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A Retrospective Analysis of Patients Treated
with the All-On-4 Treatment Concept using a
Variety of Different Dental Implant Systems

Dan Holtzclaw, DDS, MS1 • Nicholas Toscano, DDS, MS2
Joseph Yang, DDS, MS3
Abstract

Introduction: To date, no study has compared success rates between different dental
implant systems when utilized for the All-On-4
treatment concept. The aim of this retrospective analysis is to evaluate the outcomes of
patients treated with the All-On-4 concept
using a variety of dental implant systems.
Materials and Methods: A retrospective chart
review encompassing the dates July 2009 to
January 2015 was performed in three private periodontal offices to assess the results of patients
treated with the All-On-4 treatment concept.

Discussion: A total of 384 arches were treated,
utilizing 1,704 dental implants from 4 different
dental implant systems in 289 patients. Cumulative dental implant survival rate was 99.00%
with an overall prosthetic survival rate of 100%.
Conclusion: The All-On-4 treatment concept allows for predictable immediate full
arch function and can be accomplished
with a variety of dental implant systems.

KEY WORDS: Dental implants, all-on-4, survival rate, immediate load
1. Consultant Faculty at US Navy Postgraduate Dental School, Department of Periodontics, Bethesda, Maryland, USA.
Private Practice, Round Rock, Texas, USA.
2. Private Practice, New York, New York, USA.
3. Private Practice, San Diego, California, USA
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INTRODUCTION
The All-on-4 treatment concept involves restoring an arch with at least 4 dental implants, the
distal of which are tilted up to 45 degrees, and
immediately loading the transitional prosthesis.1
This concept was originally documented over
10 years ago as an immediately loaded treatment option for resorbed mandibles that could
not be treated in the traditional manner.2 Biomechanically, tilting the posterior dental implants
offers a number of benefits over axially inclined
implants including increased anterior-posterior spread, reduction of prosthetic cantilever
length, and increased bone-to-implant contact.3
Anatomically, benefits of tilted implants include
avoidance of the inferior alveolar nerve and
mental foramen bundle,4 elimination of the need
for maxillary sinus augmentation,5 elimination
of bone grafting procedures,6 and improved
implant anchorage in dense anterior alveolar
bone.6,7 A number of articles have documented
the success of the All-on-4 treatment concept
and full-arch immediately loaded implant concepts in both the mandible and the maxilla
using a variety of dental implant systems including Astra Tech,8 Biohorizons,9 Straumann,10
and BioMet 3i.11-14 Most studies documenting the success of the All-On-4 treatment concept, however, have focused on Nobel Biocare
dental implant systems.1,2,4-7,15-23 Each dental
implant system has specific design features
that may or may not make them ideally suited
for the unique idiosyncrasies associated with
the All-On-4 treatment concept.
Additionally, the restorative components associated
with these dental implant systems differ significantly. To date, there is no known study
that compares different dental implant sys-
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tems for use with the All-On-4 treatment concept. The goal of retrospective observational
study, therefore, is to document success rates
and ease of restoration for the All-on-4 treatment concept in both the mandible and maxilla
when utilizing a variety of dental implant systems in the hands of experienced clinicians.

MATERIALS AND METHODS
A retrospective chart review was performed
for all patients treated in private periodontal
practices (DH in Texas, NT in New York, and
JY in California) between July 2009 and January 2015 with the All-On-4 treatment concept.
As this was a retrospective chart review, there
were no exclusion criteria. All patients in each
practice were treated in a similar fashion. Prior
to surgery, medical histories were obtained
and clinical/radiographic examinations were
performed. One day prior to surgery, patients
were instructed to begin antibiotic treatment
with Amoxicillin 500mg three times per day,
which would then continue for an additional
nine days after surgery. On the day of surgery, patients were consented for treatment
and then received local anesthesia in the conventional fashion in addition to intravenous
sedation unless medically contraindicated. Full
thickness flaps were elevated in the standard
fashion. If dentate, all teeth were extracted
and extractions sockets degranulated. Bone
reduction was then performed with a high
speed surgical drill (Osteomed, Addison, Texas)
under irrigation. The amount of bone reduction was determined by utilization of clear surgical stents or bone reduction rulers to create
at least 12mm or vertical restorative space.
The surgical phase of treatment was similar

Holtzclaw et al

Figure 1: Maxillary All-On-4 patient prior to treatment.

Figure 2: Maxillary All-On-4 patient with transitional
restoration.

for both the maxilla and mandible. In the maxilla, minor access to the maxillary sinus was
obtained through the lateral sinus wall and a
periodontal probe was inserted to locate the
mesial extent of the sinus cavity. Care was
taken to avoid perforation of the Schneiderian
membrane. After locating the anterior wall of
the maxillary sinus, posterior dental implant
osteotomies were performed with all sites
being underprepared and angled to accommodate the anterior sinus wall. Osteotomy
underpreparation was performed to improve
the chance of obtaining higher torque values during dental implant placement. Tilted
posterior dental implant placement typically
occurred in the location of the first or second
premolar. The mesial angulation of the posterior tilted dental implants usually resulted in
subcrestal submergence of the distal aspect of
the implant platform. Accordingly, high speed
hand pieces and hand instruments were used
to reshape this bone to allow full access to
the dental implant platform. Anteriorly located
dental implants were then placed in an axial

fashion, typically in the area of the lateral incisor with care being taken to avoid perforation
of the nasal cavity. Dental implants placed in
the maxilla routinely achieved torque values
of 32-75 Ncm. In select cases with individual
dental implant torque values less than 32 Ncm,
additional dental implants were placed adjacent
to the low torque implant. Following the placement of all maxillary dental implants, straight or
angulated multi-unit abutments were secured
to each dental implant according to manufacturer’s directions, typically with torque values of
15 Ncm. When placing multi-unit abutments,
transitional prostheses with restorative access
windows were placed to evaluate transitional
coping access points. Screw access holes
were always placed palatally to the teeth in the
anterior region and in the occlusal surface or
slightly palatal in the posterior region. Following the placement of multiunit abutments with
proper angulation, healing caps were secured
to the abutments and the mucogingival flaps
were recontoured with scalpels and biopsy
punches to reduce bulk and allow for better tis-
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sue adaptation around the multi-unit abutments.
Prior to flap replacement and suturing with
resorbable 4-0 chromic gut suture, exposed
dental implant threads and residual extraction
sockets were grafted with a combination of
mineralized/demineralized bone allograft (Maxxeus, Community Tissue Services, Dayton OH).
Surgical treatment in the mandible was similar to that of the maxilla with a few minor differences. In the mandible, the mental foramen was
visually identified and dental implants were placed
at a 45° angle posteriorly. As in the maxilla, all
dental implants were placed to achieve torque
values of at least 32 Ncm. Mucogingival tissue
recontouring in the mandible was typically less
involved than that of the maxilla due to the fact
that mandibular mucogingival tissue is less bulky
and less keratinized than its maxillary counterpart.
Upon completion of all surgeries, immediate chairside conversion of provisional prostheses was achieved (Figs. 1, 2). Healing caps
were removed and multi-unit transitional posts
were hand tightened on the multi-unit abutments.
Custom premade conventional dentures were
adjusted to allow the multi-unit transitional posts
to cleanly exit in occlusal or lingual positions.
Rubber dam material was placed around all transitional posts and hand mixed acrylic was injected
between the restorations and the posts. Once
the acrylic was set to a hard consistency, the transitional restoration was removed by unscrewing
the transitional posts. Healing caps were then
replaced onto the multi-unit abutments and the
transitional restoration was refined to completion,
typically within two hours. All transitional restorations were torqued onto the multi-unit abutments
at 15 Ncm and screw access holes were filled
with Teflon tape and sealed with light cured flow-
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able composite. Occlusion was verified with bilateral balanced posterior contacts and light anterior
contacts prior to the dismissal of each patient.
Post-surgically, patients were provided with
ibuprofen 800mg and tramadol 50mg for pain
control. Patients also continued their antibiotic
therapy in addition to taking a methylprednisolone dose pack. Follow-up visits were typically
performed at 7, 14, 42, and 90 days after surgery.
Between 3 to 4 months after the initial surgery,
patients began the final prosthetic phase of treatment. The transitional prostheses were removed
and all multi-unit abutments were retorqued to 15
Ncm. In the event that multi-unit abutment platforms were obscured with excess gingival tissue, a diode laser (Biolase, Irvine, California) was
utilized to fully expose the platform edges. Final
restorations (Fig. 3) were then fabricated with
either hybrid milled titanium frames wrapped
in acrylic or full zirconia and were delivered, on
average, between 6 to 7 months after the initial surgery. Following final prosthesis delivery,
patients were seen yearly for clinical exams, prosthesis prophylaxis, and radiographic evaluation.
Dental implant survival was graded according to the Malo Clinic survival criteria1: 1) the
implant fulfilled its purported function as support for reconstruction; 2) the implant was stable when individually and manually tested; 3)
no signs of infection were observed around the
implant; 4) no radiolucent areas were observed
around the implant; 5) the implant demonstrated good esthetic outcome of rehabilitation;
6) the implant allowed for construction of the
implant supported fixed prosthesis, which provided patient comfort and good hygiene maintenance. Dental implants that were removed for
any reason at any time were considered failures.

