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Abstract

Objectives: To evaluate the accuracy of measuring peri-implant buccal bone when using three

different computed tomography devices.

Materials and methods: Sixty tissue-level or bone-level dental implants were placed in bovine ribs

with either buccal bone full coverage, dehiscence or fenestration. For each site, the distance from

the bone defect to the implant neck and the buccal bone thickness 1 mm apical to the crest were

measured using a calliper. Subsequently, all sites were scanned in a reproducible position using a

multi-slice computed tomography (CT) (Brightspeed, voxel size 0.625 mm) and two cone-beam

computed tomography devices (i-CAT NG, voxel size 0.3 mm and Newtom VGi, voxel size 0.2 mm).

Bone thickness was measured on images from the three systems similar to direct measurements

and differences were evaluated. Factors that could influence the buccal bone identification were

assessed by multiple binary logistic regression.

Results: Buccal bone ranged from 0.1 mm to 2.75 mm in thickness and was not visible in 68%,

63% and 60% of cases when using CT, i-CAT and Newtom, respectively. For each mm of bone

thickness increment, the odds of radiographic identification increased by 30.6 (P < 0.001). Bone

defects negatively affected radiographic visibility (P < 0.05). All devices underestimated bone

dimensions although differences among them were not significant.

Conclusions: Within these experimental conditions, the investigated devices have equivalent low

accuracy in diagnosing peri-implant buccal bone. Accuracy was significantly influenced by buccal

bone thickness, especially if <1 mm, and in presence of peri-implant marginal defects.

Peri-implant buccal bone thickness is usually

assessed during implant installation or the

second stage surgery in submerged implant

protocols, but it is seldom evaluated thereaf-

ter since conventional oral radiographic diag-

nosis only evaluates interdental marginal

bone levels. This factor, however, may have

important implications for the long-term sta-

bility of both peri-implant hard and soft tis-

sues. In sites where the buccal bone

thickness was <1.5 mm during the second

stage surgery, there was frequently bone loss

and dehiscence (exposed implant surface),

while as the buccal bone thickened (between

1.8 to 2 mm), the occurrence of dehiscence

decreased significantly (Spray et al. 2000).

The long-term influence of the buccal bone

thickness has been assessed by Schwarz et al.

(2012) who evaluated the impact of residual

marginal bone dehiscence after guided bone

regeneration on the long-term stability of

peri-implant health, reporting that implants

exhibiting residual defects of more than

1 mm in height were at higher risks of pre-

senting mucosal clinical attachment loss,

marginal recession and deepened probing

pocket depths, 4 years after treatment. These

complications are of greater importance in

the anterior maxilla where the bucco-lingual

bone dimensions are limited (Huynh-Ba et al.

2010) and where the aesthetic outcomes are a

priority, but there is no evidence on the min-

imal bone thickness needed to ensure opti-

mal aesthetics (Teughels et al. 2009; Merheb

et al. 2014).

The introduction of computed tomography

(CT) for diagnosis in implant therapy (Sch-

warz et al. 1987a,b) has allowed a three-

dimensional visualisation of the bone,

particularly in the bucco-lingual direction,

which previously was not possible with tradi-

tional radiological techniques. Cone-beam

Date:
Accepted 13 June 2015

To cite this article:
Gonz�alez-Mart�ın O, Oteo C, Ortega R, Alandez J, Sanz M,
Veltri M. Evaluation of peri-implant buccal bone by computed
tomography: an experimental study.
Clin. Oral Impl. Res. 27, 2016, 950–955
doi: 10.1111/clr.12663

950 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



computed tomography (CBCT) has signifi-

cantly widened the use of CT images in

implant dentistry due to potentially reduced

radiation dosage and cost. Nonetheless,

CBCT images of peri-implant bone might be

affected by artefacts that may result in incor-

rect bone grey values and consequently, erro-

neous reconstructions (Schulze et al. 2011;

Benic et al. 2013) and imprecise diagnosis

(Zhang et al. 2007). The accuracy of com-

puted tomography for evaluation of peri-

implant bone has been tested in different

experimental models. When implants were

placed in animal ribs, peri-implant buccal

bone could be visualised on CBCT images

with good accuracy only when the bone was

of sufficient thickness (Razavi et al. 2010).

