterior teeth, chin ptosis,
hemorrhage, increased pain, and risk of infection and
incision dehiscence in the donor area could appear.>*’

The risk of intraoperative and postoperative com-
plications could reduce the amount of patients compat-
ible with this surgical technique.

Bone allografts have been used successfully in
orthopedic surgery for decades and the histologic events
involved in allograft incorporation have been reviewed
on multiple occasions.”*

Even tough the corticocancellous allogenic blocks

are widely used in contemporary orthopedics,”**

only
a few researches have established the clinical efficacy
of this graft technique to place dental implants where
alveolar ridge augmentation is needed.

As alternative to autogenous bone grafts, allogenic
substitutes in particulate form have been used alone or
combined with alloplastic, xenogeneic, or autogenous
materials for long time.”” Little or no advantages were
reported in using an autograft over an allograft because
free autogenous cortical block grafts are ultimately non-
viable.”® Allograft scaffolds are effective to support a

new bone growth,’***

and they also provide osteoin-
duction, releasing BMPs when demineralized.

The alveolar bridge augmentation and the new
bone deposition are supported by mesenchymal cells
recruited from the host site; this process could be imple-
mented and protected using membranes as barrier for
GBR.39,43,44

The clinical behavior of an allograft depends on two
different factors: the method with which the harvested
bone is processed and the harvested bone itself. The
results described in this study were obtained with asep-
tically excised and processed allografts that were shaped
in a sterile field prior to surgery.

Patients and providers usually concern the inci-
dence of disease transmission from tissue bank
allografts, including human immunodeficiency virus,
hepatitis B and C viruses, human T-lymphotropic virus,
and transmission of Creutzfeldt-Jakob disease®; for this
reason, allogenic tissues must be obtained from an

accredited tissue procurement organization that guaran-
tees strict guidelines in the screening and processing of
all grafts.

As used in this study, the corticocancellous block
provides predictable results. The cancellous component
allows for vascular infiltration leading to integration,
and the cortical component allows for rigid fixation and
resistance to resorption: autogenous and allogenic block
grafts result similar for manipulation and surgical tech-
nique; however, unlike the autogenous block technique,
the clinician has the possibility to use the patient’s jaw’s
stereolithographic model as a template to shape the graft
without any visual impediment, concerns about hemo-
stasis, and any pressure to work in a compatible time
frame. This can help to enhance the accuracy and the
fit of the preparation. It is important to underscore that
the allogenic bone blocks need rehydration in saline
solution for 45 minutes before insertion.

Eliminating the need to prepare the block allograft
during the surgical procedures can shorten the time of
the entire surgery, which helps to justify the additional
costs required for this technique.

Early vascularization of the graft is a major factor in
the integration of the graft and the maintenance of its
stability.” Enneking and Mindell showed that the extent
of new bone formation between the graft and the host
junction is correlated with revascularization and healing
time.*

Furthermore, the use of screws for the rigid fixation
of the graft to the recipient site using titanium minis-
crews has been found to be essential in the prevention of
fibrous ingrowth between the allograft and the host.
A movement of just 10 to 20 um during the early stages
of wound healing is enough to direct differentiation of
the mesenchymal cells into fibroblasts instead of osteo-
blasts,”” ultimately leading to failure of the allograft.
The perfect adaptation of the graft to the recipient site
increases graft stability and promotes intramembranous
bone formation.

The periapical radiographs taken at 6 and 12
months after implant placement showed no pathologi-
cal signs of bone resorption, but a statistically significant
increase of MBL of the TG was reported at 1 year of
follow-up. The use of PDGF seemed to have no influ-
ences on MBL.

Traditional radiographic imaging is limited in terms
of the detail provided: a radiograph transforms a three-
dimensional structure into a two-dimensional image,



while a computed tomographic scan could result in a
more useful assessment of the bone augmentation and
contour.” In this study, measurements made between
the preoperative and postoperative CBTC did not reveal
a significant difference between the bone resorption of
the two grafted sites: both augmentation procedures
showed good results and were more than sufficient to
restore the proper anatomical shape considering both
differences of volumes between the time points and the
percentage of volume of bone loss.

However, CT is too costly to be used on a routine basis
even if newer CT technologies such as cone beam CT have
reduced the radiation dosage. Using both a detailed clini-
cal and a radiographic examination, it is possible to obtain
an adequate assessment of bone graft healing.*’

In the literature, the use of rhPDGF-BB is associated
with greater bone regeneration when compared with
those without growth factors, and this finding is mod-
erately favorable in terms of the impact of rhPDGEF-BB
on bone regeneration.””'®* Better healing of soft tissues
of the regenerated areas was also evidenced when
the graft materials were infused with rhPDGF-BB."**
rhPDGF-BB stimulates angiogenesis and by being both
chemotactic and mitogenic for osteoblasts and gingival
fibroblasts is capable of promoting hard- and soft-tissue
healing.'”* In this study, the infusion of rhPDGF-BB,
independently by the group (test or control), stabilized
bone regeneration by limiting the resorption after 1 year
almost to the level of the BL. The saline solution sub-
group registered a statistically significant decrease of
bone volume from the initial quantity. Only the use of
rhPDGF-BB in the CG revealed an augmentation from
the initial graft volume. That was in agreement with an
animal study that showed how deproteinized bovine-
bone granules, more than other graft materials, have the
capacity to absorb the growth factors and release them
during the healing phase.”’ The allogenic block bone
graft shows different advantages: they are easy to access,
a donor site is not necessary, they are readily available,
and they can be provided in unlimited quantities.
The graft is structured combining a cortical plate that
allows screw fixation and prevention of resorption, and
a cancellous marrow part that works to increase osteo-
conductivity and vascular infiltration by creating an
intimate contact with native bone. The disadvantages of
the graft are the use of cadaveric tissue, lack of vitality,
deficiency of osteogenic potential, and greater economic
expense.

Block Technique versus GBR: A Randomized Clinical Trial ~ 665

CONCLUSIONS

The present study showed that if all bone integration
principles were applied, a successful use of allogenic
corticocancellous bone block is possible. A correct use of
barrier membrane, rehydration of the allogenic bone,
perfect adaptation of the graft, and tension-free wound
closure are mandatory issues. No evidence of bone
or soft-tissue infection, wound dehiscence, or other
clinical problems was observed postoperatively. Surgical
exposure revealed clinically well-integrated grafts and
suitable conditions for implant prosthetic procedures.
Of the two types of bone regeneration materials, the
allograft showed a slightly greater quantity of resorp-
tion, which did not prevent placement of dental
implants in appropriate positions. None of the implants
used failed to integrate. These findings, in association
with the less invasiveness of the surgical technique,
make allogenic bone-block grafts in conjunction with a
resorbable membrane a viable alternative to autogenous
bone-block grafts in selected patients with alveolar ridge
deficiencies. The use of rhPDGF-BB positively influ-
enced soft-tissue healing and guaranteed a better pres-
ervation of the regenerated bone, in particular, when
used in association with the deproteinized bovine-bone
material. Considering the relatively short follow-up
(12 months), further study and long-term data accumu-
lation are required to ensure long-term bone graft sta-
bility and implant survival.

This study took in consideration bone regeneration
using allogenic corticocancellous bone blocks and
showed to be successful. Careful rehydration and accu-
rate adaptation of the graft, barrier membrane place-
ment, and closure of the wound without tension are the
key factors for the overall success.
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