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PREFACE

his book is dedicated posthumously to Professor Per-Ingvar Branemark in honor of his
Tvision for developing surgical protocols and armamentaria that allow for the predict-
able rehabilitation of patients with maxillary defects, whether congenital or acquired. His
lifetime dedication to patient care not only helped to restore form and function to this
group of patients but, more importantly, improved their quality of life and reintroduced
them to society. | therefore wish to remind my colleagues, as well as current and future
residents, of the fundamental principles that Branemark lived by:

Interdisciplinary management to allow for enlightened treatment planning.
Simplification and identification of adequate versus optimal treatment concepts.
Predictability achieved via documentation and evidence-based treatment concepts.
The patient is paramount—listen to the needs and demands of your patient.

Branemark lived by these principles and mentored all who were fortunate enough to have
known him. Each chapter in this book is written to honor him by upholding these principles.

Treating maxillectomy patients and patients with severe maxillary resorption is one
of the most challenging maxillofacial reconstruction procedures. The introduction of the
zygoma implant allowed practitioners to reconstruct these difficult defects without exten-
sive grafting, a treatment dubbed the “graftless concept.” Over the past 25 years, clinicians
using zygoma implants have followed the ad modum Branemark technique, which has
resulted in clinical success rivaling conventional axial implants, with multiple systematic
reviews reporting long-term success rates of 98%.

The popularity and acceptance of the zygoma implant for the treatment of the completely
edentulous maxilla is both exciting and worrisome. Preserving the technique described by
Branemark is critical for the continuance of predictable long-term outcomes with zygoma
implants. To emphasize the need for maintaining the technique as described by Brane-
mark, | have recruited leading clinicians experienced in the treatment of patients with
advanced maxillary resorption to contribute to this textbook. | have asked them to share
their thoughts and their contemporary approach to executing the Brdnemark technique.

The title of this book emphasizes the need to fully understand zygoma implants, including
the biomechanical, surgical, and prosthetic principles that have made the use of this implant
in maxillary reconstructions extremely predictable. It has been a great joy to coauthor this
textbook with my son and prosthodontist, Armand, who led the team of contributors in
emphasizing the role of the digital workflow (DWF) in maxillary reconstruction.

The DWF is governed by a complete understanding of the fundamental surgical and
prosthetic principles. The digilog concept of implementing fundamental, evidence-based
principles while using contemporary DWFs is discussed in depth, both for planning and
implementing extensive maxillary reconstructions using the zygoma concept.

Vi



When navigating modern surgical education, we must always rely on the fundamental
principles that have advanced the predictability of restoration using the zygoma implant—
the best interests of the patient come first.
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History of Zygoma Implants
and Their Indications

EDMOND BEDROSSIAN

ehabilitating patients who have suffered traumatic events or undergone oncologic
Rresections that resulted in total or partial loss of the maxilla is one of the most
challenging reconstructive dental procedures to perform. The lack of bone volume to
support a conventional removable prosthesis is a major obstacle, and even in cases
where obturators can be fabricated using the residual undercuts in the patient’s anat-
omy, the results are generally less than optimal. Placing conventional dental implants
is impossible in these patients due to the severe damage or resection of the maxillary
alveolar bone. To stabilize prostheses in these patients, P-l Branemark instead consid-
ered a distant implant anchorage site—the zygoma (Fig 1-1).

This chapter reviews the history of the zygoma implant according to its indications,
from its original purpose to treat patients suffering from traumatic maxillary bone defects
or resections to its contemporary uses in patients with severely resorbed maxillae.

Fig 1-1 / The zygoma (blue shading)
forms a portion of the roof of the
maxillary sinus and the lateral bor-
der of the orbit.




Fig 1-2 / 3D reconstruction
of a patient with significant
right midfacial trauma and
failed bone grafting.
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Fig 1-3 / Placement of
two endosteal implants
with cover screws in the
remaining portion of the
right zygoma.

TRAUMATIC DEFECTS

At one time, a tissue-supported removable prosthesis was the only treatment option
for the dental rehabilitation of many patients who had undergone significant midfacial
trauma (Fig 1-2). However, due to the difficulty of establishing an adequate peripheral
seal, the reliable retention of these prostheses was often not possible, resulting in
compromised function and esthetics. To enhance prosthesis retention, P-I Branemark
began exploring the possibility of anchoring endosteal implants in the surrounding
stable maxillofacial skeletal bones. For this group of patients, the zygoma was the
distant anchorage site of choice for endosseous implants.

Initially, conventional 3.75-mm machined titanium implants 8 to 10 mm in length
were placed in the zygoma according to a two-stage surgical protocol (Fig 1-3). A wait-
ing period of 6 months was allowed for implant osseointegration prior to uncovering
the implants to begin the prosthetic phase of rehabilitation. Long, custom abutments
were fabricated to allow maxillofacial prosthodontists to bring the implant platform
closer to the occlusal plane.



Traumatic Defects

The placement of conventional machined titanium implants in maxillectomy patients
was also reported by Thomas Weischer et al in 1997." As seen in Fig 1-4a, three endos-
teal implants were placed in the patient’s right maxillary alveolar bone, along with two
endosseous implants in the left zygoma. After osseointegration of all implants, the
implants in the left zygoma were connected with a titanium bar and used to retain the
overlying prosthesis (Figs 1-4b and 1-4c).

