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1 | INTRODUCTION

An unavoidable series of events takes place after tooth extraction,
sometimes ending up with vertical and horizontal ridge deficien-
cies.'® Schropp et al® reported that 50% of the horizontal ridge di-
mension and approximately 0.7 mm of vertical volumetric changes,
respectively, occurred within the first 3months after extraction. In a
systematic review, Van der Weijden et al® showed that, after all the
resorptive events are over, a mean buccal-lingual/palatal dimension
of 3.87mm and a vertical reduction of 1.7 mm might preclude oral
rehabilitation due to a dearth of support to obtain implant stabil-
ity in an adequate position. Recent systematic reviews have further
supported these findings.7'8 As such, it can be very challenging for
clinicians to place implants in these areas. These clinical difficulties
might be overcome by shorter implant placements’ or by performing

1011 o tilted implants.12

bone augmentation

The aforementioned techniques, although more minimally invasive,
may carry some esthetic concerns that can be overcome with pink
acrylics (ie, “pink esthetics”). On the other hand, vertical ridge augmen-
tation still constitutes a challenge regardless of the approach/biomate-
rials and, along these lines, this will rely directly on the degree of vertical
deficiency and the host's existing anatomy.13 Autogenous bone blocks
(BBs) have been demonstrated to reconstruct large vertical defects and
achieve successful vertical bone gain. In a recent systematic review, it
has been shown that a mean gain of 4.75mm can be achieved.'* In ad-
dition, early membrane exposure rate associated with block grafting

was 12.5%.%° The exposure rate of the membrane can increase to 33%

when titanium mesh is used.!® Furthermore, Ozaki and Buchman®’
tested the resorptive pattern of block grafts for bone augmentation
and found out that, irrespective of the bone graft embryologic origin,
there is an unavoidable graft resorption (15%-60%) that takes place im-
mediately after grafting and that this may affect graft dimension during
early and late healing.*>82° Recently, allogeneic bone blocks without a
barrier membrane have been used for vertical ridge augmentation and
shown some promising results in terms of bone gain and implant sur-
vival; nevertheless, there is still a lack of long-term evidence supporting
its utilization.?! Therefore, clinicians examined other possibilities (ie,
materials and techniques). This led to guided bone regeneration utiliz-
ing anorganic bovine bone in combination with autologous bone, which
has been shown to be effective in vertical augmentation of atrophied
maxillary ridges.??2° In order to predictably achieve successful bone
augmentation, the principle of “primary wound closure, angiogenesis,
clot stability, and space maintenance” should be followed.?” As such,
when performing vertical bone augmentation, space creation and its
maintenance during healing are essential (as per guided bone regener-
ation biologic principles).? Nonresorbable titanium-reinforced barrier
membrane fulfills the aforementioned criteria and has been suggested
for large vertical bone augmentation. On the other hand, the use of
blocks or distraction osteogenesis represent alternatives where the na-
ture (or the use) of the barrier membrane may not be so pivotal, given
that these strategies assist in creating and maintaining the space for
denovo bone formation.?’ Therefore, the goal of this review is to de-
scribe the different approaches advocated for vertical ridge augmen-

tation along with the indications and the evidence that support its use.
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2 | TECHNIQUES ON VERTICAL RIDGE
AUGMENTATION

2.1 | Guided bone regeneration
2.1.1 | Biological foundation

Guided bone regeneration has been broadly documented for the re-
construction of alveolar ridge defects simultaneously with or staged
to implant placement. The term implies the use of barrier membranes
with the goal of fulfilling the principle by “compartmentalization.”*?
Initially, it was advocated for the repair of the periodontium,*? al-
though it was later used for implant site development.®®3! In other
words, the function of the barrier membrane aims to promote bone
formation while acting as a passive barrier to preclude soft tissue in-
growth. Moreover, the effect of the barrier membrane has been fur-
ther shown to promote bone formation, as it induces molecular and
cellular events. Preclinical studies have demonstrated that the use
of nonresorbable barrier membranes enhances the levels of Runx2-
positive osteoprogenitor cells, osteocalcin, alkaline phosphatase, os-
teopontin, and sialoprotein.”’34 In fact, early healing (day 7) displays
inflammatory response, immune response, and an overexpression of
Gene Ontology terms related to angiogenesis and cell cycle regula-
tion. At day 15, a more complex cellular activity and cell metabolism
is evident, where the bone formation processes were significantly
overexpressed, with several genes encoding growth factors, enzyme
activity, and extracellular matrix formation. At this stage, a negative
regulation of the Wnt signaling pathway is noted.> Furthermore,
this type of barrier membrane has been shown to promote the ex-
pression of tissue via increasing matrix metallopeptidases2 and 9
along with interleukin-1 and -6.%% Similarly, studies assessing the ef-
fect of resorbable (collagen-based) membranes on bone expression
have noted that there is an increase in osteocalcin, cathepsinK, and
receptor activator of nuclear factor kappa B.3* In fact, it was shown
that this type of membrane hosts different cell phenotypes that pro-
gressively secrete major bone-related growth factors, such as bone

-2.3% These findings, therefore, indicate that

morphogenetic protein
the principle of guided bone regeneration by means of using a barrier
membrane does not only preclude the migration of fibroblasts from
an area aimed at being populated by bone-forming cells but also that
the membranes promote and orchestrate the healing events.

From a clinical perspective, the principles for guided bone regen-

eration can be described as follows:?’

1. Primary wound closure, to promote aseptic healing. Passive
closure leads the wound to heal with less re-epithelization,
collagen formation, wound contraction, and remodeling while
limiting the post-operative discomfort. This principle has proved
critical in vertical ridge augmentation. In fact, dehiscences are
the most common leading cause of postoperative infection.

2. Angiogenesis, to stimulate the formation of the blood clot and ini-
tial formation of the granulation tissue that will result in the for-
mation of the mineralization of the woven bone and later lamellar

bone. Indeed, de novo bone formation has been demonstrated
to be linked with the formation of new vessels within the grafted
area. This is the reason why corticotomies are suggested (intra-
bony marrow penetration) to allow the migration of the cells with
angiogenic and osteogenic potential.

3. Space creation and maintenance, to guarantee the proliferation
of the bone-forming cells. This principle is key in supracrestal
bone defects, where vertical ridge augmentation is aimed at
deficient ridges. This is supplied primarily by the nature of the
barrier membrane. Resorbable membranes are prone to col-
lapse, whereas nonresorbable membranes are more valid and
effective at providing volume, particularly titanium-reinforced
membranes. Other strategies/devices have been proposed to
supply more stability to resorbable membranes, such as the use
of meshes or screws.

4. Stability of the clot that provides cytokines, growth factors,
and signaling molecules. Micromotion may lead to fibrous en-
capsulation of the graft resulting in a failure of the regenerative

procedure.

2.1.2 | Technical note

Vertical ridge augmentation by means of guided bone regeneration
is a very technique-sensitive procedure.® For reliable performance,
space creation and maintenance are demanded through the use of a
moldable barrier membrane in combination with a bone substitute
capable of safely building up a robust biological structure mimick-
ing native tissues and providing sufficient volume. Nonresorbable
titanium-reinforced barrier membranes fulfill these criteria and have
been suggested to achieve successful vertical ridge augmentation
in large defects.®”*® Consequently, in order to successfully achieve
vertical ridge augmentation, flap design should account for the fact
that primary tension-free closure will need to be reached over an
increased dimension after the bone graft has been placed into the
defect.?” In this sense, previous surgical procedures, such as other
regenerative attempts, might alter the integrity of the soft tissues.
For instance, scarring of the periosteum impacts upon flap elastic-
ity and can impair flap advancement to achieve tension-free primary
wound closure.®? Other anatomical factors that can influence the
ability to advance the flap coronally are the depth of the vestibule
and the severity of the alveolar defect. Therefore, different strat-
egies have been outlined to overcome these drawbacks. Based on
this, a few preoperative factors listed in Table 1 have to be identified
and controlled.

Different therapeutic approaches have been proposed for ver-
tical ridge augmentation by means of guided bone regeneration ac-
cording to the anatomical region and the presence of critical factors.

These are examined in the following.

Vertical ridge augmentation in anterior ridges
The following steps have been recommended for vertical ridge aug-
mentation in anterior atrophic ridges (Figure 1):
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TABLE 1 Critical factors to be assessed preoperatively to enhance the likelihood of success in vertical ridge augmentation

Critical factor Rationale Management

Systemic factors and deleterious habits Systemic factors such as hyperglycemia and Smoking should be restricted 3 mo before
smoking may impair wound healing and vertical ridge augmentation. Other
increase the likelihood to postoperative conditions must be further controlled
infection

Defect morphology Concave/contained defect configurations Assess defect characteristics to identify
are rather more favorable than convex/ feasibility
uncontained defects

Nature of the periosteum The periosteum might be scarred in the case of Applying periosteoplasty or eliminating the
previous regenerative attempts. This may damaged periosteum
alter flap elasticity and may impede the
adequate coronal advancement to secure
tension-free flap closure

Vestibular depth Shallow vestibular depth may challenge the Applying remote vertical releasing incisions and
coronal advancement of the flap the safety flap

Presence of distal tooth (applicable in This may interfere with flap closure Extraction of the distal molar and let the site

posterior ridges)

. Remote flap: This design consists of crestal and vertical releasing
incisions. A full-thickness, midcrestal incision is typically used
in the keratinized gingiva with a surgical scalpel (15C). For
surgical access, the two divergent vertical incisions are placed
at least one tooth away from the surgical site. The maximum
distance of the vertical incisions is two teeth away from the
defect. A larger flap will be easier to close and will result
in less mucogingival distortion. A periosteal releasing incision
must be carefully performed. In scenarios that exhibit shallow
vestibule, a “suborbicularis preparation” should be carried to gain
advancement from the coronal and lateral regions. Moreover,
the periosteal releasing incision is different in scenarios that
have scarred periosteum. In this case, a periosteoplasty or a
partial excision of the periosteum should be performed.

. Recipient site preparation: The recipient bone bed is prepared
with multiple de-cortication screw holes using a small round bur
to promote angiogenesis.

. Membrane adaptation: A suitable-sized titanium-reinforced pol-
ytetrafluoroethylene membrane is selected and trimmed so that
it completely covers the volume of the graft and its edges are not
in contact with the natural teeth. Otherwise, a resorbable mem-
brane with tenting screws is also a choice. Nevertheless, this is
not advised in severely atrophic ridges.