Holtzclaw et al

Table 1: Implant Systems Data
		
Implant System

# Patients
Treated

# Arches
Treated

# Implants
Placed

# Implants
Failures

# Prosthesis
Failures

Nobel Biocare

269

384

1,624

17

0

MIS

11

11

44

0

0

Zimmer

6

6

24

0

0

Biomet-3i

3

3

12

0

0

289

404

1,704

17

0

Total

DISCUSSION
Two hundred eighty nine patients (167 females
and 122 males) with a mean age of 63.53 years
(range 31-87) were included in this retrospective
observational study which had follow up times
ranging from 12-39 months in function. A total
of 1,704 dental implants were utilized to restore
222 maxillae and 182 mandibles with 327 arches
being dentate and 77 edentulous. A total of 17
dental implants failed producing a cumulative dental implant survival rate of 99.00%. All implant
failures occurred in the transitional prosthesis
phase of treatment and none compromised the
final restoration resulting in a prostheses survival rate of 100%. The most common complication encountered during treatment was fracture
of the transitional restoration which occurred in
33 arches. The various dental implant systems
utilized in this retrospective observational study
and their respective performances are listed in
Table 1. Of the patients included in this study,
93.08% were treated with Nobel Biocare (Yorba
Linda, California) dental implants, 3.81% were
treated with MIS (Fair Lawn, New Jersey) den-

tal implants, 2.08% were treated with Zimmer
(Carlsbad, California) dental implants, and 1.03%
were treated with Biomet 3i (Palm Beach Gardens, Florida) dental implants. Of the 17 dental
implant failures reported in this study, all occurred
with Nobel Biocare dental implants. Although
no failures were seen with MIS, Biomet 3i, and
Zimmer implants, the number of these implants
used in this study was very small compared to
the number of Nobel Biocare implants. Additionally, Nobel Biocare dental implants were utilized in much more challenging cases than the
other implant systems. Overall dental implant
survival rates were comparable between systems
with Nobel Biocare achieving a 98.95% survival
rate and all other brands achieving a 100% success rate. If comparable numbers of implants
were used for all brands mentioned in this study,
it is likely that all would produce similar results.
While all brands of dental implants used in this
study produced comparable statistical results,
a number of intangible factors should be mentioned. First and foremost, each dental implant
system used in this study has uniquely different
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Figure 3: Maxillary All-On-4 patient with final restoration.

Figure 4: Multi-unit abutments with screwed long handle
metal attachments.

properties. Concerning treating patients with
the All-On-4 treatment concept, certain dental
implant design characteristics proved to be very
important. Average torque values achieved in
this study were 53.67 Ncm which is substantially
higher than that reported in many other dental
implant studies.24,25 To achieve such high torque
values, the authors routinely underprepared dental implant osteotomy sites. In such instances, the
use of aggressive, self-tapping, end cutting dental implants was extremely beneficial. Particular
dental implant systems proved to be more reliable and easier to use in this regard compared to
other implant systems. In fact, the lack of aggressive end cutting ability with some implant systems
resulted in some implants failing to achieve full
placement depth. In such cases, the implant osteotomy sites had to be widened with larger drills
causing a loss in placement torque. Such a loss
in torque had the potential to compromise the
ability to immediately load the transitional prosthesis, although this did not happen with any of
the cases in this study. A second important factor
found to differ between systems was the angled

multi-unit abutments, with some being much easier to use than others. The multi-unit abutments
for one particular dental implant system came with
a long metallic handle that is screwed into place
(Fig. 4) while a different system utilized a shorter
metallic handle which was also screwed in place
(Fig. 5). Conversely, the multi-unit abutments for
another system utilized plastic handles that were
snapped onto the abutment (Fig. 6). In addition
to providing ease of handling, the multi-unit abutment handles are a valuable tool for determining
path of insertion for screw access. The authors
found that the longer, screwed, metallic handles
were much easier to use and more reliable than
other types of multi-unit abutment handles. A
third and final factor that differed between systems was the multi-unit abutment temporary healing caps, with some systems using plastic caps
(Fig. 7) while others utilized metallic caps (Fig.
8). When recontouring gingival tissue prior to
final primary closure, the authors frequently used
biopsy punches to quickly and accurately trim
around abutments. In cases where the metal
healing caps were utilized, the biopsy punches
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Figure 5: Multi-unit abutments with screwed short handle
metal attachments.

Figure 6: Multi-unit abutment with plastic snap on
attachment.

Figure 7: White healing caps secured to multi-unit
abutments following suture closure.

Figure 8: Metal healing caps secured to multi-unit
abutments following suture closure.

would quickly dull due to friction between the
metal components and often had to be replaced.

is used. While all dental implant systems produced comparable results, some systems and
their respective components proved easier to
use than others for the clinicians in this study. ●

CONCLUSION
This is the first known study to compare the
results of different dental implant systems for the
All-On-4 treatment concept. Within the limitations of this study, it can be concluded that the
All-On-4 treatment concept produces high success rates for both dental implants and prostheses no matter what brand of dental implant
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Abstract
Background: Management of gunshot injuries to the face led in many ways to the
development of modern maxillofacial surgery, and it remains a cornerstone of the
specialty of oral and maxillofacial surgery.
Bone grafts are frequently required in the management of Gunshot wounds to the face,
whether for replacement of true loss of bone or
in cases in which comminuted and misplaced
fragments need to be replaced or reinforced.
Insertion of osseointegrated dental implants
several months after mandibular reconstruction using bone grafts has proved to be a successful method to achieve mastication and
complete oral rehabilitation.
The successful
restoration of patients with dental implants can
result in a change in dental function and health.
Methods: This paper presents a 43-year-old
female who suffered gunshot wound to the

anterior mandible, with reconstruction of the
resultant bony defect with Iliac Crest Bone
Graft and Implant-supported fixed prosthesis.
Results: Reparative, reconstructive and rehabilitation procedures have achieved in a high
amount and quantity, the stability and symmetry of facial soft tissues, phonetics, swallowing and chewing of the patient, therefore,
psychological health, allowing to the patient
get back to her social and occupational
activities with much more self-confidence.
Conclusion: Improvement in the management
of gunshot wounds to the face has paralleled the
advancement of oral and maxillofacial surgery.
Oral implantology is the treatment of choice not
only for the restoration of missing teeth, otherwise the return of functional and aesthetic parameters allowing patients to their social reintegration.

KEY WORDS: Gun shot wound, dental implants, iliac crest, prosthodontics, oral surgery
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INTRODUCTION
The potential problems of a wound caused by a
projectile can be better anticipated if one has
some knowledge of the weapon and projectile type that caused the wound. Gugala and
Lindsey suggested a civilian gunshot injury classification scheme. It takes into account energy
(high or low), involvement of vital structures
(neural and vascular), wound type (non- penetrating, penetrating, perforating), fracture
(intra-articular and extra-articular), and contamination.1
Gunshot wounds involving the
face may be associated with an entrance or
exit wound in the neck, which is divided into
three zones originally described by Monson
and colleagues from Cook County Hospital.1,2
Zone I is most commonly defined as the
area from the clavicles to the cricoid cartilage. It
contains the inferior aspect of the trachea and
esophagus along with the major vessels of the
thoracic inlet: the common carotid arteries, thyrocervical trunk, internal jugular veins, brachiocephalic trunk, subclavian arteries and veins,
thoracic duct, thyroid gland, and spinal cord.
Zone II represents the area from the cricoid cartilage to the angle of the mandible. It contains
the common carotid arteries, internal and external carotid arteries, internal jugular veins, larynx,
hypopharynx, and cranial nerves X, XI, and XII. It
is the largest area and therefore the most commonly involved zone in penetrating neck trauma.
Zone III spans the region from the skull base
to the angle of the mandible. It contains the
carotid arteries, the internal jugular veins, and the
pharynx along with multiple cranial nerves exiting the skull base. It should be appreciated that
gunshot wounds that involve mandibular fractures are accompanied by injuries to Zone III.
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The development of rigid fixation techniques and their application to GSWs was an
important advance. By allowing the early stabilization of bone segments, percolation of
contaminated oral fluids was prevented, primary bone healing was made possible, and the
effects of scar contracture were minimized.1
The surgeon facing a gunshot injury
should consider the concept introduced
by Manson for evaluation of four components: soft tissue injury, bone injury, soft tissues loss (true avulsion), and bone loss.3,1
Teeth should be maintained if possible to
aid in restoration of occlusion and proper jaw
relations. Earlier repair leads to improved outcomes with less scar contracture and resultant deformity. Bone grafts at the time of
initial surgery may be indicated in the midface1
Advocates of delayed repair point to a higher
incidence of infection and to benefits of closed
treatment, whereas those advocating more
aggressive management report improved functional and aesthetic outcomes.4,5,1 The main
disadvantage of open reduction is infection,
which primarily affects the mandible.6,1 Bone
grafts are frequently required in the management of GSWs to the face, whether for replacement of true loss of bone (avulsive injuries) or
in cases in which comminuted.These are fractures that exhibit multiple fragmentation of the
bone at one fracture site. These are usually the
result of greater forces than would normally be
encountered in simple fractures.and misplaced
fragments need to be replaced or reinforced.1,9
Gruss and colleagues have published extensively on their success with early bone grafting to stabilize and support soft tissues, and
to decrease scar contracture and distortion.7,1
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Most agree, however, that delayed grafting of
discontinuity defects of the mandible is still indicated because of the high risk of exposure and
loss of bone grafts in this site, and that immediate grafting in the mandible should be avoided.8,4,1
Maintenance of mandibular segments with rigid
reconstruction plates combined with delayed
grafting or free flap reconstruction offers a predictable result, and in most cases primary grafting of the mandible is not indicated. Delayed
bone reconstructions frequently suffer from a
scarred hypovascular environment that does not
support the graft. Vascularized bone grafts can
support osseointegrated implants to complete
the reconstruction.1 The goals of therapy9 are:
1) Obtain stable occlusion; 2) Restore interincisal
opening and mandibular excursive movements;
3) Establish a full range of mandibular excursive
movements; 4) Minimize deviation of the mandible; 5) Produce a pain-free articular apparatus at rest and during function; 6) Avoid internal
derangement of the temporomandibular joint on
the injured or the contralateral side; 7) Avoid the
long-term complication of growth disturbance.
The goals of reconstruction under the aforementioned conditions are to provide morphology
and position of the bone in relation to its opposing
jaw, provide adequate height and width of bone,
restore continuity of the mandible and maxilla, and
provide facial contour and support for soft tissue
structures.10, 11,12 The body of the mandible is
probably the most complex area of the mandible to
reconstruct for several reasons. It has a complex
curved shape that makes reconstruction difficult,
it is along the lever of the mandible and has the
highest loads placed on it, it contains a sensory
nerve that is prone to injury, and it is the site of
attachment of a complex array of muscles.10,11,12,13

The first step in reconstruction is to classify
the defect determined by its size, location, and
functional or cosmetic impairment.10,14,15 The use
of osseointegrated dental implants is an important technique for the oral rehabilitation of these
patients. Osseointegrated implants provide the
most rigid prosthetic stabilization available to
withstand masticatory forces.16 Branemark &
Lindstrom used implants with free bone grafts.
Riediger was the first to place them in an iliac
crest flap.16 The incorporation of osseointegrated implantology in the oromandibular rehabilitation of oncological head and neck patients
has improved aesthetic and functional results
spectacularly.16,17,18,19 When deciding if rehabilitation should include a fixed prosthesis or
a removable prosthesis, a series of factors
should be analyzed: 1) Number and position of
implants; 2) Occlusal space; 3) Antagonist arch;
4) TMJ function; 5) Labial or lingual hypoesthesia; 6) Patient’s attitude to prosthetic hygiene.

