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1 Introduction
1.1 The alveolar process

1.1.1 Characteristics of the alveolar process

The alveolar process is defined as the bone tissue that contains the sockets of the teeth in
the jaw bones. The sockets are synonymous with alveoli. The alveolar process, also called
the alveolar bone, surrounds and supports the teeth in the jaws. The alveolar process is a
so called ,,tooth-dependent tissue” and it forms in conjunction with the eruption of the
teeth. Alveolar bone formation, bone apposition or bone resorption is related to the
eruption, movement, and loss of the teeth. The morphology of the alveolar process is
determined by not only the site of tooth eruption, but also the number of the teeth, the
size and the shape of the teeth and the position of the teeth (1) (2).

1.1.2 Changes in alveolar process dimensions following tooth extraction

After tooth extraction various dimensional changes may occur in the alveolar process.
The jaws undergo a marked contraction in both vertical and horizontal directions. It is
well established that tooth extraction is followed by a reduction of both the height and the
width dimensions of the alveolar ridge at the edentulous site. Most changes occur during
the first 30 days (3). Additional continuous atrophy is detected in the ridge over a long
period (3). According to Schropp et al. the most significant reduction in the residual
alveolar ridge, (up to 50% in width) may occur during the first year of healing (4).

Not only time is the determining factor in the alveolar atrophy. Different parts of the jaws
show different amount and direction of bone reduction. There are notable differences
observed in the rate and the degree of atrophy between the maxilla and the mandible. The
mandible shows a higher degree of bone loss, compared to the maxilla. Tallgren et al.
found that resorption areas measured in the cross section of the anterior region of lower
jaw in the first 13 years was 58.59 + 36.89 mm? compared to 27.84 = 12.74 mm? in the
upper jaw (5). The amount of the bone reduction significantly varies also in the anterior
and in the posterior segments of the jaws (6). The ridge reduction is larger in the molar
region (7). In the mandible initially after tooth extraction, the direction of the bone loss is

mainly horizontal, while vertical resorption is more significant at a later stage (8).



1.2 Rehabilitation of atrophic edentulous mandible with different types of graft

materials

There have been numerous graft materials and techniques described for augmenting the
atrophic jaws. The graft materials could be classified by their contribution to osteogenesis
into osteoconductive, osteoinductive, and osteogenic categories (9).

Osteoconduction means that bone grows on a specific surface, while a scaffold provides
mechanical support. An osteoconductive material is one that permits bone cell growth on
its surface. Every bone substitute material possesses osteoconductive properties (9).
Osteoinductivity means that mesenchymal stem cells (MSC) are stimulated to develop
into preosteoblasts, to the bone-forming cell lineage (9). The stimulation is induced by
growth factors. autogenous bone grafts, allografts, and some composite grafts, are
characterized by potential osteoinductive properties (10).

Osteogenic properties of the biomaterials mean the facilitation of new bone formation
process, by providing MSC, and osteoblast cells. In the dental surgical practice
autogenous bone is characterized by osteoconduction, osteoinduction, and osteogenesis
as well.

The graft materials could be classified also by their origin. The ,,gold standard” of bone
augmention materials is the autogenous bone graft. Autogenous bone combines
osteoconductive, osteoinductive and osteogenic characteristics (11). The quality and the
behavior of the bone graft depends on the donor site. The grafts vary from their
embryology, histology, mechanical properties, and the harvestable amount. Furthermore,
when choosing the donor site, the clinician must consider donor site morbidity or bone
resorption rate as well (12).

A significant bone resorption at the recipient site has been identified as a disadvantage of
bone harvested from extraoral donor regions (iliac crest, calvaria, distal femur or proximal
tibia) (13-16). In most of the cases bone defects may be augmented using intraoral donor
regions with limited available bone volume (17). Intraoral bone harvesting is a safe and
predictable way to collect autogenous bone. Intraoral bone block commonly obtained
from the mandibular symphysis, mandibular ramus, external oblique ridge, crista
zygomaticoalveolaris, and the tuber maxillae (18, 19). The desmogenic bone harvested
from intraoral donor regions has a lower rate of resorption during healing compared to

the enchondral bone of extraoral donor regions (20).



In cases where bone augmentation of the premolar and molar region of the lower jaw is
required prior to dental implant placement, the most easily accessible donor site is the
mandibular ramus. In these cases, the donor site may be accessed from the same flap used
to the recipient region and the clinician may expect less postoperative morbidity
compared to using the mandibular symphysis as donor region. The bone block, harvested
from the ramus mandible, contains both cortical and cancellous bone (19). According to
the literature the mean volume of the bone block harvested from the retromolar region
was 1.9 + 0.9 cm® (maximum 4.4 cm?®) (21). A cone-beam computed tomography (CBCT)
scan examination showed the average length of harvestable bone in the retromolar region
Is approximately 15-34 mm, the width is 8 mm, and the height is 10 mm (22).

The disadvantage of the bone block harvested from intraoral donor regions may be the
limited amount of bone available, and the associated postoperative morbidity, especially
neurosensory disturbance, altered dental sensation, wound dehiscence and infections (23,
24).

For several augmentation strategies allograft, xenograft or synthetic graft materials could

also be used.

1.2.1 Augmentation strategies

Unfavorable local morphology of the alveolar ridge due to atrophy, traumatic tooth
extraction, local disease or trauma may result in insufficient vertical and/or horizontal
bone dimensions for implant placement. In these cases, augmentation of the atrophic
alveolar ridge is necessary prior to dental implant placement.

Numerous approaches for augmention of the atrophic mandible is described in the
literature, e.g. onlay grafting using bone blocks (25, 26), guided bone regeneration (GBR)

(27), interpositional grafts (28) or alveolar ridge expansion.

1.2.1.1 Alveolar ridge expansion

Alveolar ridge splitting was first described by Tatum in 1984 (29). The aim of this
surgical method is to create an intrabony defect in the alveolar ridge by creating a
greenstick-fracture. The expanded defect created is suitable for the placement of graft
materials or even the dental implants if the augmentation and implant placement is carried

out simultaneously (30, 31) .



1.2.1.2 The surgical procedure of the ridge splitting technique

At the edentulous site a full thickness flap elevation is performed after the crestal, and the
vertical incisions were placed. When the bone surface is exposed, the osteotomies are
carried out. Originally, osteotomies and corticotomies were performed using chisel and
hammer. More recently rotating instruments, oscillating saws, and piezoelectric devices
are applied (32-34). The first osteotomy is carried out at the center of the occlusal aspect
of the ridge, extended in antero-posterior direction for the planned length. Two vertical
osteotomies are performed on the proximal and distal ends of the crestal incision.
Apically, the vertical osteotomies are connected horizontally with a superficial
corticotomy. The buccal plate, demarcated with the osteotomies and corticotomies are
expanded via a green-stick fracture to allow extensive mobilization of the buccal cortical.

The created ,,box” is capable to accept graft materials or dental implants (Figure 1.).

Figure 1. Clinical illustration of the buccal cortical wall mobilization to create the ,, box .

The author's own work.

1.3 Computer-assisted implant surgery (CAIS)

For the optimal function, ideal biomechanical loading of the implant supported prosthesis,
and optimal esthetic results the amount of the hard tissues surrounding the implants are
crucial. Moreover, the ideal positions of the implants placed is crurial. This, however,
requires a prosthetically driven planning prior to implant placement and an accurate
surgical procedure to enhance the longevity of the reconstruction (35). Poorly planned or
poorly accomplished implant placement could be associated with increased marginal



bone loss and suboptimal morphology of the emergence profile, which may affect esthetic
outcomes disadvantageously (36-38).

The introduction of CBCT in implant dentistry enables diagnostics of the dento-
maxillofacial area in high resolution with low radiation dosage and supports implant
planning in the optimal positions. The use of CBCT as an imaging modality had become
widespread in dental surgeries (39).

In 1995, Fortin et al. described a new implant planning process, the so called computer-
assisted implant surgery (CAIS) system (40). According to this study, the clinician could
plan the ideal implant positions virtually using the CBCT as preoperative 3D imaging
modality with the help of a designated implant planning software (Figure 2.). The number,
dimensions, position, and inclination of dental implants placed should be determined with

the virtual prosthetic plan.

coDiagnostiX
@ dental wings

Implant details FDI notation (Workd Dental Federation)
i
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Figure 2. Virtual prosthetic plan of the dental implants. The author's own work.

