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Abstract. This retrospective study was performed to evaluate the bone thickness of
the anterior maxillary region after reconstruction with autogenous bone blocks at 6
months and 5 years after surgery using computed tomography (CT) and to
determine the implant survival rate. Eleven patients with a horizontal bone
deficiency were treated with reconstructive procedures and implant placement. CT
measurements were obtained before surgery (T0) and at 6 months (T1) and 5 years
(T2) after surgery. The values were analysed statistically (analysis of variance and
Tukey’s test; P < 0.05). Implant survival was evaluated at follow-up. The mean
width of the lower region of the ridge (4 standard deviation, in millimetres) was
3.8+ 1.6atTO, 7.0+ 1.6 at T1, and 6.5 & 1.0 at T2; the mean width of the upper
region of the ridge was 5.7 + 2.3 at TO, 8.3 2.2 at T1, and 7.3 4 1.6 at T2. The
mean total thickness of the ridge was 4.7 mm at TO, 7.6 mm at T1, and 6.9 mm at
T2; the average increase in horizontal thickness was 2.9 mm at T1 and 2.2 mm at

s .. . . . K ds: b ft; dental implant; illa;
T2. A statistically significant difference was observed in the mean width of the ey woras: bone grall; dental imprant; maxiia

tomography.
lower portion at T1 and T2 compared to the width at TO. The implant survival rate grapny
was 94.1%. This technique demonstrated high predictability for implant survival, Accepted for publication 16 March 2017
with a reduction in the graft bone during the follow-up period. Available online 12 April 2017
Introduction of increasing alveolar bone dimensions in  bone block grafting, distraction osteogen-

Several reconstructive procedures for the  both the vertical and horizontal directions.  esis, alveolar ridge expansion, and
maxilla have been proposed with the aim  These include guided bone regeneration, alveolar or maxillary osteotomy, as well
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as different combinations of these techni-
ques. In some cases, bone augmentation
procedures are performed simultaneously
with implant placement; however, in cer-
tain situations, the implant can only be
placed after the bone graft has healed'-.

When the bone volume is insufficient
for adequate implant placement (a mini-
mum of 1 mm more than the selected
diameter of the implant is required in all
directions), bone reconstruction s
necessaryl’m.

Autogenous bone is considered the gold
standard among the different biomaterials
for use in the restoration of bone thickness,
as it is the only material to present osteo-
conductive, osteoinductive, and osteogenic
properties''. It also presents immunogenic
compatibility, has great vascularization po-
tential, will not result in disease transmis-
sion, and has a physical and chemical
structure identical to that of the host site.
However, the use of autogenous bone is
associated with some disadvantages, such
as increased surgical morbidity, increased
operative and treatment times, the potential
risk of neurovascular injury, and a decrease
in the volume of the graft'>"".

The mandibular retromolar region is the
best option for bone block harvesting, due to
the volume of bone tissue, easy removal of
the block, and lower morbidity in the post-
operative period when compared to other
intraoral areas, such as the chin'®. The
approximate bone volume is 4 ml and this
bone is cortical with trabecular bone'”.

One of the disadvantages of a horizontal
increase using an autogenous bone block
graft is significant bone graft resorption”’.
Few studies have reported the increase in
maxillary bone thickness after reconstruc-
tion surgery using autogenous bone blocks
harvested from the retromolar
region'™'®2°22_ In addition, studies eval-
uating changes in bone block graft mea-
surements using computed tomography
(CT) after 5 years of follow-up and the
association with implant survival are lack-
ing in the literature. Therefore, the pur-
pose of this study was to use CT to
evaluate the bone thickness of the anterior
maxillary region after reconstruction with
autogenous bone block grafts harvested
from the retromolar region after 6 months
of healing and 5 years of follow-up and to
determine implant survival.

Materials and methods

This retrospective study received ethical
approval from the Research Ethics Com-
mittee of the University of the Sacred
Heart (USC) in Bauru, Sao Paulo, Brazil.
Eleven patients were recruited and their

records analysed. These patients had un-
dergone autogenous bone graft surgery for
an atrophic maxilla (retromolar donor ar-
ea) at the IMPPAR Dentistry Clinic in
Parana, Brazil. The surgeries and data
collection were performed between 2008
and 2014. The following inclusion criteria
were applied: (1) the patient presented a
single missing tooth or partially edentu-
lous space in the anterior maxilla with a
residual average bone thickness of <5 mm
as measured using CT; (2) the patient
agreed to participate and provided a
signed informed consent agreement. The
following patients were excluded: (1)
smokers; (2) patients with systemic dis-
eases and patients taking drugs that could
interfere with bone metabolism; (3)
patients who did not complete prosthetic
rehabilitation.