. Membrane fixation: Immobilization/stabilization of the mem-
brane of the graft is the key to success. The membrane is stabi-
lized first on the lingual/palatal sides using titanium pins.

. Bone grafting: A mixture of autogenous graft and bone substitute
is recommended. It must be placed into the defect and then the
membrane is folded over and stabilized with additional titanium
pins or screws.

. The free curtain flap and papilla shift technique: Two vertical in-
cisions are made two, three, or even four teeth away from the
defect, depending on the severity of the vertical defect. After
periosteal incisions and elastic fiber separation, the clinician
can laterally position the remote areas of the flap and shift each

heal spontaneously for 23mo

papilla mesially in order to overcome the shortcomings of the
shallow vestibule.

7. Flap closure: The flap must be sutured in two layers. The first layer
is closed with horizontal mattress sutures placed 5mm from the
incision line, and then single interrupted sutures are used to close
the edges of the flap.

Vertical ridge augmentation in posterior ridges
The following steps have been recommended for vertical ridge aug-

mentation in the posterior atrophic ridges:

1. Safety flap: A full-thickness, midcrestal incision is used in the
keratinized mucosa with a surgical scalpel (15C). The distal
extension of the crestal incision ends within 2mm of the
retromolar pad. For surgical access, a distal oblique vertical
incision is made toward the coronoid process of the mandi-
ble. A vertical incision is placed mesio-buccally at least one
tooth away (preferably two) from the surgical site. Periosteal
elevators are used to reflect a full-thickness flap beyond the
mucogingival junction and at least 5mm beyond the bone de-
fect. A periosteal releasing incision must be performed at this
stage. Periosteoplasty might be encouraged in the case that
the periosteum is scarred.

2. Recipient site preparation: The recipient bone bed is prepared
with multiple de-cortication screw holes using a small round bur
to promote angiogenesis.

3. Membrane adaptation: A titanium-reinforced polytetrafluoroeth-
ylene membrane is selected and trimmed so that it totally covers
the volume of the graft and the edges are not in contact with the
natural teeth. Otherwise, a resorbable membrane with tenting
screws is also a choice. Nevertheless, this is not advised in se-
verely atrophic ridges.

4. Membrane fixation: Immobilization/stabilization of the mem-
brane and the graft is the key to success. The membrane is sta-
bilized first on the lingual/palatal sides using titanium pins. If the
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FIGURE 1 Representative case of

an anterior maxillary vertical defect
treated with guided bone regeneration.
A, Labial view of an anterior maxillary
defect after trauma. B, C, Labial and
occlusal views of a severe vertical and
horizontal ridge defect in the anterior
maxilla after flap elevation. D, Labial view
of a perforated polytetrafluoroethylene
titanium-reinforced membrane fixated
on the palate. E, F, Labial and occlusal
views of a particulated bone graft
consisting of a 60:40 ratio of autogenous
particulated bone and anorganic bovine
bone mineral. G, Labial view of the
polytetrafluoroethylene membrane

after fixation. H, Occlusal view of the
site after 9 mo of uneventful healing. |, J,
Labial views of the newly formed bone at
membrane removal. K, Occlusal view of
three implants placed into the regenerated
bone. L, M, Occlusal and buccal views of
a mini sausage, protecting layer of bone
graft placed on the regenerated bone
consisting of 70% anorganic bovine bone
mineral and 30% autogenous bone. N,
Panoramic radiograph demonstrating
the implants placed into the regenerated
bone.
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placement of the first lingual pin is tricky, a “temporary pin” is

placed on the crest just behind the last tooth.

5. Bone grafting: A mixture of autogenous graft and bone substitute
is recommended to provide osteoinductive and osteoconductive
properties in a ratio equal to or favoring autogenous bone. It must
be placed into the defect and then the membrane is folded over
and stabilized with additional titanium pins or screws.

6. Lingual flap advancement: The reason behind this flap design is
based on the location of the attachment of the mylohyoid muscle
and also on the protection of vital anatomical landmarks, such as
the lingual nerve and the sublingual artery. Three maneuvers are
encouraged based on three different zones (Figure 2):

e The first zone is around the retromolar pad where the lingual
nerve is running in close proximity. Tunneling and lifting on the
retromolar pad is indicated.

e The second zone is located in the molar region where the my-
lohyoid line is attached closer to the crest. Mylohyoid detach-
ment by means of blunt dissection is indicated.

e The third zone is the premolar region where the muscle is at-
tached deep and there is a deep periosteal attachment of the
soft tissue to the lingual side of the mandible. A horizontal
hockey stick periosteal incision is indicated.

7. Flap closure: The flap must be sutured in two layers. The first layer
is closed with horizontal mattress sutures placed 5mm from the
incision line, and then single interrupted sutures are used to close

the edges of the flap.

Indications and limitations
The following indications can be advocated for guided bone
regeneration:

1. Simultaneous grafting and implant placement. Simultaneous
implant placement is possible when there is up to 4mm of
vertical bone deficiency when adequate bone width of the
basal bone exists. Beyond 4mm of vertical deficiency, a staged
approach is recommended.*°

2. Localized vertical deficiency of partially edentulous patients
is the most frequent indication for guided bone regeneration.
Edentulous patients can also be treated successfully; however,

only a few articles addressed the details of this approach.

On the other hand, limitations for guided bone regeneration are

as follows:

1. There is no defect height or length limitation of the utilization
of guided bone regeneration. However, guided bone regeneration
was originally utilized for defects involving one to three teeth
defects. This has been evolved in the past decades; however,
the extent of defect that can be regenerated is still a widely
thought misconception.

2. Posterior mandibular vertical defects when the infra-alveolar
nerve is exposed should not be treated with bone grafts placed di-
rectly on the exposed nerve, including guided bone regeneration.

ooy ) AR

3. Since the utilization of bone replacement materials such as al-
lografts or xenografts has limited success in the reconstruction
of vertical ridge defects, the utilization of at least 50% of autog-
enous bone chips is still indicated in most reconstructions. When
guided bone regeneration is utilized, in most cases the source of
bone is intra-oral. Therefore, the availability of autogenous intra-
oral bone can be the main limitation of sites treated with guided

bone regeneration.

2.1.3 | Effectiveness based on clinical studies

Several studies report on the effectiveness of guided bone regener-
ation in achieving vertical bone regeneration either in the maxilla or
mandible (Table 2). A wide variety of surgical procedures have been
reported in the literature, employing different barrier membranes,
bone grafts, and space maintenance strategies that potentially im-
pact on the outcome of the regenerative surgery. In addition, when
interpreting the results from the literature, it is important to take
into consideration not only the amount of regenerated bone but also
the depth/dimensions of the original defect.

Most studies employed titanium-reinforced polytetrafluo-
roethylene membranes, which are considered ideal for this type
of surgical procedure as they can provide a secluded space for a
long time as well as prevent the collapse of the soft tissue inside
the defect. In an early study, Simion et al*! proved the efficacy of
the titanium-reinforced expanded polytetrafluoroethylene mem-
branes in a simultaneous approach, reporting mean vertical bone
gains of 3.38+0.81mm (demineralized freeze-dried bone allograft
group) and 4.16 +2.05mm (autologous group), with the percentage
regeneration being 132.6 +41.3% and 93.5+21.9%, respectively.
In another study by the same research group, expanded polytet-
rafluoroethylene membranes combined with simultaneous implant
placement were able to regenerate 2.94+1.15mm (89.3 +64.2%),
3.27+0.88mm (130+40.7%), and 3.95+1.79mm (116 +51%) of
the defect when they were used without graft, in combination
with demineralized freeze-dried bone allograft, or in combination
with autologous graft, respectively.?® Furthermore, nonresorbable
membranes were used in combination with alloplastic materials,42

43,44 26,41,45,46 23,26,41,45-48

xenografts, allografts, autologous grafts,

and combinations thereof3®4>47-5¢ yielding similar results with per-

centage bone gain ranging between 62% and 139%. Regarding the

time of implant placement, both simultaneous?®2¢:38:4142,44,45,48,52

23,41,43,45-47,49-56

and staged approaches were shown to be effective

in yielding vertical regeneration. However, a recent study of Urban

etal®*

demonstrated that when using polytetrafluoroethylene mem-
branes there is an increased probability of incomplete bone regen-
eration by 2.5 times for each millimeter of regeneration needed;
hence, a simultaneous approach in a deep defect might result in an
increased risk of implant dehiscence at the reentry.

Resorbable collagen membranes have also been employed in
vertical regenerative procedures either alone®” or in combination

with space-maintenance strategies, such as tenting screws,>®>?
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FIGURE 2 Representative case of

a bilateral vertical and horizontal ridge
defect in the posterior mandible. A,
Panoramic radiograph demonstrating the
posterior mandibular defects. B, E, Labial
views demonstrating the vertical defect
in addition to a knife-edge atrophy on the
right side. C, F, Labial views of particulated
bone graft consisting of a mixture of 1:1
ratio of autogenous bone and anorganic
bovine bone mineral. D, G, Labial views
of a perforated polytetrafluoroethylene
titanium-reinforced membrane fixated.
H-K, Labial and occlusal views of the
regenerated bone at implant placement
after 9 mo of uneventful healing. L,
Panoramic radiograph demonstrating
stable crestal bone after loading.
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h’50,60—63

titanium mes osteosynthesis plates,*® and simultaneous

implant placement.*&°0:57:58:6465 | addition, they were used ei-

ther in combination with alloplastic material®” 2764

t58,59

or xenograf or

allograf 50.58,60,62.63 Thgjy

or autogenous bone or mixed grafts.
amount of regenerated bone ranges from 25% to 92.9% and from
35% to 102% for the native*®57:61:63:64 and cross-linked>0->7:58:60:62:65
collagen membrane, respectively. Consistently, a recent systematic
review®® found that the mean vertical bone gain for nonresorbable,
resorbable cross-linked, and native collagen membranes was on
average 4.42mm (95% confidence interval 3.97-4.87 mm), 4.19 mm
(95% confidence interval 3.18-5.21mm), and 2.66mm (95% confi-

dence interval 1.49-3.82 mm), respectively.