In many patients treated according to these methods, however, the outcome was
that the implant-abutment junction was too far from the abutment-prosthesis junc-
tion, creating a long cantilever. Although the prostheses were tissue supported and
only implant retained, in general the clinical outcomes were associated with frequent
loosening and fracturing of the prosthesis and the custom-made abutment screws. The
difficulty of replacing the fractured abutment screws made this treatment unpredictable,
and a very high level of maintenance was also required.

Fig 1-4 / (a) A patient
with a left maxillectomy.
Two endosseous
implants were placed
in the left zygoma.

(b and c) Splinted
implants were used

to retain the overlying
removable prosthesis.
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Fig 1-5 / The extended length of
the zygoma implant eliminates
the need for long, custom-made
abutments.

The logical solution to this type of complication was exchanging the conventional
implants with long, custom-made abutments for single-piece implants—hence, the birth
of the zygoma implant. Figure 1-5 shows the use of conventional implants in the patient's
right zygoma as well as experimentation with a zygoma implant in the patient's left
zygoma. The extended length of the zygoma implant replaces the need for a long custom
abutment and brings the restorative platform of the implant into the proper occlusal
plane. Eliminating long custom abutments resulted in fewer mechanical complications
and more predictable restorations with easier maintenance for this group of patients.

Branemark did not report the use of the new zygoma implant until 10 years after
treating the first patientin 1989; the first publication on the use of the zygoma implant
was not until 2000.2 This study reported the predictable treatment outcomes found
with zygoma implants, both in the patient who received the newly designed zygoma
implant and in patients treated earlier according to a zygoma concept. The first course
to introduce the zygoma concept to North America was held in 1996, and the technique
was quickly adopted by a select group of maxillofacial surgeons, who found the same
positive outcomes as reported in the 2000 paper.

The zygoma implant proved to be invaluable for treating patients who had suffered
trauma to the midface. Figure 1-6 shows an example of one of these patients. He had
suffered a gunshot wound to his right midface, resulting in partial avulsion of the right
hemimaxilla. The lack of hard tissue support in the maxillary right posterior quadrant
created difficulty in retaining a maxillary partial denture, even with the assistance of
splinted conventional implants in the anterior maxilla. To facilitate the retention and
function of the partial denture, a zygoma implant was placed distal to the existing
implants in the intact zygomatic bone. This allowed for the extension of the implant-
retained bar for a more stable partial denture.



Oncologic Defects

ONCOLOGIC DEFECTS

Zygoma implant therapy has also become a predictable treatment option for patients

who have undergone oncologic resections involving partial or total maxillectomy (Figs 1-7
and 1-8). Clinical success with the zygoma implant concept led to the need for establish-

ing specific protocols for treating patients with maxillofacial defects. In 2012, Bedrossian
and Branemark reported systematic treatment planning protocols for the rehabilitation
of patients with various maxillofacial defects.®* The number and distribution of implants
for the reconstruction of orbital defects, nasal defects, and hemifacial resections were
outlined, and the authors emphasized the importance of interdisciplinary collaboration

Fig1-6 / (o and b)
Loss of the right max-
illa and inadequate
prosthesis retention
even with three
conventional implants
and a bar-retained
partial denture.

(c to e) Views at the
8-year follow-up after
the placement of a
zygoma implant that
was used to extend
the original bar for
better retention of the
partial denture.



Fig 1-7 (left) / Model
showing double zygoma
implants used for the re-
construction of a partial
maxillectomy.

Fig 1-8 (right) / Single zy-
goma implant used to re-
habilitate a patient with a
maxillofacial defect.

Fig1-9 / (o and b)
Resection of the right
zygomatic bone limits
the ability to predictably
rehabilitate this patient.
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between the oncologic (primary) surgeon and the reconstructive (maxillofacial) surgeon
to ensure retention of the zygoma when possible.

It is important that oncologic surgeons treating patients with neoplastic midface
lesions critically evaluate whether the zygomatic bone can be spared from the resection
field. In cases where the zygoma is resected due to a cancerous lesion or when the reha-
bilitation of the patient is not adequately considered preoperatively and the uninvolved
zygoma is partially or totally resected, the resultant lack of zygomatic bone prohibits
the rehabilitation of the patient with any reliable retentive prosthesis, as seen in Fig 1-9.
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Abutment(s)
angulated, 202f
buccal vents around, 23f
intraoral, 224
screw-retained, 118, 119f, 135, 161, 161f, 164f, 165,
168f, 172f, 177f, 197
zygoma, 99, 99f
Abutment screws, 3
Abutment-prosthesis junction, 3
Academy of Osseointegration, 34
Acrylic teeth, occlusal wear of, 253
Ad modum Branemark procedure, 137, 149, 150f-151f.
See also Branemark technique.
Age of patient, 34
All-acrylic provisionals, 223
All-white prototype, 214
Alveolar bone. See also Bone.
anatomy of, 36, 42-44, 43f
atrophy of, 43f, 103, 129
autogenous iliac bone for reconstruction of, 11f
bone grafting for, 52
edentulous, resorption associated with, 91
layers of, 42
loading of, 43, 49
quantity of, 49-53, 50f-53f
resorption of, 10f, 13f
stress in, 72-75
Alveoloplasty, 120, 120f, 287f
American Dental Association evidence-based dentistry, 19
Amoxicillin, 291
Anesthesia, 155-156
Angulated abutments, 202f
Anodontia, 8-9, 9f
Apical abscess, 266f
Apicoectomy, 266f
Apoptotic cells, 131, 131f
Autogenous bone grafting
iliac bone, 11f
zygoma implants versus, 25
Autogenous iliac bone harvesting, 11f, 51
Axial implants, 100, 108f, 241

