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Introduction

In the early days of clinical application of osseointe-
gration, implants were placed in areas where bone quan-
tity was adequate and the prosthetic restoration was a
screw-retained Fixed Partial Denture (FPD). The evo-
lution of prosthetic components and the technique of
Guided Tissue Regeneration have offered increased pos-
sibilities in implant restorations. Proper presurgical diag-
nosis remains however a crucial stage when planning an
implant restoration [1-4]. For these reasons a close coop-
eration between the clinician and the dental technician is
needed to plan and predict a functional and esthetic out-
come [5-6].

The aim of the treatment planning is to establish the
kind and extend of the prosthetic restoration, which will
dictate the number, position and inclination of the need-
ed implants. For this reason presurgical planning has to
be accomplished in details using all available means that
contemporary technology may offer [7]. Numerous tech-
niques have been proposed for the fabrication of radio-
graphic and surgical templates (also referred as guides,
splints or stents) using various radiopaque materials as
markers [8-13].

o DPresurgical diagnosis for implant treatment in-
cludes:

« Panoramic x-ray with a determined magnification

o Study casts mounted on a semi-adjustable articu-
lator
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o Detailed wax-up/ set-up
« Radiographic template
o CT- Dental Scan

o Periapical x-rays (if a maximum detail is neces-
sary)

o Surgical template

If the presurgical examination is not detailed, the
clinician may encounter unexpected difficulties during
treatment, either in the surgical or in the prosthetic phase.

Dental scan examination using a Cone Beam Com-
puter Tomography (CBCT) is considered nowadays as a
standard procedure for precise and detailed examination
of the bone substrate prior to implant placement. It should
be combined with the use of a radiopaque template and
followed by a correct reconstruction to produce accurate
cross-section images of the examined region [14-15].

Aim

The aim of this chapter is to focus on detailed pre-
surgical planning taking under consideration all case-
specific details. The presented cases were selected because
each one had one or more complicated stages that could

be recognized during the planning phase avoiding further
complications.

The following cases represent some indicative exam-
ples to emphasize the need of careful examination and
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planning. Beside the zone of implantation, a thorough in-
traoral examination is necessary to recognize the whole
area of the planned restoration. Anatomical structures, in-
terarch relationship, occlusal situation in the whole dental
arch should be carefully evaluated before initiation of the
treatment. In certain cases an extra oral examination may
also reveal some factors that have to be taken under con-
sideration during the treatment planning.

The clinician should always combine the information
from all the above mentioned presurgical means of exami-
nation in order to establish a solid and predictable treat-
ment plan that should focus on the difficult points of each
case and also include alternative treatment options. In the
following cases it is shown how each diagnostic tool and
the combined information can and should be evaluated
before any irreversible treatment step is undertaken.

Case A (Figures 1-8)

The patient presented for restoration of the mandibu-
lar left quadrant. The patient wished a fixed restoration
instead of the existing removable partial denture. The
initial clinical and radiographic examination revealed an
alveolar crest with reduced height and severely absorbed
in width (Figures 1-4). The occlusal relation was found
acceptable without need of excessive occlusal corrections
except for the canine areas # 23/33.
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Figure 4
Figure 3 and Figure 4: Panoramic x-ray of the patient.
The height of the alveolar ridge allows implants with ad-
equate length.

Figure 2
Figure 1 and Figure 2: Case A: Study casts of the patient.
Bone resorption is obvious, both in height and width.
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Figure 8
Figure 7 and Figure 8: Extra-oral examination of the pa-
tient. Face asymmetry is obvious along the midline of the
face and also a lateral shift of the mandible to the left side

Figure 6
Figure 5 and Figure 6: Ct-Scan of the patient. The alveo-
lar ridge is severely resorbed in width and lateral augmen-
tation is needed.

is intense during mouth opening.
I S
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The CT-Dental Scan showed that an augmentation
procedure on the labial side was necessary to allow place-
ment of the implants as there was minimal spongy bone
between the cortical plates (Figures 5-6). Before any treat-
ment procedure, the patient was carefully examined to
verify the extent and expected efficacy of the augmenta-
tion procedure on the planned restoration. In the extra
oral examination an asymmetry of the face was observed
and the patient’s mandible showed an inclined path dur-
ing mouth opening to the left side (Figures 7-8). Any la-
bial augmentation procedure on the left side of the man-
dible would increase the asymmetry of the face and could
possibly compromise the esthetic of the face. All these fac-
tors were explained to the patient who denied any further
treatment that could affect the facial esthetic.

