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Postoperative Tomographic Assessment
of Veneer Bone Grafting with Implant

Placement in the Maxillary Anterior Region
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R
ecently, various augmentation
procedures (e.g., onlay bone
grafting and the maxillary sinus

lift procedure) were performed for se-
verely resorbed residual ridges and al-
veolar crests close to the maxillary
sinus floor for implant treatment.1-5 A
critical review of the findings showed
variations in the implant survival
rates.4,6-8 Lekholm et al4 reported a
3-year retrospective study of bone
grafting with implant placement that
showed an overall implant survival
rate of approximately 80%. Keller et
al6 showed that the survival rate for
endosseous implants with maxillary
antral-nasal inlay autogenous bone
grafting was 87%. Widmark et al7 re-
ported that a life table analysis showed
a cumulative success rate of 74% in
the graft group and 87% in the trial
group at the final examination after
3�5 years. These results corroborated
previous findings that patients with se-
verely resorbed maxillae have an in-

creased risk of implant failure in com-
parison to those with good bone quan-
tity and quality. Moreover, maxillary
sinus lift procedures were evaluated
using computerized tomography (CT).
It was found that grafted bone sur-
rounding the implants severely pro-
gressed in resorption, particularly at
the implant apex.9-11 However, veneer
bone grafting with implant treatment
has not been evaluated using postop-
erative imaging. Therefore, veneer
bone grafting after maxillary anterior
implant treatment was assessed and

compared with the findings without
bone grafting.

MATERIALS AND METHODS

In 7 patients (4 males and 3 females)
with a mean age of 24 years (range
15�40), implants were placed in the max-
illary anterior region with or without au-
togenous veneer bone grafting and post-
operatively examined using conventional
tomography. All treatments, bone grafts,
implant placements, and tomography
were performed in the Dental Hospital
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Various ridge augmentation and
sinus lift procedures were performed
in severely resorbed alveolar crests
of a maxilla to provide some volume
for implant treatment. It was re-
ported that the outcome of maxillary
sinus lift procedures was evaluated
with conventional tomography or
computerized tomography, and that
grafted bone around implants mark-
edly progressed in resorption, partic-
ularly at the implant apex. However,
veneer bone grafting with implant
placement has not been evaluated
after treatment with imaging tech-
niques. Therefore, the purpose of
this study was to assess veneer bone
grafting after maxillary anterior
implant treatment. Seven patients
with a mean age of 24 years, with
implants placed in the maxillary an-
terior region with or without autog-
enous veneer bone grafting were
postoperatively examined using con-

ventional tomography. On tomo-
grams, the ratio of bone-to-implant
contact and the area of bone were
measured in labial bones with bone
grafts, and they were compared with
the values without bone grafts. In
cases with bone grafting, the aver-
age ratio of bone-to-implant contact
was 63.6%, whereas 81.8% was
formed in cases without bone graft-
ing. The average area of bone was
12.9 mm2 and 23.4 mm2 in patients
with and without bone grafting, re-
spectively. No significant difference
was found between the implants with
and without bone grafts. Resorbed
labial bone was observed in the
maxillary anterior region with and
without veneer bone grafting. (Im-
plant Dent 2005;14:301–307)
Key Words: dental implant, veneer
bone graft, maxillary anterior re-
gion, tomography, postoperative
findings
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of Aichi-Gakuin University. Tooth loss
was caused by traumatic injury in 5 of
the 7 patients, congenitally missing in
1, and periodontal disease in 1.

Bone Grafts and Implant Placements

Autogenous veneer bone grafts
were performed at the site of the
planned implant, diagnosed as narrow
alveolar bone width using preopera-
tive imaging, a few months before im-
plant placement (Fig. 1). During the
presurgical imaging diagnosis, when a
thickness of labial bone over a planned
implant is �1 mm along a planned
implant, bone grafts were scheduled.
In addition, the thickness of bone graft
was �1 mm, except in cases of an
expected resorbed thickness (1 mm)
along a labial side of a planned im-
plant. In all cases, the bone grafts used
were corticocancellous bone blocks
harvested from the chin. The cancel-
lous bone surface of the bone blocks
was placed on labial maxillary cortical
bone with a screw(s) (Fig. 2). The
bone surface was then covered by a
healthy periosteum.