2.1.4 | Postoperative complications

Postoperative complications during the healing period, such as mem-
brane exposure and abscess, are potentially able to significantly af-
fect the outcome in terms of bone regeneration. Nevertheless, even
though the occurrence of membrane exposure is rather frequent
(approximately 12%), the percentages of failures reported in the lit-

erature are IOW'26,41,43,45,46,48,50,54,55,58760,63,65,66 Simion et a|'26 u

sing
expanded polytetrafluoroethylene membranes, achieved regenera-
tions of roughly 57% and 128% of the original defect in exposed and
nonexposed sites, respectively. Similarly, Beitlitum et al,*® using a
cross-linked collagen membrane, found that membrane exposure led
to approximately 50% less bone regeneration. In a recent study, the
exposure of the native collagen membrane supported by a custom-
ized titanium mesh led to a resorption of approximately 1 mm more

in comparison with nonexposed sites.®®

2.1.5 | Long-term predictability

Long-term predictability of vertical ridge augmentation is monitored
by measuring the marginal bone loss around dental implants. It is
generally accepted that implants might experience an early mar-
ginal bone remodeling as a result of the formation of the biologic
width,*”%® and a large number of factors have been suggested to af-
fect bone remodeling at this stage, including implant- and prosthetic-
related and patient-based factors.®””7> Apropos the stability of the
marginal bone level after the first year, Albrektsson et al”® proposed
that successful implants register an annual marginal bone loss of less
than 0.2mm; yet, in the modern implant dentistry, progressive mar-
ginal bone loss around dental implants is no longer acceptable as it
is considered a sign of peri-implantitis.”” Hence, it seems reasonable
to wonder whether implants placed in regenerated bone are more
prone to experience bone loss in comparison with those that are lo-
cated in pristine bone structure.

Data regarding the long-term stability of the peri-implant bone
are rather scarce in literature and mainly coming from retrospective
case series?3:26:37:42-45:48,50,55,63,6578,79 (Taple 2). Concerning non-

resorbable membrane, most short-term studies (up to 12months)

ooy ) MUK

reportameanmarginal boneloss up to approximately 1 mmduring the
first year of loading.23434>557879 A preclinical trial suggested that,
after membrane removal, bone is subjected to resorption.80 These
results can be also partially explained by the type of implants em-
ployed (Branemark implants) and the incomplete bone regeneration
at certain implants that were placed simultaneously with the verti-
cal guided bone regeneration.?¢8! After the first year, studies con-
sistently showed stability of the peri-implant bone.?326:37:42:44:45.78
Merli et al,*? in a randomized controlled trial with follow-up up to
6years, showed a bone loss of 0.59mm, 0.53mm, and 0.49 mm in
comparison with baseline values at 1year, 3years, and 6years, re-
spectively. Another prospective case series found that the marginal
bone loss at 2years (0.98 +0.42mm) was comparable to 1-year re-
sults (0.90+0.60 mm).

In relation to resorbable membranes, Llambes et al,65 in a
12-month prospective study, reported a marginal bone loss of
1.36+0.77mm around implants placed simultaneously with a ver-
tical bone regeneration performed with cross-linked collagen mem-
brane and xenograft. In addition, two randomized controlled trials
failed to find statistically significant differences in terms of vertical
ridge augmentation between polytetrafluoroethylene membranes
and resorbable membranes supported by osteosynthesis plates78 and
titanium meshes.”” Recently, a retrospective case series reported a
marginal bone loss of roughly 0.5mm after 12months of implants
after (a staged approach) guided bone regeneration was conducted
with native collagen membrane supported by a titanium mesh.®® The
randomized controlled trial of Merli et al,%”8 is the only study report-
ing results beyond 12 months on the marginal bone level of implants
placed following vertical guided bone regeneration conducted with
resorbable membranes. These findings showed a bone remodeling
of 0.55mm and 0.58 mm after 3years and éyears, respectively, and
the results were comparable to those of nonresorbable membranes.

All in all, the current literature suggests that an average bone
loss of about 1 mm is expected after the first year of loading and
a substantial stability of the marginal bone level could be assumed
after this period. Nonetheless, it should be taken into account that
only low-quality data are available due to the extreme heterogeneity
of the surgical techniques employed, the poor study design of most
studies, and the high percentage of patient dropout in trials with fol-

low-up greater than 12 months.

2.2 | Block grafting: Onlay, inlay, and cortical plates
2.2.1 | Biological foundation

Grafting with a bone block is a versatile and well-documented pro-
cedure for the treatment of alveolar ridge defects in a broad range
of clinical scenarios.8%83

Onlay grafting represents the most conventional approach in-
herited from reconstructive procedures in orthopedic and cranio-
maxillofacial surgery and consists of the rigid fixation of a bone block

directly over a recipient site.®*

5UB217 SUOWIWIOD) BAIIR1D) 3|dedl|dde ay) Aq pausenoh are sajole YO ‘9sh Jo Sa|n 1oy Areiqi]autiuQ A3]IA UO (SUO N PUOD-PUe-SWLBIW0Y A3 | 1M Alelq 1 pul|uo//sdiy) SUOIIPUOD PUe SWB | U} 89S *[£202/20/20] Uo AriqiTauliuo AB|IM ‘uleg BISPAIUN AQ TH2T PIA/TTTT OT/10p/Wod A |1m Arelqipul|uo//sdiy woy papeojumod ‘0 ‘2S5.0009T



16000757, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/prd.12471 by Universitét Bern, Wiley Online Library on [02/02/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

URBAN ET AL.

AVVAIB A2 Periodontology 2000

Tr0F860AT
090F060:AT

pajiodas joN

pajiodal JoN
€0F69°T:CTI2L
60F90C TI2L
Ag

¥'0F 6C°T:CISAL
OTF€8T TI®L
AT
€0F690:CIAL
8'0F LT T TIsaL
auljasbg

(ww)

$s0| auoq |euiSieln

GECF96ET
0/0 0/0 G/S 8Y'T F38'S
8T ¥ 90T
0/0 0/0 ot/0t STF¥S
'€9 |osuod
6'GE ISaL
gee/eee SC'T
0 :[043u0) 0 :[043u0) louo)  F /'€ jlosuo)
03531 03531 GT/ST 3591 TTFGenseL
TYEF T'€L 391
0/0:3s3L 0/0:3s3L 0Z/0¢ *¥s3L YT F0€3saL
pajiodau
JION T ¥s3L
0/0:¢3s3L 0/0:C3¥seL 0¢/0C ‘¢ ¥s2L pajiodau
0/0:T3®L  99T/9°9T:T3IBL  €'€E/EEC T IAL JON ‘T 3¥saL
(%) (S®3s/s3uanied (%) saus (%) says/sjuaned (%) 32250p
‘aed aunjieq /3uaned ‘ajes ‘a3es aunsodxa auoq uesjp|

UoI1329)U1/55325qY sueiquiajy /ules auoq ueay

(ww) as

F ueaw ‘|aA3)
9}Is je ujed
auo(q [ed114aA

a|qipuew (snoauejnwis)
10 ej|Ixew 9313edeAxolpAy
Jouaysod paydLus-wnissudew
10 + aueiquaw
Joliajue padJojulal-wniuei}
|enied auajAylaoionjjesyalAjod
10 9|3uIs papuedx3 [74
a|qipuew
10 e||ixew (snoauej|nwis)
Jopiaisod 1Jes30uax + suesquisw
10 padJojulal-wniuejn}
Joliajue auajAyjaoionjjesialAjod
|enied papuedx3 (rS-v2) 9¢
(snoauejnwis 1o pasde)s)
aueIqWAW 3|qeqIosal
a|qipuew payul|-ss0Jd + 1jedSoje
Jo e||ixew 2U0( pPalIP-92334 :|0JIU0D)
Jorisysod (snoauejnwis 1o pagde)s)
10 sueIquBW 3|qeqlosal
Joliaue payul|-ssoud + 3jesso|e
|ened auo0q palip-azaaly +
10 9|3uIs auoq snod0|0INy :359] Anusal AluQ
(page1s)
14848 sno8ojoiny :|oJjuo)
(po8e3s)
e||Ixew suelquiaW 3|qeqlosal
Joliajue uage||0d aAljeU + Ysaw
|eiped wnjuej + sno3ojoine

10 9|3uIS  + J9puedxa anssi) 1J0S 119 Anusal AjuQ
1030e43S1p
|eJ0-BJju| :JOJ3U0D)
page)s :Z ‘snoaueynwis
:T) snoSojoine
+ (duesquisw
padJojulai-wniueyl}

a|qipuew auajAylaoionjjesyalAjod
pue ejjixeiN papuedx3 :3s3L 9€-¢cl
uoines’o anbiuyday [ea18ung (ow)

Sulpeo| [euoijouny
191je dn-mojjo4

¢¥/02/0C

¥¢/01/0T

16/€2/€C

OT/0T/0T :3s3L

C1/S/S T IsdL
€1/9/9 ‘13131
sjuejdwi
/S3is/sjualied

(2A1309dsoud)
$91195 95BD)

(2A1309dsou3a.)
$9149s 3se)

ley
|ea1ul|2 paj|oJ3uo)

(111e1ed)
|ela} paj|oJ3uod
paziwopuey

(1311eed)
|e11} PaJ|043U0d
paziwopuey

usisap Apnis

2»(0102)
13sIS pue ojjnued

»(8002)
oujuseen
pue o|jnue)

(0T02) [E 32
wnypeg

15(2102) [ 32
uossweyelqy

15(7002) €32
oosedelyd

(A) s1oyany

uoljesauadal auoq papingd Jo sueaw Ag uoljejuswdne 93plJ [ed1349A JO A}l[Ige}S WI9}-3U0| PpUB SS9UDAIFDS44D 9y} uo 3uipodal saipnis z 379dV.L



16000757, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/prd.12471 by Universitét Bern, Wiley Online Library on [02/02/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

o

URBAN ET AL.

o
o
o
Y
>
o
S
[=]
=
c
o
=}
<]
=
]
o

(sanunuo))

pajiodas joN

SL°0
+68°01043u0D
080 F 99°0 3L
AT

940
+/£T°01|043u0D
GL0FT00-:3s3L
auljasng

|eistp

Zr'0F95°0

1SoW $£°0 F

670 :(sjusned
g€r)ow gt

1B3SIP T#°0

F /€0 ‘eisaw

7E€0FEE0
:(sjuanjed ) ow 9

pajJiodal joN

(ww)
sso| auoq [euiSiep

0/0 :013u0D
0/0:153L

0T/0T :|043u0d
C'S/T'S 9L

6'T/pa3i0dai JoN

0/0

(%) (S@3s/sjuaned
‘ojed aunjieq

86LT

F0€28 Jo,u0)
or'ee

F2E YL SAL
1€¢

F 9£°9 |043u0D)

