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Abstract
Background: In the regenerative treatment of intrabony periodontal defects, surgical strategies are
determined by defect morphologies. Clinical direct measurements and intraoral radiographs are the main
tools in periodontal diagnostics and surgical planning, however in certain cases they don’t provide
su�cient amount of information. Therefore, the application of cone-beam computed tomography (CBCT)
in diagnosis and treatment planning of periodontally involved patients has been proposed. The aim of
this study is to present a novel method for 3D visualization of intrabony periodontal defects on digital
models reconstructed from CBCT datasets for diagnostics and treatment planning.

Methods: 4 patients with a total of 6 intrabony periodontal defects were enrolled in the present study. 2
months following initial periodontal treatment CBCT scan is taken. Radiographic image processing
(segmentation) of CBCT datasets were performed in a radiographic imaging software to acquire
anatomically accurate, virtual three-dimensional polygon models of surgical areas. Intrasurgical and
digital measurements were taken, and results were compared, to validate the accuracy of digital models.

Results: Difference between intrasurgical- and digital measurements in depth and width of intrabony
components of periodontal defects were 0,31±0,21 mm and 0,41±0,44 mm respectively.

Conclusion: It can be concluded that, the described digital work�ow is useful in the treatment of certain
periodontal intrabony defect morphologies. However, to determine the exact use cases of such
technology further studies and examination is necessary.

Trial Registration: Retrospective Ethics Approval

Background
Regenerative treatment of periodontal defects was �rst published in the early 1980’s (Nyman et al. 1982),
but the concept of a new periodontal attachment formation in intrabony periodontal defects was
emphasized from the 1970’s (Melcher 1976). Since the �rst concepts on regenerative periodontal therapy,
many different approaches have been introduced to achieve periodontal regeneration. The introduction of
various biomaterials has made regenerative surgery more predictable and more straightforward. Applied
surgical modalities and regenerative strategies are determined by the morphology and the extent of the
intrabony defect. Decision-trees (Cortellini 2012), described in the literature provide treatment options for
different clinical scenarios.

Defect morphology is determined by (i) direct clinical measurements (probing pocket depth: PPD, gingival
recession: GR, clinical attachment loss: CAL) and (ii) two-dimensional (2D) radiographic images (intraoral
radiographs: IR, and panoramic x-rays: PX). These tools are used for diagnostics and treatment planning
of periodontally involved patients. The aforementioned methods are considered the gold standard in
periodontal diagnostics, however there are a few drawbacks and in certain cases they don’t provide
su�cient amount of information. Clinical studies have demonstrated, that clinicians constantly
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underestimated the extent of intrabony defects during direct clinical measurements (Eickholz et al. 1998,
Vrotsos 1999, Christiaens 2018). IRs provide two-dimensional (2D) image, where overlapping anatomical
structures make it di�cult to accurately determine the true three-dimensional (3D) defect morphology
(Eickholz et al. 1998, Christiaens 2018). Since the primary determining factors when selecting the
regenerative treatment modality for intrabony periodontal defects are the morphology and the extent of
the defect, without an accurate knowledge of these features, an exact treatment plan cannot be
determined.

The application of cone-beam computed tomography (CBCT) in periodontal diagnostics diagnosis has
been proposed by many authors (Mish et al. 2006; Kasaj et al. 2007; Walter et al. 2009). Series of in vitro
and in vivo studies have demonstrated, that in certain cases CBCT is superior in the detection of
periodontal defects (i.e. furcation defects, three wall intrabony defects, midbuccal intrabony defects and
dehiscence type defects) then IRs (Vandenberghe et al. 2007; Vandenberghe 2008; Grimard et al. 2009, de
Faria Vasconcelos 2012; Bagis et al. 2015; Cetmili et al. 2019) (Figure 1.), however it is di�cult to justify
the cost-bene�t ratio of higher irradiation dose (Woebler et al. 2018; Walter et al. 2016). Therefore, CBCT
should only be used for periodontal diagnosis, if conventional radiographic methods do not provide
su�cient amount of information, which is in line with the 2017 recommendation of the American
Academy of Periodontology (AAP) (Mandelaris et al. 2017).