Jung et al. differentiated two main methods of transferring the virtual surgical plan to the
real surgical area: static and dynamic navigation (41). Static CAIS (sCAIS) is utilized to
plan the drilling path of implant osteotomies and as a result, a so-called drill guide or
surgical template is fabricated. Some of the CAIS systems employ sleeves to guide the
drills of implant bed preparation and implant placement and to accommodate the sleeves.
According to which steps of the implant placement are performed guided by the surgical
template, three protocols of SCAIS are differentiated. In the pilot guided (PG) protocol,
the template guides only the pilot drill, the finalization of the osteotomy and implant
placement is completed free hand. In the half guided (HG) protocol a part of the drilling

sequence is carried out through the template, whereas implant placement is implemented



free handed. Using the full guided (FG) protocol drilling, tapping, and the implant
placement is accomplished through the surgical guide (42). Implant placement using
SCAIS protocols, results in the decrease of postoperative pain, discomfort, and
intraoperative complications, compared to conventional, free hand implant surgery (43).
sCAIS significantly reduce the length of surgery, and ensures that the implant positions
achieved are closer to the prosthetically ideal, planned implant positions compared to
those achieved by free hand surgery (44) (45-48). FG surgery further decreases the length
of intervention by guiding every step of implant placement and further decreases
postoperative morbidity by promoting flapless surgery (46, 47, 49-51). In contrast, during
HG surgery, the template is removed for the finalization of the implant bed and does not
inhibit the cooling of the drills (52, 53). Furthermore, HG surgery provides the possibility
of raising a flap which allows the surgeon to correct an implant position in case of
inaccuracies and preserve the keratinized mucosa, which would be sacrificed by tissue
punches in the case of a FG approach (47). These advantages of the HG approach are
relevant in edentulous jaws where alveolar atrophy is combined with the narrowing of
keratinized mucosa (44-47, 54).

The literature differentiates mucosa-, bone-, tooth- and implant-supported templates.
According to the literature, tooth- or mucosa-supported (mSUP) templates are more
accurate than bone-supported templates. Another, more accurate approach than mSUP
templates that may be used in case of an edentulous jaw is an implant-supported template.
However, this requires an additional surgical procedure to insert temporary implants,
which increases patient discomfort and costs (45-47, 54).

Several in vitro studies investigated the role of the surgeon’s experience (55-57). Based
on the results of these studies this factor might affect the accuracy of static guided implant
placement. According to the clinical studies, which analyzed the accuracy of implant
placement with surgical templates executed by experienced or novice surgeons, the
surgical experience had a limited influence on accuracy (58, 59). However, according to
Marei at el. the level of the surgeon’s experience may affect the accuracy of implant
placement using a surgical guide (60). According to a systematic review, not only the
experience of the surgeon is the main factor which affects the accuracy, but also the bone

density, the mucosal thickness, the surgical techniques or the type of jaws are crucial (61).
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Seo et al. concluded that further clinical studies are required in order to examine the role
of the mentioned factors in the accuracy of sCAIS (61).

1.4 Odontogenic cysts

Management of cystic lesions in the maxillofacial region is a challenge for the clinician
in the daily dental practice. Cysts are epithelial-lined pathologic cavities, surrounded by
fibrous connective tissue, originating from odontogenic or non-odontogenic tissues.
Cystic lesions are classified by the World Health Organization into odontogenic cysts
(OC), non-odontogenic cysts, and pseudocysts (62). Unlike pseudocysts, true cysts are
lined by epithelium. The OC represent the majority of cases in the maxillofacial region.
Although OC are considered benign lesions, they may cause extensive bone destruction
in the jaws. These bone defects may lead to pathological bone fracture. In addition, cysts
may cause infection, resorption and displacement or finally loss of adjacent teeth (Figure
3.) among other complications (63).

Figure 3. Radiological illustration of a cyst. The author's own work.

Cysts are managed with enucleation, decompression, or marsupialization procedures. The
two main surgical options: cystectomy or cystostomy. During cystectomy, the whole cyst
lining is removed, and spontaneous bone healing repairs the bone defect. Compared to
cystectomy, the cystostomy is a less invasive treatment and may be carried out with
complete or partial removal of the cyst lining. Decompression allows the outlet of the

fluids secreted by the cyst lining decreasing the pressure within the cyst, allowing bone
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regeneration. Using cystostomy and decompression or marsupialization the prevalence of
complications to the anatomical landmarks (the maxillary sinus, the nasal cavity, nerves,
blood vessels, and roots of neighboring teeth) may be decreased.

Various devices have been described in the literature for the decompression of OC.
Marker et al. described a polyethylene tube modified by heat to produce a shape that
allows retention in the soft tissues (64). Swantek et al. use a similar tube which is
anchored to the bone with fixation screws (65, 66), or sutured to the adjacent soft tissues
(67). Kolokythas et al. anchored the tube to neighboring teeth using a wire-ligature (68).
Orthodontic brackets are also useful to attach the tube to the neighboring teeth. Castro-
Nuifiez et al. apply negative pressure for the decompression (69). Urethral catheters,
intravenous (1) administration set, nasogastric tubes, a Luer syringes, dual nasal trumpet
stents, or saline cuffs may all be modified for decompression methods (65, 70-74).
Removable appliances used for decompression have several advantages over these
methods. A removable device allows the patient to clean and rinse the cavity of the cyst,
and to properly clean the device. Nevertheless, removable devices allow substitution of
the missing teeth. Higher costs, clinical skills required, and the need for the dental
laboratory may be disadvantages of the fabrication of removable decompression devices.
Using the traditional, analogue workflow, several visits are necessary to manufacture the
appliance. Between the visits packing of the surgical entry wound is necessary, which
may cause additional discomfort to the patient.

Advances in the field of digital dentistry include registration of the reconstruction of
three-dimensional imaging modalities and digital impressions originally for the purpose
of virtual implant planning, designing removable prostheses in the virtual space, and rapid
prototyping of removable dentures. These procedures enable the clinician to fabricate a

removable decompression device using a digital workflow (Figure 4.).

Figure 4. Fabrication of the custom-made removable appliance using digital workflow.

The author's own work.
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2  Objectives

The research summarized in this PhD dissertation deals with bone augmentation of knife
edge ridges. This treatment modality play an important role in oral rehabilitation with
dental implants. Ridge expansion enables the clinician to re-estabilish sufficient width of
alveolar bone for dental implant placement. Guided implant placement assists the surgeon
in placing implants in prosthetically correct position, while improving patient reported
outcomes. However, several factors influence the implant positioning accuracy that may
be achieved by sCAIS. The other aim of this PhD dissertaion is to describe a novel method

for marsupialization of OC with digital workflow.

2.1 Objectives of Study I.

A Modified Ridge Splitting Technique Using Autogenous Bone Blocks - A
Case Series
1. The aim of these prospective case series was to present a modified
treatment approach to ridge expansion using only autogenous bone blocks.
2. The secondary purpose of this study was to report clinical outcomes (ridge

width gain) using the modified approach presented.

2.2 Objectives of Study II.

The Influence of Surgical Experience and Bone Density on the Accuracy of
Static Computer-Assisted Implant Surgery in Edentulous Jaws Using a
Mucosa-Supported Surgical Template with a Half-Guided Implant Placement
Protocol - A Randomized Clinical Study
In this randomized clinical study PG sCAIS was performed using a mSUP, pin-anchored
template in edentulous jaws.
1. The aim of our study was to evaluate the influence of experience on
implant placement accuracy.
2. The secondary purpose of our study was to evaluate the influence of bone
density at the surgical sites on the accuracy of dental implant placement.

13



2.3 Objectives of Study I1I.

A custom-made removable appliance for the decompression of odontogenic
cysts fabricated using a digital workflow

The aim of this case series was to present clinical results with cystostomy, decompression
and final enucleation of OC using a decompression device fabricated with a digital
workflow and delivered on the day of cystostomy. The secondary aim of our study was
to examine the volumetric changes of the OC treated by the approach presented.

1) The aim of this study was to assess the feasibility of a custom-made removable
appliance for the decompression of odontogenic cysts fabricated using a
digital workflow.