Implant placement was performed
in accordance with surgery methods
reported by Naitoh et al.12 Nine im-
plants with bone grafting (7 in the
central incisor region, 1 in the lateral
incisor region, and 1 in the canine
region) and 4 implants without bone
grafting (all at the central incisor re-
gion) were placed. All implants were
from the Brånemark System implant
(Nobel Biocare, Göteborg, Sweden).

No perforation of the implant on the
labial or palatal side of the nasal floor
was observed during implant place-
ment. Bone blocks of bone grafting
were fixed tightly to maxillary bone.
The time between bone grafting and
implant placement, and between im-
plant placement and abutment connec-
tion is shown in Table 1.

Tomographic Imaging

Cross-sectional linear tomography
was performed after some months of
abutment connection using a pan-
oramic unit (AZ3000DLP, Asahi

Roentgen Ind. Co., Kyoto, Japan).
Mean time between the implant place-
ment and tomography was 343.7 days
for implants with bone grafting and
794.5 days without bone grafting (Ta-
ble 1). The exposure settings were se-
lected for 68 kVp and 6 mA, with a
40-degree tomographic projection an-
gle. Obtained tomograms were printed
on film at absolute size using a CR
system (FCR9000 HQ, HI-654, CR-
LPD, Fuji Medical System Co, Tokyo,
Japan). The films were converted to
digital images using a film digitizer
with 150 dpi (VXR-12 plus, Vidar
Systems Co., Herndan, VA) (Figs. 3
and 4) and were measured using image
editing software (Photoshop version
5.5, Adobe Systems Inc., San Jose,
CA). First, the x and y coordinates of
the superior and inferior points of the
implants covered by labial bone were
recorded. The superior point (X2,Y2)
was regarded as a labial apex of im-
plant, and the inferior point (X1,Y1)
was regarded as a crest of alveolar
bone attached to implant (Fig. 5). The
ratio of bone-to-implant contact was
obtained using the following equation.

The length of implant covered by
labial bone was calculated by

��X2�X1)
2�(Y2�Y1)

2�pixel size.

The ratio of bone-to-implant con-
tact was calculated by the length of
implant covered by labial bone/the
real length of the implant.

Second, regions of interest were
visually set at whole bone on the labial
side of the implant, and the number of
pixels in the area of regions of interest
was quantitated. The area of bone was
calculated by the number of bone
pixels � pixel square. A surface of
the implant was let a straight lined
threads of implant, although a shape of
the implant was screw. Postoperative

Fig. 1. CT before bone grafting. A narrow
alveolar bone in the buccolingual plane of the
maxillary anterior region is shown.

Fig. 2. A, Autogenous veneer bone graft was
performed at the site of the planned implant
site diagnosed as a narrow alveolar bone
width. B, CT after bone grafting.

Table 1. Duration of Implant Treatments

With Bone
Grafting

Without Bone
Grafting

Mean time between bone graft
and implant placement (range)

79.0 (59–101)

Mean time between implant
placement and abutment
connection (range)

198.8 (149–310) 267.5 (166–330)

Mean time between implant
placement and tomography
(range)

343.7 (269–425) 794.5 (316–1255)

Units are in days.
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labial bone with bone grafts was as-
sessed from the ratio of bone-to-
implant contact and the area of bone.
The values were compared with values

from sites without bone grafts calcu-
lated in the same way.

Statistical Analysis

The difference between the ob-
tained values with and without bone
graft was evaluated using the Mann-
Whitney U test. Testing was consid-
ered significant if P � 0.01.

RESULTS

Results from sites with bone graft
are shown in Table 2. The ratio of
bone-to-implant contact ranged from
25.2% to 94.4%, and the average was
63.6% (standard deviation [SD] 24.0).
The area of bone ranged between 1.1
and 28.6 mm2, and the average was
12.9 mm2 (SD 10.0). The results from
sites without bone graft are also shown
in Table 2. The ratio of bone-to-
implant contact ranged from 53.9% to
93.4%, and the average was 81.8%
(SD 18.8). The area of bone ranged
between 11.3 and 47.7 mm2, and the
average was 23.4 mm2 (SD 17.2).