METHODS
A 43 year old female patient presented with a
reference sheet to the Department of Oral and
Maxillofacial Surgery, Hospital Clinic ISSSTE
Monterrey, Nuevo Leon, for the assessment of the
gunshot wound. The reference sheet indicated
that the patient was taken by the paramedics to
the emergency department approximately 2 hours
after the shooting, where ATLS protocol was
applied, the patient was admitted to the intensive
care for 15 days and a maxillomandibular fixation with Erich Arch Bars was made for the stabilization of the bone segments. When the patient
was stabilized, she revealed that the gun was a
revolver which was shot at a distance of about
10cm with the projectile entry into the mouth
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Figure 1: Pre-op panoramic radiograph.

symphysis region and exit on the left submandibular region. In the clinical extraoral evaluation,
the object of the observation is the scar gunshot
wound in zone II associated with mandibular fracture as rated by Monson and colleagues, with the
presence of deformity of the lower lip, ecchymosis, submental edema. Intraorally loss of multiple
dental organs, trismus, generalized chronic periodontitis, tooth mobility grade II and III is being
obseved, as well as pain and crepitus on palpation in the left mandibular. AP cervical radiography and chest rule out the presence of foreign
bodies. Is important to point out that, once the
missiles were introduced into the tissues, they
rarely follow a straight path. In the panoramic
radiograph the comminuted fracture covering
symphysis region, parasymphyseal and left mandibular body is observed (figure 1). Surgical protocol studies were required, which are evaluated
by determining internal medicine patient ASA I.

TREATMENT PLAN
Open reduction and fixation of viable
bone fragments with titanium plates and
screws; placement of reconstruction plate;
removal
of
nonviable
bone
fragments.

24 •

Vol. 7, No. 5

•

May/June 2015

● Deferred mandibular bone reconstruction with
corticocancellous graft anterior iliac crest
●R
 emoval of dental organs with poor prognosis
and placement of the endosseous biphasic
dental implants.
●D
 iscovery of the placement of dental implants
and placement of healing abutments.
●O
 ral Rehabilitation with endosseous dental
implants and implant-supported fixed prosthesis of precious-porcelain metal.
Phase 1 - Bone Reduction and Fixation of
Bone Fragments
Patient is placed under general anesthesia with
balanced nasotracheal intubation, prior aseptic surgical bed with 10% povidone-iodine
supine; anesthetic lidocaine 2% with epinephrine 1:100,000 in submental and submandibular
left region; an incision of about 8 cm in length is
performed with a Nº 15 scalpel blade with subsequent dissection planes (figures 2-6). Once
addressed, nonviable fragments are removed
from the fracture zone, and the bone is modeled
for better consolidation of the bone segments,
viable fragments are reduced with 2 straight titanium mini-plates of 2mm system which are fixed
with Monocortical titanium screws of 2.0 x 7mm.
Once fragments are reduced, a 10 hole reconstruction bar is preformed and molded, and
attached to the bone fragments with titanium
bicortical screws of the 2.7mm x 11 mm system.
Mouth floor muscles are sutured to the locking bar
using simple nylon 1-0 points to prevent muscle
breakdown with its subsequent closure plans.
Intradermal closure is performed with 4-0 Vicryl
maximizing the aesthetics of the wound closure.
Semi-rigid inter-maxillary fixation is placed with
4 screws of inter-maxillary fixation of 2.0 x 9mm
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Figure 2: Pre-op submandibular view.

Figure 3: Submandibular incision from midline to the
posterior aspect of the gonial area, 2 cm below the inferior
mandibular edge.

Figure 4: Blunt dissection minimizing risk of vascular
injury.

Figure 5: Facial artery ligated.

system, two located in the buccal apical region to
the upper lateral incisors and two in the symphysis apical area to the remaining teeth, anchored
with wire. It was decided to preserve the intermaxillary fixation with Erich Arch Bars to preserve
existing occlusion parameters (figures 7-20). The
postoperative OPG shows a stable occlusion,
appropriate reduction of mandibular bone frag-

ments, and a correct relationship of temporomandibular complex (figure 21). After 21 days
inter-maxillary fixation is removed and a stable
presence of trismus occlusion is observed, so soft
diet, physical therapy, exercises of mouth opening and oral hygiene techniques are indicated.
24 hours after the removal of the FIM, the patient’s
occlusion is evaluated, showing good stability.
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Figure 6: Bone segments located and bony fragments
removal.

Figure 7: Bone reduction with titanium straight 2.0mm
miniplates and 2.0 x 7mm monocortical screws.

Figure 8: Bone reduction with titanium straight 2.0mm
miniplates and 2.0 x 7mm monocortical screws.

Figure 9: Bone reduction with titanium straight 2.0mm
miniplates and 2.0 x 7mm monocortical screws.

Phase 2 - Deferred Mandibular Bone
Reconstruction with Anterior Iliac Crest
Corticocancellous Graft
Five months after the reduction of mandibular bone fragments, we proceed to the reconstruction of the bone defect by the anterior
corticocancellous graft anterior iliac crest, so

that once established such graft would be feasible for the rehabilitation of the oral cavity to
return functional and aesthetic parameters.
Autologous grafts of anterior iliac crest, offer
a greater volume of bone progenitor cells, capable of creating a more favorable environment for
the consolidation of the new bone. Mandibu-
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Figure 10: Bone reduction with titanium straight 2.0mm
miniplates and 2.0 x 7mm monocortical screws.

Figure 11: Bone reduction with titanium straight 2.0mm
miniplates and 2.0 x 7mm monocortical screws.

Figure 12: Bone reduction with titanium straight 2.0mm
miniplates and 2.0 x 7mm monocortical screws.

Figure 13: Presentation and fixation of locking
reconstruction plate with bicortical screws.

lar reconstruction is performed simultaneously
by the trauma and maxillofacial surgery team,
wherein the first addresses the ilium obtaining
the bone graft, and the second addresses the
mandibular region affected for its reconstruction. After obtaining the graft, maxillofacial surgery team models, adapts, and sets the graft to

the reconstruction plate with bicortical screws
of 2.7 x 13mm system. Autologous fibrin clot
and bovine bone Geistlich Bio-Oss® (Pharma
AG CH-6110 Wolhusen Suiza) of slow reseption are placed to accelerate the bone healing (figures 22-50). Drenovac (Dimeja S.A. de
C.V.®, Tepatitlán de Morelos, Jalisco) is a system
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Figure 14: Presentation and fixation of locking
reconstruction plate with bicortical screws.

Figure 15: Presentation and fixation of locking
reconstruction plate with bicortical screws.

Figure 16: Presentation and fixation of locking
reconstruction plate with bicortical screws.

Figure 17: Presentation and fixation of locking
reconstruction plate with bicortical screws.

used for postoperative drainage, followed by
suture closure plans and intradermal 4-0 Vicryl
suture (figures 51-52). Semi-rigid inter-maxillary fixation is placed with 4 screws of intermaxillary fixation of 2.0 x 9mm system, two located
in the buccal apical region to the upper lateral
incisors and two in the symphysis apical area to

the remaining teeth, anchored with wire. After
10 days of control a satisfactory observation is being observed, the wound is aesthetically acceptable, inter-maxillary fixation
is removed and it was decided to wait
for the consolidation of the graft through
a course of six months (figures 53-58).
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Figure 18: Placement of four inter-maxillary fixation
screws (2.0 x 9mm system), two in the upper jaw and two in
the lower jaw anchored with osteosynthesis wire.

Figure 19: Placement of four inter-maxillary fixation screws
(2.0 x 9mm system), two in the upper jaw and two in the
lower jaw anchored with osteosynthesis wire.

Figure 20: Placement of four inter-maxillary fixation
screws (2.0 x 9mm system), two in the upper jaw and two in
the lower jaw anchored with osteosynthesis wire.

Figure 21: Post-Op panoramic radiograph.

Phase 3- Removal of Dental Organs with
Poor Prognosis and Placement of the
Endosseous Biphasic Dental Implants
It is essential to do the CBCT study for the
implant position planning. With the radiographic
guide in the position and visualization software
3D of the images, we evaluated the fol-

lowing essential aspects of implant placement: 1) Quantity of the bone; 2) Quality
of the bone; 3) Number of implants;
4) Position of the implants in the arch; 5) Diameter of the implants; 6) Depth of the implants
Once these data were done and analyzed,
we found quality and suitable bone quantity so
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Figure 22: Cortico-cancellous bone graft harvested from
the ilium.

Figure 23: Ilium aspect after bone graft harvest.

Figure 24: Submandibular incision in the same place done
before for the mandibular fracture reduction.