£L79/€°€T :]0l3u0)
L'91/€°€€ I3l

suoljeoljdwod ullesH 9G°Z F ¢/t 13S9L

0T/0T :|043u0d
G'0T/S°0T “3saL

6'T/Pa110d31 10N 8'0Z/Pa1i0dal JoN

0/0

(%) sons

/3uaned ‘ajeu
uo01323jUl/SSAISqY

SOT :[o43u0d

G'COT “¥s9L

0T/0T:[043u0D T FZ'%:|0luo)

L'ST/LST 3591 TFT¥saL
(Aaquaau

1e uondiosau
auoq
|BD1343A)
LTTT ¥ 608
((ELE]]
juaned) 6e'y

6'C6

0/0 LY'TFS6€

(%) seus/sjuaned (%) 30240p
‘3)e. aunsodxs auoq ues|y

sueiqualy /ues auoq ueajy

(ww) as

F ueaw ‘[aA3|
9}Is je ujes
auo(q [ed13IaA

a|qipuew

JO BJ|IXB[A  WNIUEBY] SPEW-WOISND) 353

d|qipuew
Joliasod
|enjied

d|qipuew

10 e||IXelA
a|qipuew
10 e||ixew
Jopivisod

10
Joliajue
|enjaed
10 9|3ulIs

uoies’o

(pasers)
aueiquiaw uade||0d
payul|-sS0Jd + T:T
}4ea3oudx + snouadoine
+ ysaw wnjueyy
9pew-wolsn) :|0J3uod)
(pases) 1:T 1jes3ouax
+ snouagojne + ysaw uo13e1893u109)50
(snoauej|nwis)
suelquiaw
padJojulal-wniueji}

auajAyjaoionjjesyalAjod

Ajisuap-ysiy +
(1:T) sno8ojoine

+ 34480y :|j013u0D
(snoauejnwis)
aueiquiaw uage|jod
pPaXul|-$50.2 + ysaw
wniuei + (1:1)

sno3ojoine + 1jei30||y :1s9 T

(pageys)

suelqwaw uage||od

9Aljeu + T:T 3jeaSouax

+ snouadojne + ysaw
wniuejl} spew-wolsn) 1

(snoaueynwis)
auelquaW d|eqIosal
uade||0d aAjeU +
3uljeas ui3dauoiqly

-unqly + 3jeadouayx Anusas AjuQ

anbiuyday [ea18ing (ow)
Suipeo| |euoiouny

191je dn-moj|jo4

LE/0E/ST
:|os3uod

jueldwi il #€/0€/ST 3saL

66/0%/0%

901/€S/1v

G€/02/0C

sjuejdwi
/SdMs/sjualred

(1311e4ed)

[e13 P3]|043u0d 20(1202) B39
paziwopuey 1yasn)
(1211e4ed)

|13 pajjo3uod 62'05(1C0C

paziwopuey ‘£10Z) (832 1y29nD

(eA1pd2dsouzal) 9(1202) [B 32

SaLIas ase) oosederyd

(2A1303ds0.d) »o(ETOT) B3

$9149S 9se) 1jodouepie)
usisap Apnis (A) saoyany
(penupuod) z 374dVL



16000757, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/prd.12471 by Universitét Bern, Wiley Online Library on [02/02/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

URBAN ET AL.

AVVAIB A2 Periodontology 2000

pouad
dn-mojjoy
ay3 ulnp
pajou sso|
auoq [euiSiew oN

¥0'0 F sT'0[e3sld
SO0 F 9T°0:[eIsaN

pajiodas jJoN

¥L0F160:A9
9TTFveT A
TLOFH90AT

pajJiodal joN

0/0

payiodau

jou/pajlodal JoN

0/0

0/0

0/0:1043U0D

0/0:3saL

(ww) (%) cSeus/syuaned

sso| auoq [euiSiep

‘a3eu aunjieq

uo[3234u1/SS3ISqY

968

0/0 T6/T6 TLTF8LS

7'€9

0/0 T'€Z/pa1iodalloN LTF6S

9'GT +8'58

0/0 8'11/8'T1 7 ¥9'8

8TT FT°06

6'9/5°6 €oT/eYl YETFSTY
s'0c

¥ §'6g:[03u0)
SLFET6:359L

880

0Z/02 |043u0) 0/0:[03U0D  F T'p03U0D
0/0 1591 0/0353L  8%0F L'y 13591

(%) saus (%) saus/syuaned (%) 32939p
/3uaiied ‘@eu ‘ajed ainsodxas suoq ueajy

aueiquiajy /ules auoq ueapy

(ww) as

F ueaw ‘[aA3|
9}Is je ujes
auo(q [ed13IaA

(pa3e3s
10 snoauel|nwis)
auesquiaw uage|jod
paul|-$5043 10
aueiquiaw uage||od
a|qipuew SAljeU + [eLI9lew
10 ej|IXe|n Jn3se|doj|e 4o 3jea3ousy
(page1s)
1:Z 40 T:T 34e4S0uax pue
1jeJSoj|e + aueiquaw
9|qipuew auajAylaoionjjesialAjod
J0 e|jixew papuedxa snolodoioiw
J10119150d padJojulai-wniueyl |
(po8es3s)
a|qipuew ysaw wnjuejl} + Jojoey
J0 e||ixew yamoJs panLiap-1a|aie|d
Joli9ysod uewny jueulquodal +
10 aueIquiaW 3|qeqlosal
Joliajue

lened

paxull-ss01d +
1Jes3ouax + sno3ojony
(snoaueynwis
10 page)s) aueiquaw
padJojulaJ-wniue}l}
auajAylsoionjjestalAjod
papuedxa + T:T
a|qipuew snosojoine +
Jopiaisod
|eljied

1Jei30uax 4o Ajuo
1Jea3oj||e ‘Ajuo snodojoiny

(pa8e3s)

sno3ojoine + auelquiaw

padJojulal-wniuein}

auajAyjaoionyjjesyalAjod
papuedx3 :josjuo)

(pases)

1Jes3o||e + sueiquisw
d|qlpuew
Jouysod

[ened

pa2.Jojulal-wnjueii}
aus|AylaolonyjjesyalAjod
papuedx3 :3s9]

uoies’o anbiuyday [ea18ing

(3uswieasy
uoljessausadal
auoq papind pajiodau
Jaye) A /T Jou/ze/Te
1 ¥2/9¢/v1
pajiodal
Anusal Aluo J0U/6T/6T
(cLen) ey SL/6T/1C
(9e-2T) vT S¢/01/S
(ow) sjuedwi
Sulpeo| |euoipouny  /sa1is/sjualied

191je dn-moj|jo4

(2A1303dsou43a.)
$91495 3seD

(2A1109dsoud)
S9LI9s 9se)

(2A1303dsou3a.)
$91495 3se)

(aA1303dsou3al)
S91I19s 95D

(1911e4ed)
|elJ} pa||043u0d
paziwopuey

usisap Apnis

(penunuo2)

45(2202) 1830 297

«(TZ0Z) [e 3317

05(ET0T) B 32
ojeun4

(GT02) [B 32
euejuo4

+5(8002) [8 32
euejuo4

(A) stoyany

¢ 319vl



16000757, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/prd.12471 by Universitét Bern, Wiley Online Library on [02/02/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

-
-

Periodontology 2000 BVVAR B A%

URBAN ET AL.

(senuijuo))

pajiodasjoN 0/0
0/0 :jo3u0d

pajiodasjoN 0/0 3531
LLOFOET LL/T6
0/0 :jol3u0)

pajiodal joN 0/0:3s3L

(ww) (%) cSeus/syuaned
sso| auoq |euiie|n ‘ojed ainjieq

0/0

0/0 :|043u0D
0/0:359L

0/0

0/0 :|043u0)

0/0 :3saL

(%) sons

/3uaned ‘ajeu
uo01323jUl/SSAISqY

pajiodal joN

pajiodaljou/9g 'S
T'vP fJosuod
00T -3s9L

9T
0/0 :1043u0) FG'T:043u0)
0/0 ‘¥s3L TTFCTYaseL
06CFT18
8€'GT/C'8T 1TTF56C
0g/paiodal GZ :|043u0)
JON :|oA3u0) ¥ asaL
8'LL/paYiodal C'CT F 1:j03u0)
JONIS8L €T F8LTIL
(%) seus/sjuaned (%) 30240p
‘ajed aunsodxs auoq uesip|

sueiqualy /ues auoq ueajy

(ww) as

F ueaw ‘[aA3|
9}Is je ujes
auo(q [ed13IaA

(pa8e3s) smauds Sunnuay
+ 05:06 1esSouax +
sno3ojoine + saueiquiaw
3|qipuew padJojulal-wniuejn}
10 ejjixew auajAyjaoionjjesyalAjod
JoL3sod Ajisusp-y3iH
(pasess) T:1
1JesSouax + snousadoine
+ smauds 3uiual +
ysaw wniuell] :|oJjuo)
(pa8e3s) T:T 1Je3ouax
+ snouagojine + smalds
Suijuay + suelquiaw
a|qipuew auajAylaoionyjjesyalAjod
J0149150d Ayisuap-y3iH :3sa
(snoauejnwis)
3|qipuew aueIquaW 3|qeqlosal
Jolieysod uage||0d paXul|-SS01D
|eilied + 1Jes3ouax + sno3ojoiny
(pases)
aueIquBW 3|qeqlosal
uage||0d aAleU +
1JeuSo||e [e213102
pue snojjadue) :[0J3u0)
d|qipuew
Jopivsod

ened

(pa8e3s) sueaquiaw
9|qeq.osaJ uage|jod
SAljeU + 1Je.30||y 1S9

uoies’o anbiuyday [ea18ing

Anusal AjuQ

uol}eJ393u109350
Juejdw 1L

ct

Anusas AjuQ

(ow)

Suipeo| |euoiouny
191je dn-moj|jo4

paliodal

j0U

/pa3Jodau
jou/se

01/G/§ :|os3uo)
T1/S/S 3531

CE/ET/TT

pajiodau
10U/61/91
sjuejdwi
/SdMs/sjualred

(2A1309dsou43a.)
$9143s 3se)

(Yanow-3ids)
|elJ} pa||043u0d
paziwopuey

(2A1309dsoud)
salIas ase)

(19]e4ed)
|e143 pa||043uod
paziwopuey

usisap Apnis

(penunuo2)

15(8T02) I8 19
indzy/-ezopus|p|

5(T202) 1B 32
eueloleln

5(£007) 233
saquie|]

+(GT02) 1B 12
8uoa

(A) stoyany

¢ 319vl



16000757, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/prd.12471 by Universitét Bern, Wiley Online Library on [02/02/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

URBAN ET AL.