2) The secondary purpose of our study was to evaluate the amount of OC volume

reduction that may be achieved using the appliance.
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3 Methods
3.1 Study Il

3.1.1 Patient selection

Patients of the Department of Community Dentistry, Semmelweis University, who
needed implant borne prostheses for their oral rehabilitation were included in the study.
Periodontally healthy patients with Kennedy Class 1. and Il. mandible with insufficient
bone width for implant placement, who were more than 18 years of age were included in

our study. Anatomical inclusion criteria were

. mandibular ridge width of at least 3 mm,
. ridge height of at least 11 mm,
. spongiosa between the two cortical plates at least 1 mm in width. (75)

Exclusion criteria were uncontrolled medical disorders, history of systemic diseases or
medication that alter bone metabolism, poor oral hygiene, pregnancy, and smoking.

The study was approved by the Regional and Institutional Committee of Science and
Research Ethics (52158-2/2015/EKU [0425/15]) and The Office of the Chief Medical
Officer of The National Public Health and Medical Officer Service (IF-14561-10/2015).
All investigations reported have been carried out in accordance with the Helsinki
Declaration (76). Surgical interventions and methods were thoroughly explained to the

patients enrolled; patients signed the necessary consent forms prior to treatment.

3.1.2  Surgical procedure, bone biopsy harvesting

All patients rinsed with a 0.2% chlorhexidine solution for 1 min before surgery. Under
local anesthesia, after full-thickness flap preparation a midcrestal osteotomy was
performed (Figure 5.A). At the mesial and distal ends of the mid-crestal osteotomy the
osteotomy was expanded with two vertical releasing osteotomies. Furthermore, at the
apical site the vertical osteotomies were connected horizontally with a superficial
corticotomy. We applied a piezoelectronic device (NSK Variosurg3 Ultrasonic Bone
Surgery System, NSK Europe GmbH, Eschborn, Germany) for preparation of the
osteotomies and corticotomies. These osteotomies enabled green-stick fracture of the
buccal cortical. With this mobilization of the buccal cortical, we developed the recipient

site for the bone block between the buccal and lingual cortical plates. The autogenous
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bone was harvested from the retromolar area from the same flap used to access the
recipient site. The bone block was immobilized using osteosynthesis screws (Meisinger
Screw System, Hager and Meisinger GmbH, Neuss, Germany) (Figure 5.B). Both lingual
and buccal flaps were mobilized to allow tension-free primary closure. The flap was
closed in two layers with horizontal mattress sutures, and single interrupted sutures on
the edges of the flaps. Suture removal took place after 14 days. Antibiotics (amoxicillin
and clavulanate) two times a day for 5 days (Aktil Duo 875 mg/125 mg, Sandoz Hungaria
Kft., Budapest, Hungary), in case of amoxicillin allergy, clindamycin 4 times a day for 4
days (Dalacin 300 mg, Pfizer Inc., New York, NY, USA), a non-steroid anti-
inflammatory drug, diclofenac 3 times a day for 3 days (Cataflam 50 mg, Novartis
Hungaria Kft., Budapest, Hungary), and 0.2% chlorhexidine mouth rinse, two times a day
(Corsodyl, GlaxoSmithKline Consumer Healthcare GmbH & Co. KG, Miinchen,
Germany) were prescribed to the patients. During the healing period, patients did not wear

temporary prostheses.

Figure 5. Clinical illustration of the surgical procedure of the modified ridge splitting.
(A) Preoperative view of the atrophied alveolar ridge. (B) Coronal view of the augmented
alveolar ridge. (C) Coronal view of the alveolar ridge after the 3-month healing time.

The author's own work.

After 3 months of healing (Figure 5.C) dental implants were inserted under local
anesthesia from a full thickness flap. Bone core biopsy samples were harvested with
rotatory instruments powered by a surgical micromotor (MasterSurg Surgical Systems,
KaVo Dental Systems Japan, Co., Ltd., Tokyo, Japan). A trephine drill (external diameter
of 3.0 mm and an internal diameter of 2.0 mm (330 205 486 001 020 Hager and Meisinger
GmbH, Neuss, Germany) with external cooling at a drill rotation speed of 800 rpm to the
depth of 8 mm was used for the purpose of bone core biopsy (Figure 6.).

16



Figure 6. Harvesting of the bone core biopsy sample. The author's own work.

Implant beds were finalized according to the instructions of the implant manufacturer.
Dental implants (Nobel Replace Conical Connection, Nobel Biocare AG, Kloten,
Switzerland) were placed submerged in the augmented bone (Figure 7.). Implant
uncovery procedure took place 3 months after implant placement. All surgical

interventions were carried out by the same surgeon (DP).

Figure 7. Clinical illustration of the surgical site after 3 months of healing. (A)
Preoperative view of the augmented alveolar ridge. (B) Prepared implant beds. (C)

Submerged placed dental implants. The author's own work.

3.1.3 Clinical Measurement

The first clinical measurement took place during the first surgery, prior the augmentation
after the full thickness flap preparation. The second examination was at reentry, after the
3-month healing period, prior to implant placement. The clinical measurements were
carried out using a Williams probe (Karl Hammacher GmbH, Solingen, Germany). The
width of the alveolar ridges was measured at different distances from the reference point,
which was the distal marginal bone of the last tooth of the quadrant. To ensure that

preoperative and postoperative measurement sites corresponded, we placed the tip of the
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Williams probe on the reference point described to assess the measurements point at 3,
10, 15 mm. The markings of the probe lied at the highest ridge of the lingual cortical.

3.2 Study II.

3.2.1 Patient selection

Patients of the Department of Community Dentistry, Semmelweis University, presenting
an edentulous lower and/or upper jaw, who needed implant supported prostheses for their
oral rehabilitation were included in the study. Patients, who were more than 18 years of
age were included in our study.

Anatomical inclusion criteria were

. clinically and radiologically healthy alveolar ridges,
. a horizontal dimension of at least 7 mm,
. vertical dimension of at least 10 mm from the vital anatomical landmarks.

Exclusion criteria were uncontrolled medical disorders, history of systemic diseases or
medication that alter bone metabolism, history of tumors or irradiation therapy in the head
and neck region, poor oral hygiene, pregnancy, smoking and the unwillingness to return
for follow-up appointments.

The study was approved by the Semmelweis University’s Regional, Institutional
Scientific and Research Ethics Committee (109/2020). All investigations reported have
been carried out in accordance with the Helsinki Declaration (76). Surgical interventions
and methods were thoroughly explained to the patients enrolled; patients signed the
necessary consent forms prior to treatment.

Simple randomization was carried out to determine whether patients would be included
in the test or control group. For this randomization the random number generator function
of Excel (Microsoft, Redmond,WA, USA) was used. Three novice surgeons took part in
the test group. Novice surgeon was defined as someone, who had completed theoretical
training in implant dentistry, had placed less than 20 dental implants and had carried out
only free-hand implant placements previous to the study. two experienced surgeons were
recruited for the interventions in the control group, who had placed more than 100
implants in the year before the study. They had practice in autonomously performing both

conventional and guided implant placement.
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Primary outcome variables used to determine the accuracy of implant placement were
angular deviation, coronal global deviation and apical global deviation. The level of
surgical experience, grey level measurements in Hounsfield Units (HU) and bone volume
fraction (BV/TV), the relative volume of calcified tissue in the selected volume of interest

were detected as the independent variables.

3.2.2 Preoperative and Postoperative Imaging

Three optical scans of the study cast were captured: one scan from the original study cast
to record the soft tissues; and another scan was carried out using five gutta-percha markers
(Diadent Group International, Chungcheongbuk-do, Korea) fixed on the alveolar ridge of
the study cast (gutta-percha cast) to determine the position of the cast compared to the
CBCT scanning. The third optical scan was carried out with the diagnostic wax-up placed
on the original study cast. Dental laboratory desktop scanner (3Series, Dental Wings,
Montreal, CA, USA) was used for the optical scanning, to create the three Standard
Tessellation Language (STL) files. Those files were later applied for planning the surgical
guide.

