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The aim of the investigation was to assess the efficacy of the 3D reconstruction of the alveolar bone by means of guided bone
regeneration based on computer-assisted 3D planning using a resorbable dental membrane.

Materials and Methods. 35 practically healthy patients without a marked concomitant somatic pathology with a diagnosis of “partial
teeth loss complicated by alveolar bone atrophy” took part in the study. All patients underwent reconstructive operations to eliminate the
defects and restore the alveolar bone volume using guided bone regeneration procedure and resorbable dental membranes. Planning and
operations were performed according to the developed unified protocol including computer-assisted 3D operation planning and fabrication
of intraoperative templates for dental membranes using 3D prototyping.

Results. The developed method of computer-assisted 3D operation planning and fabrication of intraoperative templates for dental
membranes using 3D prototyping has proved to be effective as it reduces the time of operative intervention, excludes the risk of forming a
smaller membrane of inadequate shape, gives the required bone volume.

Conclusion. The proposed method of computer-assisted 3D operation planning and fabrication of intraoperative templates for dental
membranes using 3D prototyping allows surgeons to improve the precision of the guided bone regeneration operations, to diminish the
intraoperative time of membrane adaptation, and avoid the possibility of its mispositioning. At the same time, application of the resorbable
dental membrane increases the efficacy of the 3D alveolar bone reconstruction.

Key words: alveolar bone reconstruction; guided bone regeneration; dental membranes for bone reconstruction; computer-assisted 3D
planning; alveolar bone defects.

Reconstructive operations on gnathic bone tissues
are aimed at the restoration of the adequate volume
and quality of bone tissue for subsequent implantation-
prosthetic treatment [1, 2]. The main causes of the width
and height reduction of the maxilla alveolar process and
the alveolar part of the mandible (further “alveolar bone”)
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are bone resorption due to periodontitis, traumatic
teeth extraction, and atrophy resulted from decreased
functional load on the bone [3, 4].

In the literature, the terms “defect” and “deformity”
are encountered to describe impairments in the jaw
structure. The word “defect” (from Latin defectus —
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flaw) has the meaning of “a flaw, drawback,
shortage”, whereas the word “deformation” (from
Latin deformatio — distortion) designates alteration
of dimensions and shape of the solid body under the
action of external forces (usually without changes in its
mass) [5]. Based on these definitions, it is expedient to
refer congenital conditions (macro- and micrognathia)
to the deformations of the jaws and alveolar bone, while
all the acquired imperfections of the jaws due to teeth
extraction, periodontitis, traumas, and atrophy should be
referred to defects.

The most difficult cases for treatment are alveolar
bone defects in several planes (horizontal or vertical).
The authors have previously suggested various methods
of 3D bone reconstruction using bone flaps (sandwich
plasty by a rotation flap) and bone grafts (L-shaped
plasty) [6-8]. Meanwhile, our experience showed that
there are a number of clinical and anatomical conditions,
in which application of the mentioned methods in not
expedient. First of all, it is a marked degree of atrophy,
which requires the horizontal and vertical bone volume
increase by more than 5 mm, though a sandwich plasty
and veneer L-shaped plasty allow for the increase of the
alveolar bone height only within 5 mm. Application of
these methods, e.g. sandwich plasty, can be impossible
because of the absence of the initial bone volume (close
location of the inferior alveolar nerve), and veneer
plasty is impossible due to the great irregularities
of the recipient bed when it is difficult to achieve
adherence of the bone graft. Another restriction is
additional traumaticity during bone graft harvesting when
restoration of the bone defects is limited by 1-3 teeth.
In the situations described, a guided bone regeneration
procedure using dental membranes may be a method
of choice. This method lacks the above-mentioned
limitations, i.e. a bone defect is limited by a membrane
determining the shape and volume of the reconstruction;

the cavity formed by the membrane is filled by bone
chips possessing all the merits of the autogenous bone
[9], and bone hydroxyapatite, providing matrix properties
for the bone regenerate [10]. Porous scaffolds [11-13]
and microparticles from biodegradable polymers [14, 15],
and biopolymer hydrogels [14] can be used as a material
for filling the bone tissue defects as well as composite
products and materials [13, 14] including those
possessing therapeutic activity owing to the prolong
release of the drugs loaded into polymer matrices [15,
16], while barrier membranes [16—18] can be fabricated
from biodegradable [19, 20] and biocompatible polymers
[21-24].

The main drawback of guided bone regeneration
during the alveolar bone restoration is a difficulty of
adaptation and stable fixation of the dental membrane
limiting the reconstruction zone. The authors propose a
method of computer-assisted three-dimensional guided
bone regeneration planning based on X-ray computed
tomography data in solving this problem.