Comparison Between Values With and
Without Bone Grafts

No significant difference in the
ratio of bone-to-implant contact and
the area of bone was found between
the implant with and without bone
grafts (P � 0.16 for the ratio of bone-
to-implant contact and P � 0.35 for
the area of bone). No correlation be-
tween the period between the implant
placement and tomography, and the
ratio of bone-to-implant contact or the
area of bone was clearly found in
cases with bone graft and without
bone graft (Figs. 6 and 7).

DISCUSSION

Various bone grafting methods
and implantation times have been
reported.1,3-6,11,13,14 In the present

study, autogenous corticocancellous
bone grafts were harvested from the
chin and placed as veneer bone
blocks on the labial side of the alve-
olar process of the maxilla. Because
the bone surface was covered by a
healthy periosteum with release in-
cision, no membrane technique was
used in all cases. Widmark et al15

reported that bone resorption in the
buccal/palatal direction of the ante-
rior maxilla was 25% after 4 months
of bone graft and 60% after 10

Fig. 3. Tomographic image of implant site
with bone grafting. The resorbed labial bone
of the implant is shown.
Fig. 4. Tomographic image of implant site
without bone grafting. The labial bone of the
implant is shown from the neck of the implant
to the apex.

Fig. 5. Schematic drawing of tomographic
measurements. The length of implant cov-
ered by labial bone (D) and the number of
labial bone pixels (A) were measured.

Fig. 6. Correlation between the period and
the ratio of bone-to-implant contact. No cor-
relation between the period between the im-
plant placement and tomography, and the
ratio of bone-to-implant contact was found in
cases with bone graft and without bone graft.
Fig. 7. The correlation between the period
and the area of bone. No correlation between
the period between the implant placement
and tomography, and the area of bone was
found in cases with bone graft and without
bone graft.

Table 2. Tomographic Measurements

With Bone Grafting Without Bone Grafting

Ratio of bone contact (%)
Range 25.2–94.4 53.9–93.4
Mean 63.6 81.8
SD 24.0 18.8

Area of bone (mm2)
Range 1.1–28.6 11.3–47.7
Mean 12.9 23.4
SD 10.0 17.2

P � 0.01.
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months following bone graft, when a
bone graft from the symphyseal re-
gion of the mandible was used in the
maxillary central incisor region.

For postoperative evaluations of
maxillary sinus lift procedures, to-
mography or CT have been used as
imaging techniques. However, after
placed dental implant, CT images
have a metal artifact from dental im-
plant made of titanium, and correct
diagnosis in implant-to-bone interface
was not performed. In addition, CT
has the partial volume effect showing
less points.16 Tomograms with a direct
laser positioning system were used in
the present study to observe the labial
side of implants.17 The position of the
tomographic plane was set on the basis
of the occlusal surface impression, and
direction of the tomographic plane
was set on the basis of the preopera-
tive CT. Because the dental arch was a
curve in the anterior region and the
direction of x-rays in the tomography
was set tangential to the anterior re-
gion, the tomograms showed clearly
the bone in the labial side of implant
without obstructive shadows on the an-
terior site. The implant threads could be
clearly identified on all tomographic im-
ages obtained in this study.

This investigation was conducted
as a retrospective study. Because the
period between implant placement and
tomography was more than 3 years for
2 implant sites without bone graft,
mean time between the implant place-
ment and tomography was different in
cases with bone graft and without bone
graft. However, no correlation between
the period between the implant place-
ment and tomography, and the ratio
of bone-to-implant contact or the area of
bone was clearly found in cases with
bone graft and without bone graft.

It was observed that the ratio of
bone-to-implant contact was low, and
the area of bone was small in many
cases with and without bone grafting.
We consider the results of the ratio of
bone-to-implant contact were more
important. These results will influence
directly a prognosis of dental implant
treatment. In addition, in cases with
bone graft, the value in the area of
bone will be affected by the volume
of bone graft. In the ratio of bone-to-
implant contact, mean value with the

bone graft was slightly lower than that
without bone grafting, and the SD
with bone grafting was slightly higher.
All implants were clinically stable
without complaint or mobility at to-
mography. The bone surrounding the
implants that were placed with bone
augmentation procedures and the bone
in maxillary sinus lift procedures
have been evaluated using postopera-
tive imaging in some previous studies.
Peleg et al10 reported radiologic find-
ings in short-time (8�10 months) CT
in a follow-up study for 1-stage max-
illary sinus lift procedures. Of the 57
implants placed, 28 had a full bone
covering the implants on all sides but
did not extend above the apical por-
tion, 20 had bone fully covering the
implant, which extended above the
apex, and 9 showed incomplete bone
coverage.

