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Abstract

Aims: The purpose of this study was to evaluate the accuracy of bone-level assess-
ments using either cone-beam computed tomography (CBCT), intra-oral peri-apical
(PA) radiographs or histology following reconstructive treatment of experimental
peri-implantitis.

Materials and Methods: Six Labrador dogs were used. Experimental peri-implantitis
was induced 3 months after implant placement. Surgical treatment of peri-implantitis
was performed and peri-implant defects were allocated to one of four treatment cat-
egories; no augmentation, bone graft materials with or without a barrier membrane.
Six months later, intra-oral PA radiographs and block biopsies from all implants sites
were obtained. Marginal bone levels (MBLs) were measured using PA radiographs,
CBCT and histology.

Results: Significant correlations of MBL assessments were observed between the
three methods. The measurements in PA radiographs consistently resulted in an over-
estimation of the bone level of about 0.3-0.4 mm. The agreement between the meth-
ods was not influenced by the use of bone substitute materials in the management of
the osseous defects.

Conclusions: Although MBL assessments obtained from PA radiographs showed an
overestimation compared to MBL assessments on corresponding CBCT images and
histological sections, PA radiographs can be considered a reliable technique for peri-
implant bone-level evaluations following reconstructive surgical therapy of experi-

mental peri-implantitis.
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1 | INTRODUCTION

Assessment of marginal bone-level (MBL) changes is a key element
in short- and long-term evaluations of outcomes in implant den-
tistry. Although the information obtained from such procedures
is confined to the mesio-distal aspects of dental implants in intra-
oral radiographs, appraisals of interproximal bone-level changes in
epidemiological research and routine examinations in day-to-day
clinical practice are nevertheless considered sufficient (Derks &
Tomasi, 2015). The limitation of using intra-oral radiographs should
be viewed in the perspective of alternative techniques, such as
cone-beam computed tomography (CBCT), which may provide ra-
diographic images from circumferential aspects of an implant (Raes
et al,, 2013; Veltri et al., 2016). While CBCT is often used in the ex-
amination of the bone structure in recipient sites for implants, its
potential benefit in routine follow-up procedures is unclear. The ad-
ditional information obtained from assessments of MBL changes on
buccal and lingual aspects of using CBCT should also be considered
in the context of potential disadvantages and risks. Thus, the use
of CBCT results in exposure of higher radiation levels to patients
than that of intra-oral radiographs (Kadesjo et al., 2018). In addition,
analyses of data from pre-clinical studies have revealed conflicting
results on the accuracy of assessments of bone levels when compar-
ing intra-oral radiographs, CBCT and histology (Corpas et al., 2011,
Ritter et al., 2014; Song et al., 2021; Stokholm et al., 2016).

Three-dimensional radiographic assessments have also been
used in the characterization of peri-implant bony defects associated
with peri-implantitis, as their extension may encompass circumfer-
ential parts of the implant (Bender et al., 2017; Monje et al., 2018).
Attempts were made to classify defect morphology and thereby
facilitating the decision-making process in treatment planning of
surgical therapy of peri-implantitis. In addition to classification of
the morphology of the bone defects in peri-implantitis sites, three-
dimensional evaluations may also be used in the evaluation of sur-
gical treatment of such sites using reconstructive methods. The
accuracy of the CBCT method as opposed to analysis of intra-oral
radiographs in this context, however, is unclear, because the detec-
tion of the ‘true’ marginal bone level may require histological tech-
niques. In this study, data obtained from a pre-clinical in-vivo study
on treatment of experimental peri-implantitis (Almohandes et al.,
2019) were used to evaluate the accuracy of bone-level assessments
using either CBCT, intra-oral PA radiographs or histology.

2 | MATERIALS AND METHODS

Six female, 1-year old destination-bred Labrador dogs (mean weight
25 kg) were used. The study protocol was approved by the regional
Ethics Committee for Animal Research in Gothenburg, Sweden (Dnr
5-2014) and the experiment was performed during 2014-2015 at
the Laboratory for Experimental BioMedicine at the Sahlgrenska
Academy, University of Gothenburg. The manuscript was writ-
ten in accordance with ARRIVE guidelines (Kilkenny et al., 2011).