Case B (Figures 9-14)

The patient presented for treatment of the edentulous
posterior areas of the maxilla and the mandible on the left
side (Figure 9). The initial clinical examination revealed
a normal alveolar crest with minimum absorption both
in height and width, as the extractions were performed
several months ago, as could also be observed on the study
casts (Figure 10). On the initial panoramic x-ray the bone
density and quantity seemed adequate for implant place-
ment. However the contrast and the inclination of the x-
ray seemed questionable (Figure 11a).
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Figure 9: Case B: Initial clinical situation.

Figure 10: Mandibular study cast.
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11
(@) Figure 12: Study casts mounted on the articulator.

11 (b)
Figure 11: Initial (a) and secondary (b) panoramic x-ra ‘
& (@) of the patient.y (b)p Y Figure 13: The final restoration.
- -
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14 (a)

14 (b)
Figure 14a and 14b: Radiographic control at the recall.
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The maxillary posterior teeth # 27 and 28 were
overerrupted, protruding in the occlusal level. The patient
insisted for maintaining of the maxillary teeth and im-
plant insertion in area #26. The initial treatment planning
for the maxilla included endodontic treatment of teeth #
27 and 28, metal-ceramic crowns to the proper height ac-
cording to the occlusal level and a single tooth implant in
area # 26. In the mandible two single tooth implants were
planned in areas # 36 and 37. As the treatment plan in-
cluded extensive tooth preparation and a fixed restoration
with increased cost, a new panoramic x-ray with better
quality and sharpness was performed (Figure 11b). The
new x-ray revealed several endodontic and periodontic
problems of the maxillary left molars.

Study casts were fabricated and mounted on a semi-
adjustable articulator (Figure 12). On the study casts
the degree of overeruption of the maxillary molars was
re-evaluated combined with the new x-ray. The progno-
sis of the molars was doubtful to poor due to periodon-
tal condition and furcation problems. If the teeth should
be maintained-according to the patient’s wish-extensive
periodontal treatment including bone surgery would be
mandatory and the prognosis would remain doubtful.
Additionally root canal treatment and crown restoration
would be necessary for both teeth 26 and 27, while their
prognosis would remain doubtful.

Based on these observations, a new treatment plan
was made that included extraction of both maxillary mo-

N
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lars and insertion of two implants in areas # 26 and 27.
As these teeth were overerupted, the bone absorption af-
ter extraction with minimum osteoplastic surgery would
compensate for proper interarch space in the area. On
the other side the maxillary implants would have a better
prognosis compared to the existing teeth in the present
situation. Soft tissue surgery to reduce gingival thickness
was also decided for the left distal side of the mandible
that could be accomplished simultaneously to implant in-
sertion (Figure 12).

Both treatment plans were presented to the patient
with details in all aspects. The patient consented for ex-
traction of the teeth and insertion of two implants in the
maxilla and two in the mandible. The case could be ac-
complished uneventfully (Figure 13 and Figure 14).

Case C (Figures 15-18)

The patient presented for restoration of the edentulous
posterior areas in the mandible. Following the initial clini-
cal examination and panoramic x-ray (Figure 15) study
casts were fabricated to evaluate the resorption of the al-
veolar space, the available interarch space and the occlusal
relationship (Figure 16 and Figure 17). The available verti-
cal space was extremely reduced due to over-eruption of
the antagonist teeth. In order to restore the occlusal level
on the maxillary teeth, segmental osteotomy was neces-
sary bilaterally. As it was shown on the CT-Dental Scan,
the severe bone resorption of the alveolar ridges imposed
vertical and horizontal augmentation procedure (Figure
18).
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The treatment plan was explained to the patient; four
surgical steps would be necessary for proper implant
placement and increased time would be needed to the
final restoration. Alternatively, a full-mouth restoration
including all maxillary and mandibular teeth should be
undertaken in an increased vertical dimension to com-
pensate the limited interarch space. The patient preferred
to retain the existing removable partial denture.

Figure 15: Case C: Initial panoramic x-ray.

Figure 16: Study cast of the mandible.

-
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Figure 17a and 17b: The study casts mounted on the ar- Figure 18a and 18b: Reconstruction images of the man-

ticulator in maximum intercuspation. dibular posterior areas in the CT-Scan.
N
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Case D (Figures 19-29)

The patient presented for treatment of the maxillary
right quadrant, where all posterior teeth were missing.
The initial clinical and radiographic examination with a
panoramic x-ray showed medium absorption of the alveo-
lar crest in height and width (Figure 19 and Figure 20).
A full wax-up was performed on the area of the missing
teeth, to determine the exact position and size of the teeth
on the planned restoration that would indicate the most
favorable position and inclination of the implants.