AVVAIB A2 Periodontology 2000

pajiodas joN

pajiodal JoN

(s3¥s 01) £6'0
F 00T :|043u0)
€8°0 FceTIsaL
A9

060
F£0°T :|043U0D
280 F0€TIs3L
Ae

91T
F €07 |os3u0)
€0 F €6°0:353L
AT

£9°0
F $G°0 :|03u0)
LO'T FGL°0353L
auljasbg
(ww)
$s0| auoq |euiSien

0/0 :013u0D
0/0:359L

0/0 :1043U0)
0/0 3531

T'6/1°6 :1043u0D
C'8T/T'8T 3s3L
(%) (S@3s/sjuaned
‘ojed aunjieq

0/0 :013u0D
0/0:359L

0/0 :1043U0)
0/0 3531

T'6/1°6:1013u0D
C'81/T°8T ‘¥saL
(%) sons

/3uaned ‘ajeu
uo01323jUl/SSAISqY

0/0 :|043u0)
0/0 3591

0/0:103u0)
0/0 3531

T'6/T°6:1043u0)
T'6/16:359L

(%) seus/sjuaned
‘9)es aunsodxa
suelquidjp

%S9

F %9€ET |043u0D
%ST

F%0CT 3s3L
890

F 6b'f :1043U0D

£8°0F 2039l

€'6 F 26 :[013u0D

9t ¥ 86 353L
§8°0

+ G’ 1|joJ3uo)

C60F 16T 3531

806 ‘|013u0D
L'€L 331

€117
F 81T }Jo;u0)
IS TF9TCasaL
(%) 32943p
suoq uesjy
/uies auoq uea|y

(ww) as

F ueaw ‘[aA3|
9}Is je ujes
auo(q [ed13IaA

(snoaueynuwis)

05:05 Heusojje +

sno3ojoine + aueiquiaw

pa2Jojulai-wniuel}

aus|AyraolonyjjesyalAjod
papuedx3 :josuo)

(snoauejnwis)

05:05 Heusojje +

sno3ojoine + aueiquiaw

d|qipuew pa2Jojulai-wniuel} [ECIEY]
Jouizysod sus|AylsoJloni|jesialAjod sueiquiaw
|ened Ayisusp-ysiH 3saL dY3 wouy (£e-GT) 8€/9¢/€C
(pa8e3s) sueaquisw
padJojulal-wniuein}
auajAyjaoionjjesyalAjod
papuedxa +
1Jeu8 ajenoiyed
snoSojo3ny :|0J3u0)
(pa8e3s) sueiquiaw
padJojulal-wniuein}
9|qipuew auajAyjaoionjjesialAjod
Jopiaisod papuedxs + 1jeJ3 paliodal
|enJed 320|q snoSojolny :353] A1juaai AluQ 10U/ZT/0T
(snoauejnwis)
snogojojne + aueiquaw
padJojulal-wniuei}
ausjAylaolonyjjesyalAjod
a|qipuew papuedx3 :joJjuo)
10 e||ixew (snoauey|nwis)
Jouaysod sno3ojoine + saje|d
Jo SI1S9YIUAS09)50
Joliajue Aq panioddns
|enyied aueIquaW 3|qeqlosal
1o 3j8uIs ua3e||0d dA1EN :3S3L cL L1/te/ee
uoies’o anbiuyday [ea18ing (ow) sjuejdwi
Sulpeo| |euoipouny  /sa1is/sjualied

191je dn-moj|jo4

(1211esed)

|el1} PaJ|0J3u0d 5c(PT02) 1B 32

paziwopuey epuoy
let 1+(9102) 1832
|ed1ul]d pajjoJ3uo) £11914200Yy
(191/e4ed) argy16(L00T
|el} pajjol3uod ‘010z v10Z)eR
paziwopuey IPETN]
usisap Apnis (A) saoyany
(penupuod) z 374dVL



16000757, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/prd.12471 by Universitét Bern, Wiley Online Library on [02/02/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(32}
-

Periodontology 2000 BVVAR B A%

URBAN ET AL.

(sanunuo))

120F560
T80F LT T €353l
£S0F 0’ T:zIsaL
66T F 19T TIOL
Ag
S60F vET :EIOL
950 F SHT ISl
66T F Y9 T TIS9L
AT
T
F 90~ :€159L
S60
F I¥°0- T2l
YT'TF 6T T TISAL
aullesbg

pajiodal JoN

(ww)
sso| auoq [euiSiep

suoljed|jdwod

noyymow ¢

J914e pajeadal
SEM UO[JUSAISIU|
8/0T

0:g359L
0:Z 131
0:T3s9L

0/0 :|043u0d
0/0:3s3L

(%) (S@3s/sjuaned
‘ojed aunjieq

0/0

6'T/T'€€IsdL
0/0:¢3¥s3L
9°9T/€ YT ‘T 3IsaL

€8/0T ‘|o43u0d
0/0:3saL

(%) sons

/3uaned ‘ajeu
uo01323jUl/SSAISqY

LLT F896

8/01 STF¥TS

16 F 91T €591

L0
FO0eT:TIS™L
v9
FE68:T159L
64T
FG6ecIsaL
880
TTT/SC1:€3sdL FLT€TISBL
¢'81/T'81 ¢l STT
0/0:T3¥saL FP6T TISAL
6'1¢C
F 66 :]013U0D
€1y
F9ZeT 358l
S0¢C

€°8/0T :|0l3u0) ¥ 9T :|043U0D
0C/0T *3S2L 180 F8E'C Is3L

(%) seus/sjuaned (%) 30240p
‘ajed aunsodxs auoq uesip|
suelquajy /ules auoq uean

(ww) as

F ueaw ‘[aA3|
9}Is je ujes
auo(q [ed13IaA

d|qipuew
10 ej|ixew
Jonysod (pa8e3s)
10 1jesSouax + auelquisaw
Jolsjue padJojulal-wniueir}
|ennued auajAyjsoionjjesyalAjod
10 9|3uIs papuedx3 T
(snoauej|nwis)
(snoSojoine) € 359 JO
‘(34e430| |8 BUOQ pPaLIP
a|qipuew -9z99.} pazielauiwap)
10 e||ixew 2 1s9] Jo ‘(302 po0|q)
Joliaysod T 3159 + auelquiaw
Jo padJojulal-wniuen}
Joliajue auajAylsoionjjesialAjod
|ened papuedx3 (69-91)
(snoauejjnwis pue
page3s) + snodojoiny
+ sueiquaw
padJojulal-wnjuejn}
auajAylaoionjjesyalAjod
papuedx3 :joJjuo)
(snoauej|nwis)
a|qipuew 1jeSoj|e suoq palp
10 ej|ixew -9Z92.) pazijesauiwap
Jolieysod + sueiqusw
10 padJojulal-wnjuei}
Joljue auajAyrsolon|jestalAjod
|eilied papuedxd :3s9] Anusas AjuQ
uoies’o anbiuyday [ea18ing (ow)

Suipeo| Jeuoljduny
191je dn-moj|jo4

¥9/5¢/0C

z8/9¢/28
‘g 3159]

¥Z/TI/TT
'z 1saL
LT/L/9 13591
£TT/¥S/6%

92/Tt/0T

sjuejdwi
/SdMs/sjualred

(2A1109dsoud)

salesased ¢, (0T0Z) 03sIpoL

suue g
(2A1329ds0u430.) 2(1002) [B 32

SaLIas ase) uojwis

ery 1»(866T) €32

[B31UI]2 p3jjo3u0) uolwis
usisap Apnis (A) saoyany
(penupuod) z 374dVL



16000757, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/prd.12471 by Universitét Bern, Wiley Online Library on [02/02/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

URBAN ET AL.

AVVAIB A2 Periodontology 2000

pajJiodal joN

pajiodas joN

pajiodal JoN

pouad Apnys
3uunp sso|
2u0(q Jayliny oN
LS0FT0T
At
(ww)
$s0| auoq |euiSien

0/0 0/0

ST/SLT ST/SLT

0/0 0/0

0/0 £2/6T

(%) es@us/syuaned (%) saus

‘a3ed aJn|ieq /auaijed ‘a3es

uo[3234u1/SS3ISqY

ce9

0/0 9CTF9S

6€TF596

ST/SLT YTFTS
paliodal joN

0/0 €6 T FSP'S

pajiodas JoN

0/0 6CTFSS

(%) seus/sjuaned (%) 30240p
‘ajed aunsodxs auoq uesip|

sueiqualy /ues auoq ueajy

(ww) as

F ueaw ‘[aA3|
9}Is je ujes
auo(q [ed13IaA

a|qipuew
10 e[[IXeN|

3|qipuew
10 e||IXel
a|qipuew
10 e||Ixew
Joriaysod
10
Joliaue
|el}ied
d|qipuew
10 ej|ixew

Jopivlsod
Jo
Joliaue
|enjaed

10 9|3uls ‘||n4

uoies’o

(pa3e)s) sueaquisw
auajAylsoionjjesialAjod
Ayisuap-ysiy ayy
SulIaA0 ulIqly Yol
-19|91€|d pue 93A203N3)|
+ 14e48 ay3 ajeuin|S8e
0} ulqyy You-ja|azed
3|qe3daful + T:T
1jesSouax + snosojoine
+ auelquaw
pa2JojulaJ-wniue}l}
aus|AylaolonyjjesyalAjod
Ayisuap-ysiH
(pa3e)s) aueaquiaw
uage||02 9|qeqJosal
SAleU + T:T 3jesSouax
+ sno3ojoine + ysaw
ausjAylaolonyjjesyalAjod
padJojulai-winiue |
(page3s) (1:1)
1Jes3ouax + sdiyo suoq
snog8ojo3ne + auesquiaw
pa2JojulaJ-wniue}l}
auajAyrsolonjjesialAjod
Ayisuap-ysiH

(snoaueynwis

10 pade)s) auoq

sno3ojoine + aueiquiaw

padJojulal-wniuei}

aus|AylaolonyjjesyalAjod
papuedx3

anbiuyday [ea18ing

(3uswieasy
uoljesauadal
auoq papind pajiodau
Joue) A £-T Jou/eT/8
pajiodau
Anua-as Aluo J0U/G9//G
pajiodal
Anusas Aluo jou/0Z/61
(¢L-z1) €'0F 28/9€/5¢€
(ow) sjuedwi
Suipeoj| |euoiyduny  /sa31s/sjualied