At the start of the experiment, mandibular premolars and the 1st,
2nd and 3rd maxillary premolar were extracted bilaterally in each
dog. After three months, four implants, 3.6 x 11 mm (EV Astra Tech
Implant System’, Dentsply Implants IH AB) were installed using a
non-submerged technique on each side of the mandible. Three
months later, experimental peri-implantitis was induced using cot-
ton ligatures and plaque formation was allowed. The ligatures were
replaced every 3rd week until 40%-50% of the peri-implant bone
was lost. Four weeks after ligature removal, surgical treatment of
peri-implantitis was performed. During surgery, the implants were
cleaned with curettes and cotton pellets soaked in saline and the
implant sites were allocated to one of four treatment categories; (i)
C; no augmentation, (ii) T1; bone defect filled with deproteinized bo-
vine bone mineral (BioOss") (jii) T2; bone defect filled with a biphasic
bone graft material (Symbiosw), (iv) T3; bone defect filled as T1 and
covered with a collagen membrane (BioGide"). After suture removal,
oral hygiene measures were reinstituted.

At the end of the experiment, that is six months after peri-
implantitis surgery, intra-oral PA radiographs from all implant sites
were obtained. The PA radiographs were obtained using a long-cone
paralleling technique and a digital radiography sensor (Kodak RVG
6,100 System; Carestream Health Inc.) in customized film holders
(Kodak RVG RINN-type bite blocks; Carestream Health Inc.) (Albouy,
Abrahamsson, Persson, & Berglundh, 2008, 2011; Persson et al.,
1999). The PA radiographs were analysed by the use of a software
program (ImageJé4; National Institutes of Health). The known diam-
eter and the inter-thread distance of the implant were used to cal-
ibrate for the coronal-apical measurements. In the PA radiographs,
the MBL was defined as the distance between the abutment-fixture
junction (A/F) and the most coronal position of bone judged to be
in contact with the implant (B). MBLs were measured at the mesial
and distal aspect of each implant at 10x magnification on a high-
definition monitor (Figure 1). One investigator (HL), blinded for
treatment group, performed all radiographic measurements. Double
measurements were made and revealed an intra-examiner agree-
ment (inter-class correlation) of 0.98, with a mean (+SD) difference
between the two observations of 0.20 and 0.26 mm.

After the final examination, the dogs were euthanized with a le-
thal dose of Sodium-Pentothal® (Hospira Enterprises B.V.) and per-
fused through the carotid arteries with a fixative (4% formaldehyde).
The mandibles were retrieved and tissue blocks containing one im-
plant and surrounding soft and hard tissues were prepared. Prior
to the CBCT examination, a small mesio-distal cut was made at the
top of each implant abutment using a diamond saw (Exakt®, Kulzer).
This cut indicated the position of the first intended histological sec-
tion. Further, small metallic orientation markers were placed at the
buccal and mesial aspects of each block (Figure 2). The specimens
were then placed in a plexiglass bowl, embedded in a soft tissue
equivalent material (Superflab, Eckert & Ziegler, BEBIG GmbH) and
thereafter placed on a stand in the radiographic equipment. Using
laser position lights, the specimen/dental implant was centred in the
image volume. The radiographic examination was performed using

Accuitomo 170 (J. Morita Mfg. Corp) utilizing an image volume of
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FIGURE 1 Implant site documented (a)
by a CBCT image (a), PA radiograph (b)
and histological section (c). A/F, abutment
/fixture (implant) border; B, the most
coronal bone-to-implant contact

AFg
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FIGURE 2 |lllustration (a) showing the orientation of the histological sections. CBCT section (b) illustrating the orientation of CBCT cuts
that correspond to histological sections (white line) and other lateral cuts (dotted lines). Bucco-lingual (c) and mesio-distal (d) CBCT image.
Metallic markers were placed at the buccal and mesial aspects of each block (b and c). A mesio-distal cut was made at the top of implant

abutment (d)

40 x 40 mm, exposure parameters 80 kV, 5 mA and a 360-degree
rotation. The voxel size was set to 0.08 mm. Image data, compris-
ing axial slices with slice thickness and interval of 0.08 mm, was ex-
ported using DICOM-format (Digital Imaging and Communications
in Medicine). Thereafter, the image data was imported into Osirix
MD (Pixmeo SARL) for image processing. Reformatting was made in
order to achieve optimal and standardized visualization of the den-
tal implant and surrounding hard tissue in three to each other or-
thogonal planes; axial, sagittal and coronal. Reformatting was made
according to the long axis of the implant and slice section according
to the aforementioned mark at the top of the implant. In the CBCT
images, MBL was defined as the distance between A/F and B. The
MBL was assessed at four positions on each aspect around each im-
plant (in all 16 positions/implant). Two central measurements (one
corresponding to the intended histological section) and two other
measurements were made 1 mm lateral to the central measurements
(Figure 2). One investigator (HL) blinded for treatment group, per-
formed all CBCT measurements. Double measurements revealed
an intra-examiner agreement (inter-class correlation) of 0.98, with

a mean (+SD) difference between the two observations of 0.04 and
0.32 mm.