On the study casts red lines were drawn to facilitate
the wax-up for the dental technician (Figure 21). These
lines were drawn arbitrarily without the proper atten-
tion. The wax-up was accomplished and a radiographic
template was fabricated with radiopaque markers (Gut-
tapercha) along the axes of the teeth. On the CT-Dental
Scan that was taken with the radiographic template it was
obvious the bone quantity allowed implant placement but
the planned direction and drilling for the first premolar
would result to severe injury of the canine (Figure 22a
and Figures 22b). The study casts were re-examined tak-
ing under consideration the inclination of the canine root
(Figures 23-24).

The surgical template was transformed accordingly;
the surgical flap allowed visual examination of the canine
root and the drilling for the first premolar was performed
with low speed to the adequate inclination (Figures 25-
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26). As a result the implants could be inserted without any
injury on the root and the implants could be restored un-
eventfully (Figures 27-28). The implants and the restora-
tion remain in function for long time (Figure 29).

19 (b)
Figure 19a and 19b: Case D: Initial clinical situation.
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Figure 20: Panoramic x-ray.

22 (b)
Figure 22 a and 22b: CT-Scan of the area 13-17. There
is adequate bone volume in width and height, but the

Figure 21: Study cast with the initial incorrect markings planned insertion axis for the implant of the first premolar

for the wax up. would result in injury of the canine.

I S
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Figure 23: The study cast with markings for the root of
the canine.

> 4 . i
Figure 24: The study cast with the previous incorrect Figure 26: Positioning indexes after the first drilling.
markings (red) and the corrected markings (black).

I S
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Figure 29: X-ray at the 12-years recall.

Case E (Figures 30-48)

Initial Treatment Steps

A 50 year old male Caucasian patient was referred
for prosthetic restoration (Figure 30). The treatment plan
included full-mouth rehabilitation with implant restora-
tions. On the left side of the mandible the second premo-
lar (# 35) had a poor prognosis and should be extracted.
Single crowns for teeth #34 and # 37 were planned and
two implant-supported crowns for the region of teeth # 35
and # 36. On the right side, two single implant crowns for
areas of the second premolar and first molar (teeth # 45
and 46) were planned (Figure 31a and Figure 31b).

Figure 28: The final restoration.
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A radiographic template was fabricated from a ther-
moplastic Omnivac sheet as a duplicate from the diagnos-
tic wax-up. The outer surfaces of the teeth on the radio-
graphic template were covered with radiopaque material
(amalgam powder diluted in transparent nail varnish) to
indicate the contour of the planned restoration on the
CT-Dental Scan. Guttapercha points were inserted in the
center of the acrylic teeth along the planned implant axis
(Figure 32).

The use of a radiographic template during Cone Beam
Computer Tomography (CBCT) facilitates the orienta-
tion of the scanning level and the recognition of the exact
areas of concern at the cross-section images [9-12]. This
kind of radiographic template offers two significant ad-
vantages: The long axis of the implant is indicated from
gutta-percha and the contour of the planned restoration
is depicted from amalgam powder. It is also an easy and
low cost technique requiring no additional equipment.
Compared to other radiopaque materials such as barium
sulfate or zinc foil, amalgam powder offers a sharper im-
age with minimum thickness. Additionally, the fabricated
radiographic template can be transformed to a surgical
template in a very short time by removing the amalgam
powder and the guttapercha points with diluting agents as
acetone and chloroform.
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Surgical Planning Based on CBCT and

Comparison of Reconstructions

The patient was referred for a Cone Beam Computer
Tomography (CBCT) with the radiographic template in
situ. The desired shape of the planned restoration and its
relation to the bone substrate could be clearly recognized.
Furthermore inclination, length and diameter of the de-
sired implants could be selected. For the mandibular left
second premolar (# 35) a 4x15mm implant (Figure 33)
and for the left first molar (# 36) a 4x13mm implant were
initially selected (Figure 34).

On the CBCT it was observed that the transverse ori-
entation lines - that are drawn before 3D reconstruction
and serve as a frame for the cross-section images- were
aligned parallel to the inferior border of the mandible and
not parallel to the occlusal plane, as dictated from the ra-
diographic template (Figure 35). For this reason, a new
digital reconstruction of the existing CBCT was decided
without exposing the patient to additional radiation. The
base orientation line in the new reconstruction was par-
allel to the occlusal plane and new cross- section images
were obtained. Consequently the inclination of the trans-
verse images was altered compared to the previous recon-
struction. The different orientation lines in the two recon-
structions of the same CBCT can be clearly observed on
(Figure 36a and Figures 36b).