191je dn-moj|jo4

(2A1308dsou3al)
S9LI9s 9se)

(9A1309dsou3al)
S91I9s 95eD)

(9A1109dsoud)
SaLIas ase)

(9A1309dsou3al)
S91I9s 95BD)

usisap Apnis

(penunuo2)

<:(0202) e 32
ogpe|leA [esewy

4s(T20Z) 32
ueqin

&(¥102) 1832
ueqin

2(6002) (e 32
ueqin

(A) stoyany

¢ 319vl



1
2000 r, vascu-
0|Ogy llular, iffer-
iodont ion of ce in diffe
Per stratio cribed ays),
orche n des (3-5d
h an bee ling tic
roug have f hea lasma
heal th which tages o ly by p the
fts ts, ly s ively h
ra ven ar lus oug
se g al e the e k exc ins thr he
The itectur 85-87 | bloc egins nd t
archi Is. bone sis b issues a
lar, and ical mode to the iogene oft tiss 2weeks,
ar, clinica ided icro-ang ding s ft. At e
< ent pre e prov tly, mic urroun the gra ith bon
g3 ients ar uently, he s te nt w e
o 3 n eq t tra se th
trie ubs from ene . pre . of
TAL < Ey nu ion. S illaries op eis ization
URBAN € 53 circulation ¢ caD'“arlehich start tl respons scularizat present,
& 29 ing o w ar rva ing is
8 7] = ting es, ascu hype eling ions
° © £ 9] rou ite edg dv d hy od imens
o o ) sp ite an is. an rem m
s g gL ecipient Sf|ammatory- genesis, siderable size andd| te graft
= =3 <@ r H 10 n . e
s _ 8 39 trong in icro-ang eeks, co sein the lly, comp arca-
O E <% a strong , m cat4w increa Finally, dem
5 E Z ¥ o odeling issues: a ndani raft. 6 weeks, tively
= Zs rem ding tis steoid a ing the g dat1 ed. relati
S g E surroun tion of o enetrati eeks; an ly form |l.85-8
= 232 a Is p 8w new ells. -
w 2 ith form sse ieved at and ry c nera
g g 5 g with micro ve is ach'eved'sappears inflammato bone rege the
s < = f the ization ite di idual in ided on
=3 &3 o riza ient si esidu uid d up
58 _ gE cula ipie ith no r. for g is base
g as rec th ibed is
= g5 v 8 rev m the sent wi describe rafts
S 0 ion fro is pre n ck g
w 9 = tion IS p bee blo
2 |- re bone hat has f bone ithout
s 3 2 matu ilar to w ocess o ing wit
5. s Simila aling pr tic heali
S s & £ he I
£§ 2= 27 the ioles: asep ing
Pl & & 9 tion, ing principle romote sprout
3 Qo o o o =] ing p to p ion by
248 & g follow d closure, u|ariZ"”t'ofthe graft. |
< O T 2 un vasc to ich al-
- = 38 WO ion. t re ec whi
S o £ Primary tamination the graf edullar asp ne block, Owing
5 on = = 1. n llow m bo H 8.
[T © co a the he alin d
£ 8 + aft is. to rd t ing he an
R °°. T EE & iogenesis, ting towa ance from lls during the graft
e o 5 8% Angi rojec inten ing ce d by
o .t ) e
= F g C\; - a 5 o2 2. illaries p d ma -form is creat £
£ 9 ® o) S 5 3 O] apilla ion an bone eis ity o
2 £ a a2 @ S = = C eatio ion of spac ired. integri
Z 0 g8 g5 g 3 = o ce cr iferation block, is requir alin
o~ N 2 s a 5 z 9 ‘c Spa olife one ionis r ctur
> S » o 5 3 9 o = 3. e pr fb tio stru d.
= 3@ = 8 9 T [v) th reo crea the be
g gso g <35 5 8 © lows id natu ace crea by ipient
o H o © & % § :‘I ?o < é ) ; ] the solid ice for sp t provided the recip ision
c RS = T n = to ev lo ion to Vi
S o s £ § 8 8 2 & @ £ further d blood ¢ id fixation irect pro .
2 = £ c g 5 £ g} no f the its rigid the di has a
= ® = E 3 § o &5 bility o nd its ies on graft ical
'E c g (2] = 2 © = 4. Sta block a . grel'e he bone in vertic
589 3 B ' bone raftin hen t ard in o-
S 5 5 c i°) x the block g fect, w Id stand nd oste
< =g © bone de 0 ive, a it
S = g he he g tive, city
- ) ) . . a
8 'é S8 rthermore ells into t resents t teo-induc genic cap that
g 3 s 3 Fu ing cells i rep ic, os teo lls
3 ° 3 5 £ formi hich genic, he os e ce
e S o S e- igin, w ) teo et ing bon ided
2 32 8 = 50 of bon us origin for its os ch a cas f living is provid
z 8 RSl ° 5 eno ions 9 1n su ber o ent ding
8 e = 0 8 q,d é autog entati 828 he num urishm rroun
s E ¢ £ 9 Q% m ies. t no su
- e £g £ 5 £ bone auge propert dent upon ling, when from the
g 2 Eges % v & = ctiv en healing, ion the
I= Z 5 3 g L E X g > Kz ndu is dep of irculat on
= I L 2 £ g B 5 N 5 c co ft is ses ic circ ely
e = S g 5} =z = 8 ra ha tic otr he
g 2 s £ + < 2 the g ly p ma sn int
= o o ) prec} of ear las . doe S, |
= - ) 2 « ive the gh p fting jon as, ft
& L £ [} 9] rvive throu gra clusi id so
25 ] c su aft block Il ex avo
A | T (I [} he gr ne d ce ired to the
a A & to t t bo jon an uir ility to
. 86 a . n eq ity
< W ° issues. ted th lizatio sarer ical stabil on-
@ 2 tissu t be no tmenta brane hanica direct ¢
o S r m
) g g = It mu of compa barrier me rther mec cate the a means
] > c 5 . . u \'/¢] as
25 2 ) E principles cases, no provide f rchers ad ft tissues uring the
o [} o= .
23 ¢ 52 2 ajority of tion or to me resea unding so genesis d fts with
L o > w m iltra d, so rro io ra
8% 5 < g0 8 infi deed, he su icro-ang lock g
o 2 £ O = o issue 90 In ith t Icro e blo
= £ o tis a. Wi dm bon
2 2 E T 32 5 d are lock t an ing d
uw = te b en usi Il an
T 9 raf one ishm hen . ku
2 s 8 I ctof the b raft nour ecially w origin (s were
& s ition,
5 ¢ 22 2 omote g aling, esp 9192 branou position, ef-
£ N 82 s 1o >r ges of he osition. intramem tical com affolding
g2 X =3 © ly sta omp ith cor d sc bone
% g - = S c early ical c ks w inant ility an han
£ Yz N rtic. loc in lity ities t
a = . (o] b om bi 1es igher
O < o hc e red ic sta cit high
_ =8 g a hig bon i p ric ic capa ing a
Q) s £ g In fact, senting a volumet iogenetic ¢ resenting
2 £ @ re er 10 p
: 57 5 0 presentine - € and angiogenctc
= IR a O £ n have Ica liac
& o 2 T = ma en . |b1 !
= = 8 J = ; © d to teOg igin (I’
B 5 a ; + o0 rte 0s rigi
s 3 & g a I3 repo orer ral o
T g g8 Yo but po chond
2 8 B3 = = fect ith endo
_ % - <% 5 E cks w
2 o S) blo
° = s 2 S8
3 8 3 g8 ¢
£ I <
= S
c = < =
S} v 5 z
S § &3
~ o 'g
£ 3
o~ 2 =
<
w
-
o
<
[y

0009T
‘025
a‘o
o]
01} pope
sy w

UlUOy/

-Arelq1p

Ao Im

woo

‘0T/10p,

PUATTT

TP

fa1ve

AN

RSP

‘ulg

foym

auluo

Ariq

0] uo

2072

‘[ezoz,

189S

o1 8y

e SL.

) suonipuo p
'sdny

UluOy /-

"Areiqipl

Ao im

00

ULLID] /LI

-pUe-st

hipuo>

uo (suor

foiim

uluo

g1 Ul

0} AX

SNt

‘&sn Jo

VO

onse

b ok so

0l

pous

au Ag

o idde

1D

SAITee.

wwo)

1suol

ssusol



URBAN ET AL.

16
—I—W] |BaA'%% Periodontology 2000

FIGURE 3 Representative case of an anterior maxillary vertical
defect treated with the bone shell technique. A, Labial preoperative
view of the defect and its relationship with the prosthetic
rehabilitation. B, Vestibular shifted flap design. C-E, Labial, occlusal,
and lateral views of the bone defect. F-H, Stabilization of the
occlusal and buccal bone shells and filling of the regenerative space
with bone chips. Both the shells and bone chips were obtained
from the extraoral splitting and scraping of an autogenous bone
block harvested from the linea obliqua externa of the mandible.

I, J, Labial and occlusal views of the bone reconstruction after the
removal of sharp edges. K, L, Labial and occlusal views of the first
intention wound closure. M, N, Labial and occlusal views of the
reconstructed bone at surgical reentry, 4 mo after surgery. O-R,
Labial and occlusal views of the prosthetically guided implant
placement. S-U, Contour augmentation with demineralized bovine
bone matrix and a collagen membrane after implant placement. V,
First intention wound closure

content of cancellous bone.2*73%4 Such a difference is based upon
the capacity of endosteal osteoblasts and sprouting capillaries to
form osteoid and new vessels directly on the surface of cancellous
bone trabeculae, whereas revascularization and bone formation in
the presence of cortical grafts occur following the path of the pre-
existing Haversian system, through a process called creeping substi-
tution. Such a process occurs at a much slower pace and can result
in the persistence of islands of necrotic bone enclosed within the
newly formed vital bone.”>”® Donos et al®® showed in a preclinical
study that barrier membranes combined with a bone block, irrespec-
tive of their embryologic origin, exert a beneficial role in stabilizing
initial bone gain after the reconstructive procedure when compared
with bone block with no barrier membrane covering the grafts.
Based on those premises, further strategies have been devel-

oped aiming at promoting the revascularization of the grafted area:

1. The plates technique (“shell technique”).”* Thin bone laminae
are utilized as space-making devices to delimit a regenerative
space that is filled with particulated autogenous bone, in order
to minimize the cortical component of the graft and thus fa-
cilitate the ingrowth of sprouting capillaries during healing.