Figure 25: Sharp dissection of the skin layer and blunt
dissection of the deepest layers.

it was decided to perform the placement of six
dental implants Certain (Biomet Inc. Warsaw,
Indiana) biphasic endorsements to complete
the rehabilitation of the lower arch in the areas
of dental bodies (FDI Tooth Numbering System) 46 of 4 x 10mm, O.D 44 x 13mm, 4, OD
42 4 x 13mm, OD 32 4 x 13mm, OD 34 4 x
13mm and OD 36 4 x 11mm (figures 59-65).

Under local anesthesia with 2% mepivacaine
and epinephrine 1: 100,000, incision was made
on alveolar ridge, rising mucoperiostic flap, prefabricated surgical guide is positioned and osteotomies are made to indicate the position of the
implants; deep osteotomies was made and parallel pin and periapical radiographs are taken to
evaluate their position. Once the desired par-
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Figure 26: Exposition of the bone defect taking care no
perforate the intraoral mucosa.

Figure 27: Preparation of the mandibular bone edges,
drilling small holes encouraging bone bleeding.

Figure 28: Preparation of the mandibular bone edges,
drilling small holes encouraging bone bleeding.

Figure 29: Preformation of bone graft with a low-speed
handpiece and constant irrigation.

allelism was obtained, we continued with the
sequential osteotomies according to manufacturer’s indications to the diameter of 4mm in the
corresponding area, getting the implant placement with an adequate insertion torque and settlement to achieve primary stability. Wound closure
with single point interrupted 3-0 silk sutures.
Ten days after the surgery, the clinical out-

come is satisfactory, so suture material is removed
and the control appointment was made one week
after showing complete closure of the wound.
Once the total wound healing was
achieved, removable prosthesis is positioned to return it to the possible, the perioral tissue support and as well as the phonetic
and masticatory functionality (figure 66).
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Figure 30: Appearance of the bone graft in the defect,
showing good fitting and continuity with smooth edges.

Figure 31: Appearance of the bone graft in the defect,
showing good fitting and continuity with smooth edges.

Figure 32: Appearance of the bone graft in the defect,
showing good fitting and continuity with smooth edges.

Figure 33: Appearance of the bone graft in the defect,
showing good fitting and continuity with smooth edges.

Phase 4 - Discovery of the dental Implants
and Placement of Healing Abutments
Three months after placement, implants located
in the area of 42 and 32 were observed, so
it was not necessary to perform any surgical maneuver in these areas, however, in
implants remaining total gingival epithelial
keratinized tissue coverage so infiltrative sur-

gical procedure under local anesthesia was
performed. The position of the implants are
located and incisions are made, rising full thickness flap, and healing abutments placed.
Simple interrupted suture points were place
with 3/0 silk retiring them 10 days after the event
with good performance and satisfactory insertion
of peri-implant keratinized tissue. (photo 67-70)
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Figure 34: Appearance of the bone graft in the defect,
showing good fitting and continuity with smooth edges.

Figure 35: Appearance of the bone graft in the defect,
showing good fitting and continuity with smooth edges.

Figure 36: Appearance of the bone graft in the defect,
showing good fitting and continuity with smooth edges.

Figure 37: Appearance of the bone graft in the defect,
showing good fitting and continuity with smooth edges.
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Figure 38: Bone graft fixation to the reconstruction plate
with bicortical screws.

Figure 39: Bone graft fixation to the reconstruction plate
with bicortical screws.

Figure 40: Bone graft fixation to the reconstruction plate
with bicortical screws.

Figure 41: Bone graft fixation to the reconstruction plate
with bicortical screws.

Oral Rehabilitation with Implant-Supported
Fixed Prosthesis
Three weeks after the discovery of dental
implants,
we
decided
to
start
with
the
rehabilitation
treatment.
Impression posts are placed with a base
of 4mm and 5mm on emergence profiles,
and total and passive seating is verified by

periapical radiographs. Impression is taken
with type A silicone of the brand Hydroxtreme (Coltene® Feldwiesenstrasse Switzerland) heavy and light body by drag technique,
obtaining working model for the production
of a PFM fixed prosthesis implant-supported.
Due to extensive restoration, was decided
to conduct two separate structures, which
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Figure 42 : Bone graft fixation to the reconstruction plate
with bicortical screws.

Figure 43: Bone graft fixation to the reconstruction plate
with bicortical screws.

Figure 44: Bone graft fixation to the reconstruction plate
with bicortical screws.

Figure 45: Bone graft fixation to the reconstruction plate
with bicortical screws.
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Figure 46: Placement of PRGF in the interphase of bone
graft and mandibular bone.

Figure 47: Placement of PRGF in the interphase of bone
graft and mandibular bone.

Figure 48: Placement of PRGF in the interphase of bone
graft and mandibular bone.

Figure 49: Placement of PRGF in the interphase of bone
graft and mandibular bone.

range from the situation of the organ 3.6 to 3.1
and the other from the organ 4.1 to 4.6. Custom temporary abutments
are manufactured
from GingiHue® Abutment (Biomet Inc. Warsaw, Indiana) designed with the emergence
profile dimensions that allow a more natural
appearance of the final restoration (photo 71-73).

A design wax-up of the fixed prosthesis is
created, which will give the base for the restoration, these are tested before and after the metal
is created and it is finalized over the abutments.
Once a tight seal and a liability settlement of
the structures are done, porcelain layering technique is applied to improve aesthetics of the final
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Figure 50: Placement of PRGF in the interphase of bone
graft and mandibular bone.

Figure 51: Suture of the wound by layers with Vycril 4/0.

Figure 52: Final suture by intradermal technique, allowing
a better scar appearance in the future and Drenovac
placement to reduce the post-op edema.

Figure 53: Post-op panoramic radiograph were we
evaluate the bone graft position.
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Figure 54: 10 days post-op extraoral photos, showing a
little edema, nice scar and healing evolution.

Figure 55: 10 days post-op extraoral photos, showing a
little edema, nice scar and healing evolution.

Figure 56: 10 days post-op extraoral photos, showing a
little edema, nice scar and healing evolution.

Figure 57: 10 days post-op extraoral photos, showing a
little edema, nice scar and healing evolution.

result (figures 74-75). When the manufacture or
the restauration are completed , we take them
to the mouth to verify the stability, occlusion and
esthetic appearance, ones all of these is verified
we cement the restorations with Glass Ionomer

(figures 76-80). The control panoramic radiograph after oral rehabilitation shows bone stability
in the peri-implant area and fracture lines as well
as continuity and sustainability of cortico-travecular bone block graft of the iliac crest (figure 81).

38 •

Vol. 7, No. 5

•

May/June 2015

Garza et al

Figure 58: 10 days post-op intraoral photo, that indicate
nice occlusion, in this day we decide to remove intermaxillary fixation, allowing to the patient start with
physiotherapy.

Figure 59: Panoramic radiograph taken with the surgical
guide with barium sulphate teeth, showing the right
position where the implants should be placed.

Figure 60: Meticulous evaluation of the CBCT, measuring
the quantity and quality of the bone, distance to the
alveolar nerve, planning thus the position, profundity,
angulation and quantity of the dental implants to be
placed.

Figure 61: Meticulous evaluation of the CBCT, measuring
the quantity and quality of the bone, distance to the
alveolar nerve, planning thus the position, profundity,
angulation and quantity of the dental implants to be
placed.
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Figure 62: Meticulous evaluation of the CBCT, measuring
the quantity and quality of the bone, distance to the
alveolar nerve, planning thus the position, profundity,
angulation and quantity of the dental implants to be
placed.

Figure 63: Meticulous evaluation of the CBCT, measuring
the quantity and quality of the bone, distance to the
alveolar nerve, planning thus the position, profundity,
angulation and quantity of the dental implants to be
placed.

Figure 64: Meticulous evaluation of the CBCT, measuring
the quantity and quality of the bone, distance to the
alveolar nerve, planning thus the position, profundity,
angulation and quantity of the dental implants to be
placed.

Figure 65: Meticulous evaluation of the CBCT, measuring
the quantity and quality of the bone, distance to the
alveolar nerve, planning thus the position, profundity,
angulation and quantity of the dental implants to be
placed.
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Figure 66: Panoramic radiograph after the dental implants
placement, showing a good disposition and parallelism.

Figure 67: Appearance of second phase healing screws
after three weeks of their uncover, exhibiting adequate
keratinized tissue.

Figure 68: Appearance of second phase healing screws
after three weeks of their uncover, exhibiting adequate
keratinized tissue.

Figure 69: Appearance of second phase healing screws
after three weeks of their uncover, exhibiting adequate
keratinized tissue.

RESULTS
Reparative, reconstructive and rehabilitation procedures have achieved in a high amount and
quantity, the stability and symmetry of de facial soft
tissues, phonetics, swallowing and chewing of the
patient, therefore, psychological health, allowing

to the patient get back to her social and occupational activities with much more self-confidence.
The patient is going annually to maintenance
appointments where prophylaxis, periodontal
and dental assessment usually are performed.
Assessment of the durability of dental implants,
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Figure 70: Appearance of second phase healing screws
after three weeks of their uncover, exhibiting adequate
keratinized tissue.

Figure 71: Aspect of the abutments with nice passive
settlement and parallelism.

Figure 72: Aspect of the abutments with nice passive
settlement and parallelism.

Figure 73: Aspect of the abutments with nice passive
settlement and parallelism.

soft and hard periimplant tissue, as well as the
implant-supported restorations and the stability of the Iliac crest bone graft are performed,
evidencing an uneventfully excellent evolution.

tial loss of bone tissue are performed, mouth
floor muscles tend to collapse obstructing the
airways, making swallowing, breathing, phonetics, chewing, more difficult even impossible. The ilium is the most preferred donor
site for bone grafting. It contains the greatest absolute cancellous bone volume and has

DISCUSSION
When procedures in which there is substan-

42 •

Vol. 7, No. 5

•

May/June 2015

Garza et al

Figure 74: Final prosthesis divided in two structures.

Figure 75: Final prosthesis divided in two structures.

Figure 76: Cementation of the prosthesis with Glass
Ionomer and adjustment of the occlusion.