Similar conclusions were reached when

implants were placed in dry skulls (Shiratori

et al. 2012). Even though the buccal bone

thickness around dental implants has been

extensively evaluated with CBCT (Nis-

apakultorn et al. 2010; Kehl et al. 2011; Mi-

yamoto & Obama 2011; Benic et al. 2012;

Degidi et al. 2012; Vera et al. 2012; Buser

et al. 2013a,b; Lee et al. 2014; Jung et al.

2015), there are still questions on its repro-

ducibility and the possible effects of artefacts

in sites with thin buccal bone plates (Spin-

Neto et al. 2011).

It is therefore the objective of this experi-

mental study to investigate the effect of bone

thickness on the accuracy of peri-implant

buccal bone evaluation by means of com-

puted tomography. Furthermore, the influ-

ence of the bucco-lingual implant position,

the implant emergence profile and the radio-

graphic device used will be evaluated.

Material and methods

Experimental design

Dental implants were placed in fresh bovine

ribs using a previously reported protocol

(Razavi et al. 2010). In brief, 10 fresh bovine

ribs obtained from a local slaughterhouse

were denuded from soft tissues and their base

was flattened to obtain a stable horizontal

position for implant placement and CBCT

scanning. A marker was used to distinguish

between the left and right side of the rib, and

once the implants were inserted, the anterior

aspect of the rib represented the buccal bone

plate, while the posterior aspect represented

the lingual bone plate. For reproducible

implant positioning, a guide was created for

each single rib using silicon impression putty

(Flextime, Heraeus, South Bend, IN, USA).

Ribs were kept frozen between the different

phases of the experiment. A total of 30 bone-

level implants (SLA, Institut Straumann AG,

Basel, Switzerland) and 30 tissue-level

implants (Standard implants, SLA, Institut

Straumann AG) were placed in the prepared

ribs. The drilling sequence started at the

superior border of the bovine ribs following

the manufacturer’s instructions (Institut

Straumann AG). Tissue-level implants were

placed with the polished collar supracrestally,

while bone-level implants were placed at

bone level. The distance between implants

was 10 mm or more. Implants were inserted

in three different positions in the bucco-lin-

gual dimension to create three different peri-

implant outcomes in the buccal surface: (a)

20 implants with full buccal bone coverage,

(b) 20 implants with dehiscence defects, and

(c) 20 implants with fenestration defects. In

each group, 10 implants were tissue level and

10 bone level. In the group of complete bone

coverage, implants were placed at various dis-

tances from the outer bone surface to create

different buccal bone thicknesses.

Once the implant sites were prepared and

before implant placement, direct measure-

ments of the buccal bone thickness 1 mm

apical to the crest were performed using a dig-

ital calliper (Mestra�, Bilbao, Spain) (Fig. 1a).

This direct measurement was the gold stan-

dard for subsequent radiographic compari-

sons. After implant installation, the distance

from the implant neck to the buccal bone

defect was measured (Figs 1b,c and 3 left col-

umn). The ribs were then transported to the

radiological centre under refrigeration to min-

imise the loss of moisture and were covered

with a layer of wax (1.5 mm of thickness)

(Tenatex Red, Kemdent Works, Swindon, UK)

to simulate the soft tissue covering the alveo-

lar bone and thus attaining a similar beam

attenuation (Shmueli et al. 2007).