Basal lamella, 40
Bicortical stabilization
description of, 55-56
finite element analysis model of, 65-66, 65f-66f, 86
illustration of, 110f, 154f
loading after, 64
quad-cortical stabilization versus, 64-70, 65f-69f
threads for, 92
Bisphosphonates, 35
Bone. See also Alveolar bone.
availability of, 106-113
cancellous, 53, 65, 84, 97
cortical, 84, 85f
damage to, 84

fatigue of, 84-85
quality of, 53-56, 56f-57f, 132
quantity of, 49-53, 50f-53f
Bone fatigue, 84
Bone remodeling, 131, 292
Bone resorption
advanced, 25
maxillary
centripetal pattern of, 21
classification of, 13-14
horizontal pattern, 22f
medial pattern, 88
moderate to advanced, 104
preoperative models of, 184, 184f
printed model of, 183f
severe, 9-15
vertical pattern, 22f
Bone-supported nightguard, 235-238, 237f-238f
Bone-to-implant contact, 56, 70, 94-95, 109, 132, 143, 195
Branemark horseshoe graft, 11, 11f, 51, 111
Branemark technique
description of, 137-141, 137f-140f, 149, 152
osteotomy in, 151
palatal emergence in, 139, 139f, 151
starting point of, 151f
in ZAGA 0, 1, and 2 cases, 157-161, 158f-161f, 187f
in ZAGA 3 cases, 162-165, 162f-165f, 188f
in ZAGA 4 cases, 165-168, 165f-168f, 189f
Branemark-style implants
description of, 91-93, 92f
in quad zygoma concept, 97
surface treatment of, 95f
Bruxism, 243, 247
Buccal dehiscence, 154f
Buccinator muscle, 42

CAD/CAM
titanium framework fabrication using, 226
treatment planning uses of, 287
workflows, 214-215
zirconia prostheses, 251
Cancellous bone
damage to, 84
description of, 53, 65, 97
Canine space, 277f
Canine space infections, 277-279, 279f
Cavernous sinus thrombosis, 279
CBCT, 204
Cementoenamel junction, 42
Centric occlusion, force distribution in, 128
Chief complaint, 283, 284b
Cleft palate, 7, 7f
Clindamycin, 291
Close-up frontal dental/labial photographs, 285, 285f
CoDiagnostiX software, 182, 183f, 287f-288f
Complications. See Prosthetic complications; Zygoma
implants, complications of.
Composite defect, 104, 104f, 228
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Composite injection technique, 117, 118f
Computer-aided design software, 116, 207
Concha bullosa, 41
Cortical bone

damage to, 84

fatigue tests of, 85f

tensile stress in, 84
Cribriform plate, 42
Cross-arch splinting

description of, 75, 293

illustration of, 270f

importance of, 127, 155

Denosumab, 35

Dental arch, 50, 50f

Depth gauge, 175

DICOM files, 51, 112-113, 120, 286

Digilog concept, 182-183

Digital planning, 182-185

Digital workflow, for treatment planning, 113-124,
114f-124f

Direct intraoral pick-up technique, 178-179

Disuse atrophy, 49-50

Double digital scanning protocol, 207-208, 208f

Double-arch fixed full-arch prostheses, 253-254

EBD. See Evidence-based dentistry.
Ectodermal dysplasia, 8, 8f
Edentulous patients
chief complaints in, 284b
implant-supported fixed prostheses in, treatment
planning for
bone availability evaluations, 106-113
composite defect, 104, 104f
description of, 103
digital workflow, 113-124, 114f-124f
prosthesis conversion, 124
residual ridge crest, 104-106, 105f
surgery, 122-123
surgical planning, 119-122
maxillary alveolar bone in, 50f
oral health-related quality of life in, 20
self-esteem of, 223
Endosteal implants
in zygoma, 2f-3f, 3
zygoma implants and, 193
Essix, 198
Ethmoid bulla, 40
Evidence-based dentistry, 19
Extramaxillary technique, for zygoma implant
placement, 137, 137f, 142-145
Extraocular muscles
anatomy of, 48-49, 48f-49f
damage to, by zygoma drill, 261, 261f
Extraoral fistula, 268

Fascial space infections, 276-279, 276f-279f
FEA. See Finite element analysis.