The aim of the investigation was to assess the
efficacy of three-dimensional reconstruction of the
alveolar bone by means of guided bone regeneration
based on computer-assisted 3D planning using a
resorbable dental membrane.

Materials and Methods. 35 practically healthy
patients without a marked concomitant somatic
pathology with a diagnosis of “partial teeth loss
complicated by alveolar bone atrophy” (according to
ICD — K08.1, K08.2) were included in the study. There
were 17 men and 18 women at the age of 35-62 years.
All patients underwent reconstructive operations to
eliminate the defects and restore the alveolar bone by
means of guided bone regeneration using resorbable
dental membranes (Lamina membrane; Osteobiol, Italy).
20 operations were performed on the lower jaw, and 15
on the upper one. Planning and operations were done
according to the developed unified protocol.

The study complies with the Declaration

of Helsinki (the Declaration was passed in
June 1964, Helsinki, Finland and revised in
October 2000, Edinburgh, Scotland) and
was performed following approval by the
Ethic Committee of Nizhny Novgorod State
Medical Academy. Written informed consent
was obtained from every patient.

Computer-assisted 3D operation
planning. All patients underwent cone-beam
computed tomography. If there were metal-
ceramic orthopedic constructions on the
teeth adhering to the area of the planning
reconstruction, they were removed to reduce
interferences  during X-ray examination.
On the basis of the obtained DICOM files

Figure 1. 3D computer model of the upper jaw fragment with the
alveolar process defect in the projection of the missing teeth 1.2, 1.1

in different projections. The arrow shows the incisor canal
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a reformation of the 3D jaw model was
performed (Figure 1), and thereafter a volume
of the bone reconstruction was simulated
using ViSurgery program (Russia) (Figure 2).
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Figure 2. 3D computer model of the upper jaw fragment
with the alveolar process defect in the projection of the

missing teeth 1.2, 1.1 in different projections, and a 3D
model of the reconstruction volume

Figure 3. 3D computer model of the template for the dental
membrane

Modeling of the regenerate upper border was done by
the level of the bone tissue at the teeth cervices limiting
the defect. In case of the terminal dentition defects, the
level of reconstruction was determined by the precervical
bone level of the distal tooth. The reconstruction volume
was calculated with the help of the mentioned program
(in mm?®), this value was further compared to the bone
volume obtained. Then, a template of the dental
membrane was simulated using the same program
(Figure 3).

3D model of the alveolar bone and a template of
the dental membrane were printed on Engineer V2 3D
printer (*°Exprts.ru, Russia) (Figure 4) using a fused
deposition modeling (FDM) technology. A polylactide
wire was used for printing (a wire diameter of 1.75 mm, a
melting temperature of 225°C, density of 1.08-1.2 kg/m?,
ecologically pure, nontoxic, produced by the Moscow
plant FDPlast, Russia). A model layer thickness was
100 pm.
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To control the precision of the virtual planning and
3D model printing, the extension of the bone defect was
measured on the slices of the computed tomography
and on the 3D jaw models, and the obtained values
were compared (Figure 5). In each case, three repeated
measurements were conducted on the tomogram and
the model in order to determine the reproducibility of
the method. The results obtained were statistically
processed using SAS Studio software. Fisher's F-test
and Student’s t-test were applied. The values of mean
absolute deviations of the results of bone defect

Figure 4. 3D model of the upper jaw fragment (orange) and
a template for the dental membrane (white) printed on the
3D printer

Figure 5. Measuring the extension of the bone defect/
reconstruction zone on the computed tomography slice (a)
and the same distance on the printed 3D model (b)
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extension measurements according to the computed
tomogram and 3D model was calculated by the formula:

10 _
;\KTi—soi\
10

where KTi is the i" measurement by the CT model,
3Di is the i" measurement by the 3D model. The data
obtained allow the comparison of the systematic
measurement error, connected with the method of model
transformation, with the measurement errors for each
model.

The membrane template was sterilized and used
during the operation to impart the required shape to the
dental membrane limiting the reconstruction zone.