A customised plastic box housing the sili-

con guides holding the ribs was used during

the scanning for assuring reproducible posi-

tioning of the ribs in the three radiology

devices. Three computed tomography devices

were used: one multi-slice CT Scanner

(Brightspeed 16, General Electric Medical

Systems, Milwaukee, WI, USA) and two

CBCT devices: i-CAT NG (Imaging Sciences

International, Hatfield, PA, USA) and New-

Tom VGi (QR, Verona, Italy).

The detailed settings for these devices were

as follows:

• CT scan 120 kV and 60 mA, voxel size

0.625 mm, acquisition time 4 s, FOV

13.9 cm 9 13.9 cm and slice thickness

0.3 mm.

• i-CAT NG 110 kV and 2–3.20 mA, voxel

size 0.3 mm, acquisition time 4.8 s, FOV

16 cm 9 6 cm and slice thickness

0.3 mm.

• Newtom VGi 110 kV and 4 mA, voxel

size 0.2 mm, acquisition time 5.4 s, FOV

15 cm 9 15 cm and slice thickness

0.3 mm.

A trained specialist in oral radiology (RO)

carried out all the scans and securely stored

all obtained images in a computer hard disk

(SanDisk, Milpitas, CA, USA) containing a

software for image analysis (NNT Software

5.0, QR, Verona, Italy) (Fig. 2).

For each implant, a cross-sectional image,

as closely as possible through the implant

centre, was selected and two examiners expe-

rienced in 3D imaging and CBCT diagnosis

(one specialist in oral radiology [RO] and one

specialist in periodontology [OG]) carried out

in parallel all the measurements. In case of

discrepancy, the decision was made by con-

sensus. When bone was visible at the buccal

bone surface, the examiners evaluated its

thickness from the outer implant surface

(a) (b) (c)

Fig. 1. Clinical images of the direct measurements using the digital calliper to record the thickness 1 mm apical to

the crest in a case of complete bone coverage of the implant (a) and the distance from the implant neck to the

defect in a case of dehiscence (b) and fenestration (c).
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1 mm apical to the bone crest (Fig. 3). The

contrast and brightness of the images were

preset in the software to provide constant

viewing settings during the examinations.

Data analysis

A multiple binary logistic regression model

was applied to assess the factors influencing

the probability of identifying the buccal bone

on 3D X-rays at the level of 1 mm below the

marginal crest. Buccal bone identification

(yes/no) was the binary outcome variable.

The following explanatory factors were evalu-

ated to assess the probability for positive buc-

cal bone identification: buccal bone

thickness, buccal bone level (vertical distance

of the defect from the implant neck), peri-

implant buccal bone position (full coverage,

fenestration, dehiscence), implant design (tis-

sue level, bone level) and computed

tomography device (CT, i-CAT, Newtom).

Covariates were entered into the model using

a backward stepwise method by means of the

Wald test.

Wilcoxon signed rank tests were utilised to

assess differences in buccal bone thickness

evaluated by direct measurements (gold stan-

dard) and by the three radiographic systems.

Paired analysis using the same statistical test

was performed after stratifying the samples

according to thickness (<1 mm vs. ≥1 mm

thick). The thicker samples (≥1 mm) were

further stratified as fully covered vs. marginal

defects (dehiscence and fenestration).

All statistical analyses were performed

using the software SPSS Statistics 21 (IBM

Company Inc. Chicago, IL, USA).

Results

A total of 60 rib bone-implant specimens

were evaluated. Table 1 depicts the direct

peri-implant buccal bone dimensions mea-

sured before implant placement. Buccal bone

thicknesses 1 mm apical to the bone crest

ranged between 0.1 and 2.75 mm. Table 2

depicts the mean buccal bone thicknesses

measured with the 3 tomographic devices

once the implants were placed. When com-

pared to the direct measurements, images

obtained by CT, i-CAT and Newtom signifi-

cantly underestimated the buccal bone, as it

was not radiographically visible in 67% of

the cases. Depending on the CT device used,

it was not visible by CT in 41 cases (68%),

by i-CAT in 38 cases (63%) and by Newtom

in 36 cases (60%). There were no significant

differences among the three devices. In the

paired analysis, the evaluation of the thin

subgroup (<1 mm) rendered a substantial

underestimation for all three radiographic

systems when compared with the direct mea-

surements, but differences were not signifi-

cant between systems themselves. Similarly,

the analysis of the thicker subgroup (≥1 mm)

showed a significant underestimation when

compared to the gold standard. A significant

underestimation resulted also when the

analysis was repeated for subgroups with or

without marginal bone defects.