CBCT images provide images in multiple orientations (sagittal, axial, coronal), however only one slice can
be viewed at a time. DICOM (Digital Imaging and Communications in Medicine) imaging software
automatically generated three-dimensional volume renders of datasets, but the reconstruction is done
with basic threshold algorithms based on gray values of each voxel, and not based on anatomical
structures. Due to the nature of cone beam tomography, artefacts and scattering, caused by teeth and
metal restorations, compromise image quality (Queiroz et al. 2018), consequently visualization of small
and delicate areas, such as the periodontium could be di�cult.

Various surgical �elds in general medicine such as: cardiac surgery, orthopedic surgery and cranio-
maxillofacial surgery have utilized different radiographic image segmentation techniques to create
patient speci�c digital three-dimensional anatomical renders and 3D printed models for diagnostics and
treatment planning.

 Aim of this study is to present a method for 3D visualization of intrabony periodontal defects with the
help of virtual, patients speci�c models reconstructed from CBCT datasets and to evaluate the accuracy
of the models, by comparing the results with direct intrasurgical measurements.

Methods

Patient selection and Image Acquisition
4 patients with 6 intrabony periodontal defects were enrolled in this preliminary study. Selected patients
were diagnosed with Stage III/ Grade B periodontitis and were in need of complex perio-prosthetic
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rehabilitation. 2 months following initial periodontal treatment, CBCT scans were taken with I-CAT FLX®
(KaVo Dental GmbH, Bieberach an der Riß, Germany) /300 µm voxel size; 120 kV anode voltage; 36 mA x-
ray tube current/. In all cases prosthetic rehabilitation of all patients was planned with implant retained
�xed partial dentures (FPD). To acquire the best possible image quality, all metal restorations, that would
be changed during the treatment were removed. If the patient had permanent metal restoration and
implants, metal artifact reduction was applied. To reduce scatter at the occlusal plane, patients were
instructed to bite on cotton rolls. The study was conducted with full accordance to the declaration of
Helsinki (2008) and were approved by the local ethical committee (Semmelweis University Regional and
Institutional Committee of Science and Reasearch Ethitcs, ref. no. 195/2017). Surgical interventions were
performed with the understanding and written consent of each participant. 

Radiographic image processing - Segmentation
DICOM datasets were imported into an open source medical image processing software (3D Slicer©) for
image segmentation. The goal of segmentation was to create 3D reconstructions of alveolar bone and
teeth to allow easier analysis. Combination of semi-automatic thresholding tools (Level tracing),
interpolation algorithms (Fill between slices) and manual segmentation tools (Draw, Erase), found in the
Segment editor module were utilized to create separate regions of interest (ROI) for teeth and for alveolar
bone (Figure 2.). Three-dimensional polygon models are generated from the ROIs and were exported as
stereolithographic (.stl) �les. Further re�nement and occasional mesh repairs were done with an open
source CAD based mesh modelling software (Meshmixer®, Autodesk, San Rafael, California, USA) (Figure
3.). For more accurate digitalization of the clinical situation soft tissue model derived from an intraoral
scan can be superimposed over the 3D model created from the CBCT dataset (Figure 4.).

Surgical Procedure and Validation
With the advancement of minimally invasive surgical procedures (Harrel 1999; Cortellini & Tonetti 2007,
2009; Trombelli et al. 2009; Aslan et al. 2017) relatively large defects can be treated with relatively small
�ap designs. The improved blood clot and wound stability, achieved with minimal �ap elevation during
surgery, enhance regenerative capabilities (Chiu et al. 2013; Schincaglia et al. 2015; Azuma et al. 2017).
Disadvantage of minimally invasive techniques is the impaired direct visualization of the surgical area.
3D reconstruction of the surgical area allowed for better understanding of the defect morphology,
overcoming the limitations of reduced visibility. Periodontal defects were treated with either single �ap
approach (SFA) (Trombelli et al. 2009) or modi�ed-minimally invasive surgical technique (M-MIST)
(Cortellini & Tonetti 2009). Flap elevation was made either on the buccal or oral aspect, depending on the
easiest access, which was predetermined on the virtual model. Regenerative strategy was determined by
to defect morphology (Figure 5.). Applied surgical procedures and regenerative strategies are shown in
Table 1.
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Table 1
Defect morphologies and Surgical procedures