To register the centric occlusion position of the jaws during the CBCT scanning a bite
registration was fabricated with the gutta-percha markers incorporated in wax and an
acrylic base according to the gutta-percha cast. CBCT imaging (PaX-Reve3D, Vatech,
Hwaseong, Korea) was carried out preoperative in the planning stage with the bite
registration in place (preoperative CBCT). 6 months after dental implant placement
postoperative CBCT was carried out. The scanning conditions were constant at 250
mikrometer isotropic voxel size with 360° rotation, 89 kV tube voltage, 4.9 mA tube
current and 24 s exposure time for all specimens with a 15 * 15 cm field of view (FOV).

3.2.3 Preoperative planning and surgical procedure
Implant-borne overdentures anchored and supported by 2-4 implants, and fixed
prostheses supported by 4-6 implants were planned on the edentulous jaws in the present

study.

All surgical plans were designed by the same surgeon. This surgeon supervised all
surgical procedures. Surgical planning was carried out using coDiagnostiX software,
version 10.2 (Dental Wings, Montreal, CA, USA). The STL file of the study cast with

and without the gutta-percha markers in place, and the study cast with the diagnostic wax-
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up was registered with the Digital Imaging and Communications in Medicine (DICOM)
data of the preoperative CBCT reconstruction.

PG implant placement was planned using surgical guides manufactured by

stereolithography.

All patients rinsed with a 0.2% chlorhexidine solution for 1 min before surgery. Under
local anesthesia the surgical guide was fixed using template fixation pins (Straumann
Template Fixation Pin, Article number 034.282, Straumann GMBH, Basel, Switzerland).
Pilot osteotomies were performed using a pilot drill 2 mm in diameter (Article number
HNO11, Hager & Meisinger GmbH, Neuss, Germany). After removing the fixation pins
and the surgical guide , a full-thickness flap was elevated. Implant osteotomies were
finalized with external cooling at a drill rotation speed of 800 rpm according to the
implant manufacturer’s instructions. Dental implants (Denti Root Form Plus, Denti-
Systems Ltd., Szentes, Hungary) were placed non-submerged. Single interrupted sutures

were used to stabilize the wound margins (Figure 8.).

Figure 8. Implant insertion using mSUP template designed with coDiagnostiX software.

The author's own work.

Suture removal took place after 7 days. Antibiotics (amoxicillin and clavulanate) two
times a day for 5 days (Aktil Duo 875 mg/125 mg, Sandoz Hungaria Kft., Budapest,
Hungary), in case of amoxicillin allergy, clindamycin 4 times a day for 4 days (Dalacin
300 mg, Pfizer Inc., New York, NY, USA), a non-steroid anti-inflammatory drug,
diclofenac 3 times a day for 3 days (Cataflam 50 mg, Novartis Hungéria Kft., Budapest,
Hungary), and 0.2% chlorhexidine mouth rinse, two times a day (Corsodyl,
GlaxoSmithKline Consumer Healthcare GmbH & Co. KG, Miinchen, Germany) were
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prescribed to the patients. During the healing period, patients wore temporary prostheses,
which were modified to accommodate the healing abutments.

3.2.4 Measurements, data selection

Using the DICOM data of the pre- and postoperative CBCT reconstructions,
CoDiagnostiX software, version 10.2 (Dental Wings, Montreal, CA, USA) was used to
measure the angular deviation, coronal global deviation and apical global deviation for
all inserted implants (Figure 9.). This primary outcome variables were calculated using

the treatment evaluation plug-in of the software by an investigator blinded to the grouping

factor.

Figure 9. Data acquisition. Calculation of angular deviation, coronal global deviation,
and apical global deviation using the treatment evaluation plug-in of the software. The

author's own work.

Grey level measurements at implant recipient sites in HU and assessment of the width
and height of the alveolar ridge measurements were performed using the coDiagnostiX
software. Also the were. The width of the ridge was measured at the platform level of the
implants planned. The ridge height was measured from the closest anatomical landmark
to the center of the implant platform along the axis of the planned implant position.

3DSlicer 4.10.2 software (The Brigham and Women’s Hospital, Inc., Boston, MA, USA)
was used to register pre- and postoperative volume datasets and positions of implant
placement was determined on the preoperative CBCT reconstructions. Using the
BoneTexture Extension of 3DSlicer 4.10.2 BV/TV for each implant recipient site was

calculated.
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3.2.5 Statistical Analysis

To determine whether the angular deviation, coronal global deviation and apical global
deviation of the dental implants placed by novice and experienced surgeons were
distributed approximately normally a Shapiro—Wilk’s test (p < 0.05) and visual inspection
of the histograms, normal Q—Q plots and box plots were carried out. The coronal and
apical global deviation values showed a normal distribution. The angular deviation values
for both experience levels did not show a normal distribution. One-way ANOVA test was
carried out to compare the coronal and apical global deviation of implants placed by
experienced and novice surgeons and Mann—Whitney’s U test was carried out to compare
the angular deviation data of implants placed by the two groups. Spearman’s test (two-
tailed) was carried out to correlate the angular deviation and coronal and apical global
deviation data to the BV/TV and grey level data.

Values of p < 0.05 were considered statistically significant.

3.3 Study IlI.

3.3.1 Patient selection

Patients of the Department of Community Dentistry, Semmelweis University, who
presenting with a lesion that was initially diagnosed as an odontogenic cyst of the jaw
through routine radiologic and clinical examination were included in the study.
Anatomical inclusion criteria was, that the cyst involved anatomical landmarks according
to preoperative CBCT. Initial diagnosis was confirmed by histopathological examination
postoperatively.

Exclusion criteria were:

-Patients under the age of 5 years.

- History of tumors or irradiation therapy in the head and neck region.

- History of uncontrolled medical or psychiatric disorders.

- Unwillingness to return for follow-up appointments.

- Insufficient dentition for the attachment of a removable decompression.

The study was approved by Semmelweis University’s Regional Research Ethics
Committee (109/2020). All investigations reported have been carried out in accordance
with the Helsinki Declaration (76). The clinical trial was registered at ClinicalTrials.gov

Protocol Registration and Results System (PRS) (Clinical trial registration number:
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NCT05253261). Surgical interventions and methods were thoroughly explained to the
patients enrolled; patients signed the necessary consent forms prior to treatment.

3.3.2 Planning and Fabrication of the Decompression Device

Two-stage impression of the dentition was obtained using silicone impression material
(Elite HD+ Monophase, Elite HD+ Putty Soft, Zhermack, Badia Polesine, Italy) resulted
in a dental cast. After the digitalization of this dental cast, the teeth with a hopeless
prognosis were removed from the cast using burs. The casts were digitized using a dental
laboratory desktop scanner (3Series, Dental Wings, Montreal, CA, USA) resulted in two
STL files.

Before cystostomies CBCT scans (Green X, Vatech, Hwaseong, Korea) were performed.
The scanning conditions were constant at 200 um isotropic voxel size with 360° rotation,
94 kV tube voltage, 7.2 mA tube current, and 9 s exposure time with a field of view of 15
x 8 cm. Postoperative CBCT was performed using the same scanning conditions as those

used for the pre-operative CBCT.

The master cast STL file, DICOM data of the pre-operative CBCT reconstruction, and
the scan of the expected intraoperative dentition were registered in the coDiagnostiX
software version 10.4 (Dental Wings, Montreal, CA, USA) by a clinician. A custom-
designed dental implant with a 5.0 mm diameter and length suitable for cyst volume was
planned to represent the tube to be used for decompression. This plan was exported using
the Virtual Planning Export option of the coDiagnostiX version 10.4 software in STL

format.

Based on this plan, the decompression appliance was planned by a laboratory technician
using Dental Wings DWOS software (Dental Wings, Montreal, CA, USA). Rapid
prototyping (3D printing) of the appliances was carried out using RapidShape S30
hardware (RapidShape Gmbh, Heimsheim, Germany) from SHERAprint-ortho material
(SHERA Werkstoff-Technologie GmbH, Lemf'orde, Germany). The tube of the
decompression device was perforated using round burs. In cases where the appliances
substituted teeth, acrylic denture teeth (VITAPAN, VITA Zahnfabrik H. Rauter GmbH
& Co. K, Bad S"ackingen, Germany) were added using the conventional workflow of

chemical curing (Figure 10.).
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Figure 10. Removable decompression appliance. The author's own work.