FESS. See Functional endoscopic sinus surgery.
Fiducial markers, 180-181, 181f, 208f-209f
Finite element analysis
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description of, 61-62
of quad-cortical stabilization, 65-66, 65f-67f, 68
stiffness studies, 66-69
Five-unit provisional partial denture, 198f
Fixed hybrid bridge, 226
Follow-up appointments, 292-293
Force distribution
in centric occlusion, 128
description of, 75-77
Framework
titanium. See Titanium frameworks.
zirconia, 252
Frontal sinuses, 40
Frontozygomatic notch, 46, 46f, 169, 264
Full-arch prostheses
basic considerations for, 241-242
cantilever length, 130, 130f
digital workflow for fabrication of
analog workflow and, 212
follow-up protocol, 218-219
intaglio contour, 218
intraoral scanning. See Intraoral scanning.
milled monolithic zirconia prostheses, 217-218
milled titanium frameworks for metal-acrylic
prostheses, 216-217
occlusal scheme, 219
smile design, 213f, 213-214
try-in prototype prosthesis, 214-215, 215f
immediate loading of, 135, 295
implant number and distribution, 127-129, 128f-129f
insertion torque, 132-134
overview of, 127
underpreparation of implant osteotomy, 130-132
Full-face photographs, 284-285, 285f
Functional endoscopic sinus surgery, 40-41, 145, 275, 275f

Generalized periodontitis, 103

Hard palate, 37, 271f

Healing abutments, 197, 197f
Hiatus semilunaris, 40
Horseshoe graft, 11, 11f, 51, 111
Hounsfield units, 132-133
Hybrid prosthesis, 215
Hypoplastic maxillae, 8-9, 9f

lliac bone, autogenous, 11f, 51
Immediate implants, 134
Immediate loading, 197, 297
Implant(s)
age of patient and, 34
bisphosphonates and, 35
bone quality for, 53-56, 56f-57f
bone quantity for, 49-53, 50f-53f
Branemark. See Branemark-style implants.
contraindications for, 34-35
endosteal
in zygoma, 2f-3f, 3
zygoma implants and, 193
failure of, 133, 235, 269-271, 270f-271f, 292



four, 128f, 129f
fracture of, 271-272, 273f
insertion torque for, 132-134
maxillofacial anatomy, 35-49, 36f-49f
medical health effects on, 34-35
oncology, 91
overload of, 235
patient-specific factors that affect, 33-34
sex of patient and, 34
six, 128f, 129f
tapered macro design of, 131
tilted, 14, 14f, 52f, 91, 103, 108, 123f, 130, 202f
zygoma. See Zygoma implants.
Implant coordination workflow for full-arch immediate
load cases, 295
Implant team, communication with office team, 289-290
Implant-abutment junction, 3
Implant-retained tissue-supported prostheses, 43, 43f
Implant-supported fixed complete dentures
alveolar bone loading with, 43f
costs of, 24
description of, 20
invasiveness of, 24
lip support from, 23, 24f
oral hygiene maintenance of, 22-23
vents added to, 23, 23f
zygoma implants versus, 20-24
Implant-supported fixed prostheses
alternatives to, 289
in edentulous patients
bone availability evaluations, 106-113
composite defect, 104, 104f
description of, 103
digital workflow, 113-124, 114f-124f
patient satisfaction with, 242
prosthesis conversion, 124
residual ridge crest, 104-106, 105f
surgery, 122-123
surgical planning, 119-122
Implant-supported partial denture, 199
Implant-supported prostheses
description of, 134
removable prosthesis converted to, 223
Impression pins, 210f, 210-211
Incisive foramen, 37
Inferior alveolar nerve, 54, 155
Informed consent, 288-289, 294
Infraorbital artery, 278f
Infraorbital foramen, 37, 263
Infraorbital nerve
anatomy of, 278f
description of, 37, 47f
midface innervation by, 264f
paresthesia, 263-264, 264f
Infraorbital space, 277
Infratemporal fossa, 37, 44
Intaglio contour, 218
Intracranial implant placement, 263, 263f
Intraoral abutments, 224
Intraoral scanning
challenges associated with, 209-211
description of, 207
digital scan, 207, 208f
double digital scanning protocol, 207-208, 208f
factors that affect, 209
fiducial markers used in, 208, 208f-209f
impression pins used in, 210f, 210-211
photogrammetry, 210
reverse scan body technique, 211, 211f
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scan verification, 212, 212f-213f
sphere-shaped markers used in, 208
STL files and, 207, 209
ISFCDs. See Implant-supported fixed complete dentures.

Jaw
edentulous maxilla and, relationship between, 51
medication-related osteonecrosis of, 35
resorption patterns of, 50-51
shape of, 50-51