Figure 77: Cementation of the prosthesis with Glass
Ionomer and adjustment of the occlusion.

The Journal of Implant & Advanced Clinical Dentistry

• 43

Garza et al

Figure 78: Final appearance of the prosthesis.

Figure 79: Final appearance of the prosthesis.

Figure 80: Blunt dissection minimizing risk of vascular
injury.

Figure 81: Final panoramic radiograph after the
rehabilitation.

the highest cancellous-to-cortical bone ratio.
The fixed prosthesis requires a larger number of implants, occlusal adjustment is more
complex and maintaining hygiene is more difficult. Treatment is more costly, but it provides greater satisfaction for the patient in
comparison with the removable prosthesis.
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CONCLUSION
Improvement in the management of GSWs to the
face has paralleled the advancement of oral and
maxillofacial surgery. Techniques and skills developed by oral and maxillofacial surgeons in the
management of these injuries translated directly to
other areas such as bone grafting, and promoted

Garza et al

the growth and expanding scope of the specialty.
The successful restoration of the patient with dental implants can result in a change in dental function and health, with a happy patient. The basis
for the use of dental implants is initiated by the
normal sequence of wound healing, the translation of surface engineering to implant design, and
evidence-based trials that verify and confirm efficacy of treatment methods. Therefore, we would
like to stress the real possibility that we have of
offering mandibulectomized patients that have
been reconstructed with bony grafts and dental
rehabilitation with an implant-sup- ported prosthesis and/or implant-retained prosthesis that
will improve facial harmony and quality of life. ●
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Abstract
Introduction: A literature review was done
to review the evolution, properties, characteristics, and marginal fit of current CAD/
CAM materials and fabrications systems for
all-ceramic restorations. Methods: A data
search of peer-reviewed articles through
PUBMED search, annual publications and
a hand search of textbooks and journals on
CAD/CAM all-ceramic materials was sought.
The last search was conducted on July 2014.

Results: The current
multiple materials and
available for clinical use
versal material or system

literature shows that
systems are currently
and there is not a unifor all clinical situations.

Conclusion: Within the scope of this literature review, there is a lack of evidence to support the universal application of a single system
or ceramic material for all clinical situations;
careful consideration of the material choice
should be done as part of the treatment plan.

KEY WORDS: CAD/CAM, Glass Ceramics, Alumina Ceramics, Lithium Disilicate, Zirconia, All ceramic
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tion that is saved in a computer and constitutes
a extraordinary communication tool for evaluation.
The incorporation of dental technology has
not only brought a new range of manufacturing methods and material options but also some
concerns about the processes involving restorations fit, quality, accuracy, short and long-term
prognosis.1 The purpose of this document is to
provide a review of the literature regarding the different materials and systems available until June
2014. In addition marginal fit of CAD/CAM restorations is included for clinical considerations.

CAD/CAM MATERIALS

Figure 1: Digital and Conventional Workflow for AllCeramic Crown Fabrication.

INTRODUCTION
Dental crowns have been used for decades to
restore compromised, heavily restored teeth, and
for esthetic improvements. New CAD/CAM (Computer Aided Design/Computer Aided Manufacturing) materials and systems have been developed
and evolved in the last decade for fabrication of
all-ceramic restorations. Dental CAD/CAM technology is gaining popularity because of its benefits in terms of time consuming, materials savings,
standardization of the fabrication process, and
predictability of the restorations. The number of
steps required for the fabrication of a restoration
is less compared to traditional methods (Fig. 1).
Another benefit of CAD/CAM dentistry include
the use of new materials and data acquisition;
which represents a non-destructive method of
saving impressions, restorations and informa-
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GLASS CERAMICS
The first in office ceramic material was Vitablock
Mark I (Vident), it was a feldspathic based ceramic
compressed into a block that was milled into a
dental restoration. After the invention of the Mark
I block the next generation of materials for CAD/
CAM milling fabrication of all-ceramic restorations were Vita Mark II (Vident) and Celay, which
replaced the original Mark I in 1987 for fine feldspathic porcelains primarily composed of silica
oxide and aluminum oxide.2 3 Mark II blocks are
fabricated from feldspathic porcelain particles
embedded in a glass matrix and used for single
unit restorations available in polychromatic blanks
nowadays. On the other hand, Celay ceramic
inlays have been considered clinically acceptable
by traditional criteria for marginal fit evaluation.4
Dicor-MGC was a glass ceramic material
composed of 70% tetrasilicic fluormica crystals precipitated in a glass matrix; but this material is no longer available in the market.5 Studies
from Isenberg, et al.
suggested that inlays
of this type of ceramics were judge as clinically successful in a range from 3 to 5 years of
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clinical service.6-8 In 1997, Paradigma MZ100
blocks (3M ESPE) were introduced as a highly
filled ultrafine silica ceramic particles embedded in a resin matrix; the main advantage of
this material is that it can be use as a milled
dense composite that was free of polymerization shrinkage but can not be sintered or glazed.9
In early 1998 IPS ProCAD (Ivoclar Vivadent)
was introduced as a leucite reinforced ceramic
similar to IPS Empress but with a finer particle
size; this material was designed to be use with
the CEREC system (Sirona Dental, Germany) and
was available in different shades.2 More recently
the introduction of IPS Empress CAD (Ivoclar)
and Paradigm C that according to the manufacturer 3M ESPE it is a 30%-45% Leucite reinforced glass ceramic with a fine particle size.10
To overcome esthetic problems of most
CAD/CAM blocks having a monochromatic restoration; a different version was developed as
a multicolored ceramic block which was called
Vita TriLuxe (Vident) and also IPS Empress
CAD Multiblock; the base of the block is a dark
opaque layer, while the outer layer is more translucent; the CAD software allows the clinician
to position or align the restoration into the block
for the desire outcome of the restoration.11 12
In 2014 the Enamic (VITA) material was
released as a ceramic network infiltrated
with a reinforcing polymer network that has
the benefits of a ceramic and resin in one
material but no clinical data is available.13
ALUMINA BASED CERAMICS
Alumina blocks (Vitablocs In-Ceram Alumina,
VITA) are available for milling with the CEREC
system (Sirona Dental) and now compatible with
other milling machines as well. Due to the opacity

of alumina based ceramic materials the In-Ceram
Spinell (VITA) blocks were developed as an alternative for anterior esthetic restorations; it is a mixture of alumina and magnesia. Its flexural strength
is less than In-Ceram Alumina, but veneering
with feldspathic porcelain for a more esthetic
result could follow it after the milling process.14 15
Nobel Biocare developed Procera material; for its fabrication high purity aluminum oxide
is compacted onto an enlarged die that is fabricated from the scanned data.16 The enlarged
fabricated core shrinks to the dimensions of the
working die when sintered at 1550o C; this material offers a very high strength core for all-ceramic
restorations; the crown is finished with the application of feldspathic porcelian.17 More recently
In-Coris AL (Sirona Dental) has been introduced as a high strength aluminum oxide block
with similar mechanical properties as Procera.18
LITHIUM DISILICATE
Lithium disilicate is composed of quartz, lithium
dioxide, phosphor oxide, alumina, potassium
oxide and other components. According to SaintJean (2014) the crystallization of lithium disilicate
is heterogenous and can be achieved through a
two or three stage process depending if the glass
ceramic is intended to be used as a mill block
(e-max CAD) or as a press ingot (e-max press).
Lithium disilicate blocks (blue blocks) are
partially sintered and relatively soft; they are
easier to mill and form to the desired restoration compared to fully sintered blocks; after
this process the material is usually heated to
850°C for 20-30 minutes to precipitate the
final phase. This sintering step is usually associated with a 0.2% shrinkage accounted for the
designing software.19 Nowadays, blocks of lith-

The Journal of Implant & Advanced Clinical Dentistry

• 49

Brenes et al

Table 1: Recommended Dimensions for E-max CAD by Ivoclar Vivadent
Material Thickness

Anterior

Premolar

Molar

Veneers

Staining Technique

1.2

1.5

1.5

0.6

Cut-back Technique

1.2

1.5

1.5

0.6

Layering Technique

0.8

0.8

—

—

ium disilicate are available for both in-office and
in-laboratory fabrication of all-ceramic restorations; monolithic blocks require layering or staining to achieve good esthetic results.8 Different in
vitro studies that evaluate marginal accuracy of
milled lithium disilicate reveal that these restorations could be as accurate as 56-63 microns.20
According to the manufacturer specifications the designing principles for E-max lithium
disilicate are produced by default in the designing software, but in full all-ceramic crowns
structures the minimum thickness must be
applied in the preparation design (Table 1).
During the crystallization process the ceramic
is converted from a lithium metasilicate crystal phase to lithium disilicate. Some commercial
types of ceramics are Empress CAD (Ivoclar) and
IPS E-max. The first one is a leucite based glass
ceramic with a composition similar to Empress
ceramic. IPS E-max was introduced in 2006
as a material with a flexural strength of 360 to
400MPa (two to three times stronger than glass
ceramics); the blocks are blue in the partially crystallized state but it achieves the final shade after
it is submitted to the firing process in a porcelain
oven for 20 to 25 minutes to complete the crystallization; the final result is a glass-ceramic with a
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fine grain size of approximately 1.5 μm and 70%
crystal volume incorporated in a glass matrix.21
In 2014 Vident company released Suprinity; the first glass ceramic reinforced with
zirconia (10% weight); this material is a zirconia reinforced lithium silicate ceramic (ZLS)
available in a precrystallized or fully crystalized (Suprinity FC) state indicated for
all kind of single all-ceramic restorations.
ZIRCONIA
Zirconia has been used in dentistry as a biomaterial for crown and bridge fabrication since
2004; it has been useful in the most posterior
areas of the mouth were high occlusal forces are
applied and there is limited inter-occlusal space.22
Zirconia is a polymorphic material that can
have three different forms depending on the temperature: monoclinic at room temperature, tetragonal above 1170 °C, and cubic beyond 2370°
Centigrade. According to Piconi (1999) “the
phase transitions are reversible and free crystals are associated with volume expansion”. Different authors state that when zirconia is heated
to a temperature between 1470°C and 2010°C
and cooled a volume shrinkage of 25 to 35%
can occur that could affect marginal fit or pas-
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siveness of the restorations.22 This feature limited the use of pure zirconia until 1970 when
Rieth and Gupta developed the yttria-tetragonal
zirconia polycrystal (Y-TZP) containing 2-3%
mol-yttria in the intent to minimize this effect.10
One of the most interesting properties of zirconia is transformation toughening; Kelly (2008)
describes it as: “A phenomenon that happens
when a fracture takes place by the extension of
al already existing defect in the material structure, with the tetragonal grain size and stabilizer, the stress concentration at the tip of the
crack constitutes an energy source able to trigger the transformation of tetragonal lattice into
the monoclinic phase.” This process dissipates
part of the elastic energy that promotes progression of cracks in the restoration; there is a localized expansion of around 3.5% that increases
the energy that opposes the crack propagation.23
Zirconia restorations can be fabricated from
fully sintered zirconium oxide or partially sintered
zirconium oxide blanks (green-state). Proponent of
milling fully sintered zirconia claim that fitness of
restorations is better because it avoid volumetric
changes during the fabrication process. On the
other hand, the green state is easier and faster
to mill and proponents of milling partially sintered
blanks claim that micro cracks can be induced to
the restoration during the milling process and it
also requires more time and intensive milling processes; this micro defects or surface flaws can
affect the final strength of the final restoration and
could potentially chip the marginal areas; however further research is needed about this topic.10
One of the first systems that used zirconia
was In-Ceram Zirconia (Vident), which is a modification of the In-Ceram Alumina but with the
addition of partially stabilized zirconia oxide to