3.3.3 Surgical procedure

All patients rinsed with a 0.2% chlorhexidine solution for 1 min before surgery. Under
local anesthesia, after full-thickness flap preparation the teeth deemed for extraction were
removed atraumatically. Osteotomies were performed using round burs with a surgical
handpiece (SURGmatic S11 L Pro, Kavo Dental, Brea, California, United States) and
motor (MASTERsur LUX, Kavo Dental, Brea, California, United States) to create a bony
window to the cyst, in cases where the cyst could not be accessed from the sockets of the
removed teeth. From the cyst lining histological samples were collected. Wound margins
were stabilized using single interrupted sutures. A decompression appliance was
delivered immediately after the cystostomy (Figure 11.). The tissue sample harvested

from the cystic lining was submitted to histopathological examination to confirm the

initial diagnosis.

Figure 11. Clinical illustration of the surgical procedure. (A) photo of the initial clinical
case (B) surgical procedure (C) removable decompression appliance. The author's own

work.

Suture removal took place after 7 days. Antibiotics (amoxicillin and clavulanate) two
times a day for 5 days (Aktil Duo 875 mg/125 mg, Sandoz Hungaria Kft., Budapest,
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Hungary), in case of amoxicillin allergy, clindamycin 4 times a day for 4 days (Dalacin
300 mg, Pfizer Inc., New York, NY, USA), a non-steroid anti-inflammatory drug,
diclofenac 3 times a day for 3 days (Cataflam 50 mg, Novartis Hungéria Kft., Budapest,
Hungary), and 0.2% chlorhexidine mouth rinse, two times a day (Corsodyl,
GlaxoSmithKline Consumer Healthcare GmbH & Co. KG, Miinchen, Germany) were
prescribed to the patients.

During the decompression period, patients wore the appliance to keep the orifice of the
cyst open. Patients were instructed to clean the appliance twice a day. Patients were
recalled for controls monthly. During the decompression period, the tube was gradually
shortened to allow for bone regeneration.

Following the decompression period, when the cyst volume was sufficiently reduced, the
remaining cyst was enucleated under local anesthesia. The residual tissue of the cyst was

submitted to histopathological examination.

3.3.4 Data acquisition, statistical analyses

To determine the effectiveness of the decompression device the volume reduction of the
cyst was examined. Volume reduction was calculated by subtracting the post-operative
volume from the pre-operative volume. The percentage of volume reduction was

calculated as follows: volume reduction / pre-operative volume x 100.

The volume of the odontogenic cysts were assessed by manual segmentation. The
segment editor and segment statistics plug-in of the 3DSlicer 4.10.2 (The Brigham and
Women’s Hospital, Inc., Boston, MA, USA) software was used to determine the volume
of the cyst using slice-by-slice boundary drawing with a scissors tool. Annotations were

inspected slice-by-slice in all three orthogonal views the determine the volume of the cyst.

Shapiro—Wilk’s test (p < 0.05) and visual inspection of the histograms, normal Q—Q plots
and box plots were carried out to determine whether pre-operative volume, postoperative
volume, and percentage of volume reduction were distributed approximately normally.
Levene’s test was carried out to examine the homogeneity of the data, paired samples t-

test was carried out to compare the pre- and post-operative cyst volume.

Values of p < 0.05 were considered as statistically significant.
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4 Results

4.1 Study I

Altogether, 11 patients were treated using the modified alveolar ridge expansion
technique described in study I. One patient was excluded from the participation of our
study, because he did not attend on regular recalls. As a result, 10 (2 male, 8 female, age
54,90 + 11,60 years) patients a total of 11 ridge split procedures were included. A total of
21 dental implants were inserted in the augmentes sites.

The patients were recalled every 6 months for a clinical and radiological examination. All
patients were followed up until September 2022. During the follow-up period one dental

implant was lost due to periimplantitis. Patients’ demography is summarized in Table 1.
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Table 1. Patients’ demography and the characteristics of the inserted implants (M - male,

F- female)
Patients Age Male Augmented_site ii(s)zltrtlsgg;:?:l Ins_erted dental implant
(years) (M/F) of the mandible implant (dimeter*length) (mm)
Patient 1 56 M both sides 36 3.5*10
37 4.3*10
44 3.5*10
46 3.5*8
Patient 2 77 F right 45 3.5*%10
46 3.5*10
Patient 3 44 F right 45 3.5*%10
46 4.3*10
Patient 4 57 F left 36 4.3*8
Patient 5 70 F right 45 3.5*8
46 3.5*8
Patient 6 42 F right 44 4.3*11.5
46 4.3*11.5
Patient 7 51 F right 45 3.5*11.5
46 4.3*10
Patient 8 49 M left 35 3.5*11.5
37 4.3*10
Patient 9 63 F right 45 3.5*10
46 3.5*11.5
Patient 10 40 F right 46 3.5*10
47 3.5*10

All sites healed uneventfully. The borders of the bone blocks were observed, and
satisfactory ossification of the osteotomies were found. Clinically the coronal part of the
augmented area consisted of cortical bone. Upon reentry, excellent bone integration was
observed in all cases, except for one case, where a secondary bone augmentation was
needed.

At the time of the implant bed preparation, the density and the volume of all augmented
site was adequate. The bone quality and quantity permitted the placement of dental

implants prosthetically driven in all cases.

4.1.1 Results of the Clinical measurements

Hard tissue dimension changes were calculated with subtraction: preoperative values
were subtracted from postoperative values. The horizontal hard tissue dimension changes
were observed 3, 10 and 15 mm distally from the reference point. At 3 mm and 15 mm
the values of the clinical measurements showed an approxymately normal distribution.

However at 10 mm the normal distribution of the clinical measurements was not
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observed. According to the measurements ridge width gain was 2.09 + 1.38 mm at 3 mm,
2.73 £ 1.56 mm observed at 15 mm respectively. The a ridge width gain was 3.00 mm
(2.00 — 5.00 mm range) at 10 mm.

Pre- and postoperative dimensions and dimension changes are presented in Table 2.

Table 2. Pre- and postoperative measurements of the alveolar ridges

Preoperative alveolar ridge Augmented alveolar ridge Alveolar ridge width gain
width (mm) width (mm) (mm)

Patients at3mm at10 mm at15mm at3mm at10mm at15mm at3mm at 10 mm at 15 mm
Patient 1

(left side) 5 4 5 5 8 6 0 4 1
Patient 1

(right side) 5 3 4 6 5 5 1 2 1
Patient 2 7 4 5 9 9 9 2 5 4
Patient 3 5 5 7 6 8 9 1 3 2
Patient 4 4 7 6 8 9 7 4 2 1
Patient 5 4 4 4 5 6 I 1 2 3
Patient 6 4 6 5 7 8 8 3 2 3
Patient 7 4 5 10 8 10 12 4 5 2
Patient 8 4 5 5 7 9 9 3 4 4
Patient 9 4 4 5 7 9 11 3 5 6
Patient 10 5 5 6 6 8 9 1 3 3
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The width of the alveolar ridge at 3 mm was generally adequate for implant insertion. At this

distance moderate ridge width gain was observed as presented in Figure 12.

Width of the alveolar ridge at 3 mm
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Figure 12. Width of the alveolar ridge at 3 mm. The author's own work.

At 10 and 15 mm from the reference point significant ridge width gain was observed. At 10
mm at least 2 mm alveolar ridge width gain was observed in all cases. Figure 13. and 14. present

ridge width gain at these measurement points.
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Width of the alveolar ridge at 10 mm

m Width of the alveolar ridge - prior the augmentation

m Width of the alveolar ridge - After the augmentation

S e 01 JUBTJRJ
S . 6 JuaTed
S . S VUoTE]

I L Juaned
e — 0 1211t
e ¢ NEd

S — | 721"

e € 10O1E]
e (VP11

S Emmmm (9PTS WS T juoned

e e (°P's WRD)

Lo I o = T o B -]
—

—

(wrur) 23pLI IR[O2A[R U]} JO [IPIM T[T,

1 Juaned

Figure 13. Width of the alveolar ridge at 10 mm. The author's own work.

Width of the alveolar ridge at 15 mm
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Figure 14. Width of the alveolar ridge at 15 mm. The author's own work.
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Figure 15. presents the average alveolar width of the ridge prior the augmentation and after the

healing period.
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Figure 15. Average alveolar width prior and after the augmentation at 3, 10 and 15 mm. The

author's own work.
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4.2 Study II.