Lamina dura, 42

Lateral rectus muscle, 48, 49f

Le Fort, 11

Lip support, from implant-supported fixed complete
dentures, 23, 24f

Ludwig's angina, 278

Masseter muscle, 44, 47, 63
Maxilla
alveolar bone of. See Alveolar bone.
anatomy of, 36f, 36-37
anterior, 23, 24f
atrophic, implant survival in, 247
body of, 37
edentulous
description of, 10
evaluation of, 103
jaw relationship, 51
radiographic zones of, 107, 108f-110f
resorptive patternin, 51
zones of, 107, 107f-110f
hypoplastic, 8-9, 9f
palatal resorption of, 52
radiographic zones of, 107, 108f-110f, 120
resorption of
centripetal pattern of, 21
classification of, 13-14
horizontal pattern, 22f
medial pattern, 88
moderate to advanced, 104
preoperative models of, 184, 184f
printed model of, 183f
severe, 9-15
vertical pattern, 22f
screw access holes in, 51, 51f
surfaces of, 36
zones of, 13, 13f, 49, 100, 107f, 120, 121f
Maxilla proper, 36f, 37, 42
Maxillary alveolus
palatal resorption pattern of, 152f
segmented, 120f
stress in, 81, 82f
Maxillary artery, 46
Maxillary edentulism, unilateral posterior, zygoma
implants for
apical diameter of, 194, 195f
arrangement of, 193-194, 194f
case studies, 200-204, 201f-203f
final prosthesis fabrication, 199-200
immediate loading, 197-198
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number of, 194f
postoperative provisionals, 197-198
Straumann portfolio, 195-196, 196f
surface enhancement of, 195
surgical technique, 197
threading of, 195
Maxillary onlay grafts, 11
Maxillary prostheses
immediately loaded, 91
zygoma implants with, 91
Maxillary sinuses. See also Paranasal sinuses.
anatomy of, 37f-38f, 38-39
anterior wall of, 130
CBCT of, 287f
description of, 10, 14
elective endoscopy of, 140f
infections of, 39, 41, 140-141, 141f, 274f
lateral wall of, 113f, 142, 152-153, 162
mucus production by, 38
pneumatized, 52
zygoma implant effects on, 273
Maxillectomy
description of, 5, 6f
oncology implant for, 91
Maxillofacial region
anatomy of, 35-49, 36f-49f
bone quantity in, 49-53, 50f-53f
Maxillofacial surgery, 34-35
Medication-related osteonecrosis of the jaw, 35
Metal-acrylic prostheses, milled titanium frameworks
for, 216-217
Metal-ceramic prostheses
cement-retained, 249
complications associated with, 249-251
fabrication cost of, 250
fracture of, 251
framework of, 249
porcelain chipping associated with, 250-251
screw-retained, 249
Metal-resin prostheses, complications associated with
bone reduction for, 248
bruxism and, 243, 247
cantilevers, 245
chipping, 243, 244f
description of, 242, 242f
follow-up for, 249
framework fractures, 243-245, 244f
implant number and distribution, 248
occlusal scheme effects on, 246-249
opposing dentition effects on, 246
prevalence of, 243-244
prevention of, 247-249
prosthetic space effects on, 247
risk factors for, 245-247
studies of, 243-244
summary of, 253
Microcracks, 132f
Microfracture, 251
Middle turbinate, 40-41
Midface
anatomy of, 35-36, 36f
danger triangle of, 279, 279f
infraorbital nerve innervation of, 264f
landmarks of, 49
trauma to
description of, 2, 2f-4f
zygoma implants for, 4, 5f

306

Milling

monolithic zirconia prostheses, 217-218

titanium frameworks for metal-acrylic prostheses, 216
Model surgery, 182-185, 184f
Monolithic zirconia prostheses, milled, 217-218
MRON]. See Medication-related osteonecrosis of the jaw.
Mucosal dehiscence, 144, 146

Nasal septum deviations, 41
Nasolabial angle, 23, 182
Nasopalatine nerve, 37
Nightguard, bone-supported, 235-238, 237f-238f
Nonsplinted zygoma implants
compressive stress in, 79f
forces on, 271
loading, 69-75
stress in, 70-72, 78f
studies of, 87t
Novum implant, 224

Obturators, 7, 7f
Occlusal scheme, 219, 246-249
Odontogenic infections, 276
Office team, communication with implant team, 289-290
OHIP. See Oral Health Impact Profile.
OHRQoL. See Oral health-related quality of life.
OMC. See Osteomeatal complex.
Oncologic defects, 5-6, 6f
Oncology implant, 91
Onlay bone grafts, 111
Oral Health Impact Profile, 19
Oral health-related quality of life
definition of, 19
domains related to, 19
in edentulous patients, 20
zygoma implants and, 20-25
Orbital involvement, of zygoma implant, 259-262,
260f-261f
Oroantral fistula, 272f
Osseointegration
cross-arch splinting for, 127
description of, 2, 34, 55, 130-131
of immediate implants, 134
Osteogenesis, 94
Osteomeatal complex
anatomy of, 38f, 39-40, 41f
blockage of, 273
borders of, 40-42
definition of, 40
functional endoscopic sinus surgery of, 40-41
radiographic evaluation of, 106
Osteonecrosis of the jaw, medication-related, 35
Osteoporosis, 34-35
Osteotomy
bone-to-implant contact affected by, 132
in Branemark technique, 138
description of, 48, 62
maxillary, 164, 164f
mistakes with, 139, 151
underpreparation of, 130-132