Block et al9 measured the bone
level using tomograms at 5�10 years
after simultaneous maxillary sinus
graft and implant placement, and the
average height of the grafted bone at
the implant apex was 3.3 mm (SD 3.1
mm). Nystrom et al18 followed up 20
patients with combined horseshoe-
shaped iliac bone grafts and Bråne-
mark implants in severely resorbed
maxillae. In the results, the mean
width of the bone graft was 12.2 mm,
which was significantly different from
baseline (P � 0.001). It was reported
that most of the bone width was lost
during the first 3 months.

Resorption of bone was observed
in the maxillary anterior region with
and without veneer bone grafting us-
ing tomograms. It can be suggested
that similar conditions may occur in
cases with thin cortical bone. Even if
bone of the labial site appears unclear
on tomograms, the labial surroundings
of the implant would be covered by
thinner bone clinically. In addition, it
was suggested that this resorption of
bone was influenced by bone quality
and tension of the lip. Further studies
should evaluate the values in many
cases with/without bone graft using
no/some membrane techniques, and
aim to discover the relationship be-
tween the measured bone volume and
a prognosis that may be detected from
the values.

CONCLUSIONS

The postoperative findings of ve-
neer bone grafting in maxillary ante-
rior implant treatment were assessed
using tomography, and they were
compared to the findings without bone
grafting. It was clarified that the ratio
of bone-to-implant contact was low
and the area of bone was small in the
maxillary anterior implants with and
without bone grafts. The findings of
resorbed bone grafts found at the im-
plant apex with the maxillary sinus pro-
cedures were also observed on the labial
side of the maxillary anterior region
with and without veneer bone grafts.
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Postoperative tomographische Bewertung bei Transplantierungen von Verblendung-
sknochenmaterialien mit anschlie�ender Implantatsetzung im vorderen Bereich des
Oberkiefers

ZUSAMMENFASSUNG: Verschiedene Methoden zur Anreicherung des Kamms und
Sinusanhebung wurden in schweren Fällen von resorbierten Alveolarleisten im Oberkiefer
zur Bereitstellung eines für eine Implantierungsbehandlung ausreichenden Volumens.
Dem Bericht zufolge wurden die Ergebnisse der Sinusanhebungen im Oberkiefer mit
entweder konventioneller Tomographie oder Computertomographie zusammengestellt.
Au�erdem wies das transplantierte Knochengewebe um das Implantat herum einen
besonderen Resorptionsanstieg im Bereich der Implantatspitze auf. Allerdings wurde noch
keine kombinierte Behandlung mit Transplantation von Verblendungsknochenmaterialien
in Verbindung mit Implantatsetzung nach Durchlauf von Bildgebenden Verfahren bew-
ertet. Daher zielt die vorliegende Studie darauf ab, Transplantierung von Verblendung-
sknochenmaterial nach Implantierungsbehandlung im vorderen Oberkieferbereich zu
bewerten. Sieben Patienten mit einem durchschnittlichen Alter von 24 Jahren
mit Implantaten in der vorderen Oberkieferregion, die entweder mit oder ohne
Transplantierung von autogenem Verblendungsknochenmaterial behandelt wurden, wur-
den postoperativ über konventionelle tomographische Methoden untersucht. In diesen
Tomogrammen wurden das Verhältnis von Knochen-Implantat-Kontakt sowie der Bereich
des Knochengewebes bei Labialknochen mit Knochengewebstransplantaten gemessen.
Diese Ergebnisse wurden mit den Werten bei Auslassung einer Knochengewebstransplan-
tation. Bei den Fällen mit erfolgter Transplantierung von Knochengewebe betrug das
durchschnittliche Verhältnis von Knochen-Implantat-Kontakt 63,6%, während in den Fällen
ohne Transplantierung 81,8% ermittelt wurden. Der durchschnittliche Knochenbereich betrug
12,9 mm und 23,4 mm bei Patienten entweder mit oder ohne Knochengewebstransplantat. Es
konnte kein wesentlicher Unterschied für Implantate mit bzw. ohne Knochentransplantate
festgestellt werden. Resorbierter Labialknochen in der Oberkieferregion lag sowohl mit als
auch ohne Transplantation von Verblendungsknochengewebe vor.

