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Abstract

AIM: To discuss important characteristics of the use
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of dental implants in posterior quadrants and the
rehabilitation planning.

METHODS: An electronic search of English articles
was conducted on MEDLINE (PubMed) from 1990 up to
the period of March 2014. The key terms were dental
implants and posterior jaws, dental implants/treatment
planning and posterior maxilla, and dental implants/
treatment planning and posterior mandible. No exclusion
criteria were used for the initial search. Clinical trials,
randomized and non randomized studies, classical and
comparative studies, multicenter studies, /n vitro and
/in vivo studies, case reports, longitudinal studies and
reviews of the literature were included in this review.

RESULTS: One hundred and fifty-two articles met the
inclusion criteria of treatment planning of dental implants
in posterior jaw and were read in their entirety. The
selected articles were categorized with respect to their
context on space for restoration, anatomic considerations
(bone quantity and density), radiographic technigques,
implant selection (number, position, diameter and
surface), tilted and pterygoid implants, short implants,
occlusal considerations, and success rates of implants
placed in the posterior region. The results derived from
the review process were described under several different
topic headings to give readers a clear overview of the
literature. In general, it was observed that the use of
dental implants in posterior region requires a careful
treatment plan. It is important that the practitioner has
knowledge about the theme to evaluate the treatment
parameters.

CONCLUSION: The use of implants to restore the posterior
arch presents many challenges and requires a detailed
treatment planning.

Key words: Dental implants; Mandible; Maxilla; Edentulous
jaw; Treatment
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Core tip: The treatment plan for rehabilitation with
dental implants in posterior quadrants of edentulous
jaws must be meticulous. The professional must
cautiously evaluate the treatment parameters to
guarantee predictable and long-term restorations. The
treatment plan includes detailed analysis of space for
restoration, bone quantity and density, radiographic
techniques, selection of number, diameter, and length
of the implants, and occlusion.
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Available from: URL: http://www.wjgnet.com/2307-8960/full/
v3/i1/65.htm DOI: http://dx.doi.org/10.12998/wjcc.v3.i1.65

INTRODUCTION

Implant-borne rehabilitation is a good option of
treatment for patients with partial edentulism" ™. The
validity of osseointegrated dental implants for the
rehabilitation of posterior partially edentulous jaw had
been related in the literature by several studies™”. These
rehabilitations offers substantial benefits when compared
with removable partial dentures: improved occlusion
and support, simplification of the prosthesis, less
invasive restorative procedures, bone maintenance and,
improvement in oral health®™®”.

However, to obtain excellent results in rehabilitations
with dental implants meticulous attention must be paid
to details"”. In addition, the posterior quadrants of the
mouth are challenging for rehabilitation with dental
implar1ts[6’“’]2J due to their anatomical and occlusal
features'®”. Thus, this article aimed to discuss important
characteristics of the use of dental implants in posterior
quadrants and the rehabilitation planning.

MATERIALS AND METHODS

An electronic search of English articles was conducted
on MEDLINE (PubMed) from 1990 up to the period
of March 2014. The Key terms were dental implants
and postetior jaws, dental implants/treatment planning
and posterior maxilla, and dental implants/treatment
planning and posterior mandible. No exclusion criteria
were used for the initial search. Titles and abstracts of
the screened articles were reviewed and the full text was
assessed for an appropriate analysis. Then, the articles
were analyzed through inclusion and exclusion criteria.
Clinical trials, randomized and non randomized studies,
classical and comparative studies, multicenter studies,
vitro and in vivo studies, case reports, longitudinal studies
and reviews of the literature were included in this review.
Additionally, current and previous issues of the most
relevant papers were inspected, intending to obtain other
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articles associated to the theme. Articles that were not
related to the purpose of this study were excluded from
further evaluation. Finally, one textbook was included for
the review.

RESULTS

One hundred and fifty-two articles met the inclusion
criteria of treatment planning of dental implants in
posterior jaw and were read in their entirety. The selected

articles were categorized with respect to their context on
space for restoration, anatomic considerations, radiographic
techniques, implant selection, tilted and pterygoid implants,
short implants, occlusal considerations, and success rates.
The results derived from the review process were described
under several different topic headings to give readers a clear
overview of the literature.