Palatal emergence
in Branemark technique, 139, 139f, 151
zygoma implant effects on, 21-22, 22f, 196f
Palatine process, 36-37
Pansinusitis, 274
Parafunctional forces, 235-236
Paranasal sinuses
anatomy of, 37-39, 39f, 273f
functions of, 37-38
infection of. See Sinus infections.
maxillary sinus. See Maxillary sinuses.
Patient satisfaction, with zygoma implants, 21
Peri-abutment soft tissues, 95
Periodontal ligament, 42
Photogrammetry, 180-182, 180f-182f, 210
Photographs, 284-285, 285f-286f
Physical exam, 284-285
Pink-and-white prototype, 214, 215f
Porcelain chipping, 250
Postoperative care, 186
Postoperative instructions, 291-292, 299-300
Postoperative provisionals, 197-198
Preoperative considerations, 155-156, 290-291
Preoperative instructions, 298
Principal compressive stress, 79
Principal tensile stress, 70
Proplast implants, 268
Prostheses
alternative workflows for, 223
conversion technique, 178-179, 179f
definitive, 215-218
fabrication technique for, 223-224
final, 199-200
full-arch. See Full-arch prostheses.
hybrid, 215
metal-acrylic, milled titanium frameworks for,
216-217
metal-ceramic. See Metal-ceramic prostheses.
metal-resin. See Metal-resin prostheses.
monolithic zirconia, 217-218
provisional, 178-179, 179f, 181f
try-in, 214-215, 215f
zirconia. See Zirconia prostheses.
Prosthetic complications
in metal-ceramic prostheses, 249-251
in metal-resin prostheses
bone reduction for, 248
bruxism and, 243, 247
cantilevers, 245
chipping, 243, 244f
description of, 242, 242f
follow-up for, 249
framework fractures, 243-245, 244f
implant number and distribution, 248
occlusal scheme effects on, 246-249
opposing dentition effects on, 246
prevalence of, 243-244
prevention of, 247-249
prosthetic space effects on, 247
risk factors for, 245-247
studies of, 243-244
summary of, 253
overview of, 241-242
in zirconia prostheses, 251-253
Provisional prosthesis, 178-179, 179f, 181f
Pseudo Class Ill skeletal discrepancy, 52

Index

QCS. See Quad-cortical stabilization.
Quad zygoma concept
anterior zygoma implant in, 168, 169f, 169t
AP spread, 185, 185f
description of, 7, 12, 12f, 63, 111
illustration of, 153f
indications for, 97, 98f, 111f, 168, 168f
orbital rim identification in, 260
posterior zygoma implant in, 168, 169f, 169t, 176
postoperative care, 186
revision, Quikbar technique for, 230-238, 230f-238f
with ZAGA 4 anatomy, 172-178, 173f-178f, 191f
with ZAGA 1/ZAGA 3 anatomy, 169-172, 170f-172f, 190f
Quad-cortical stabilization
bicortical stabilization versus, 64-70, 65f-69f
Branemark-style implants, 92, 204
compressive stress, 74f
description of, 14, 54-56, 150, 205f
finite element analysis model of, 65-66, 65f-66f, 67t, 86
illustration of, 15f, 54f, 61f, 92f, 110f, 150f
vertical forces, 76
zygoma implant trajectory with, 259, 260f
Quality of life
oral health-related. See Oral health-related quality
of life.
in syndromic patients, 25
Quikbar system/technique
bar fabrication, 226-229, 234f
components of
description of, 226, 227f
luting of, 227-228
description of, 224
“pinking up” monolithic printed or milled restoration,
228-229
precision cast, 224-225, 225f
quad zygoma case revision using, 230-238, 230f-238

Radiodensity, 133

RBA. See Risks, benefits, and alternatives.
Removable provisional prosthesis, 198
Rescue implant concept, 15

Residual ridge crest, 104-106, 105f
Reverse scan body technique, 211, 211f
Risks, benefits, and alternatives, 288-289

Schneiderian membrane, 39
Screw access channels, 140f
Screw-retained abutments, 118, 119f, 135, 161, 161f,
164f, 165, 168f, 172f, 177f, 197
Screw-retained zirconia bridge, 204, 205f
Self-cutting implants, 135
Sex of patient
implants affected by, 34
zygoma bone quality variations based on, 56, 57f
Sinus infections
description of, 39, 41, 140-141, 141f, 145
in zygoma implants, 272-275, 273f-275f
Sinus inlay grafting, 108
Sinus membrane
hypertrophy of, 39, 39f
mucus production by, 38
Sinus slot technique, 137, 137f, 141f, 141-142
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Sinusitis, 144-145, 273, 274f
Smile design, 213f, 213-214
Smile line, 105f
Speech, zygoma implant effects on, 21-22, 139
Stella and Warner technique, 137, 141-142. See also
Sinus slot technique.
Stiffness
definition of, 66
factors that affect, 66-69
in lateral direction, 68
STL files, 116, 121f, 181f, 182, 207-209, 210f, 211-212,
224, 231, 234f, 236, 286, 286f
Straumann Round and Flat zygoma implants, 93f, 98,
98f-99f, 100, 131, 131f, 195-196, 196f, 269f
Stress
in alveolar bone, 72-75
in maxillary alveolus, 81, 82f
in nonsplinted zygoma implants, 70-72, 77-78
in zygoma, 72-75, 79, 80f
Subconjunctival hemorrhage, 262
Subperiosteal infections, 264-267, 265f-266f
Subtractive CAM, 252
Subtractive milling, 216
Surface treatment, 94-95, 95f, 195