SCHLÜSSELWÖRTER: Zahnimplantat, Verblendungsknochentransplantat, vordere
Oberkieferregion, Tomographie, postoperative Ergebnisse
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Evaluación tomográfica postoperatoria de un injerto de veneer de hueso con colocación
del implante en la región anterior maxilar

ABSTRACTO: Varios procedimientos de levantamiento del seno y aumento de la cresta
se realizaron en crestas alveolares severamente reabsorbidas de una maxila para propor-
cionar cierto volumen para el tratamiento con un implante. Se informó que el resultado de
los procedimientos de levante del seno maxilar se evaluó con tomografı́a convencional o
tomografı́a computada y que el hueso injertado alrededor de los implantes progresó
marcadamente en la reabsorción, particularmente en la cima del implante. Sin embargo,
el injerto con veneer de hueso con la colocación del implante no ha sido evaluada después
del tratamiento con técnicas de imágenes. Por lo tanto, el propósito de este estudio fue
evaluar el injerto con veneer de hueso después del tratamiento con implante en el maxilar
anterior. Siete pacientes con una edad media de 24 años con implantes colocados en la
región maxilar anterior con o sin injertos con enchapado de hueso autógeno fueron
examinados postquirúrgicamente usando la tomografı́a convencional. En las tomografı́as,
la relación del contacto del hueso al implante y el área del hueso se midieron en los huesos
labiales con injertos de hueso, y se compararon con los valores sin los injertos de hueso.
En casos con injertos de hueso, la relación promedio del contacto de hueso al implante fue
un 63,6%, mientras que un 81,8% se formaron en casos sin un injerto de hueso. La
superficie promedio del hueso fue 12,9 mm2 y 23,4 mm2 en pacientes con y sin el injerto
de hueso, respectivamente. No se encontró una diferencia notable entre los implantes con
y sin los injertos de hueso. Se observó hueso labial reabsorbido en la región maxilar
anterior con y sin un injerto con veneer de hueso.

PALABRAS CLAVES: implante dental, injerto con veneer de hueso, región maxilar
anterior, tomografı́a, conclusiones postquirúrgicas
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Avaliação Tomográfica Pós-Operatória de Enxerto Ósseo com Uso de Faceta e Colo-
cação de Implante na Região Maxilar Anterior

RESUMO: Vários procedimentos de aumento do rebordo e levantamento do seio foram
realizados em cristas alveolares gravemente reabsorvidas de um maxilar para fornecer
algum volume para tratamento de implantes. Foi relatado que o resultado de procedimen-
tos de levantamento do seio maxilar foi avaliado com tomografia convencional ou
tomografia computadorizada, e que o osso enxertado em torno de implantes progrediram
marcadamente em reabsorção particularmente no ápice do implante. Contudo, o enxerto
ósseo com uso de faceta e colocação de implante não foi avaliado após o tratamento com
técnicas de geração de imagens. Portanto, o propósito deste estudo foi avaliar o enxerto
ósseo com uso de faceta após o tratamento de implantes maxilares anteriores. Sete
pacientes com idade média de 24 anos com implantes colocados na região maxilar anterior
com ou sem enxerto ósseo autógeno com uso de faceta foram examinados pós-
operatoriamente usando tomografia convencional. Em tomografias, a razão de contato
osso/implante e a área de osso foram medidas em ossos vestibulares com enxertos ósseos,
e eles foram comparados com os valores sem enxertos ósseos. Em casos com enxerto
ósseo, a razão média de contato osso/implante foi de 63,6%, ao passo que 81,8% foram
formados em casos sem enxerto ósseo. A área média de osso foi de 12,9 mm2 e 23,4 mm2
em pacientes com e sem enxerto ósseo, respectivamente. Nenhuma diferença significativa
foi encontrada entre os implantes com e sem enxertos ósseos. O osso vestibular reabsor-
vido foi observado na região maxilar anterior com e sem enxerto ósseo com uso de faceta
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