Focusing on the definition of the occlusal plane for

N
www.academicreads.com 29



Dental Implants

the CBCT reconstruction there are two options can be ap-
plied: the occlusal plane can be recognized either by the
teeth (if existing) or alternatively by the occlusal surfaces
of the teeth on the radiographic template. In the described
case, the occlusal plane as defined by the maxillary teeth
was selected. Alternatively, the mandibular teeth on the
radiographic template could have also been used as refer-
ence points (Figure 36a and Figures 36b).

In (Figure 37a and Figure 37b) the panoramic views
of the two separate reconstructions are shown. The incli-
nation of the guttapercha markers towards the long axis
of the existing premolars was significantly influenced by
the alignment of the scanning level. In the second recon-
struction the guttapercha markers appeared parallel to
the premolars, as they were originally placed during the
laboratory fabrication of the radiographic template. The
second reconstruction was obviously closer to the clinical
situation with significantly less distortion.

When comparing the cross-section images from the
two reconstructions, different morphology of the left
side of the mandible was also observed. The inclination
of the alveolar crest to the sagittal plane (labial- lingual)
appeared different. Both the second premolar (Figure
38a and Figures 38b) and the first molar region (Figure
39a and Figure 39b) appeared significantly different in
the cross-sections images. According to the second re-
construction, a 3.25x10mm implant (Figure 40) for the
second premolar and a 4x10mm (Figure 41) for the first
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molar region were selected. The implant length as initially
planned was 15 mm for the premolar and 13 mm for the
molar (compare to Figure 38 and Figure 39). The implant
length that was finally selected was reduced to avoid any
injury to the mandibular nerve.

The horizontal distance between the mental foramen
and the crown of the second premolar (# 35)-as indicated
by the radiopaque material on the radiographic template-
also appeared different in the cross-section images in the
two reconstructions (Figure 42a,b and Figures 43). In the
first reconstruction, the second premolar crown (# 35)-as
depicted on the radiographic template- appeared in cross-
section image # 48 (Figure 42a). The mental foramen was
observed in cross-section image # 52 (4 transverse images
away), thus indicating a horizontal distance of 8mm (Fig-
ure 42b). In the second reconstruction (Figure 43), the
mental foramen appeared right under the second premo-
lar crown, on the same cross-section image #45. If the im-
plant insertion was based on the images of the first recon-
struction, an injury of the mental nerve would be possible
due to the selected length and inclination of the implant.

In the presented case, the first CBCT reconstruction
was performed using the inferior border of the mandi-
ble as an orientation line and resulted in distorted cross-
sectional images. A second reconstruction of the existing
CBCT, using the occlusal plane of the patient as an orien-
tation line, produced cross-sectional images that depicted
the alveolar crest more accurately. A possible explana-

N
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tion for this finding may be the angle at which the cross-
sectional images are produced. If the posterior areas of
the mandible are considered as a cylinder that is “sliced”
perpendicular to its long axis, the cross-sectional images
appear as a circle with a certain diameter [19]. These im-
ages are closer to the clinical situation and to the surgical
anatomy. If the cylinder is “sliced” to an angle declining
from the perpendicular line, the cross-section is depicted
as an ellipse with greater phenomenal diameter and in-
creased height (Figure 44). The influence of the orienta-
tion line to the accuracy of the reconstruction and of the
cross-section images has already been analyzed in details
in a previous publication [19].

Modification of the Surgical Plan and

Restoration

Based on the analysis of the images in the second re-
construction of the CBCT, the surgical plan was slightly
modified aside from the implant length: The implant of
the second premolar (# 35) was placed in the predeter-
mined position but the axis was changed with a labial in-
clination according to the alveolar crest, to ensure a safe
distance from the mental foramen. The implant for the
first molar (#36) was shifted distally -closer to the second
molar (#37) - to avoid creating an intra-coronal cantilever
on the restoration (Figure 45a and Figures 45b).

After uneventful osseointegration, the prosthetic res-
toration was completed with inclined abutments to com-
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pensate the divergence of implants (Figure 46). As it was
already planned before implant placement, on the extend-
ed edentulous area of the mandibular left side (#34-37)
a premolar was added between implant crowns # 35 and
# 36 as a pontic (Figure 47). In this way, over contouring
of the restoration and an intra-coronal cantilever on the
implant-supported molar crown could be avoided. The
implants showed no signs of complications or infection at
the annual recall (Figure 48).