All autogenous bone grafts were per-
formed by the same surgeon through the
removal of the bone block from the retro-
molar region and fixation with titanium
screws. All of the procedures were per-
formed under local anaesthesia with infil-
tration of articaine hydrochloride 4% with
epinephrine 1:200,000 (Nova DFL, Rio de
Janeiro, Brazil). Access to the maxillary
bone bed was gained through a mucoper-
iosteal incision in the crest and an oblique
incision distal to the defective bone with
preservation of the papilla. This was fol-
lowed by elevation of the flap and decor-
tication with a number 701 drill bit
mounted in a straight line, with an approx-
imate speed of 1200 rpm, under copious
irrigation with 0.9% saline.

The incision for access to the mandible
followed the direction of the oblique line
and was made in the posterior—anterior di-
rection, always supported on the bone tis-
sue. The osteotomies were performed with a
number 701 drill bit mounted in a straight
line. The anteroposterior extent of the block
corresponded to the size of the edentulous
space in the maxilla to be treated, with the
addition of a margin of 2 mm or 3 mm for
safety. The depth of the cuts encompassed
the cortical bone. After the osteotomies, the
blocks were cleaved and removed with the
help of straight chisels. Closure was per-
formed with 5-0 nylon sutures (Johnson &
Johnson, Sdo José dos Campos, Brazil).

During the second surgical stage, 6
months after the grafting procedure, a
mucoperiosteal flap was raised, the screw
used to fix the bone graft was removed,
and the implants were placed in accor-
dance with the manufacturer’s instruc-
tions. Titamax implants (Lot 800037070;
Neodent, Curitiba, Brazil) with a Poros
surface treatment (abrasive blasting
followed by acid etching) and external

hexagon connections were used. The
implants were uncovered after 3 months,
and a dental restoration crown with an
adequate emergence profile was fabricated
and placed to guide and shape the peri-
implant tissue. The final impression of the
implant was made approximately 3
months after placement of the provisional
crown. Subsequently, an all-ceramic
crown was fabricated on a customized
titanium abutment (Neodent, Curitiba,
Brazil) (Fig. 1).

Clinical and surgical data were evaluat-
ed and data sheets were prepared based on
the patients’ records. The following data
were collected: sex, age, missing teeth,
length and diameter of the implant, initial
stability of the connection, number of
implants, condition of the peri-implant
tissue, implant loss, bone graft technique
used, and prosthetic rehabilitation deliv-
ered.

The patients were assessed immediately
after implant placement and at 6 months
(Al), 1 year (A2), 2 years (A3), 3 years
(A4), 4 years (AS), and 5 years (A6) there-
after (Fig. 2). The clinical condition of the
prosthesis was evaluated during these
examinations. Complications related to
the prosthetic restoration were recorded,
including prosthesis fracture (bar, acrylic,
porcelain), prosthesis mobility (implant
loss or abutment screw loosening), peri-
implantitis, pain, and temporomandibular
joint symptoms. For the analysis of implant
survival, implants that were still present and
were free of biological and/or technical
complications were considered to have sur-
vived®®. The implants were assessed after
the clinical condition of the prosthesis had
been evaluated.

CT scans were obtained before the recon-
struction surgery (T0) and at 6 months (T1)
and 5 years (T2) after the surgery. All CT
images were obtained using a cone beam
scanner (i-Cat; KaVo Dental, Joinville,
Santa Catarina, Brazil) at the IMPPAR
Dentistry Clinic; the scans were acquired
in 0.2-mm thick sections witha 1-mm gap at
settings of 120 kVp and 100 mA.

Intra-examiner error was evaluated pri-
or to the start of this study in a separate
retrospective study of five postoperative
images of bone block grafts from random
cases. The same radiologist repeated the
measurements in all of the images three
times in the pilot project. The graft mea-
surements were obtained from the CT
DICOM data using Somaris Sienet Magic
View software (Siemens AG Medical
Solutions, Erlangen, Bavaria, Germany),
with a selection tool to identify the region
of interest. The measurements were made
by a single experienced radiologist.
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Fig. 1. Clinical procedure: (A) and (B) clinical aspects of the initial case; (C) bone block harvested from the mandibular ramus; (D) and (E) images
obtained at 6 months after maxillary ridge augmentation with a block; (F) implant placement at 6 months in the second stage surgery; (G), (H), and
(I) placement of the dental implant with connection of the external hexagon; (J), (K), and (L) final clinical aspects of the case after installation of

the definitive implant-supported prosthesis.