the composition. Recently many companies have
integrated zirconia into their CAD/CAM workflow due to its mechanical properties, which are
attractive for restorative dentistry; some of this
properties are: high mechanical strength, fracture toughness, radiopacity for marginal integrity evaluation, and relatively high esthetics.24
Different systems in the market are using zirconia as one of their main matrials such as: Ceramill Zolid (Amann Girbach), Prettau (Zirkonzahn),
Cercon (Dentsply), BruxZir (Glidewell Laboratories), IPS ZirCAD (Ivoclar Vivadent), Zenostar
(Ivoclar Vivadent), inCoris ZI (Sirona Dental),
VITA In-Ceram YZ (Vident), among others. Companies have introduced materials that are in
combination with zirconia to improve its properties in different clinical situations. Lava Plus
for example is a combination of Zirconia and a
nano-ceramic. Table 2 describes some of the
CAD/CAM materials used by dental clinicians
and laboratories for all-ceramic restorations and
its restorative indications by the manufacturers.

CAD/CAM SYSTEMS
A number of different manufacturers are providing
CAD/CAM systems which generally consist of a
scanner, design computer and a milling machines
or 3D printers. Laboratories are able to receive
digital impression files from dentists or use a
scanner to create digital models that are use for
restorations designing or CAD. Dental scanners
vary in speed and accuracy. Milling machines
vary in size, speed, axes, and also in which restorative materials can be milled; in this category
milling machines could be classified as wet or
dry depending if the materials require irrigation.
The development of dental CAD/CAM systems occurred around 1980 with the introduc-
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Table 2: Most Used CAD/CAM Materials for all Ceramic Restorations Available for 2014
Material

Composition

Company

Indications

ArgenZ

Zirconia

Argen

Crowns, abutments, onlays.

BruxZir
Zirconia
Glidwell
				

Copings, multiunit, crowns,
inlays/onlays

Ceramill Zolid

Zirconia

Amann Girbach

Crowns, inlays, onlays, multiunit.

Cercon ht

Zirconia

Dentsply

Copings, multiunit, crowns, veneers.

DC Zirkon

Zirconia

DCS Dental/Vita

Crowns, copings.

Empress CAD

Leucite reinforced

Ivoclar

Crowns, inlays, onlays.

Enamic

Ceramic resin

Ivoclar Vivadent

Crowns, inlays/onlays.

InCoris AL

Alumina oxide

Sirona

Copings, multiunit.

InCoris ZI

Zirconia

Sirona

Multiunit, crowns, inlays/onlays.

IPS E-max

Lithium Disilicate

Ivoclar

Crowns, inlays, onlays.

IPS Zircad

Zirconia

Ivoclar

Copings, multiunits.

Lava Ultimate

Ceramic resin

3M ESPE

Crowns, inlays, onlays.

Paradigm C

Leucite reinforced glass ceramic

3M ESPE

Crowns, inlays, onlays.

Prettau
Full contour zirconia
Zirkonzahn
				
VITA Alumina

Sintered Aluminum Oxide

Copings, multiunit, crowns,
inlays/onlays

Vident

Crowns, inlays, onlays, veneers.

Vita InCeram YZ
Zirconia
Vident
				

Crowns, inlays, onlays,
multiunit, veneers, abutments.

VITA Mark II

Feldpathic porcelain

Vident

Crowns, inlays, onlays, veneers.

VITA Spinell

Aluminum oxide glass infiltration

Vident

Anterior crowns, veneers.

Vita TriLux

Felspathic ceramic

Vident

Crowns, veneers, onlays, inlays.

Zenostar

Zirconia

Ivoclar Vivadent

Copings, multiunit, crowns, veneers.
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tion of the Sopha system developed by Dr.
Duret. Few years after that event Dr. Mormann
and the electrical engineer Marco Brandestini
developed the CEREC-1 system in 1983, the
first full digital dental system created to allow
dentist to design and fabricate in office restorations. Since then the continuous evolution of
systems dedicated to this field has continue and
has exponentially increased in the last decade.14
Cerec systems has evolved into CEREC
Bluecam scanner; accuracies as close as 17
microns for a single tooth have been reported
by authors using this system. Recently CEREC
Omnicam was introduced offering true color
digital impressions without the need of a contrast medium. In a recent study by Neves, et al
(2013) about marginal fit of CAD/CAM restorations fabricated with CEREC Bluecam; they
compared lithium disilicate single unit restorations to heat-pressed restorations and 83.8%
of the specimens had measurements of vertical gap with less or at least 75 microns.25
The Cerec InLab CAD software (Sirona Dental) was designed for dental laboratories for a
wide range of dental capabilities that can be
combined with third party systems. With this software the dental technician is able to scan their
own models using Sirona inEos X5 (Sirona Dental) scanner and design the restoration; once
this process is completed the file can be send
to a remote milling machine or a milling center for fabrication in a wide range of materials.
The Procera system introduced in 1994 was
the first system to provide fabrication of a restoration using a network connection. According to research data the average ranges of
marginal fit of this restorations are from 54 to
64 microns.20 A computer integrated crown

reconstruction system (CICERO) introduced by
Denison et al. in 1999 included a rapid custom
fabrication of high strength alumina coping and
semi finished crowns to be delivered to dental
laboratories for porcelain layering and finishing.26
Another system that was developed years
ago was the Celay system, which fabricated feldpathic restorations through a copy-milling process. The system duplicated an acrylic resin
pattern replica of a restoration. Zirkonzahn company developed a similar system called the Zirkograph in 2003 which was able to copy-mill
zirconia prosthesis and restorations out a replica
of the restoration. Some years after Cercon system (Dentsply Ceramvo) was able to design and
mill zirconia restorations out of a wax pattern.24
Almost at the same time that these companies develop this first copy mill prototypes Lava
(3M ESPE) introduced in 2002 the fabrication of
yttria-tetragonal zirconia polycrystal (Y-TZP) cores
and frameworks for all ceramic restorations. With
the Lava system the die is scanned by a optical
process, the CAD software designs and enlarge
the restoration or framework that is milled from
a pre-sintered blank. Studies on marginal adaptation suggest that Lava restorations have a
marginal fit that can be as low as 21 microns.27
Some other systems that were able to mill zirconia were DCS Zirkon(DCS Dental) and Denzir.28
In the last decade companies have decided to
differentiate their products by having a full CAD/
CAM platform or by focusing on specific areas of
expertise like CAD software and intraoral scanners; this companies claim to be open platform
because their systems allow to export universal
files such as STL. or OBJ. to be used with the
majority of nesting softwares and milling machines
in the market that are able to import them. Defend-
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Table 3: Most used Dental CAD Systems Available for 2014
CAD System

Manufacturer

File output

3Shape

3Shape

Propietary/STL

ARTI / Modelliere

Zirkonzahn

STL

CeraMill

Amann Girbach

STL

Cercon Eye/Art

Dentsply

Propietary

Cerec

Sirona

Propietary

Delcam

Delcam

STL

Dental Wings

Dental Wings

STL

E4D

Planmeca

Propietary/STL

Exocad

Exocad

STL

InLab

Sirona

Propietary/STL

Procera

Nobel Biocare

Propietary/STL

ers of close platforms claim that the integration of
different CAD and CAM systems does not allow
for a good integration between parts and probably
lead to the incorporation of fabrication errors; at
this point no research about systems integration
is available. Table 3 shows some of the systems
used for dental CAD with their file output; Table 4
shows some of the most used CAM systems with
their material recommendations and capabilities.

MARGINAL FIT
Marginal fit evaluation is considered an essential
factor for clinical success. Christensen (1966)
reported that clinically detectable subgingival margins are in a range of 34-119 microns and 2-51
microns for supragingival margins. McLean (1971)
suggested that 120 microns should be the limit

54 •

Vol. 7, No. 5

•

May/June 2015

for clinically acceptable marginal discrepancies.29
Poor marginal adaptation can result in dissolution of cement; increase plaque accumulation,
periodontal inflammation, and secondary caries.14
Holmes, et al. (1989) did a research study
measuring the marginal fit of restorations and
defined absolute marginal discrepancy for the
first time. This concept states that marginal
fit should be considered as the angular combination of the vertical and horizontal error.30
Some of the main concerns from clinicians
about all-ceramic CAD/CAM restorations accuracy of fit are: scanning resolution, software
designing limitations, and milling hardware limitations of accuracy. Clinicians’ and technicians’
experience with the CAM/CAM system integration is also a key factor for fabricating good
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Table 4: Most used Dental CAM Systems Available for 2014
CAM System

Manufacturer

Type

Milling materials

BruxZir Mill

Glidewell

Dry

Zirconia, wax, PMMA

CARES
Straumann
Wet/Dry
				
				
				

Zirconia, Glass ceramic,
ceramic resins, Lithium Disilicate,
Chrome Cobalt, PMMA,
wax, titanium.