The result of the multiple binary logistic

regression model was that the implant design

(tissue level versus bone level) as well as the

position of the implant (vertical distance

from the implant neck to the buccal bone

crest) did not influence significantly the prob-

ability of buccal bone identification. The bone

thickness, however, had a significant influ-

ence on the radiographic visibility. Figure 4

Fig. 2. Clinical view of an implant presenting a dehiscence (2.93 mm from the neck of the implant to the bone)

and a thin buccal plate measured 1 mm apical to the defect (0.11 mm) and corresponding radiological analysis (from

left to right: CT scan, i-CAT NG and Newtom VGi). Observe that radiographically visible buccal plate starts at

7.8 mm, 7.9 mm and 8.4 mm, respectively, from the neck of the implant.

Fig. 3. Designs on the left show direct measurements by calliper on implants fully in bone or with dehiscence. The

distance of the defect from the implant neck was measured from the implant neck (circle) to the bone defect (aster-

isk). Buccal bone crest thickness was measured 1 mm apically to the buccal bone level (arrow). On the right, radio-

graphic images from the different systems tested. Buccal bone thickness (arrow) was measured 1 mm apically to the

bone level reproducing direct measurement.
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graphically depicts the probability of being

radiographically visible depending on the

buccal bone thickness. For sites with

0.5 mm, the probability was less than 20%,

while when the thickness was 2.75 mm, it

was identified in 100% of the cases. For each

mm increase in bone thickness, the odds of

bone identification increased by 30.6

(P < 0.001). The presence of marginal buccal

bone defects also had a significant negative

impact on the probability of radiographic

visibility (P < 0.05). Figure 5 illustrates the

predicted probability of radiographic identifi-

ability for various bone thicknesses at sites

with or without marginal defects. A test of

the final model versus a model with interc-

ept only was statistically significant v2

(N = 180) = 127.56; P < 0.01. The model was

able to correctly classify 91% of the cases

when bone was radiographically identifiable

and 92% of the cases when bone was radio-

graphically not visible for an overall success

rate of 91.7%. Table 3 shows the logistic

regression coefficient and odds ratio for each

of the covariates in the final model.

Discussion

The possible influence of the peri-implant

buccal bone dimensions on the stability of

the peri-implant hard and soft tissues has

been studied using conventional or cone-

beam CT in several clinical investigations

(Nisapakultorn et al. 2010; Benic et al. 2012;

Miyamoto & Obama 2011; Kehl et al. 2011;

Degidi et al. 2012; Vera et al. 2012; Buser

et al. 2013a, 2013b; Lee et al. 2014; Jung et al.

2015). These studies, however, did not con-

sider the influence of the accuracy and repro-

ducibility of the radiological devices used and

other possible factors that may have influ-

enced the validity of these CT measurements.

In this in vitro experimental study, we have

demonstrated a significant underestimation of

the buccal bone identification around dental

implants irrespective of the CT device tested.