A single point where the implant was to
be placed was used to determine the bone
block graft thickness at time points TO, T1,

and T2. The alveolar ridge crest was iden-
tified in a sagittal section (distance from
the lowest point of the alveolar ridge (A)

= 6 months §6 months 1year 2 years 3years  4years 5 years
] | I I I

= Autogenous I I I l I I
* bone block

A’ graft surgery A” Al A2 A3 Al

AS A6

Fig. 2. Timeline of treatment: A’ is the time at autogenous bone block graft surgery in the
atrophic anterior maxilla region; A’ is the time at implant placement, 6 months after bone
reconstruction with the autogenous bone block graft; Al to A6 represent the follow-up visits
after implant placement.

to the upper point of the nasal cavity (B) in
Fig. 3). Next, the region was divided into
three equal parts by drawing straight lines
parallel to an imaginary line in the nasal
cavity (fixed point). The line closest to the
nasal cavity in the direction of the palatal
vestibule marked the ‘upper’ region, and
the furthest line marked the ‘lower’ region
(Fig. 3).

The lower and upper region width
values at the three time points (TO, T1,
and T2) were analysed statistically using
the software program PAST for Windows
(@yvind Hammer, Natural History Muse-



Fig. 3. Measurement of the increase in thickness of the bone from a CT scan.

um, University of Oslo, Oslo, Norway).
Analysis of variance (ANOVA) and
Tukey’s test were applied, and the signifi-
cance level was set at P < 0.05.

Results

Of the 11 patients treated, four (36.4%)
were female and seven (63.6%) were male.
The most commonly represented age range
in the patient population was 40-49 years
(36.4%), followed by 50-59 years (27.3%).
The average age of the patients in this study
was 45.9 years (Table 1).

Clinical analysis

Among the edentulous regions treated
(n=17), 11 were on the right side
(64.7%) and six were on the left
(35.3%). The central incisors were the
most commonly affected teeth on both
sides. A total of 17 regions were recon-
structed with autogenous bone blocks and
17 implants were placed; 14 of these
implants (82.3%) were in the region cov-
ering teeth 11 to 21 (Tables 2 and 3).
The 17 bone block grafts were main-
tained and one of the 17 implants was lost.
Paresthesia occurred in the donor area in

Table 1. Distribution of patients by age and
sex (mean age 45.9 years).

Age, years  Male Female Total
30-39 2 0 2

40-49 3 1 4

50-59 2 1 3

60—69 0 2 2

Total 7 (63.6%) 4 (36.4%) 11 (100%)

Table 2. Distribution of dental implants
installed in the grafted areas.

Region Number of implants
13 1

12 1

11 9

21 5

22 1

Total 17

one patient and a coronoid process fracture
was observed in another patient (Table 4).
The patient with paresthesia was treated
with vitamin B complex and corticoste-
roids. The paresthesia had resolved after
2 years. The patient with the coronoid frac-
ture underwent conservative treatment with
a soft diet for 3 months. Bone healing was
observed on CT after 7 months of follow-
up. The implant success rate was 100% after
2 years and 94.1% after 5 years.

CT analysis

A total of 33 CT scans from the 11
patients were evaluated. The mean
width of the lower region of the ridge
(&£ standard deviation) was 3.8 + 1.6 mm
at TO, 7.0x1.6mm at TI1, and
6.5 &+ 1.0 mm at T2, with a mean hori-
zontal gain in thickness of 3.2 mm at 6
months and of 2.7 mm at 5 years. The
mean width of the upper region of the
ridge (&£ standard deviation) was
57+23mm at TO, 83 £2.2mm at
T1, and 7.3 £ 1.6 mm at T2, with a mean
horizontal gain in thickness of 2.6 mm at
6 months and of 1.6 mm at 5 years. The
mean total thickness of the ridge was

47mm at TO, 7.6mm at TI1, and
6.9 mm at T2, with a mean increase in
the average horizontal thickness of
2.9 mm at 6 months and of 2.2 mm at 5
years.