The protocol of 3D alveolar bone reconstruction.
The operation for bone plasty was performed under
the balanced anesthesia (Figure 6). Incision of the
mucous membrane was made, the mucoperiosteal
flap separated and the alveolar bone defect area
skeletonized (Figure 7). Then, Lamina membrane
(Osteobiol, Italy) and the sterilized template were
superposed to impart the required shape to the
membrane (Figure 8). From the palate site, the
membrane was fixed by pins or micro screws (Konmet,
Russia) (Figures 9, 10). Bone chips obtained from the

Figure 7. The upper jaw alveolar process is skeletonized
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Figure 8. The dental membrane is cut using 3D template

Figure 9. Introduction of the template-preadapted Lamina
membrane. A cut was made in the membrane for the
incisor opening and the nerve coming out of it

Figure 10. The membrane is fixed from the palatal surface
with Konmet pins. The bone defect is filled with a mixture
of bone chips and deproteinized xenogenic hydroxyapatite

oblique line of the mandible by a bone scraper were
used as a material for the reconstruction. The chips
were mixed with deproteinized bone hydroxyapatite
(Bioplast-Dent; VladMiVa, Russia) in the ratio of 1:1.
The obtained mass was placed in the defect area and
compacted (See Figure 10). The reconstruction area
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Figure 11. The reconstruction zone
is covered by the membrane. Pin
fixation is done from the vestibular
side
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Figure 12. The oral cavity 8 months after the operation (a); computed tomography 8 months after the operation (b)

was then tightly overlaid by the membrane and fixes
from the vestibular side (Figure 11). After the flap
mobilization, the wound was hermetically closed: an
internal U-shaped suture was placed on the periosteum,
vestibular and palatal flaps, bringing thereby the wound
edges together and pressing additionally the membrane.
The flap edges were closed by interrupted and mattress
sutures.

8 months after the reconstruction, a repeated
computed tomography was performed, dimensions
of the regenerate measured (Figure 12). The

also showed that the mean values are statistically
indistinguishable. Mean of the modules of the difference
between measurement value means was 0.156 mm at
standard deviation of 0.26 mm, which gives in terms of
percentage the error of no more than 3.32%.

The source of deviations may be the following factors:
measurement errors (a researcher factor); specificity of

Table 1

The results of measuring bone defect extensions
on the tomograms and 3D models

3D model of the bone regenerate was reformed
according to the DICOM data and the obtained
and planned volumes were compared.

Results and Discussion. To assess the
precision of fabricating 3D jaw models and dental
membrane templates, bone defect extensions
were measured on the tomograms and 3D models
produced by the FDM technology. Data of 10
patients were randomly selected for the analysis
(Table 1).

The analysis of the measurement results
showed sufficiently high precision of the 3D
models obtained. Fisher’s criterion F=0.9923
signifies the indistinguishability of dispersions.
Student’s criterion for equal dispersions t=0.9715
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CT measurement data (mm) 3D model measurements (mm)