4.2.1 The Influence of Surgical Experience on the Accuracy of CAIS

A total of 40 dental implants were inserted in 13 patients. In the test group novice surgeons
inserted 18 implants in 6 patients (4 male), age 71 + 10.1 years; in the control group,
experienced surgeons placed 22 implants in 7 patients (4 male), age 69.2 + 4.55 years. The grey
level was 613.4 + 304.7 HU (663.7 + 294.5 HU and 576.8 + 313.5 HU for novice and
experienced surgeons respectively and BV/TV was 0.6761 +0.3644 (0.7294 +0.3392 and
0.6373 +0.3847 for novice and experienced surgeons respectively) calculated at the sites of

implant placement.

The width of the alveolar ridges at the site of implant placement was 7.688 + 1.094 mm (7.567
+0.7300 mm and 7.786 + 1.329 mm for novice and experienced surgeons respectively). At the
sites of implant placement, the height of the alveolar ridges was 15.89 = 4.011 mm (16.02 +
4.624 mm and 15.78 = 3.542 mm for novice and experienced groups, respectively).

The primary outcome variables were angular deviation, coronal, and apical global deviation.

Between the two groups no statistically significant differences were observed in the primary
outcome variables. The angular deviations were 6.544 + 5.393 ° and 7.177 + 4.214 ° for the test
and control groups, respectively. The coronal global deviation was 1.987 + 0.7049 mm for the
novice group and 1.879 £ 0.7893 mm for the experienced group. The apical global deviations
were 1.954 + 0.6853 mm and 2.124 + 0.8373 mm for the test and control groups, respectively.
Figure 16. presents the descriptive and comparative statistics of the primary outcome variables
between the two study groups.
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Apical global deviation data of the test and control group
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Figure 16. Bar graphs representing the angular deviation, apical global deviation, and coronal

three-global deviation data. The author's own work.
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4.2.2 The Influence of Bone Density on the Accuracy of CAIS

Statistically significant negative correlation was detected between the angular deviation of the
implants and both grey level measurements (R-value: -0.331, p < 0.05) and BV/TV (R-value: -
0.377, p < 0.05). Between either of the global deviation datasets and the grey level
measurements or BV/TV the correlation was not statistically significant. Table 3. presents the
correlation statistics between the datasets dealing with the accuracy of implant placement and
the bone density datasets.

Table 3. The correlation statistics between the datasets dealing with the accuracy of implant
placement and the bone density datasets

Correlation between Parameters R Value Level of Significance
(p Value)
Angular deviation -0.331* 0.037*
Grey level measurements | Coronal global deviation -0.027 0.869
(HU) Apical global deviation -0.090 0.580
. Angular deviation -0.377* 0.020*
Bone v?;tjlr;w_?vf)ractlon Coronal global deviation -0.049 0.771
Apical global deviation -0.189 0.255

Spearman’s test was carried out to analyze the correlations between grey level
measurements in HU, BV/TV data and primary outcome variables. * p < 0.05.

4.3  Study IlI.

Computer-Aided Design and Computer-Aided Manufacturing (CAD/CAM) technology
enables the clinician to manufacture a removable decompression device and its delivery on the
day of the cystostomy procedure. In our study 3D printing was used to fabricate the prosthesis.
Implant planning software enable the clinician to plan and control the position of the tube
intended for decompression and to create a digital master cast on which the device may be
planned.

Five male and one female patient were treated with six large cysts (5 radicular and 1 dentigerous
cysts) using the decompression devices fabricated using the digital workflow. Preoperative
volume of the cysts was 5597 + 3983 mm?, and the postoperative cyst volume was 2330 + 1860

mm3. The Figure 17. presents the amount of the reduction of the cyst volume.
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Figure 17. The results of the volumetric analysis of the cyst reduction. The author's own work.
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58.84 + 13.22 % percentage of volume reduction was detected after a 6-month long cystostomy
period. Median age of the patients was 40 years (range: 15-49 years.) Demographic data of the

treated patients, and the results of the volumetric analysis are presented in Table 4.

Table 4. The demographic data of patients treated and the results of the volumetric analysis

Sex Age |Position of the cyst| Histopathological | Volume Reduction| Percentage of
Patient Number| (male/ Diagnosis Volume Reduction
female) (years) | Lower/Upper jaw mm?® %
1 m 49 | radicular cyst 7296 56.57
2 m 37 | radicular cyst 762 41.50
3 m 33 | dentigerous cyst 2235 61.22
4 f 43 u radicular cyst 3898 67.63
5 m 15 | radicular cyst 2275 78.04
6 m 47 u radicular cyst 3134 48.04

Biomechanical complications were observed in two cases. In one case the tube, and in the other
case the clasps of the removable appliance broke off the denture. The tube fractured after 3
months of use, the clasps fractured after one month of use.

No further complications occurred during enucleation and the follow up period. None of the
patients reported on excessive hemorrhage, symptoms of nerve damage. Loss of vitality of
neighboring healthy teeth were not observed in any of the cases.

Following a 6-month long decompression period, in 5 out of 6 cases sufficient bone

regeneration for enucleation were observed according to to the postoperative CBCTSs. In these
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cases, successful enucleations were performed after 6 months. In the other case the second

surgery was carried out after 12 months (Figure 18.).
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Figure 18. CBCT images before (A) and after (B) the cystostomy procedure. The author's own

work.

36



5 Discussion

With the development of dentistry and oral surgery, the management of the various oral
pathological lesions became more predictable. During surgical interventions the surgeons strive
for minimal invasiveness to decrease postoperative morbidity. The aim of the ressearch
described was to describe effective, predictable and reliable surgical procedures for the

successful treatment of alveolar bone atrophy, total edentolousness and odontogenic cysts.

In the last decade significant development could be observed in the field of bone management
surgery. Previously the amount of the available bone limited the opportunity of the dental
rehabilitation with dental implant borne prosthesis. Currently, large bone augmentations have
become safe and predictable due to novel biomaterials and modified approaches to soft and
hard tissue management. Albeit, certain cases, for example partially edentulous patients with
severe horizontal atrophy in the mandible is still a clinical challenge. Several treatment options
are available, among others alveolar ridge splitting.

Alveolar ridge splitting was first described by Tatum (29). The technique was later modified.
The first modification was described by Simion et al. in 1992 (77) and Scipioni et al. in 1994
(78). In both modified techniques, implants were used as a spacer between the lingual and the
buccal cortical plates. Simion et al. covered the implants and the defects with expanded
polytetrafluoroethylene membranes (77). Scipioni et al. extended their study to a
comprehensive study. They presented the clinical results of 170 edentulous ridge expansion
procedures with an excellent success rate (78).

Within the limitations of our study, we have deduced that our modified ridge splitting technique
also presents an excellent success rate. It is a reliable method to widen the knife edge alveolar
ridge prior to implant placement. There was only one case, where the integration of the block
was unsuccessful. At reentry, an intrabony defect was detected. Buccal and lingual cortical
plates of the defect were stable, consequently the width of the ridge was augmented
successfully. However, connective tissue was observed between the buccal and lingual cortical
plates. The bone block carried out its purpose of maintaining space, however, probably due to
the lack of vascularization connective tissue formation occurred. After debridement of the soft
tissue, the implant bed was prepared in a prosthetically driven way. The apical part of the ridge
was able to anchor the dental implant. Following implant placement the intrabony defect was
filled with a combination of bovine bone mineral matrix graft (creos xenogain, Nobel Biocare
AG, Kloten, Switzerland) and covered with a non-resorbable membrane (Permamem, Botiss
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biomaterials GmbH, Zossen, Germany). After the secondary augmentation successful healing
was observed.

Several modifications were described to alveolar ridge splitting. Probably the most
controversial issue regarding the ridge splitting technique is the type of grafting materials used.
Autografts, xenografts and alloplastic materials were applied successfully in ridge splitting.
Coatoam et al. presented a modification of the ridge split procedure where allograft was used
in the created defects (32). Similar successful procedure was reported by Holtzclaw et al. (79).
The difference in surgical methodology of this study compared to Coatoam was the resorbable
collagen membrane used to cover the surgical sites. Santagata et al. reported satisfactory clinical
results using a xenograft material (80). Ella et al. reported a prospective study, using a synthetic
bone substitute as filler during ridge expansion (75). There was a significant difference in ridge
width gain between cases grafted by synthetic graft material, and those cases where no graft
materials were used, and dental implants were inserted in the splitted sites. After expansion the
grafted group showed no bone resorption. According to Gonzalez-Garcia et al. predictable
results in terms of formation of new bone was observed with autogenous bone graft and bovine
particulated bone graft (81). Various studies report the successful use of combination of
different biomaterials (31).