Patients Defect morphology Defect
Localization

Surgical
Technique

Regenerative strategy

ÉTM 3 wall,
pseudocircumdental

tooth 11,
palatal

SFA EMD + collagen matrix
(Fibroguide)

KA 1 wall tooth 44
distal

M-MIST EMD + collagen matrix
(Lyostypt)

2 wall tooth 42
distal

M-MIST EMD + collagen matrix
(Lyostypt)

1 wall tooth 36
mesial

M-MIST EMD

KL 1 wall, furcation II tooth 16
palatal

SFA EMD + collagen matrix
(Lyostypt)

ZB Interdental crater,
furcation II

tooth 27
palatal

SFA EMD + collagen matrix
(Lyostypt) + FGG

Following intrasurgical measurements were made: (i) CEJ-BD: vertical distance from cemento-enamel
junction (CEJ) to the base of the defect (BD); (ii) CEJ-BC (suprabony component): the vertical distance
from the CEJ to the marginal bone crest (BC); (iii) INTRA (intrabony component) : the vertical distance
from marginal bone crest to the base of the defect; (iv) WIDTH (Root surface-bone crest): the horizontal
distance from root surface to the most coronal point of the bone crest (Cortellini et al. 1993).
Measurements were done digitally on the virtual models at the same points as well, to validate the
accuracy of the models. (Figure 6.)

Results

Clinical Measurements
Clinical measurements (PPD, GR, CAL) were taken prior and 6 months following regenerative surgery.
Probing pocket depths of 8.00 ± 1.26 mm and clinical attachment loss of 9.67 ± 1.21 mm was recorded
at baseline. At 6 months follow-up 2.83 ± 0.41 mm probing depth value and 5.33 ± 1.75 mm clinical
attachment level was registered. Differences in PPD and CAL values between baseline and 6 months
follow-up averaged 5.17 ± 1.17 mm and 4.33 ± 1.21 mm respectively. Difference between baseline and
follow-up PPD and CAL values was statistically signi�cant (P<0,001). Changes in PPD, CAL and GR
values are shown in Table 2.
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Table 2
Baseline and follow-up clinical measurement values

Defect PPD (mm) GR (mm) CAL (mm)

Baseline 6 mths Baseline 6 mths Baseline 6 mths

1 7 2 2 2 9 4

2 7 3 2 1 9 4

3 10 3 2 4 12 7

4 8 3 1 2 9 5

5 7 3 3 5 10 8

6 9 3 0 1 9 4

  8,00±1,26 2,83±0,41 1,67±1,03 2,502±1,64 9,67±1,21 5,33±1,75

Intrasurgical and Digital measurements
Intrasurgical measurements (CEJ-BD, CEJ-BC, INTRA, WIDTH) were taken at multiple aspects of defects.
On the digital models the CEJ is not clearly visible, therefore only the intrabony component and the width
of the defects could be assessed accurately. Intrasurgically, the vertical distance from the marginal bone
crest to the base of the defect averaged 4.22 ± 1.67 mm. On digital models the distance was 4.05 ± 1.51
mm. Horizontal distances between the marginal bone crest and the tooth surface measured at 3.17 ±
0.98 mm intrasurgically and 3.50 ± 1.02 mm on digital models. Difference between the intrasurgical
measurements and digital measurements of intrabony components and the width of the defect were 0.31
± 0.21 mm and 0.41 ± 0.44 mm respectively. Difference between intrasurgical measurements and digital
measurements regarding the width and the depth of the intrabony component of periodontal defects was
statistically not signi�cant (P>0,001). Values and differences in intrasurgical and digital measurements
are shown in Table 3.
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Table 3
Intrasurgical and digital measurements

Defect INTRA (mm) WIDTH (mm) CEJ-BD (mm) CEJ-BC (mm)