Following the CBCT examination, the tissue blocks were pro-
cessed for ground sectioning according to methods described by
Donath and Breuner (1982). The tissue samples were dehydrated in
increasing grades of ethanol and embedded in Technovit 7200 VLC-
resin (Kulzer) and prepared as previously described (Albouy et al.,
2012). From each block, two parallel sections were obtained in a
mesio-distal and in a bucco-lingual plane, respectively. The sections
were reduced in thickness by microgrinding (Exakt, Apparatebau)
to 30 pm and the sections from each aspect were stained in tolu-
idine blue and fibrin stain of Ladewig (Donath & Breuner, 1982).
Histological analyses were performed using a Leica DM-RBE mi-
croscope (Leica). One examiner (OC) blinded for treatment group,
performed the histomorphometric analysis of the sections using
a PC-based image analysis system (Image-Pro Premier 9.1; Media
Cybernetics Inc.,). The following landmarks were identified and used
for the evaluation: the abutment/fixture (implant) border (A/F) and
the most coronal bone-to-implant contact (B). The linear distance
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between A/F and B was used to assess MBL. Double measurements
revealed an intra-examiner agreement (inter-class correlation) of
0.98, with a mean (+SD) difference between the two observations
of 0.11 and 0.30 mm.

2.1 | Dataanalysis

Using MBL assessments as the target, bivariate correlation analyses
were made between data obtained from (a) histological sections and
corresponding CBCT images, (b) CBCT images and corresponding PA
radiographs and (c) PA radiographs and corresponding histological sec-
tions. Pearson correlation coefficient (r) were calculated and Bland-
Altman plots were applied to evaluate the agreement between MBL
assessments obtained from (a) histological sections and corresponding
CBCT images, (b) CBCT images and PA radiographs, (c) PA radiographs
and histological sections and (d) histological sections and correspond-
ing CBCT images according to treatment category. Moreover, simple
linear regression results were added to the Bland-Altman plots in order
to illustrate any tendencies in the MBL differences over different bone
levels. Continuous variables were presented as mean (+SD). ANOVA
and Student's t test for paired samples were used to test for differ-
ences. Results from the analyses were expressed as coefficients with
95% confidence intervals. The level of statistical significance was set
to p < .05. The SPSS 24.0 software package (SPSS Inc.) and GraphPad

Prism version 8.3.1 (GraphPad Software) were used.

3 | RESULTS

3.1 | Cone-beam computed tomography versus
histology

Correlations between MBL data obtained from measurements on
histological sections and corresponding CBCT images are illustrated
in Figure 3. Pearson correlation coefficients (r) for mesial, distal, buc-
cal and lingual aspects were 0.93, 0.97, 0.92 and 0.91, respectively.
All correlations were statistically significant (p < .05). Plot diagrams
illustrating differences in data between histological sections and
corresponding CBCT images are presented in Figure 4. The mean
differences in MBL data between histological sections and corre-
sponding CBCT images at mesial, distal, buccal and lingual aspects
were 0.05 + 0.5, -0.06 + 0.33, 0.01 + 0.59 and -0.45 + 0.62 mm,
respectively. A simple linear regression analysis did not reveal any
significant trend for differences of MBL assessments over different

bone levels (Figure 4).
3.2 | Cone-beam computed tomography versus
peri-apical radiographs

Correlations between MBL assessments on PA radiographs and maxi-
mum MBL in corresponding CBCT images are illustrated in Figure 5a,b.
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FIGURE 3 Plotsillustrating correlations between MBL-data
obtained from histological sections (X axis) and corresponding
CBCT images (Y axis) at mesial (a), distal (b), buccal (c) and lingual (d)
aspects

Pearson correlation coefficients (r) for mesial and distal aspects were
0.92 and 0.94, respectively. Both correlations were statistically signifi-
cant (p < .05). The mean differences between MBL in PA radiographs
and maximum MBL in corresponding CBCT images at mesial and distal
aspects were 0.36 + 0.54 and 0.47 + 0.51 mm, respectively. A simple
linear regression analysis did not reveal any significant trend for dif-

ferences of MBL assessments over different bone levels (Figure 5¢,d).