Alveolar ridge splitting may be performed graftless (82). In studies where ridge splitting was
accomplished graftless, dental implants were inserted simultaneously. In these cases the dental
implants functional as a spacer to avoid the collapse of the bone defect (82-84). In graftless
surgical methods for ridge splitting the expanded site is left empty, because it may be considered
a self-containing defect, a four-wall intrabony box, with four cortical walls. This defect
configuration facilitates complete bony regeneration (30). Scipioni et al. examined the
micromorphology of the graftless ridge splitting sites using histological methods (85). After the
healing period, which was 16 months long, mature, regenerated bone was observed (85).

The success of ridge expansion is not only dependent on the graft material used, but also on the
surgical procedure. Several modifications of ridge splitting surgery have been described in the
literature. The most crucial part of the surgical procedure is the appropriate green-stick fracture
to preserve integrity of the buccal cortical plate. To prevent the complete fracture of the split
ridge and to reduce bone resorption Santagata et al. reported a novel approach to ridge splitting
(80). A partial-thickness flap was elevated to expose the alveolar crest, and to preserve the
attachement of the periosteum to the bone in order to reduce the risk of bone resorption (80,
82). However, maintaining the periosteal layer attached to the bone precludes surgical access

to the more apical regions. Thus, the clinician is unable to carry out corticotomy, which could
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hinder their ability to induce a green-stick fracture. This may be a disadvantage of this method
in the molar region of the mandible where a thick cortical bone may be anticipated. With this
modification of the surgical method Santagata et al. have found less postoperative
complications (80). However, in their study only the molar region of the maxilla was examined,
where the bone is generally less dense compared to the posterior segments of the mandible.
The success of the surgical technique also depends on the surgical instrumentation. The original
surgical method was carried out with chisel and hammer (32, 77). With the development of the
surgical devices rotating (32) and oscillating instruments (86) were introduced for ridge
splitting. Rotating instruments decreased the patients’ discomfort, stress level. The main
disadvantage of the use of rotating instruments is the weakened cortical bone plates. The
rotating burs are characterized by a relatively wide diameter, which may erode valuable bone.
The application of the piezosurgical devices (31) allow sparing management of bone. Their thin
tips enable the preparation of curved osteotomies, decrease patient discomfort. Furthermore,
the piezosurgical devices minimize the risk of soft tissue or nerve injury.

In our study, an autogenous bone block was applied as a spacer in the splitted area. Autogenous
bone is considered the gold standard of bone graft materials due to its osteogenic,
osteoinductive, and osteoconductive properties. The use of autogenous bone is limited due to
the donor site morbidity. However, to decrease the morbidity, in our method, donor and
recipient sites are accessed from the same flap, which may decrease the postoperative
discomfort of the patient.

The limitations of the study are that it was carried out with a small sample size and that alveolar
ridge width gain was observed only with clinical measurement.

Within these limitations of the present study, we have concluded that the modified ridge
splitting technigue using autogenous bone block grafts is an effective method to restore the

width of the alveolar ridge prior to implant placement.

Not only augmentation strategies went through significant improvement since their
introduction, but also the implant insertion techniques. Digital dental solutions provide the
opportunity to insert dental implants close to the prosthetically ideal positions. Digital implant
dentistry enables virtual planning followed by CAIS. According to the literature SCAIS is a safe
and predictable method. The accuracy of the sSCAIS method depends on the support of the
surgical guide (mucosa, teeth or bone supported) and depends on the extent of guidance (PG,
HG, FG) (45, 54, 87).
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Overall, sCAIS decreases operation time, and postoperative morbidity compared to free hand
surgery. Otherwise, there are some disadvantages, such as the cooling of the drills may be
decreased. During drilling, surgical templates impede the cooling fluid to access the osteotomy.
Increased bone temperature may compromise the healing (52). Also, higher costs associated
with this system and the increased preoperative planning time and degree of mouth opening,
may limit the application of sSCAIS.

Several studies examined the accuracy of dental implant positions using CAIS. In the literature,
significantly better accuracy was detected in the coronal global deviation or apical global
deviation using CAIS, than the free hand method. According to the literature, mean deviations
of 0.9 mm at the coronal level, 1.3 mm at the apex and 3.5° angular deviation from the planned
implant positions may be expected, using SCAIS (88). The HG approach enables less accurate
implant placement compared to the FG approach (44, 47, 89-91).

This overall error is a cumulative error of inaccuracy in imaging, transformation of the virtual
plan to a surgical template, fabrication of the template, positioning of the template before
surgery and errors observed during the surgery itself (44, 45, 88). The accuracy of implant
placement depends on the support of the surgical templates and the flap elevated during surgery.
According to the literature, tooth-supported surgical templates are more accurate than mSUP
templates. Bone-supported templates are less accurate compared to either tooth-, or mSUP
(49, 54, 91). According to Ku et al., using tooth-supported surgical templates, flapless SCAIS
is more accurate than a procedure that involves flap elevation (92).

The 4th European Association for Osseointegration Consensus Conference 2015 examined the
accuracy of dental implant insertion in the lower and upper jaws (88). According to this
consensus conference there is no difference in the upper or in the lower jaws in insertion
accuracy. Not only the role of the jaws was examined in implant insertion accuracy, but the role
of the surgeons. According to the literature, the accuracy of static guided implant placement
depends on the experience of the surgeons. Several in vitro studies (55-57, 83, 84, 93) confirm
this finding. However, only few clinical studies are investigated the influence of experience
(58-60). Cheongbeom et al. concluded that further randomized controlled clinical studies are
required to determine whether surgical experience influences the accuracy of implant placement
(61).

Few cadaver (94) and clinical (95-99) studies have examined the role of recipient bone structure
on the accuracy using sCAIS. These studies were conducted with differing methodology; the
correlation of cortical bone thickness, bone quality according to Zarb et al. (100) or bone density

and accuracy of guided implant placement were assessed.
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In our study, PG sCAIS with a mSUP template fixed by pins was applied to insert dental
implants.

MSUP template fixed by pins has some advantages over free hand or FG dental implant
insertion. The main advantage of this method is the oppurtunity of raising a flap, which allows
the surgeon, to correct a possible inaccurate implant position if necessary. Furthermore, by
raising a flap, it is possible to preserve the keratinized mucosa, which supports the long term
success of the implants. The main disadvantages of using flapless FG implant placement are
insufficient cooling and the loss of keratinized mucosa due to the tissue punches used. Using
HG surgery it can facilitate cooling of the drills, because the template is removed for the final
implant bed preparation (52) (53). These characteristics are important to make the HG mSUP
template for the training of implant surgeons to get experience.

There is no consensus in the literature, regarding whether experience level of the surgeon affects
the accuracy of implant placement using sCAIS. According to Hinckfuss et al. and Fernandez-
Gil et al. experienced surgeons achieved more accurate implant placement using guided surgery
in both partially (55, 93) and fully edentulous jaws (83), using both FG (55, 83, 93) and HG
(93) approaches. Controversially, according to some other studies less accurate implant
placement was detected (56, 84). In a cohort study Van de Wiele et al. examined a similar
clinical situation to the situation in our study: implants were also inserted in edentulous jaws
using a mSUP template. The template was anchored by pins. According to Van de Wiele’s
study, statistically significant difference in the accuracy of implant insertation could not be
observed between the different experience levels of the surgeons (58). According to Marei et
al., in their randomized clinical study, the experience of the surgeons achieved more accurate
implant placement with a HG method on partially edentulous jaws using a tooth-supported
template compared to novice surgeons (60). In the pilot study of Cassetta et al., the role of the
experience did not impact the accuracy of implant placement using FG sCAIS with a bone-
supported template anchored by pins. No statistically significant difference was detected
between the implant placement accuracy of inexperienced and experienced surgeons (59).
Wang et al. examined the learning curve of sCAIS. They concluded that implant placement in
in vitro settings SCAIS is accurate regardless of the surgeons’ level of experience (101).