2. The inlay bone block technique.”” Here, a bone block graft is in-
terposed within a segmental osteotomy of the vertically atrophic
bone crest in order to sustain the displacement of the segmented
bone in a coronal direction, without detaching the supracrestal
soft tissues and related vascular network from the occlusal aspect

of the mobilized fragment.

2.2.2 | Technical note

Similar to guided bone regeneration, vertical ridge augmentation
through a bone block is a complex, technique-sensitive intervention
where optimal soft and hard tissue management is indispensable to
avoid short- and long-term compliu:ations.66 In this context, the man-

agement of the soft tissues follows the same principles and technical
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steps described for guided bone regeneration, which include the
elevation of a full-thickness mucoperiosteal flap, its passivation
through periosteal fenestration/periosteoplasty, and the closure
over the regenerated site with a multilayer suturing approach, to
achieve a watertight first intention wound healing.

Soft tissue management

In order to facilitate the achievement of primary closure, multiple
technical approaches implying soft tissue management and sutur-
ing techniques have been described: (a) the free curtain flap and
papilla shift technique for anterior regions;39 (b) the zone-specific
lingual flap advancement technique;?® (c) the vestibular shifted flap
design;99 (d) the suspended external-internal suture;1°° and (e) the
tunnel approach.}°2719% See “Technical note” for a description of

these techniques.

Hard tissue management
With regard to hard tissue management, the following steps have

been recommended based on the adopted technique:

1. After flap elevation, the bone defect is thoroughly degranulated
to remove any soft tissues remnants, and decortication holes
are then made with a round bur to promote angiogenesis.

104 105 iliac

2. Bone block harvested from the mandibular ramus,™" chin,

197 are modeled to obtain adapta-

crest,'% or parietal calvarium
tion to the recipient site and then rigidly fixed with titanium mini-
screws (1.5-2mm diameter).

3. Sharp edges from the bone block are carefully removed with a
diamond bur or piezoelectric insert, in order to avoid any risk of
flap perforation.

4. Remaining gaps between the bone block and recipient site are
filled with autogenous bone chips collected during the harvest of
the bone block.

5. A layer of slowly resorbable bovine bone matrix mixed with au-
togenous bone chips can be placed over the grafts and stabilized
with collagen membranes, in order to reduce the risk of bone
resorption.108'109

6. After the completion of the reconstructive phase, periosteal re-
leasing is performed and first intention closure is achieved.

7. Surgical reentry is performed between 4 and 12 months after sur-

gery, to allow the placement of dental implants.2%4

Shell technique

See Figure 3 for a representative case of the shell technique.

1. After flap elevation, the bone defect is thoroughly degranulated
to remove any soft tissues remnants.

2. The bone block harvested from the mandibular ramus is split in
two parts and then scraped in order to create two 1 mm thin bone
shells, 110111

3. Based on the defect configuration, the two bone shells can be

fixed at the buccal and occlusal aspect of the defect, or at the

buccal and lingual one. Fixation is performed with titanium micro-
screws (1-1.2mm diameter).

4. Particulated autogenous bone collected from scraping the split
bone block is placed within the regenerative space delimited by
the two shells.

5. Sharp edges from the shells are carefully removed with a dia-
mond bur or piezoelectric insert, in order to avoid any risk of flap
perforation.

6. After the completion of the reconstructive phase, periosteal re-
leasing is performed and first intention closure is achieved.

7. Surgical reentry is performed 4 months after surgery, to allow the
placement of dental implants.! At this time point, horizontal re-
lining of the vertically augmented bone can be performed with
a layer of slowly resorbable bovine bone matrix stabilized by a
resorbable collagen membrane, in order to reduce the risk of bone

resorption over time.”?

2.2.3 | Inlay bone block

1. A modified flap design is adopted, to preserve the periosteal
attachment and related vascularization on the occlusal aspect
of the vertically atrophic crest. Thus, a para-crestal horizontal
full-thickness incision is performed in the alveolar mucosa to
expose the alveolar process apical to the defect.

2. A segmental osteotomy is performed with a horizontal apical cut
and a mesial and distal vertical cut to separate the coronal portion
of the bone crest presenting the defect from the basal bone.”

3. The osteotomized segment is then elevated coronally.

4. The bone block is shaped and inserted within the horizontal os-
teotomy, in order to support the coronal advancement of the
osteotomized segment. This can be stabilized with either osteo-
synthesis plates97 or by simple mechanical friction with the ad-
ditional protection of a collagen membrane.'*?

5. After completion of the reconstructive phase, periosteal releasing
is performed and first intention closure is achieved.

6. Surgical reentry is performed 2months'*? to 4 months later'*® to

allow the placement of dental implants.

2.24 | Indications and limitations

Autogenous bone block grafts have been extensively used for verti-
cal ridge augmentation for more than 35years, with their main ad-
vantage (compared with the use of particulate bone grafts) of being
easily fixed with osteosynthesis screws.'** Several donor sites have
been investigated, including extraoral sources, such as the iliac
crest,!% or intra-oral sources, such as the symphysis or the ramus.**¢
Among the different techniques used to increase the vertical ridge
dimension with the aid of autogenous bone block, the so-called shell
technique, using a thin cortical bone block to restore the contours

of the alveolar ridge, is nowadays the standard-of-care technique,
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as long as it reduces bone resorption to below 10%.°! These low
resorption rates could be reduced even further by combining the
implant placement after ridge augmentation with relining with a par-
ticulated xenograft and a resorbable membrane.”?

The following indications can be advocated for bone block
grafting:
1. Simultaneous grafting and implant placement.!?”
2. Extensive vertical defects in partially or totally edentulous pa-

tients, especially in the mandible.

In contrast, limitations for autogenous bone block grafting are
as follows:

1. Limited amount of intra-orally available bone.
2. Higher morbidity than with the use of particulated bone
substitutes.

Somehow, these limitations could be overcome with the use an
allogeneic bone block, which could be milled to suit the defect ge-
ometry following preoperative diagnosis with cone beam computed

tomography in order to lessen the morbidity of the procedure.'*&?

2.2.5 | Effectiveness based on clinical studies

The effectiveness of vertical ridge augmentation with bone block
grafts has been evaluated in several investigations (Table 3)
16:21,97101,103.120-127 [hapending on the nature of the graft, the re-
sults provided have been heterogeneous, with the vertical bone gain
ranging from 4.12mm (95% confidence interval 3.11-5.13mm) for
autogenous bone block to 2.03mm (95% confidence interval 1.88-
2.18 mm) for allograft bone block according to a recent systematic
review.® Also, when using autogenous bone, the choice of the tech-
nique seems to influence the results heavily, with worse results for
onlay bone block (3.5mm, 95% confidence interval 2.2-4.9 mm) than
for the three-dimensional “shell technique” (2.0mm, 95% confidence
interval 1.9-2.2mm). Anyway, it must be acknowledged that the
amount of vertical ridge augmentation obtained always depends on
the baseline dimension of the defect, so these numbers should be
interpreted with care (Table 3).

More recent data seem to support better results for the shell
technique versus classical onlays for vertical ridge augmentation.
Specifically, a recently published retrospective study by Khoury and
Hanser'©3 reported the results of 117 consecutively treated patients
with 128 grafted sites followed for up to 17 years, with 88 patients
and 97 augmented sites followed up for at least 10years. In this
study, the mean vertical bone gain was 7.4+ 2.6 mm at the reentry,
whereas the results after 10years of follow-up remain pretty stable,
accounting fora mean vertical ridge augmentation of 6.7 + 2.6 mm. 103
However, the limited amount of intra-orally available bone has led to
an increasingly important role for both allogeneic and xenogeneic
graft materials.2221%0 Thus, the use of allogeneic cortical bone plates

 perocartaogy 2000 SUINSEES

to be used in the shell technique has also become a reality, solving
the problem of insufficient intra-oral bone quantity and reducing
the morbidity of these procedures. Furthermore, a recent publica-
tion comparing both horizontal and vertical ridge augmentation with
allogeneic and autogenous bone plates using the shell technique did
not find any difference among them, at least as long as augmenta-
tive relining at implant placement with a xenogeneic bone substitute
and a collagen membrane are used in order to reduce the resorption
processes.!?*

The feasibility and security of allogeneic bone block manually
milled before surgery has been confirmed in several clinical stud-
ies.31132 The main advantages of this technique are the time re-
duction and ease of graft adaptation. For example, Chaushu et al*?¢
recently published a retrospective case series showing impressive
clinical results after the use of an allograft bone block (vertical
bone gain approximately 10+3mm); however, it should be ac-
knowledged that all the cases included in the study were edentu-
lous subjects in the mandible in which vertical ridge augmentation
was performed in the anterior region, which may be a completely
different scenario to the posterior mandible in terms of healing
pattern.

Also, allogeneic bone blocks specially designed and manufac-
tured using computer-aided design/computer-aided manufactur-
ing have been used for horizontal and vertical ridge augmentation,
thus allowing the preshaping of bone block grafts and to plan the
position of the fixation screws. One of the first reports was pub-
lished by Schlee and Rothamel,'*” who showed that this strategy
was efficient in terms of new bone formation with reduced patient
morbidity, decreased surgery time, and high patient acceptance.
Another case report, by Blume et al,*3® demonstrated the regenera-
tion of two large osseous defects with customized computer-aided
design/computer-aided manufacturing allogeneic bone blocks that
perfectly matched the defect geometry and enabled implant place-
ment according to the initial treatment plan. However, even if both
bone blocks were covered by a porcine pericardium membrane, the
rate of resorption of both was heterogeneous. Finally, a retrospec-
tive case series with 30 patients (15 of them treated by allogeneic
bone block) showed a 5.73 + 3.5 mm vertical bone gain in maxillary
full-arch restorations following an “advanced backward planning”
procedure (ie, based on a digital prosthetic mock-up, the correct
implant positions and the bone block size needed to overcome the
bone loss were anticipated).