Thefirst Thesecond Thethird  Thefirst The second The third
16.07 16.16 16.10 16.30 16.55 16.37
18.48 18.87 18.77 18.25 18.10 18.19
20.09 20.21 21.97 20.50 20.58 20.87
25.79 25.82 26.01 25.78 25.82 25.79
10.09 10.06 10.72 9.89 10.01 9.96
8.92 8.89 8.58 8.90 8.76 8.86
14.18 13.98 13.79 14.01 13.85 13.90
15.95 15.66 15.71 15.85 15.72 15.81
13.17 12.92 13.01 13.10 13.05 12.97
12.57 12.49 12.37 12.35 12.43 12.40
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Table 2 algorithms of 3D model restoration according
Results of the performed reconstructive operations to the CT results and their transformation into
the 3D model for printing; accuracy of 3D
The area of reconstruction Planned. Obtained_ Insufficient printer calibration and errors of the FDM.
No. and subseq_uent reconstrucn(gn reconstrucugn bonevgolume The results obtained by us are different
implantation volume (cm®)  volume (cm?) (cm*(%) from the data of Salmi et al. [25], who
1 UJAP(2.4,25,2.6) 2.19 2.13 0.06/2.67 compare various technologies of 3D
2 UIAP(22) 0.45 0.42 0.03/6.76 prototyping of anatomical skull models by
three diverse methods: stereolithography
3 APLI(46) 0.92 0.92 0.01/0.83 (SLA), powder printing (3DP) and jet 3D
4 UJAP (14,15, 16) 2.54 2.43 0.11/4.29 printing (PolyJet). PolyJet technology showed
the best results in accuracy (the error is
5 UIAP(24,25,26) 212 205 0081364 18+0.12%) compared to SLA (0.79+0.26%)
6 APLJ(35,37) 1.36 1.27 0.08/6.11 and 3DP (0.67+0.43%). The divergence of
7 APLJ(36,3.7) 124 113 0.11/8.79 our results with their values can be explained
by the fact that 3DP and PolyJet printing
8 APLI(46,47) 147 1.39 0.07/4.88 technologies possess a high accuracy:
9 UJAP(13,12,22) 2.22 214 0.10/4.68 Oﬁlﬁ mm r:or rI]:’oléllJet, 0.09 mm for 3DP.
The layer height during SLA printing was
10 UJAP (1.7,1.6,15,14,13) 4.07 3.92 0.15/3.66 0.15 mm, FDM — 0.1 mm. The divergence
11 ULAP(25,26) 1.66 1.59 0.06/3.45 can be also explained by the methodology
12 UJAP (L7, 16, 15) 294 285 0.10/3.32 of model measurements and the accuracy of
the measuring device. In any case, the error
13 APLI(4.6,4.7) 144 131 0.13/9.12 of 3.32% obtained by us will make 0.86 mm
14 UJAP(1.2.1.1) 1.38 1.29 0.09/6.41 on conversion to the maximal defect
15 APLI (36,37) 144 139 0.04/2.57 exten_sion of 26 mm, whiph is permissible in
planning the reconstruction of the alveolar
16 APLJ (4.5) 0.94 0.89 0.04/3.92 bone. Besides, the FDM technology used
17 APLJ (35,3.6) 1.34 1.29 0.04/2.77 by us is simpler in printing and requires
inexpensive consumable materials compared
(4 WPl L L 2l e L to the other mentioned methods.
19 UJAP (2.6, 2.7) 1.23 1.1 0.12/9.70 35 patients were treated in compliance
20 APLJ (35,36, 3.7) 235 230 0.05/2.29 with the described method. .20 operations
were performed on the lower jaw and 15 on
21 WAP(22) 0.59 0.48 0.12/19.91 the upper one. In the postoperative period
22 APLJ (4.6) 0.85 0.84 0.02/1.98 there was partial suture dehiscence above
23 APLI(36) 069 0.66 003411 the dental membrane. The wound healed
by secondary intention. In other cases no
24 APLJ(36,3.7) 124 113 0.10/8.13 complications were observed.
25 UJAP (24,25, 26) 312 290 0.22/7.13 The time of the operative intervention
reduced insignificantly relative to the standard
26 APLI(36) 0.92 0.91 0.01/1.06 protocol, 5-7 min on average, owing to a
27 APLJ (3.6,3.7) 1.79 1.79 0.01/0.14 quick adaptation of the template-cut dental
28 APLJ(36,37) 125 124 0.01/0.72 membrane, which required no fittin.g. A more
important result was a full exclusion of the
29 APLJ(45,46,4.7) 2.86 2.13 0.12/4.30 risk of forming the membranes of smaller
30 APLJ(3.4,35,3.6) 3.28 3.09 0.19/5.81 size and incorrect shape, which may result in
the error when bone reconstruction volume is
31 UJAP(12,1.1) 2.13 212 0.01/0.61 formed.
32 APLJ (4.5, 4.6) 1.58 1.44 0.13/8.17 Data on the operations performed:
33 APLJ (4.6) 0.79 0.67 012/14.85 reconstruction areas, the volume that
was planned and obtained as a result
34 APLJ(36,37) 1.74 1.69 0.04/2.53 of treatment, and insufficient volume,
35 UJAP (2.4,25) 1.59 1.49 0.10/6.35 are presented in Table 2. Lines 7, 21,
Mean value 179 164 0.08/5.15 33 .correspond to t.he cases with wound
dehiscence (marked in bold).
N o te. UJAP: upper jaw alveolar process; APLJ: alveolar part of the Mean value of the insufficient bone
lower jaw. volume was equal to 0.08 cm? (0.0541-
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0.2228 cm?®) or 5.2% (0.3—-19%) of the planned bone
volume. Maximal loss of the volume was observed in
suture dehiscence and membrane exposure, which
occurred in 3 cases of 35 or in 8.57%. In the work of
Lizio et al. [26], the efficacy of the alveolar bone volume
reconstruction using a titanium mesh as a barrier
membrane was evaluated. The results have shown that
the loss of bone regenerate volume correlates with the
area of the titanium mesh exposure and makes about
30.2%, and the mesh exposure was observed in 80% of
cases (12 of 15). Thus, in regard to the risk of exposure,
the resorbable frame membrane compares favorably
with the titanium mesh.

Conclusion. The proposed method of computer-
assisted 3D operation planning and fabrication of
intraoperative models for dental membranes using
3D prototyping allows dental surgeons to improve the
precision of the guided bone regeneration operations,
diminish  the intraoperative time of membrane
adaptation, and avoid the possibility of its mispositioning.
At the same time, the application of the resorbable
dental membrane makes it possible to increase the
efficacy of the alveolar bone 3D reconstruction owing to
the reduced occurrence of regenerate exposure, and to
obtain 94.8% of the planned bone volume.
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