In our study, there was no significant difference in the primary outcome variables (angular
deviation, coronal global deviation, and apical global deviation of the implants placed) between
the experienced and novice surgeon groups. Our null hypothesis was not rejected: surgical
experience did not seem to influence the accuracy of PG sCAIS with a mSUP template anchored

by pins in the edentulous jaw.

41



Accordind to the literature, the role of the bone density in the accuracy of sCAIS is also
controversial. According to some studies the higher the bone density, the lower the accuracy of
CAIS has been detected (97, 98). However, according to other studies, no statistically
significant correlation (94, 99) was detected between bone density and the accuracy of CAIS.
Some other studies observed statistically significant positive correlation between bone density
and the accuracy of CAIS (95). In a clinical study Ochi et al. carried out surgeries with mSUP,
pin-anchored templates in edentulous jaws performing FG surgery. They determined the
correlation between bone density and depths of implant insertion in the bone. They concluded
that at sites with lower bone density the implants were placed deeper than planned (96). Putra
et al. examined the role of bone density in accuracy of implant placement using HG templates
(98). They concluded that a statistically significant negative correlation exists between bone
density and the accuracy of implant insertion. Ozan et al. found similar results when performing
HG sCAIS with mSUP templates (97). Jones at al. (99) and Noharet et al. (94) could not find a
statistically significant correlation between bone density and the accuracy of guided implant
placement. Cassetta et al. (95) and Chen et al. achieved similar results, in their studies. They
found that lower bone density led to decreased implant deviation (102). In our study, implant
sites were determined by the registration of pre- and postoperative CBCT data to perform
BV/TV measurements. According to the literature, micro-morphometric parameters calculated
from CBCT data may be reliable to predict the bone quality (103-109).

According to our study, there is a statistically significant negative correlation between bone
density (presented in both grey level measurements and bone volume fraction) and angular
deviation. Our null hypothesis was rejected. The lower the bone density at the sites of implant
placement, the lower the accuracy of sCAIS in edentulous jaws with a mSUP PG template
anchored by pins.

Weak correlation between bone density and the accuracy of CAIS was reported in the literature
(96, 98) and in the present study as well. However, in a more complex clinical environment,
numerous factors may influence the accuracy of CAIS. To control these risk factors, further in
vitro and in vivo studies may be required to assess the role of bone density and other factors in

the accuracy of CAIS.
Digital dental technologies used in the field of dental implant surgery may be applied to the

treatment of different pathologies in the dento-maxillofacial region to decrease postoperative

morbidity, treatment time, and enhance patient reported outcomes.
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Several studies are dedicated to the measurement of volumetric reduction of OC managed by
decompression. According to Kwon et al. the mean reduction rate was 54.68 % after 3 months
to a maximum of 27 month-long decompression period (110). Long treatment duration
increases the effectiveness of the decompression. Jeong et al. examined the effect of the
decompression time on the volumetric changes. The percentage of volume reduction was 57.5
+ 21.5 % for OC which underwent decompression for more than 6 months and 58.8 + 14.5 %
for cysts which underwent decompression for less than 6 months. Bonavolonta et al. reported
similar results, the reduction in cystic volume ranged from 38.2 % to a maximum of 54.4 %.
following 6-9 months of decompression of OC.

According to our study, percentage of volume reduction was 58.84 + 13.22 % following 6
months long decompression period, which was similar to the results of previous studies.

In our study, no complicantions to the anatomical landmarks were observed. Compared to
cystectomy, decompression of large cysts is a minimally invasive approach, that decreases the
complications (loss of vitality of neighboring healthy teeth, oroantral communication or fistula,
nerve damage). However, cystostomy may take more than 6 months and require two surgical
interventions- albeit less invasive than a cystectomy of first intention-, the cystostomy and the
final enucleation.

In the literature, various devices have been described for decompression. The removable
decompression appliances allow to replace the missing teeth for the period of decompression
which greatly improves the quality of life for the patients. For the uneventful decompression
period the removable appliances enable the patient to properly clean adjacent teeth and rinse
the cavity of the cyst. The patients psychosocial need for a fixed prosthesis may be
disadvantages of such a method.

The staged and lengthy conventional workflow to fabricate the removable appliance may be
substituted with a digital workflow. It enables the clinician to perform cystostomy, remove teeth
of hopeless prognosis, and deliver the decompression appliance in the same sitting. The digital
impressions performed using an intraoral scanner is a reliable method, direct with adequate
accuracy for the digitization of the dentition and soft tissues for the manufacturing of removable
prostheses. However, the digital workflow requires higher cost, which may be a disadvantage
of the method presented in this case series. Furthermore, the digital workflow requires clinicians
and laboratory technicians who are skilled in digital technology. The other limitation of the
study is the measurement of the cystic volumes using manual segmentation, which is inherently

operator dependent. The other limitation of using this decompression appliance is that it
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requires the remaining dentition to be sufficient for the attachment of the device. The final

limitations of the study are that it was carried out using a small sample size.
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6 Conclusion
6.1 Study I.

According to our results the modified ridge splitting technique is a feasible intervention for the
augmentation of the horizontally atrophic mandible.
According to the clinical measurements all sites showed improved ridge width. At 3 mm an
average 1.89 + 1.08 mm hard tissue gain was detected, at 10 mm 3.17 = 1.15 mm, at 15 mm
3.60 = 1.53 mm. Implant placement could be performed at all atrophic sites following the
intervention.
1) According to our study the modified ridge splitting technique using autogenous
bone block grafts harvested from ramus mandible is an effective and predictable

method to restore the width of the mandible alveolar ridge.
6.2 Study Il

In this randomized clinical study, PG sCAIS with a mSUP, pin-anchored template was carried
out to place implants in edentulous jaws.
1) The experience level of the surgeon did not influence significantly the accuracy
of implant placement.
2) We have concluded that the higher the bone density at the sites of implant
placement, the higher the accuracy of sCAIS.

6.3  Study Ill.

1) The digital workflow described in this prospective case series enables the
delivery of the decompression appliance and cystostomy in the same time.
2) The digital workflow described in this prospective case series allows effective

volume reduction of OC.
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6.4 New results

6.4.1

1.

6.4.2

6.4.3

Study 1.
According to our study the modified ridge splitting technique using autogenous bone
block grafts harvested from ramus mandible is an effective and predictable method to

restore the width of the alveolar ridge.

Study I1.

The experience level of the surgeon did not influence the accuracy of implant placement
in edentulous jaws using a PG sCAIS approach, with a mSUP, pin-anchored template.
We have concluded that there is a weak, statistically significant negative correlation
between bone density (presented in both grey level measurements and bone volume
fraction (BV/TV) and angular deviation. The higher the bone density at the sites of

implant placement, the higher the accuracy of sCAIS.

Study I1I.

The digital workflow described enables the delivery of the decompression appliance
and cystostomy in the same time.

The digital workflow described allows effective volume reduction of OC for second

stage surgical removal.
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7/ Summary

In Study I. a novel ridge augmentation procedure, the alveolar ridge expansion technique using
only autogenous bone block harvested from mandible was described to widen the horizontally
atrophic jaws. With this technique the thin alveolar ridge can be regenerated prior to implant
placement. After a 3-month healing procedure, in most of the cases dental implants can be
inserted in the prosthetically adequate positions.

In Study I, our randomized clinical study, we have analyzed the influence of surgical
experience and bone density on the accuracy of sCAIS in edentulous jaws using a mSUP
surgical template with a PG implant placement protocol. We have evaluated the angular
deviation, the coronal global deviation and the apical global deviation and grey level
measurements by registering the preoperative plan with postoperative CBCT data. The
experience level of the surgeon did not influence the accuracy of implant placement; The novice
surgeons could reach similar results in terms of of implant placement accuracy as their more
experienced counterparts. We have concluded that the higher the bone density at the sites of
implant placement, the higher the accuracy of sCAIS.

In Study Ill. we described a digital workflow that enables the clinician to deliver the
decompression appliances at the time of cystostomy, effectively reducing the volume of OC.
With this approach complications to neighbouring anatomical landmarks may be avoided
during enucleation surgery owing to the bone formation, that established a safe zone around

these anatomical landmarks.
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