Figure 30: Case E: Initial radiographic examination.
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31 (a)

31 (b)
Figure 31a and 31b: Diagnostic wax-up.

L
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Figure 32: Radiographic template with radiopaque ma-

terial (amalgam powder) to indicate the outline of the

planned restoration and guttapercha for the implant axis
on the CBCT.

Figure 33: Cross-section imae of the left mandibular sec-
ond premolar region (# 35) at the first reconstruction. A
4x15 mm implant was initially selected.
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Figure 35: The transverse orientation lines were drawn
parallel to the inferior border of the mandible and not
parallel to the occlusal plane.

Figure 34: Cross-section image of the left mandibular first
molar region (# 36) at the first reconstruction. A 4x13mm
implant was initially selected..
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36 (a) 36 (b)

Figure 36a and 36b: The transverse orientation lines on
the two reconstructions: a) The first reconstruction on the
left and b) the second reconstruction on the right. Red:
indicates the axis of the implant and the restoration, Yel-
low: indicates the occlusal plane as dictated by the radio-
graphic template, Green: indicates the inferior border of
the mandible, Blue: indicates an orientation line parallel
to the occlusal plane.
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37 (b)
Figure 37a and 37b: Panoramic views of the two recon-
structions: a) the first on the left side b) the second on the
right. The second image shows less distortion.
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Figure 38a and 38b: Cross-sectional images of the man-
dibular second premolar region (# 35): a) On the left is the
first reconstruction and b) on the right the second one.
The difference in the morphology of the alveolar ridge is
obvious.
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Figure 39a and 39b: Cross-section images of the man- Figure 40: A 3.25x10 mm implant was finally selected for
dibular first molar region (# 36): a) On the left is the first the second premolar region (# 35) according to the second
reconstruction and b) on the right the second one. The reconstruction. Compare with Figure 33.

difference in the depicted morphology of the alveolar
ridge is obvious.

I
42 www.academicreads.com www.academicreads.com 43




Dental Implants

Figure 41: A 4x10mm implant was finally selected for the
first molar region (# 36) according to the second recon-
struction. Compare with Figure 34.
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42 (b)
Figure 42: The left mandibular premolar area on the first
recontruction. a) the mental foramen appeared at cross-
section image # 48. b) the crown of the 2nd premolar
(region # 35) - as depicted by the radiographic template-
was observed after 4 crossections (#52) indicating 8 mm

distance.
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Figure 44: Diagrammatic cross-sections of a cylinder
sliced perpendicular to its long axis (left) and with side
inclination (right). From Kourtis et al (2012)[19].

Figure 43: At the second reconstruction the mental fora-
men appeared underneath the crown of second premolar
(# 35), as depicted from the radiographic template.
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45 (b)

Figure 45a and 45b: The positioning indexes and the im-
plants after insertion. (Courtesy of Dr. E Skondra).
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Fi 46 T - I I b i - Figure 47: The restorations on the working cast. A premo-
3 1gure 46: Lhe surgical template on the wor 1'ng cas‘t. € lar has been added between the implant crowns to avoid
implant for the first molar (# 36) has been shifted distally overcontouring of the restoration

according to the modified surgical plan to avoid overcon- (Courtesy of Dr. E Skondra)
touring. (Courtesy of Dr. E Skondra). Y ' '
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Figure 48: Radiographic examination at the annual recall.

The mental foramen is located right underneath the im-

plant# 35, as was noted at the second image reconstruc-
tion of the CT-Scan.

Discussion

Presurgical planning is a crucial stage in implant res-
torations, both in the surgical and the prosthetic phase.
Its need has been emphasized from the early years of os-
seointegration but the extended possibilities offered by the
augmentation techniques have also underlined the impor-
tance of the detailed treatment planning. Although digital
solutions (CAD/CAM planning, guided implant inser-
tion) gain more ground in the everyday practice, the cli-
nician should always be able to make a precise treatment
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planning based on the established clinical and laboratory
procedures. Even the most evolved digital systems have a
degree of inaccuracy and the end result remains always
the responsibility of the clinician [16-18]. For these rea-
sons it remains essential-even if a digital system is being
used- that the clinician can and should check and con-
firm the proposed treatment plan based on his extended
knowledge of the whole procedure [19,20].
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