The Kolmogorov—Smirnov test was
applied to assess the normality of the
data. Tukey’s test was used for non-
paired multiple comparisons at a signifi-
cance level of 5%. A statistically signifi-
cant difference was observed in the mean
width of the lower region at 6 months
(T1) and at 5 years (T2) when these
values were compared to those obtained
at TO. A statistically significant differ-
ence was found in the mean width of
the upper region at 6 months after recon-
struction (T2) compared to TO (Fig. 4).

Discussion

The objective of this study was to evaluate
the gain in and maintenance of bone vol-
ume with the use of bone block grafts
harvested from the mandibular retromolar
region fixed in the host bone site prior to
implant placement. From an aesthetic
point of view, the anterior region of the

Table 3. Patient data and measurements of the ridge width (millimetres) at TO (before surgery),
T1 (6 months after surgery), and T2 (5 years after surgery).

Age,
Patient Sex years Region TO upper TO lower T1 upper T1 lower T2 upper T2 lower
1 Male 43 11 3.0 32 32 6.5 4.6 7.0
2 Male 52 11 33 24 8.9 8.0 4.7 7.6
21 6.0 29 6.4 49 6.8 5.2
3 Female 63 11 7.0 33 9.6 7.0 10.2 7.6
21 5.0 32 7.2 52 7.8 7.1
4 Female 43 11 2.7 1.5 6.1 3.8 7.3 4.8
21 2.8 1.6 7.3 53 52 6.2
5 Male 47 11 6.6 5.6 11.0 9.4 4.7 4.1
21 79 6.5 11.2 8.1 8.1 6.2
6 Male 47 11 6.0 5.9 8.9 9.1 7.3 6.3
21 8.1 3.6 10.3 7.4 7.8 6.3
7 Male 50 13 10.2 5.7 9.5 7.2 7.0 6.5
8 Female 59 11 33 2.1 6.9 6.8 8.0 5.2
9 Female 62 11 6.0 3.9 6.3 7.2 6.5 5.2
10 Male 38 11 8.8 5.4 10 7.0 10.8 9.6
11 Male 35 12 59 43 6.9 6.1 6.1 6.2
22 4.6 32 11.6 10.2 11.1 9.7
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Table 4. Main complications observed in the study.

Complication Partial rehabilitation Single rehabilitation Total
Paresthesia 1 - 1
Coronoid fracture 1 - 1
Infection - - -
Wound dehiscence - - -
Implant loss® 1 - 1
Total 3 0 3

#The implant survival rate was 94.1%.

oral cavity is the most challenging, and in
many cases the horizontal bone volume
needs to be increased due to partial or
complete bone loss>.

Bone grafts harvested from an intraoral
site provide better results when compared
to grafts harvested from the calvaria or
iliac crest®”. However, there is no consen-
sus regarding the absorption of different
types of graft. Thus, the best time for
implant placement and prosthesis installa-
tion needs to be established for the differ-
ent bone grafts. In this study, implants
were placed 6 months (T1) after the onlay
bone grafting procedure, as recommended
in the literature, which reports an average
resorption of approximately 1.2 mm and
greater incorporation of the graft in the
host site when implants are placed at this
time point, thus ensuring the stability of
the reconstruction”.

Von Arx and Buser have claimed that
the main criterion for selecting the best
time for implant placement (simultaneous
with the graft or after bone block healing)
is the volume of the bone at the host site”’.
It is possible to place the implant at the
same time as the bone graft if the remain-
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ing bone allows for the correct positioning
of the implant and primary stability. How-
ever, Clementini et al. found that when
implants are placed later, the result is a
revascularized bone graft, which can lead
to better bone—implant contact and sec-
ondary stability'. Cara-Fuentes et al. con-
ducted a study on implants placed in a
grafted area with a follow-up period of 70
months and found a survival rate of 93%°*.
These findings are in agreement with the
high implant survival rate observed in the
present study (94.1%).

Nkenke et al. did not observe any com-
plications during or after bone block graft
harvesting from the retromolar region'”.
Nevertheless, there is a risk of damage to
the inferior alveolar nerve during bone
cutting and at the time of bone block
removal. A safety margin of 2 mm above
the inferior alveolar nerve should be
allowed, and extensive bleeding after re-
moval of the bone graft should be avoided.
From a surgical point of view, the authors
recommend protecting the nerve and lin-
gual artery during the incision and bone
osteotomy. The bone block graft should be
removed carefully, especially in cases

Measurements of the Ridge

Lower ridge

Regions of the Ridge
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where the mandible is thin, because bone
cutting in the retromolar area can lead to
mandible fracture. Two complications
were identified in the present study: par-
esthesia and coronoid fracture.