CeraMill Motion 2
Amann Girbach
Wet/Dry
				
				
				

Zirconia, Glass ceramic,
ceramic resins, Lithium Disilicate,
Chrome Cobalt, PMMA,
wax, titanium.

Datron D5
Datron
Wet/Dry
				
				
				

Zirconia, Glass ceramic,
ceramic resins, Lithium Disilicate,
Chrome Cobalt, PMMA,
wax, titanium.

Denzir

Ivoclar

Dry

Zirconia

E4D PlanMill 40

Planmeca

Wet

Lithium disilicate, ceramic resin

InLab MC XL
Sirona
Wet/Dry
				
				
				
LAVA

3M ESPE

Dry

M1/M5
Zirkonzahn
Wet/Dry
				
				
				

Zirconia, Glass ceramic,
ceramic resins, Lithium Disilicate,
Chrome Cobalt, PMMA,
wax, titanium.
Zirconia, wax, glass ceramic
Zirconia, Glass ceramic,
ceramic resins, Lithium Disilicate,
Chrome Cobalt, PMMA,
wax, titanium.

Procera

Nobel Biocare

Wet

Aluminum oxide

Zenotec

Ivoclar

Dry

Zirconia, Wax, PMMA
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Table 5: Summary of Research Studies Including Marginal Adaptation of all Ceramic Restorations
Study

Material and System

Type of Study

Mean Marginal Gap

Att, et al.

Zirconia/DCS

In vitro

86

Baig, et al.

Cercon/Zirconia

In votro

66.4

Bindl, et al.
		

In Ceram/CEREC
In vitro
Procera 		

43
17

Boeining, et al.

Procera

In vivo

90-118

Colpani, et al.

In ceram/CEREC

In vitro

28.5

De Vico, et al.

Zirconia/3shape

In vitro

78.8

Denissen, et al.
		
		

Mark II/ CEREC 2
In vivo
Procera		
CICERO		

85
68
74		

Grenade, et al.
		

Procera
Ceramill/zirconia

In vitro

51
81

Hmaidouch et al.

In Ceram YZ/ CEREC

In vitro

81.6

In-sung, et al.

In Ceram/Celay

In vitro

83

Lee, et al.
		

Alumina/Procera
In vitro
Mark II/CEREC		

Martinez, et al.
		
		

In Ceram		
Cercon		
Procera		

Matta, et al.
		

Zirconia/Lava
In vitro
Zirconia/Zenotec		

May, et al.

Procera

Neves, et al.
		

In vitro

Lithium disilicate/CEREC
In vitro
Lithium disilicate/E4d		

Pelekanos et al.

In ceram Al/CEREC

Reich, et al.
		
Souza, et al.
		

In vitro

In Ceram/CEREC
In vivo
Lava		

89.5
94.4
12.3
13.1
8.7
51
82
56-63
39.2
66.9
55
77
80

Leucite reinforced
ceramic/ CEREC

In vitro

28-99

Syrek, et al.

Lava

In vitro

49

Tinschert, et al.

DC Zirkon/Precident

In vitro

60-71
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restoration; the computer software per se will
not allow an inexperience operator to create
an excellent dental restoration from scratch.31
The clinical evaluation of the restorations is a
process that is done routinely at delivery and is
usually evaluated by the use of instruments like
sharp dental explorers. In an article by Hickel
(2007) different recommendations regarding clinical evaluation of restorations were proposed. The
use of explorers with blunt tips of 150 and 250
microns are recommended as the development
of secondary caries has only been correlated to
gaps >250 microns. It has been stated in different studies evaluating restorations made with
conventional or digital impressions that marginal
gaps that are not clinically detectable represent
a harmonious continuation of the junction tooth/
restoration. According to Hickel (2007) “gaps
that deviate from ideal but could be adjusted
to ideal by polishing are between 50 and 150
microns; gaps with leakage and discoloration limited to the borders of the restorations are easily
perceptible with explorers and are not considered to have a long-term negative impact if they
are between 150 and 250; gaps larger than
250 microns should be replaced to prevent secondary caries or large fractures at the margins”.
Although in clinical practice the previous methods in addition to radiographs are used to determine marginal fit; several authors using different
methods have investigated the fit of CAD/CAM
restorations using different materials and systems.

DISCUSSION
Several advantages can be drawn from including
CAD/CAM dental technology, 3D scanning and
the use of mill materials for all-ceramic restorations. Even though clinical studies have shown

that marginal fit of CAD/CAM restorations is
compared to conventional restorations the fabrication of dental restorations still a complex task
that requires experience, knowledge and skills.
The incorporation of new systems and materials bring a lot of concerns regarding system
implementation, capabilities and mechanical
properties of the different materials. One of
the biggest problems that still remain in CAD/
CAM dental systems is the accuracy of each
step in the CAD/CAM chain, from digital impression to the milling step. Using computer aided
manufacturing is dependent on the calibration
of hardware with software in the workflow. Furthermore, the virtual configuration of the die
spacer between the tooth and the restorations is
essential for the accuracy of the marginal adaptation and has to be calibrated for each one of
the systems. Weittstein et al. demonstrated that
the difference of fit between CAD/CAM restorations is directly related to the gap parameters
from the computer design and also related to the
intrinsic properties of the CAD/CAM system.32
On the other hand, analysis of the publications demonstrates that there is a wide diversity of
methodologies used to assess the level of adaptation of restorations fabricated with CAD/CAM
technology; standardization and reliability of methods should be use to guide investigations on this
field. Some of the methods that were used were:
1) Marginal fit evaluation using microphotography
or light microscopy; 2) Microscope measurements
with sectioned silicone replicas of the restorations
and abutments; 3) Measurements with electromicroscopy of cemented restorations after sectioning; 4) Micro-CT technology with and without
cement; 5) Triple scan method and reconstruction
using 3D scanners to visualize the internal space.
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CONCLUSION
This review of current and past literature regarding the evolution, characteristics, and marginal
fit of milled CAD/CAM all-ceramic restorations
materials and systems show that it is possible
to fabricate restorations with the same marginal
fit expected from conventional methods and
within the range of clinically accepted restorations. When comparing both methods the advantage of using CAD/CAM technology is not to
obtain the most precise level of fit, but rather to
obtain a high level of reliability in a large number
of restorations; especially when high produc-

tion levels are expected. However, there is limited number of clinical studies and the diversity
of the results between systems and protocols
does not allow giving a definitive conclusion. ●
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Abstract

Background: Increased placement of dental
implants will lead to an increase in the prevalence
of peri-implant disease. Peri-implant inflammatory
lesions are initiated by the host response to the
presence of a microbial biofilms. How microbes
attach themselves to implant surfaces involves
the interaction of several biophysical factors. This
limited review discusses the role of several interrelated biophysical factors that directly impact
microbial adhesion to dental implant surfaces.
Methods: An electronic search of MEDLINE
was conducted of studies published between
1995 through 2014. Subject specific articles
that predated 1995 were also considered.
The following terms were used in the search:
dental implants, surface roughness, topography, surface free energy, wettability, hydrophilicity, hydrophobicity, microbial adhesion,

bacterial adhesion, and biofilms. Both in vitro
and in vivo studies were considered in the review.
Results:
Surface roughness, surface free
energy, hydrophilicity, and adsorption of protein-carbohydrate complexes derived from
saliva and gingival crevicular fluid all interact
in a complex manner in the attraction and adhesion of supragingival and subgingival bacteria.
Conclusions: It has proven difficult to differentiate the effects of individual biophysical implant
surface attributes. Once bacteria begin to colonize a surface and are allowed to increase in
mass without disturbance the biophysical character of the surface becomes less important.
From the clinicians view, this latter observation
reinforces the need for exquisite oral hygiene
to maintain a healthy peri-implant environment.

KEY WORDS: Dental implants, bacteria, bacteria adhesion, biofilm, review
1. Department of Periodontics, University of Missouri Kansas City School of Dentistry
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Figure 1: Profile view showing surface topography of a
Straumann SLA® dental implant. Original magnification of
2,500x with bar = 10 μm.

INTRODUCTION
The increased placement of dental implants will
lead to an increase in the prevalence of periimplant disease.1 Mombelli et al. 2 in a recent
review reported that 10% of implants and
20% of patients exhibit clinical signs of periimplantitis. Other authors have reported prevalence rates for peri-implantitis ranging from
31% to 53% of patients and 22% to 38% of
implants.3-5
Peri-implant mucositis and periimplantitis represent inflammatory lesions initiated by the host response to the presence of a
microbial biofilm.6 How microbes attach themselves to an implant surface involves the interaction of several biophysical factors among
which surface roughness has been viewed as
the dominant factor.6-8 However, the texture
of a surface, i.e., surface roughness, brings
into play other biophysical factors that are significant to the biology of cellular and bacterial adhesion to substrates. This attenuated
review will summarize a relatively large body
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Figure 2: Profile view showing surface roughness of a
Steri-Oss HA® dental implant. Original magnification of
2,500x with bar = 10 μm.

of literature and focus on the role of several
interrelated biophysical factors that influence
microbial adhesion to dental implant surfaces.