DISCUSSION

Space for restoration

The discussion about the space requirements for placing
an implant is very important. The mesiodistal space
required is related to the type and number of teeth that
will be replaced[s]. According to Misch™, the selection
of implant size is influenced by the mesiodistal distance
available for implant placement. These authors indicated
a guideline for this selection: (1) a distance of at least
1.5 mm must be respected between the implant and the
adjacent teeth; (2) a distance of at least 3.0 mm between
the implant and an adjacent implant; and (3) for the
replacement of a molar teeth, a implant with a wider
diameter is indicated.

If the implant-supported proshtesis is positioned with
a large distance from the adjacent tooth, critical contours
and cantilever forces are generated on the implant. Since
the mesiodistal dimension of molar teeth is greater when
compared to other teeth, a distance of at least 2.5 mm
between the implant and the adjacent implant has to be
respected to assure a restoration propet contours'”.

According to Gastaldo e7 al'¥) 2 distance of 3 mm
between the bone crest adjacent implants and the proximal
contact point is essential, and the implant should be placed
3-5 mm away from the tooth in order to guarantee a healthy
interproximal papilla.

Simsek e a/'” evaluated, through finite element
analysis (FEA), different distances between implants that
retained three unit partial prosthesis and their effects on
bone stress distribution in the postetior lower jaw. Axial,
horizontal and oblique forces were applied and tensile
and compressive bone stresses were evaluated. The
authors observed that a space of 1.0 cm was the greatest
distance between the inserted two implants.

Both the mesiodistal and the buccolingual dimensions
from the crestal level to the apical part of the implant
site should be evaluated"”. At least, 2 6 mm of bone
buccolingual extension is necessary to insert a 4 mm-wide
dental implant. For diameters higher than 5 mm, a 7 mm
extension is requiredls]. Additionally, the intermaxillary
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space is an important source. A distance of 10 mm
between the residual ridge and the antagonistic arch must
be respected when substituting posterior teeth™"",

A multidisciplinary approach is considered when
planning a dental implant treatment and involves
orthodontics, surgery, and restorative, so that the function
and aesthetics of those patients are improved“o’m’l&zol.
Generally, over-eruption of opposite teeth occurs after
a long period of tooth absence, which affects the
restorative space. Therefore several treatment options to
creat a sufficient space for restoration are available such
as enameloplasty, minimal restorative therapy, orthodontic
intrusion, tooth realignment, endodontic treatment
and full crown preparation, segmental osteotomy for

. . [8,10,16,18,19
dentoalveolar extrusion and extraction' 1

Anatomic considerations: Bone quantity and density
The low-density and quantity of bone and the presence
of sinus pneumatization in maxilla are relevant anatomic
characteristics in the posterior region, since they can
limit the implant height”' ", On the other hand,
the mandibular canal is an important structure that
could limit the installation of dental implants in lower
jaws[21‘32’33]. According to Jivraj e al” and Vazquez et al™,
a distance of at least 2 mm between the most apical part
of the implant and vascular and neurologic structures
must be respect.

Additionally, the mental foramen is an important
mandibular structure when placing implants in the
foraminal region. The mental foramen is either oval
or round and is usually placed in the apical area of the
second mandibular premolar or between apices of the
premolarsm’%]. Nevertheless, its location may vary from
the mandibular canine to the first molar™™>"".

Guidelines to evaluate the mental foramen position
and the presence of mental nerve deviations have been
proposed aiming to preserve the nerve, during surgeries
in the foraminal area. Previously to implant insertion,
a careful observation of mental nerve and foramen,
through panoramic and periapical X-rays, is essential.
In case of deficiency of this technique to observe the
position of the nerve, the computadorized tomography
scans are necessary. After the confirmation of the secure
bone height, the professional can install the implants
mesially or distally placed from the mental foramen or
above it

The lingual mandibular bone concavity is also
another important factor since it increases the risks of
fenestrations or perforations during implant insertion, in
case of deficient buccal-lingual angulation[zo’m’}g].

Nevertheless, the bone density on the implant
placement region affects the primary stability and in
turns determines the implant treatment success' 7,
Fuh ¢ a/""" determined the density of trabecular bone at
potential areas for implant placement. Chinese jawbones
were evaluated through computed tomography (CT)
in four different regions: anterior and posterior areas
of maxilla and mandible. The bone densities differed
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between each region, being lower in the posterior area -
maxilla (332 + 136 HU) and mandible (359 + 150 HU) -
and higher in the anterior area -maxilla (516 + 132 HU)
and mandible (530 + 161 HU). These results were similar
to those of Sogo et al™ who found that the bone in
the posterior maxilla was classified as type Il (350-850
HU) and type IV bone (150-350 HU). These findings
illustrated the necessity of choosing a specific implant
design and surface treatment for the different bone
density types owing to improvement of the bone-implant
contact area”", Furthermore, cutting torque***' and the
resonance frequencym’m can be used to determine the
bone quality and implant stability, respectively, and have a
major effect on the osseointegration success.