Surgical Digital Surgical Digital

1 3 2,28 2 2,17 10 7

3 3,27 9 6

4 3,86 10 6

2 8 7,41 4 4,36 9 1

3 3 3,23 2 2,25 8 5

4 4,13 9 5

4 5 4,72 4 3,75 8 3

5 3 2,80 4 4,15 7 4

6 5 4,79 3 4,30 11 6

  4,22±1,64 4,05±1,51 3,17±0,98 3,50±1,02 9,00±1,22 4,78±1,86

Discussion
CBCT scans have been used in periodontal diagnostics and treatment planning for certain use cases,
such as furcation defects, three wall intrabony defects, midbuccal intrabony defects and dehiscence type
defects (Vandenberghe et al. 2007; Vandenberghe 2008; Grimard et al. 2009, de Faria Vasconcelos 2012;
Bagis et al. 2015; Cetmili et al. 2019). But application of radiographic image processing and creation of
anatomically accurate 3D models of periodontal defects has never been proposed. The biggest drawback
of computed tomography compared to conventional radiographic methods is the increased radiation
dose and unprocessed CBCT images give relatively little additional information compared to
conventional radiographic methods. Therefore, the increased radiation dose is di�cult to justify. This
novel method for radiographic image processing in periodontal diagnostics allows for clinicians to view
periodontal defects in 3D, rotate the models, zoom in and out, measure distances and plan surgeries more
precisely. If necessary, the models can be produced with additive manufacturing techniques.

This pilot study demonstrated that digital models created with this novel semi-automatic segmentation
method represent an accurate clinical situation. Differences between intrasurgical and digital
measurements were minor and did not have any clinical relevance. However, for further evaluation of this
process prospective case study has to be carried out.

Utilizing anatomic 3D models of hard tissues is a useful tool in periodontal diagnostics, because
clinicianares able to see the three-dimensional morphology of intrabony periodontal defects. However, not
every case requires the application of CBCT based segmentation. Conventional diagnostic tools (direct
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clinical measurements, IRs) should still be the number one method in treatment planning of periodontal
regenerative surgery however, if these aforementioned methods do not provide su�cient amount of
information, this novel digital method can be utilized as a third diagnostic modality.

To further expand on the concept of applying computer assisted technologies in periodontology, the
method can help to create a digital work�ow in periodontal regenerative surgery. Digital technologies can
be utilized during surgical procedures, as well as in 3D postoperative evaluation. Individualized, 3D-
printed stents can be used during surgical intervention as passive guides (Lei et al. 2019). With 3D
bioprinting technologies defect speci�c implants can be used as grafting material (Rasperini et al. 2015).
Digital models on the other hand can also be uploaded into an augmented reality (AR) setup and be used
with an AR headset (Pellegrino et al. 2019), to further increase the visualization of the surgical �eld.

Conclusions
It can be concluded that, the described digital work�ow is a usefuldiagnostic modality in the treatment of
certain periodontal intrabony defects. However, to determine the exact use cases of such technology
further studies and examination is necessary. With the aid of digital, anatomical models, intraoperative
tools and postoperative validation methods can be developed to further expand the digital work�ow in
periodontal surgery.
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Figure 1

Visualization of periodontal defects on IRs and CBCT. 1a: Midpalatal defect of tooth 11 1b: Complex
periodontal defect involving teeth 24, 25, and 26, with questionable prognosis
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Figure 2

Regions of interest highlighted on CBCT datasets. ROI 1: alveolar bone, ROI 2: teeth
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Figure 3

Anatomical, 3D digital model of periodontal defects, that aid the decision-making process prior to surgery
Horizonto-vertical defect at the palatal aspect of tooth 11, deep intrabony component at the mesial
aspect, shallower towards the distal aspect, when eventually transitioning into the horizontal slope at the
position of tooth 12
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Figure 4

Soft tissue model from intraoral, hard tissue model from CBCT Circumdental crater around tooth 24 and
25, Class III furcation involvement of tooth 26, soft tissue model derived from an intraoral scan
superimposed over the segmented model derived from CBCT dataset
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Figure 5

Regenerative periodontal surgery. 5a: Palatal single �ap approach 5b: Volume stable collagen matrix
(Fibroguide®) 5c: Enamel matrix derivatives placed into the defect 5d-e: Collagen matrix placed into the
defect 5f: Double layer wound closure

Figure 6

Comparing intrasurgical measurements with digital measurements. 6a: Intrasurgical measurement 6b:
Digital measurement