Temporal fossa, 44
Tensile stress
description of, 71, 71f, 73f, 78f
splinting effects on, 86
Terminal dentition
chief complaints associated with, 284b
digital workflow in implant treatment planning for,
213f
Terminal implants, 128
3D radiographic studies, 286-287, 287f
Three-unit partial denture, 205f
Three-unit provisional partial denture, 198f
3-YTZP, 218
Tilted implants, 14, 14f, 52f, 91, 103, 108, 123f, 130, 202f
Tissue-supported prostheses, 43f, 43-44, 134
Tissue-supported removable prosthesis, 43f
Titanium acrylic partial denture, 200f
Titanium cylinders, 178, 179f
Titanium frameworks
CAD/CAM-fabricated, 226
milled, for metal-acrylic prostheses, 216-217
Titanium implants
maxillary sinus infections and, 140-141, 273
traumatic defects treated with, 2f, 2-3
Toeout retractor, 46f
Tooth buds, 42
Tooth loss, premature, 26
Transformation toughening, 251
Transition line, 105f, 119
Treatment coordination
chief complaint, 283, 284b
close-up frontal dental/labial photographs, 285, 285f
communication between implant team and office
team, 289-290
data acquisition in, 284-287
dietary recommendations, 293, 293b
follow-up appointments, 292-293
forms used in, 294-300
full-face photographs, 284-285, 285f
imaging software, 287
implant coordination workflow for full-arch
immediate load cases, 295
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informed consent, 288-289, 294
initial consultation, 283-287, 284f-288f
maintenance, 292-293
overview of, 283
photographs, 284-285, 285f-286f
physical exam, 284-285
postoperative instructions, 291-292, 299-300
preoperative instructions, 290-291
risks, benefits, and alternatives, 288-289
STL files, 286, 286f
study models, 286
surgical and prosthetic components for full-arch
treatment, 296
3D radiographic studies, 286-287, 287f
2D radiographic studies, 286
XML files, 287, 288f
Trigeminal nerve, 46-47
Try-in prototype prosthesis, 214-215, 215f
2D radiographic studies, 286

Ultimate compressive strength, 83
Uncinate process, 40-41

VDO. See Vertical dimension of occlusion.

Veneering porcelain fractures, 252-253

Verification jig, 199

Vertical dimension of occlusion, 114, 115f, 116, 117f, 214
von Mises stress, 71-72, 73f, 79, 80f, 128

Women, osseointegration in, 34

Young's elastic modulus, 72-73

ZAGA
0
definition of, 153
illustration of, 92f, 112f, 154f
peri-abutment soft tissue adaptation, 154
sinus infections in, 275
zygoma implant placement using Branemark
technique in, 157-161, 158f-161f, 187f

definition of, 153

illustration of, 92f, 112f, 154f

peri-abutment soft tissue adaptation, 154

quad zygoma in, 169-172, 170f-172f

sinus infections in, 275

zygoma implant placement using Branemark
technique in, 157-161, 158f-161f, 187f

CBCT of, 204, 205f

definition of, 153

illustration of, 92f, 112f, 154f

peri-abutment soft tissue adaptation, 154

sinus infections in, 275

zygoma implant placement using Branemark
technique in, 157-161, 158f-161f, 187f



anatomy of, 99

definition of, 153

illustration of, 92f, 112f, 154f

peri-abutment soft tissue adaptation, 154

quad zygoma in, 169-172, 170f-172f, 190f

quad-cortical stabilization in, 275

radiographic topography in, 162

sinus infections in, 275

zygoma implant placement using Branemark
technique in, 162-165, 162f-165f, 188f

bicortical stabilization in, 279
definition of, 153
illustration of, 112f, 143f, 154f
implant midshaft in, 96, 276
peri-abutment soft tissue adaptation, 154
quad zygoma in, 172-178, 173f-178f, 191f
quad-cortical stabilization in, 150
Straumann Zygoma Flat implant in, 155
zygoma implant placement using Branemark
technique in, 165-168, 165f-168f, 189f
classification, 112f, 112-113
description of, 39, 54, 58, 61, 64, 88
Zirconia partial denture, 200, 200f
Zirconia prostheses
complications of, 251-253
milled monolithic, 217-218
properties of, 252
veneering porcelain fractures, 252-253
ZSRAs. See Zygoma screw-retained abutments.
Zygoma
anatomical variations of, 48
anatomy of, 1f, 44-49, 45f-49f, 69, 156, 156f
bicortical stabilization of, 55f
bone quality of, 55-56
cancellous interior of, 72
conventional implantin, 4
endosteal implant placement in, 2f
entry cortex of, 72
exit cortex of, 73
extraocular muscles, 48-49, 48f-49f
frontozygomatic notch of, 46, 46f
imaging of, 106f
innervation of, 46-47
lateral cortex of, 133f
muscle attachment, 47
sex-related variations in quality of, 56, 57f
stress in, 72-75, 79, 80f, 82-86
surfaces of, 44-45, 45f
traumatic defects of, 2-4, 3f-5f
vascular supply of, 46
Zygoma anatomy-guided approach. See ZAGA.
Zygoma Flat implant, 167f, 176f-177f, 196f
Zygoma implants
anesthesia for, 155-156
anodontia treated with, 8-9, 9f
AP distribution of, 241
apex, overextension of, 267, 267f
apical positioning of, 185f
apical threads of, 93
autogenous bone grafting versus, 25
benefits of, 109
bicortical stabilization of, 55-56, 110f. See also
Bicortical stabilization.
bilateral posterior maxillary support using, 109
biomechanical considerations for, 62-64
bite forces on, 69
bone availability evaluations, 106-113, 112t