Von Arx and Buser proposed the use of
inorganic bovine bone to cover the bone
block graft, along with a collagen mem-
brane to promote guided bone regenera-
tion”’. In their study, resorption of 7.5 mm
and a total gain of 4.6 mm in the graft
width were observed after 6 months. This
technique was not performed in the pres-
ent study and less than half the gain in
bone width (2.9 mm) was obtained. The
lack of predictability must be considered
when a procedure is performed without
associated osteoconductive bone substi-
tutes, due to the extensive bone resorption
that occurs during bone healing®. Ap-
proximately 30% of the thickness is
resorbed in the first 6 months, and this
resorption can reach more than 50% of the
block thickness'”.

De Stavola and Tunkel used inorganic
bovine bone with a collagen membrane at
the time of implant placement in alveolar
ridges previously grafted with autogenous
bone blocks harvested from the retromolar
region”’. They stated that the trauma of the
implant placement may have been respon-
sible for the bone resorption observed in
the graft. The authors reported an increase
in bone thickness of 7.6 £ 0.8 mm. This
value is higher than the value observed in
the present study.

Lekholm et al. reported the survival rate
of implants placed in bone grafts and

% T0 (before reconstruction )

¥ T1 (6 months after the surgery)

T2( 5 years after the surgery)

Fig. 4. Graphic representation of the dimensions of the upper and lower regions of the ridge (mean and standard deviation values) before grafting
(TO), at 6 months after surgery (T1), and at 5 years after surgery (T2). There were significant differences between the measurements at TO and the
measurements at T1 and T2: a # A and b # B; analysis of variance (ANOVA) and Tukey’s test (P < 0.05).
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Table 5. Changes in autogenous bone graft volume reported in the literature.

Authors Donor site Evaluation period Method of analysis Result (bone loss)
Von Arx and Buser 2006>’ Symphysis and ramus 5.8 months Caliper 0.4 mm
Bovine bone mineral
Verdugo et al. 2009'° Ramus and symphysis 42 months Caliper 2%
Acocella et al. 2010'° Ramus 3-9 months Caliper 13%
Verdugo et al. 2011* Ramus and symphysis 40 months CT 0.2 mm
Dasmah et al. 2012 Iliac crest 2 years CT 22%
Sbordone et al. 2012°° Iliac crest 6 years CT 13%
De Stavola and Tunkel 2013°° Ramus 8 months Caliper, CT 1 mm
Bovine bone mineral
Pieri et al. 2013** Ramus and symphysis 5 years CT 0.6 mm
Present study Ramus 5 years CT 0.7 mm
CT, computed tomography.
observed a loss of 10% of the implants analysis periods immediately after bone 5. Santos PL, Gulinelli JL, Telles Cda S, Betoni

after 3 years”. In their study, the bone
blocks were harvested from the chin and
iliac crest and the implants had no surface
treatment. Furthermore, the surgeries were
performed by a large number of surgeons.
It is probable that the high number of
variables contributed to the rate of implant
failure, which was almost twice that
observed in the present study. This indi-
cates the importance of performing the
proper surgical technique, as well as using
implant systems with a surface treatment.
With the advancements made in bioma-
terials and surgical techniques for guided
tissue regeneration, new possibilities have
been proposed for increasing the bone
volume for subsequent dental implant
placement. These procedures are less ag-
gressive for the patient and in most cases
result in a more comfortable postoperative
period31. However, intraoral autogenous
bone block grafts remain the gold standard
for bone reconstruction, with predictable
results over 5 years of follow-up, as ob-
served in the present study. It is important
to conduct long-term clinical evaluations
of the different bone graft techniques and
materials in order to observe the bone
healing patterns both clinically and
biologically and thus offer safe options
to the patient. According to the results
of the present study, bone block grafts
harvested from the retromolar region are
effective in the atrophic maxilla, since the
thickness was maintained and the implant
survival rate at 5 years of follow-up was
high. Changes in the autogenous bone
graft volume reported in the literature
are shown in Table 50:16:20.22.27.32-34
The methodology used in the present
study is unique in terms of the analysis of
volumetric changes after bone reconstruc-
tion. Thus, due to the experimental design,
it is difficult to compare the results with
those of other studies reported in the
literature. Although the results are encour-
aging, there is a need for further studies
using this methodology and the same

reconstruction.
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