Moreover, we have shown that the visibility

of the peri-implant buccal bone depends on

the thickness of the buccal bone and on the

integrity of coronal buccal bone around the

implant neck. The animal experimental

model was chosen based on a previous similar

investigation (Razavi et al. 2010) and on the

fact that rib bones have a similar bone archi-

tecture to human jaws (May et al. 1997; Choi

et al. 2005; Chiodo et al. 2006). Under these

experimental conditions, the conventional

and the two cone-beam CTs, resulted in an

underestimation of the dimension of the buc-

cal bone, when compared with direct mea-

surements, in fact, the peri-implant buccal

bone dimension was significantly smaller or

not visible when assessed radiographically. As

shown by regression analysis in Figs 4 and 5,

above 1 mm of thickness the probability of

buccal bone being radiographically visible

increased beyond 50%. This finding conforms

to previous observations by Razavi et al.

(2010) that above 1 mm of thickness, the

accuracy of CBCT images increased substan-

tially. As a consequence, the 1 mm value was

chosen as a threshold for stratifying in a

thicker and thinner subgroup and thus evalu-

ates the accuracy of the radiographic measure-

ments. On the other hand, the error reported

in this investigation (85.7%) for the i-CAT in

the thin subgroup (<1 mm) was slightly

higher than the one reported by Razavi et al.

(2010) (68%) for bone thicknesses ranging

between 0.04 and 1.99 mm. These differences

could be due to differences in the peri-implant

bone anatomy. This low accuracy of CT

images in thin ridges is particularly relevant

for implants located in the anterior maxilla,

as different studies in humans have reported

that buccal bone crests having thicknesses of

1 mm or less occur in more than 85% of the

implant sites (Huynh-Ba et al. 2010; Janu�ario

et al. 2011).

Beside buccal bone thickness, factors such

as implant emergence profile, presence of

peri-implant bone defects (such as dehiscence

and fenestrations) and the vertical distance

between the implant neck to the crest may

also affect the visibility of the buccal bone as

assessed by the three different radiological

systems. From the multiple regression analy-

sis performed, it resulted that the factors sig-

nificantly affecting buccal bone visibility

were the buccal bone thickness and the pres-

ence of marginal bone defects. When marginal

defects were present, the probability of being

radiographically visible was clearly reduced

Table 1. Descriptive statistics for peri-implant bone anatomy as assessed by direct measurements
in the different experimental groups

Buccal thickness

Vertical distance
from defectOverall No defects Dehiscence Fenestration

Bone-level
implants

Tissue-level
implants

Mean 0.83 0.97 0.88 0.65 0.96 0.57 6.64
SD 0.78 0.62 0.92 0.78 0.94 0.72 2.24

Table 2. Direct (gold standard) and radiographic mean buccal bone thickness (mm) for the whole sample and for subgroups with different marginal
bone configurations

N

All implants
Implants with <1 mm
bone thickness

Implants with
≥1 mm bone
thickness

Implants with
≥1 mm thickness &
no defects

Implants with ≥1 mm
thickness & marginal
defects

60 43 17 7 10

Mean SD Mean SD Mean SD Mean SD Mean SD

Gold standard 0.83* 0.78 0.39* 0.25 1.94* 0.5 1.67* 0.4 2.14* 0.48
CT 0.43* 0.76 0.03* 0.14 1.43* 0.8 1.46* 0.4 1.41* 0.96
D CT 0.41 0.40 0.4 0.25 0.51 0.6 0.2 0.1 0.7 0.77
% error CT 76.20% 92.87% 26.39% 12.52% 33.96%
i-CAT 0.44* 0.74 0.06* 0.16 1.41* 0.7 1.50* 0.4 1.37* 0.89
D i-CAT 0.39 0.40 0.3 0.29 0.55 0.5 0.2 0.1 0.8 0.68
% error i-CAT 72.90% 85.75% 28.53% 9.95% 35.83%
Newtom 0.44* 0.69 0.08* 0.21 1.35* 0.7 1.54* 0.4 1.21* 0.79
D Newtom 0.39 0.39 0.3 0.21 0.59 0.6 0.1 0.1 0.9 0.61
% error Newtom 69.80% 78.62% 39.63% 7.38% 43.33%

*P < 0.05 Wilcoxon signed rank test.
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when compared with marginally intact sites.