3.3 | Peri-apical radiographs versus histology

Correlations between MBL data obtained from measurements on
histological sections and corresponding PA radiographs are illus-
trated in Figure 6a,b. Pearson correlation coefficients (r) for mesial
and distal aspects were 0.90 and 0.93, respectively. Both correla-
tions were statistically significant (p < .05). The mean differences
in MBL data between histological sections and corresponding PA
radiographs at mesial and distal aspects were -0.13 + 0.58 and
-0.28 + 0.56 mm, respectively. A simple linear regression analysis
did not reveal any significant trend for differences of MBL assess-

ments over different bone levels (Figure 6c,d).
3.4 | Cone-beam computed tomography versus
histology according to treatment category

Plots representing the average of MBL data and the difference in data
between histological sections and corresponding CBCT images for
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FIGURE 4 Bland-Altman plots representing the average of MBL
data (X axis) and the difference in data (Y axis) between histological
sections and corresponding CBCT images at (a) mesial, (b) distal, (c)
buccal and (d) lingual aspects. Mean (black line), standard deviation
(dotted lines) and simple linear regression (red line) of differences

the different treatment categories are shown in Figure 7. The mean
differences between histological data and corresponding CBCT
data for treatment categories C, T1, T2 and T3 were -0.31 + 0.56,
-0.13 + 0.74, -0.06 + 0.48 and 0.02 + 0.35), respectively. No sta-
tistically significant differences were detected between the two

methods.

3.5 | MBL discrepancy between interproximal and
bucco-lingual sites

The mean MBL discrepancy between interproximal and bucco-
lingual sites assessed on CBCT images was 0.12 + 0.26 mm. The
corresponding discrepancy assessed on histological sections was
0.01 + 0.01 mm.

4 | DISCUSSION

This study evaluated the accuracy of MBL assessments using either
CBCT, intra-oral PA radiographs or histology on samples obtained
from a pre-clinical in-vivo study on treatment of experimental peri-
implantitis. While significant correlations were observed between
the three methods, measurements in PA radiographs consistently
resulted in an overestimation of the bone level of about 0.3-0.4 mm.
The agreement between methods was not influenced by the use of
bone substitute materials in the management of the osseous defects.

MBL average (mm)

FIGURE 5 (aandb) Plots illustrating correlations between
maximum MBL from CBCT images (X axis) and MBL-data obtained
from PA radiographs (Y axis) on mesial (a), distal (b) aspects. (c and
d) Bland-Altman plots representing the average of MBL data (X
axis) and the difference in data (Y axis) between PA radiographs
and maximum MBL in CBCT images at (c) mesial, (d) distal aspects.
Mean (black line), standard deviation (dotted lines) and simple linear
regression (red line) of differences

Accuracy of bone-level assessments has been evaluated in previ-
ous pre-clinical in vivo experiments and comparisons between intra-
oral PA radiographs, CBCT and histology were made. The novelty
of this study, however, is verified by its design and the target on the
healing process following reconstructive surgical therapy of exper-
imental peri-implantitis. As previous data on comparisons between
methods on bone-level assessments were based on experiments on
implants placed in normal bone with or without surrounding osseous
defects, the validation of results from this study must be made with
care. Nevertheless, the observed significant positive correlation be-
tween MBL assessments made on PA radiographs, CBCT images and
histological sections in this study, is partly in agreement with data
presented in other experimental studies. Corpas et al. (2011) in a
study in minipigs reported on a significant correlation between data
on MBL around implants obtained from measurements on CBCT,
histology and PA radiographs. Similarly, Stokholm et al. (2016) in
a study in monkeys found a significant correlation between bone-
level assessments made on radiographs and histological sections.
On other hand, Ritter et al. (2014) in an experimental study in dogs
on bone levels around implants placed in experimentally produced
defects failed to demonstrate a significant correlation between MBL
assessments of interproximal sites made on CBCT images, PA radio-
graphs and histological sections. A significant correlation, however,
was observed for buccal and lingual sites. In this context, it may be
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FIGURE 6 (aand b) Plots illustrating correlations between MBL-
data obtained from histological sections (X axis) and corresponding
PA radiographs (Y axis) at mesial (a) and distal (b) aspects. (c and d)
Bland-Altman plots representing the average of MBL data (X axis)
and the difference in data (Y axis) between histological sections and
corresponding PA radiographs at mesial (c) and distal (d) aspects.
Mean (black line), standard deviation (dotted lines) and simple linear
regression (red line) of differences

pointed out that the correlation between the different assessment
methods in this study was higher than those reported in the studies
by Corpas et al. (2011), Ritter et al. (2014) and Stokholm et al. (2016).
One reason for the high level of correlation in this study may be the
selection of corresponding sections in histology and CBCT as illus-
trated in Figure 3. It is not clear, however, if corresponding sections
or pooled data on MBL were used in the aforementioned studies.