2.2.6 | Postoperative complications

Since vertical ridge augmentation procedures are technically de-
manding, it is compulsory to assess the rate of complications to
properly evaluate their effectiveness, as it is insufficient just to con-
sider the vertical gain obtained. The most common complication in
vertical ridge augmentation procedures with a bone block is the ex-
posure of the graft, with or without infection. A recent systematic
review prepared for the XV European Workshop in Periodontology
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reported an overall risk for vertical ridge augmentation procedures
of 16.9% (95% confidence interval 12.5%-21.2%), whereas it was
23.9% with the use of a bone block (95% confidence interval 11.3%-
36.6%). In the particular case of a bone block, apart from wound
dehiscence/graft exposure, other complications may arise as a con-
sequence of the need for a second surgical site (donor site) in the
case of autogenous grafts; namely, temporary paresthesia, pulp ne-
crosis of lower incisors, and so on. Furthermore, incomplete integra-
tion of the bone block may lead to its mobilization at the time of
implant placement.!3*

Even though no randomized controlled trials are available
comparing the incidence of complications between autogenous
or allogeneic bone blocks, it seems that bone block allografts are
more technique sensitive, and so clinical training is strongly recom-
mended for clinicians unfamiliar with the use of this type of bone
graft. Complications include opening of the incision line (possibly
due to inadequate suturing technique), perforations of the mucosa,
and infections leading to partial or total bone block loss being more
common than for autogenous bone block.**® For example, the pre-

103 reported

viously mentioned publication by Khoury and Hanser
that for 117 patients (128 sites) there were just 1.6% cases of bone
exposure (although 24.2% of early screw exposure), 0.8% infections,
and just four implants lost (1.74%) over a 10-year period; and data
from another retrospective case series including 101 consecutive
patients (137 sites) treated with cancellous bone block allografts
showed a 30.7% incidence of membrane exposure, a 13% incidence
of infected bone block, and an implant failure rate of 4.4% with a fol-
low-up that ended at the time of placement of the implant-supported

restorations.'%¢

2.2.7 | Long-term predictability

Long-term results of vertical ridge augmentation procedures per-
formed by means of bone blocks are seldomly reported, and the
same could be said for the incidence of biological complications
(ie, peri-implant mucositis and peri-implantitis) on the implants
placed in the augmented bone. However, if the radiographic mar-
ginal bone levels are evaluated once the implants are restored in a
series of studies on vertical ridge augmentation by means of bone
block grafting (Table 3), it can be observed that marginal bone loss
is below 1 mm in periods up to 10years when autogenous bone fol-
lowing the “shell technique” have been used.0%103124137 |5 contrast,
marginal bone loss reported in studies using “conventional” bone
blocks (specifically those of allogeneic origin) is significantly higher,
ranging between 1 mm at 1-year follow-up and up to 3mm at 3years
after implant placement.'**2> This may be related to the poor re-
vascularization leading to increased resorption of the grafted area,
which may be related more to the different methods for shaping and
processing bone block grafts than with their origin. Nevertheless,
the allogeneic/xenogeneic three-dimensional printed bone block re-
quire long-term results from comparative studies to determine the
predictability of their outcomes.

2.3 | Distraction osteogenesis
2.3.1 | Biological foundation

Distraction osteogenesis is an advanced hard and soft tissue engi-
neering protocol for the treatment of anatomical deformities. It was

138,139

originally applied on long bones in orthopedic surgery and

then later found extensive application on membranous bones, in the

0

correction of cranio-maxillofacial malformations,**® in orthognathic

surgery,**! and in the correction of severe atrophies of the alveolar
processes to allow the placement of dental implants. 15142143

Its biological rationale is based on the segmentation of the atro-
phic bone and on the progressive displacement of the bone segment
and the attached soft tissues in a coronal direction to create a se-
cluded regenerative chamber where new bone and soft tissues are
formed throughout the distraction process.’*® Such displacement is
achieved through a segmental osteotomy that separates the atro-
phic crest from its basal bone; the subsequent application of a dis-
traction device then progressively opens the osteotomy line with
slow and calibrated tension forces.*>138144

Evidence from preclinical studies, showed that the regeneration
chamber progressively undergoes an intramembranous ossification
process in a centripetal direction.**>"1% During the first days after
surgery, the regeneration chamber is initially filled with a blood clot
and fibrous tissue; then, after 10days of distraction, a fibrous matrix
is present, with fibers oriented in the direction of elongation. New
bone formation starts at the periphery of the regeneration cham-
ber with the formation of slender calcified spicules, oriented in the
direction of distraction, that become covered by osteoblasts. At
2weeks, osteoclastic activity is present behind the extending front
of bone formation and the slender spiculae undergo a structural re-
modeling, becoming thicker trabeculae separated by wider spaces.
At 4weeks, the bone trabeculae have progressively extended to the
central zone of the regeneration chamber, re-establishing bone con-
tinuity. At 12weeks, the completion of distraction, the regeneration

chamber is completely filled by new bone. 4547

2.3.2 | Technical note

Regardless of the site of application, the following basic principles
have been described:*%®

Osteotomy of the bone site with minimal periosteal stripping.
Latency period of 3, 5, or 7days, depending on the surgical site.
Distraction rate of 1.0mm per day (0.5-2.0 mm).

L

Distraction through continuous force application is best, albeit a
device activation twice a day is more practical and allows for bet-
ter patient compliance.

5. Consolidation should be extended until a cortical outline can be
seen radiographically across the distraction gap, which usually re-
quires 6 weeks.
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Currently, the majority of those principles is still applied for dis-
traction osteogenesis of the atrophic edentulous ridges.'>14?148

Specifically, the following steps are followed:

1. A modified flap design, similar to the one described for
inlay bone blocks, is adopted that preserves the supracr-
estal soft tissue attachment and related vascularization on
the occlusal aspect of the vertically atrophic crest. Thus, a
para-crestal horizontal full-thickness incision is performed on
the alveolar mucosa to expose the alveolar process apical
to the defect.

2. Asegmental osteotomy is performed with a horizontal apical cut,
combined with a mesial and distal vertical osteotomy, to separate
the coronal portion of the bone crest presenting the defect from
the basal bone.

3. Theintra-oral distractor is fixated to the basal bone and the oste-
otomized bone segment with titanium mini-screws.

4. Once fixated, the distractor is immediately activated to check the
vector of distraction and the undisturbed mobility of the bone
segment.

5. The segment is repositioned at its initial position and the surgical
access is sutured by first intention, leaving access exclusively to
the most coronal part of the distractor to allow its progressive
activation from the patient.

6. Seven days after surgery, distraction is started with either a fixed
rate (eg, 0.5mm every 12h since the first day of distraction)* or
an increasing rate over time (eg, 0.4 to 0.6 mm/day for the first
3days, followed by 1.2mm a day for the following days'*®).

7. Distraction osteogenesis is carried out until the desired bone aug-
mentation is achieved.

8. The distractor is maintained in place for 2-3months after com-
pleting the distraction osteogenesis phase to allow bone matura-
tion in the distracted segment (consolidation phase).

9. Surgical reentry is performed to remove the distractor device and
place the dental implants in the augmented bone.

2.3.3 | Indications and limitations
The following indications are advocated for distraction osteogenesis:

1. Distraction osteogenesis is indicated prior to the implant place-
ment in the case of severe vertical discrepancies in order to
regenerate the bone.

2. Whenever it is desired to reduce the intermaxillary distance for
better esthetics and function.

3. In scenarios where it is desired to augment the hard and the soft
tissues simultaneously.

4. In highly damaged soft tissues where flap advancement is not

feasible.

The following limitations are disclosed for distraction
osteogenesis:

 perocartaogy 2000 SUINSERS

1. When the residual bone volume required for the fixation of the
distractor and also the transported bone fragment dimensions
are insufficient, it should be taken into account that a residual
vertical bone height of at least 6-8 mm is usually required
and that small transported fragments (eg, single-tooth defect)
may potentially lead to more complications due to vascular
impairment 81:143.149-151

2. Whenever it is desired to augment the ridge in both the vertical
and horizontal directions.

3. Posterior ridges are often more complicated due to access and the

morphology of the ridges.

2.3.4 | Effectiveness for vertical ridge augmentation
based on clinical studies

The effectiveness of distraction osteogenesis has been evaluated
in different case series (Table 4),1431%8-158 3nd it was demonstrated
that this surgical technique is able to vertically regenerate a consid-
erable amount of bone, ranging between 5 and 12 mm depending on

I,15 in a randomized

the original extent of the defect. Chiapasco et a
controlled trial study design on nine patients, reported a mean verti-
cal regeneration of 5.3+ 1.6 mm using both intra-oral and extraoral
distractors. In agreement with these results, a recent systematic
review and meta-analysis calculated a mean vertical bone gain of
8.04mm (95% confidence interval 5.68-10.41 mm).°® Hence, the pre-
dictability of the results obtained with this approach is high even in
cases of severe vertical discrepancies. Nonetheless, a high percent-
age of complications is associated with this procedure, and some of
them may lead to the failure of the vertical regeneration, such as
device failure/mechanical problems,l‘w'lss'157 fracture of the basal
bone/transport segment,**” and bone resorption.'*®*>! |n compari-
son with other techniques, it is rather difficult to draw conclusions
as the comparative studies available did not analyze the difference
in terms of vertical bone gain.'>8! Nonetheless, the mean vertical
bone gain values reported in studies adopting distraction osteogen-
esis are higher than with other techniques (eg, guided bone regen-

eration, bone block).3¢:%¢

2.3.5 | Long-term predictability

Data on the stability of the marginal bone loss around implants in
regenerated bone after distraction osteogenesis are scarce in lit-
erature. In fact, most studies did not report information regarding
the implant stability of the peri-implant bone over time. A 5-year
prospective case series on 48 implants showed a marginal bone loss
of 1+1.3mm,**® and another longitudinal study from the same re-
search group showed a marginal bone resorption of 1.4+0.4mmina
1- to 3.5-year study on 138 implants.}>? Two randomized controlled
trials showed that, during the first year, marginal bone remodeling
was roughly 0.6-0.7 mm on average and that bone levels were quite
stable up to 3years.>8! In addition, based on these two latter
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studies, the amount of bone resorption following autologous block
graft and guided bone regeneration by means of polytetrafluoro-
ethylene membranes before the implant placement was higher than

1581 and the number of successful im-

with distraction osteogenesis
plants was higher in distraction osteogenesis than with guided bone

regeneration.®?

3 | CONCLUSION

Vertical ridge augmentation is feasible and effective to restore
esthetics and function in atrophic ridges. Different therapeutic
modalities have been advocated to achieve vertical bone gain. All
these techniques require an orchestrated sequence of maneuvers,
implying soft and hard tissue management to minimize the risk of
complications. In particular, guided bone regeneration combined
with bone block is a technically demanding surgical procedure in
regard to soft tissue management and longer healing periods. On
the other hand, distraction osteogenesis is faster, with less morbid-
ity, and may not demand high skills for soft tissue management;
nevertheless, its application is limited to scenarios that do not
demand lateral ridge augmentation simultaneous to vertical ridge
augmentation.
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