MATERIALS AND METHODS
An electronic search of MEDLINE was conducted of studies published between 1995
through 2014. Subject specific articles published prior to 1995 were also considered.
The following terms were used in the search:
dental implants, surface roughness, topography, surface free energy, wettability, hydrophilicity, hydrophobicity, microbial adhesion,
bacterial adhesion, and biofilms. The emphasis was on in vivo studies but significant in
vitro were also considered in the review.

RESULTS
Surface Roughness
Adhesion of bacteria to a solid substrate, such as
a dental implant, is considered to be dependent
on several interrelated factors, such as surface

Cobb et al

Figure 3: Profile view showing surface roughness of a
Nobel Replace Groovy® implant. Original magnification of
2,500x with bar = 10 μm

Figure 4: Bacterial colonization of smooth surfaced
implant collar and abutment. Original magnification of 20x
with bar = 1 mm.

roughness, free energy, net charge, chemistry, hydrophilicity, and the presence of salivary
and gingival crevicular fluid (GCF) derived pellicles.9 It is notable that, with the exception of
the salivary and GCF derived pellicles, all the
listed factors are controlled by implant surface chemistry and/or biomechanical design.
Implant surfaces with varying degrees of
roughness and with sophisticated biomechanical designs are intended to enhance the osseointegration (Figs. 1-3). Indeed, some degree of
surface roughness is considered essential to
osseointegration.10 There is considerable evidence correlating surface roughness to increased
bone-to-implant contact, osteoblastic differentiation and osseointegration.10-14 Likewise, it would
seem obvious that increasing surface roughness
should equate to increased microbial adherence
and, therefore, more aggressive colonization of the
surface.15-18 Indeed, the early literature in this area
repeatedly notes the interaction of surface roughness and surface free energy in the attraction and

adhesion of bacteria and the maturation of biofilms on implant substrata.7, 8, 15, 16 However, this
may not always be the case as recent research literature is conflicted regarding the role of implant
surface roughness and microbial adhesion.18-24
As early as 1996, Bollen et al.18 reported
little difference in the number of colony forming units, both supra- and subgingival aerobic
and anaerobic microbes, as surface roughness
of implant abutments decreased to a roughness average (Ra) of 0.2 μm. Indeed, at least
two papers have noted that polished surfaces
do not reduce oral microbial colonization and
(Fig. 4), in fact, polishing a surface to minimize bacterial adhesion may be more misconception than reality.19, 20 Recent studies have
noted that although surface roughness does
not appear to impact colonization of bacterial
species,21-23 it may reduce treatment efficacy
when compared to smoother surfaces.24 This is
particularly true in the treatment of peri-implantitis when it becomes necessary to decon-
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Figure 5: SteriOss HA® surface being colonized by various
morphotypes of bacteria, e.g., cocci, rods, fusiforms and
spirohetes. Original magnification of 5,000x with bar = 5
μm.

Figure 6: Surface of mature biofilm associated with periimplantitis comprised predominantly of rods of various
lengths and diameters, fusiforms and treponemes. Original
magnification of 5,000x with bar = 5 μm.

taminate an implant surface that was designed
to facilitate osseointegration (Figs. 5 & 6).

and, therefore, greater hydrophobicity, have
been shown to favor the adherence of biofilms.26, 27 In addition, research indicates that
the amount of absorbed protein is greater on
hydrophobic surfaces and that the absorbed
protein layer influences initial bacterial colonization. The latter process is mediated through
the protein-cell interface, with the absorbed
protein functioning as a ‘bridge’ between the
implant surface and the bacterium.27-29 This
phenomenon is confirmed by the adherence
of bacteria to saliva and GCF derived pellicles
that coat the implant substrata which, in turn,
are directly influenced by the material’s SFE.
Numerous studies have recognized the biophysical interactions of surface roughness, SFE,
and hydrophobicity. In consideration of these
relationships, Quirynen and Bollen7 contend
that the influence of surface roughness is dominant over SFE in facilitating microbial adhesion
to an implant surface. However, Subramani et
al.30 have noted that the aforementioned domi-

Surface Free Energy
Surface free energy (SFE) has been defined
by as the difference between the energies of
molecules located on the surface and within
the mass of a material. Molecules embedded
within the mass of a material experience no
net forces whereas environmental factors may
act on the outermost molecules. Because of
exposure to the environment the surface molecules are in a higher energy state than those
located internally. The net difference in energy
between internal and surface molecules is
expressed as surface tension, i.e., SFE.25 SFE
can also be thought of as a function of liquid
surface tension and the solid-liquid interfacial
free energy, i.e., wettability of the surface.25
The SFE of an implant has been implicated
in the promotion of plaque adherence; specifically, those surfaces with higher energies
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nance of surface roughness on accumulation
of biofilms is largely based on descriptive literature which is difficult to reliably quantify.
Several studies, both in vitro and in
vivo, have indirectly evaluated the impact
of SFE on bacterial adhesion with varying
results.31-34 Collectively, these in vitro studies establish a tenuous hierarchy of implant
surfaces that, in a given time period, attract
the least numbers of bacteria to those that
attract the most:
gold-platinum alloy, titanium nitride surfaces, zirconium, titanium
alloy, commercially pure titanium surfaces.31-34
A more recent study by Salihoğlu et al.23
reported no significant differences in DNA
copy numbers for Porphyromonas gingivalis (P.g.), Aggregatibacter actinomycemcomitans (A.a.) and total bacteria both for titanium
and zirconium oxide abutments and biopsies
taken from adjacent buccal gingiva. The difference between the SFEs of the abutments, zirconium oxide being appreciably smoother, had
no influence on the microbiologic findings. This
conclusion, as regards SFE impact on bacterial adhesion, is supported by Burgers, et al.35
as they reported that initial adhesion of bacteria to differently textured titanium surfaces was
influenced by the roughness average value
(Ra) and that SFE was of minor importance.
Hydrophilicity
Surface roughness can be viewed in terms of
hydrophilicity (a.k.a. wettability). Hydrophilicity refers to a decrease in surface tension that
allows a liquid to spread, thereby “wetting”
the surface.36 In terms of implant surfaces it is
interesting to note that both hydrophobicity and
hydrophilicity are determined, in major part, by

surface composition and surface roughness.37,
38
In addition, the degree of hydrophobicity of
an implant surface is influenced by surface
free energy (SFE).37 Ultimately, the degree of
hydrophobicity will, in part, dictate the interaction between an implant surface and the proximate biologic environment. Implant surfaces
exhibiting hydrophilicity are reported to have a
“wicking” effect on tissue fluids, including blood
and likely other fluids, such as saliva and GCF.
This, in turn, leads to absorption of proteins that
may aid in binding of host cells (such as fibronectin in blood) and bacteria to the implant
surface.39 Further, surface hydrophilicity and
SFE have been shown, in vitro, to promote cell
attachment, cell spreading, and osseointegration.12, 38-42 For these reasons most research
concerning implant surface hydrophilicity has
been focused on the interactions of host cells
during the osseointegration of implants by
increasing SFE and wettability.37, 43
There are relatively few studies addressing the role of hydrophilicity in microbial adhesion to implant surfaces. Schmidlin et al.17
reported that surface roughness had a moderate influence on in vitro biofilm formation while
hydrophilicity appeared to exhibit little effect.
In apparent contradiction, Almaguer-Flores
et al.44 concluded that initial in vitro biofilm formation was significantly influenced by the microtopography and hydrophilicity of the substrate
surface. Not surprisingly, regardless of surface
topography, all implant specimens exhibited
higher numbers of attached bacteria when incubated in an enriched Mycoplasma broth-media
compared to those cultured in human saliva.
Of greater interest, however, was the observation that surface topography and the culture
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medium appeared to dictate the proportions of
bacterial species in the early stage biofilm. For
example, the numbers of Actinomyces israelii
and Porphyromonas gingivalis were depressed
when the biofilm was grown on an SLA or modified SLA surface in the presence of saliva. This
observation is likely related to the presence of
anti-bacterial components found in whole saliva.
Substrata, Protein Adsorption and
Bacterial Adhesion
Saliva contains multiple components such as
mucins, acidic proline-rich proteins, histatins,
statherin, cystatins, agglutinins, amylase, secretory IgA, lysozyme, and lactoferrin.45,46 When
saliva is mixed with GCF, a transudate consisting of serum glycoproteins, albumin and
heme, the result is a carbohydrate-protein
complex the coats all exposed soft and hard
tissue surfaces in the oral cavity.47 This complex is referred to as the acquired pellicle.
The pellicle composition dictates the kinds
of bacteria that initially adhere to a specific
intraoral surface. The initial bacterial adhesion involves recognition of oligosaccharide
receptors by protein adhesions, in lectin-like
reactions, protein-protein interactions, and
ionic or hydrophobic or hydrophilic associations between microbial surface components
and the adhesion substrate.
The components of a microbial biofilm (i.e., microbial
community) found at different sites within the
oral cavity can exhibit considerable variability. Basically, the bacteria that first adhere to
a site do so because of the biological properties and number of available receptors.
The forces that mediate adsorption of salivary
and GCF derived proteins to dental materials
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substrates, to include implant surfaces, have
been identified and include Van der Waals
forces, electrostatic interactions, and acidbase bonding.48 Together these forces create a distance-dependent energy field that
can attract and bind proteins salivary and
GCF derived proteins and eventually bacteria.
Once bacteria begin to attach to an implant
surface the biophysical differences between
various substrata become academic, particularly if bacterial accumulation remains undisturbed and progress to a mature biofilm.49, 50

CONCLUSION
The research literature shows that microbial adhesion can occur on any implant surface, regardless of the degree of surface roughness. Initial
biofilm formation and composition can be influenced by the interrelated biophysical characteristics of surface roughness, surface free energy,
and degree of hydrophilicity. It has proven difficult to differentiate between the effects of
the individual biophysical attributes. However,
once bacteria begin to colonize a surface and
are allowed to increase in mass without disturbance, e.g., shear forces, the biophysical character of the surface becomes less important. From
the clinicians view, this latter observation reinforces the necessity for exquisite oral hygiene to
maintain a healthy peri-implant environment. ●
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