A separate analysis of specimens with a thick-

ness ≥1 mm without or with marginal bone

defects (dehiscence or fenestration) showed

that measurements were always significantly

different from the gold standard for any of the

three CT units; however, errors were in a

lower range when specimens without defects

were assessed. In particular, the Newtom

showed a tendency for less percentage error in

sites with a buccal bone wall thicker than

1 mm and without marginal defects. This

device was studied in a previous study report-

ing that the occurrence of beam hardening ar-

tefacts affecting peri-implant bone images

was less significant in this device when com-

pared to devices using lower kV (Esmaeili

et al. 2012). However, no previous studies

have assessed the accuracy of peri-implant

buccal bone measurements using the newer

Newtom VGi device. The same applies for

the Brightspeed CT device. With regard to the

i-CAT, a previous study evaluated its accu-

racy for measuring the buccal bone volume

around dental implants placed in dried skulls

(Shiratori et al. 2012). A good accuracy and

reproducibility of the i-CAT was reported;

however, buccal bone thickness ranged from

1.2 to 4.76 mm as compared to thicknesses

between 0.1 and 2.76 mm in the present

investigation.

Despite the study was not designed to

assess the possible effect of artefacts and the

influence of different fields of view (FOV)

and voxel sizes in the three systems used,

they may have indeed influenced the out-

come. It has been proposed that the image

quality from CBCT devices is less prone to

metallic artefacts compared to multi-slice CT

(Holberg et al. 2005). On the contrary, other

studies outlined how in presence of metal,

more artefacts may influence the accuracy of

CBCT images, such as aliasing artefacts due

to the cone-beam divergence, scatter and an

overall higher noise level (Schulze et al.

2010; Schulze et al. 2011). In the present

study, despite artefacts were not qualitatively

assessed, multi-slice CT accuracy did not

appear to differ from that of CBCT devices,

when assessing peri-implant buccal bone.

Similar considerations may apply for FOV

and voxel sizes. Three different FOV and vo-

xel sizes were used in the three different CT

devices tested, nonetheless significant differ-

ences in accuracy did not occur. A recent lit-

erature review discussed how smaller FOV

and voxel sizes could produce sharper images

but still allowing the same diagnostic out-

come as larger voxel images (Spin-Neto et al.

2013). When considering how FOV and voxel

Fig. 4. Probability of buccal bone identification according to the buccal bone thickness (mm) as measured directly

by calliper.

Fig. 5. Probability of buccal bone identification according to the buccal bone thickness (mm) as measured directly

by calliper for sites with or without marginal bone defects.

Table 3. Backward stepwise multiple logistic regression model with “non-identifiable”/”identifi-
able” buccal bone as the dependent variable. Among the independent variables, “tissue-level
implant design” and “no buccal bone defects” were reference categories

Variable Coefficient SE P value Odds ratio 95% CI

Thickness (mm) 3.422 0.547 0.000 30.639 10.487/89.515
Implant design

Tissue level 1
Bone level 1.051 0.552 0.057 2.859 0.969/8.439

Buccal bone
No defect 1
Dehiscence �3.709 1.485 0.013 0.025 0.001/0.450
Fenestration �4.982 1.747 0.004 0.007 0.000/0.211

Distance from
defect (mm)

0.451 0.248 0.69 1.570 0.965/2.554
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sizes affect the radiation dose to the patient,

it seems that more studies are needed to

define a protocol for optimal imaging of peri-

implant buccal bone.

In conclusion, within the limits of this

experimental study we can conclude that the

radiographic accuracy to identify peri-implant

buccal bone with multi-slice and cone-beam

CT devices is equivalent but significantly

affected by the buccal bone thickness and the

presence of peri-implant marginal defects. In

fact, when bone thickness is ≤ 1 mm, the

probability of positive identification is low

with a clear tendency to its underestimation.
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