A high correlation between different methods, however, may
not be sufficient to indicate the level of accuracy of techniques.
Therefore, in this study, the level of agreement between different
assessment methods was explored. Bone-level assessments in PA
radiographs consistently resulted in an overestimation of about 0.3-
0.4 mm compared to corresponding bone levels on CBCT images.
While this finding is in agreement with results presented by Corpas
et al. (2011) and Stokholm et al. (2016), contrary data were pre-
sented in a clinical methodological study by Raes et al. (2013). They
evaluated bone-level measurements assessed at PA radiographs
and CBCT images on 26 implants and reported that the bone lev-
els were overestimated on CBCT images as opposed to those on PA
radiographs. The analysis by Raes et al. (2013), however, was based
on mean values of pooled MBL assessments from six CBCT images
equally distributed around each implant. In this study, however, MBL
assessments on PA radiographs were compared with the maximum

FIGURE 7 Bland-Altman plots representing the average of MBL
data (X axis) and the difference in data (Y axis) between histological
sections and corresponding CBCT images for Group C (a), Group
T1 (b), Group T2 (c), Group T3 (d) sites. Mean (black line), standard
deviation (dotted lines) and simple linear regression (red line) of
differences

MBL assessment on corresponding and matching CBCT images.
Moreover, as the resolution of the CBCT scanner is important for the
accuracy of the image, CBCT scanners with a small voxel size provide
images with a higher resolution than scanners with a higher voxel
size (Razavi et al., 2010). In this study, the voxel size was 0.08 mm,
whereas in the study by Raes et al. (2013), the voxel size was 0.2 mm.

In this study, the agreement between different methods for MBL
assessments (CBCT and histology) was explored for experimental
peri-implantitis sites exposed to different surgical reconstructive
peri-implantitis procedures. The analysis revealed that MBL assess-
ments in CBCT or histological sections were not influenced by type
of treatment. This finding is in agreement with previous data from an
experimental study in dogs by Fienitz et al. (2012). They reported on
similar MBL discrepancies between augmented and non-augmented
experimental defect sites in histological sections and corresponding
CBCT images. The findings on consistencies of MBL assessments
on treated bone defect sites, irrespective of method including bone
graft materials or not, are important in the evaluation of clinical stud-
ies using radiographs to distinguish differences in outcomes using
different augmentation protocols. Clinical studies using a random-
ized controlled clinical trial design to evaluate the potential benefit
of applying a bone graft material in conjunction with reconstructive
surgical therapy of peri-implantitis sites are few and difficulties in
distinguishing newly formed bone from graft material may hamper
analysis (Heitz-Mayfield et al., 2018; Tomasi et al., 2019).

A reason for using CBCT in clinical assessments of MBL is to ob-
tain information about the buccal and lingual aspects of bone levels.
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This information is lacking when using PA radiographs. In this study,
data from both CBCT and histological analyses revealed that the
discrepancy of MBL between interproximal and bucco-lingual sites
was small (=0.1 mm). It may therefore be suggested that, under the
conditions of this study, bone-level assessments of interproximal
sites using PA radiographs may to a large extent provide a sufficient
estimation of the entire circumferential bone level following recon-
structive treatment of peri-implantitis. It is also important to empha-
size that different artefacts may influence the accuracy of detecting
bone levels using CBCT (Schriber et al., 2020; Schulze et al., 2011).
In this study, however, artefacts were few and of small magnitude.
In conclusion, this study demonstrated significant correlations
between of MBL assessments obtained from CBCT images, histo-
logical sections and PA radiographs. Although MBL assessments
obtained from PA radiographs showed an overestimation compared
to maximum MBL assessments on corresponding CBCT images and
histological sections, PA radiograph can be considered a reliable
technique for peri-implant bone-level evaluations following recon-

structive surgical therapy of experimental peri-implantitis.
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