Index

bone grafting before, 11
bone-to-implant contact, 56
buccal dehiscence around, 154f
circumferential threads of, 94
cleft palate treated with, 7, 7f
complications of
description of, 144-146
extraocular muscle damage, 261f, 261-262
fascial space infections, 276-279, 276f-279f
implant failure, 269-271, 270f-271f, 292
implant fracture, 271-272, 273f
infraorbital nerve paresthesia, 263-264, 264f
intracranial placement, 263, 263f
orbital involvement, 259-262, 260f-261f
overextension of apex, 267, 267f
postoperative infections, 290
sinus infections, 272-275, 273f-275f
subperiosteal infections, 264-267, 265f-266f
vestibular dehiscence, 268-269, 269f
congenital conditions treated with, 25-26
cumulative survival rate of, 15
dehiscence around, 96f, 144-145, 154f, 159f
design of, 91-100, 92f-100f
diameter of, 97-100, 97f-100f
direct visualization of, 123, 123f
ectodermal dysplasia treated with, 8, 8f
extended length of, 4f
extrasinus positioning of, 146
extrasinus technique for, 63
failure of, 269-271, 270f-271f, 292
finite element analysis of, 61-62
follow-up appointments for, 292-293
force distribution on, 75-77
fracture of, 271-272, 273f
grafting procedures versus, 25
handling of, 160
history of, 1-15, 91
horizontal forces on, 77, 77t
hypoplastic maxillae treated with, 8-9, 9f
immediate loading of, 134
implant-supported fixed complete dentures versus,
20-24
indications for, 109f, 134-135
intrasinus positioning of, 143, 145-146
invasiveness of, 24
maintenance of, 292-293
manufacturers of, 194
in maxillary sinus, 140, 140f
midfacial trauma treated with, 4, 5f
midshaft of, 93, 93f, 95-96, 96f-97f, 131, 276
mount screw for, 161f
mucosal dehiscence associated with, 144, 146
nonsplinted
compressive stress in, 79f
forces on, 271
loading, 69-75
stress in, 70-72, 78f
studies of, 87t
oncologic defects treated with, 5-6, 6f
oral health-related quality of life and, 20-25
oral hygiene maintenance with, 22-23, 23f
osseointegration of, 42
osteotomy for, 48, 62, 151, 158, 166
palatal emergence effects of, 21-22, 22f, 196f
in palatal position, 22
partial maxillectomy reconstruction using, 5, 6f
patient satisfaction with, 21
peri-abutment soft tissue adaptation, 154-155
placement techniques for
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anesthesia for, 155-156 tensile stress in, 78, 78f
Branemark technique, 137-141, 137f-140f stiffness of, 66-69, 67f, 68t
complications of, 144-146 Straumann Round and Flat, 93f, 98, 98f-99f, 100, 131,
definition of, 149 131f, 195-196, 196f
elements of, 149, 149f stress in, 70-72, 77-78
extramaxillary technique, 137, 137f, 142-145 stress transfer in, 62-63
extrasinus technique, 137, 137f, 143, 143f, 268 success of, 15, 52, 56, 91, 259
illustration of, 123f surface treatment of, 94-95, 95f
preoperative considerations, 155-156, 290-291 survival rates for, 146, 259
sinus slot technique, 137, 137f, 141f, 141-142 thread geometry of, 93-94
in ZAGA 0, 1, and 2 cases, 157-161, 158f-161f, 187f tissue-supported overdentures supported by, 44
in ZAGA 3 cases, 162-165, 162f-165f, 188f trajectory of, 152-154, 156f, 159f, 173f, 186, 259,
in ZAGA 4 cases, 165-168, 165f-168f, 189f 260f, 262
platform of, 158f for unilateral maxillary edentulism. See Maxillary
preoperative considerations, 155-156, 290-291 edentulism, unilateral posterior, zygoma
primary stability for, 55, 145 implants for.
quad cortical stabilization of. See Quad-cortical vertical forces on, 76-77, 77t
stabilization. vestibular dehiscence of, 268-269, 269f
quad zygoma concept. See Quad zygoma concept. Zygoma phase Ill components, 297
regional surgical anatomy, 156, 156f Zygoma Round implant, 196f
screening evaluation for, 153 Zygoma screw-retained abutments, 99, 99f
sections of, 93f Zygomatic arch, 44, 47
sinus infection and, 42, 140-141 Zygomatic body, 156
sinus membrane coverage of, 140, 140f Zygomatic nerve, 46
sinusitis and, 144 Zygomaticofacial foramen, 44-46
speech effects of, 21-22 Zygomaticus major muscle, 44, 45f
splinted Zygomaticus minor muscle, 44, 45f

compressive stress in, 80f
studies of, 87t
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