Sakka ez a/*” in a literature review, affirmed that to
classify the bone quality it is important to evaluate bone
morphology and characteristics of the constitutive cells.
The cortical and trabecular bone ratio, and bone quantity
and density have a great effect on the implant treatment
longevity. Cells associated to bone quality, as macrophages,
monocytes, fibroblasts, mesenchymal progenitors,
osteoclasts, and cells related with angiogenesis, could
influence the osseointegration of dental implants.

The implant placement is influenced by the form and
contour of the edentulous alveolar ridgem. Infections,
trauma during dental extraction, remodeling of alveolar
bone after tooth extraction create localized defects on
the bone*??**1 affecting its height and width, and
consequently, influence the dental implant placementmzs].
Some methods have been used to overcome these
complications as guided bone regeneration with resorbable
and nonresorbable barriers to enhance localized ridge
deformities, the utilization of short-length implants,
inclined implants, zygomatic or pterygoid implants, bone
grafting surgeries and sinus lifting operationsm’%’sz].

Del Fabbro et a/* performed a systematic review of
39 selected studies in which 2046 patients underwent
sinus grafting and received 6913 implants. After an
accompaniment of 12 up to 75 mo, the reported survival
rate was 92.5% (range, 61.2% to 100%). Results were also
divided according to type of grafting materials. Overall,
the survival rate of implants was 87.7% with autogenous
bone, 94.9% when autogenous bone was mixed with
other grafting materials, and 95.9% with nonautogenous
grafting materials. Results were also reported according
to type of implant surface. Overall, the survival rate was
85.6% for implants with smooth/machined sutfaces, and
95.9% for implants with rough surfaces.

Radiographic techniques
Prior to implant insertion, intraoral and panoramic
radiographies should be considered. But, since those
techniques just provide information in a 2-dimensional
view, the bucco-lingual bone width is missed®7+%#77,
The localization of the mandibular canal, the
submandibular fossa, and the maxillary sinuses, in
addition to the angulation of the alveolar crest and the
bone volume are of primary importance during implant
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.. . 22,31,32,34,36,57-60
treatment planning in the posterior jaw area! “,

Therefore, the use of CT in all sliced images is suggested
to indicate the most convenient dimensions of the implant
and its optimal position and inclination!”>***#>+37001,
Spiral/helical CT scanners provide images with higher
quality, with tridimensional view, associated with lower
radiation exposure, than conventional computerized
tomography[54’62]. Nevertheless, the CT scan is kind of
expensive and requires large equipment. The radiation
dose is relatively highm.

In general, the conventional CT liberates a higher
dose of radiation than another option of image scan,
the cone-beam computed tomography (CBCT), which
offers realistically tridimensional sliced images[3l’54’57’58].
Therefore, this method is useful during implant treatment

planning for partial edentulous patient[57’58’64’65].

Implant selection: Number, position, diameter, and
surface

The selection of the ideal number of implants is related
to the bone volume and density. Since the posterior
region of upper jaw presents a soft bone tissue, it is
recommended to insert 3 implants to replace 3 missing
teeth™ . In case of one implant failure, the previous
prosthesis may still be used. And when the anterior or
posterior implant fails, a cantilevered prosthesis could be
fabricated™.

The use of either two or three implants relies on
the prosthesis biomechanical function and is influenced
by load application during chewing[sl. In cases when
it is possible to install three implants, a different
configuration with a tripod effect of their distribution
can be realized™, which provides greater bone support
versus linear placement[()()l. Additionally, when possible,
multiple implants in posterior quadrants should be
splinted. Guichet e# al®" observed that splinted implant
restorations exhibited optimal stress distribution than
non-splinted prosthesis. However, Clelland ef al® and
Vigolo ez al® observed that splinted prosthesis did not
differ significantly from individual restorations, regarding
strain distribution data and peri-implant marginal bone
loss, respectively.

Regarding the implant diameter, implants with small
(from 3.0 up to 3.5 mm) or regular (from 3.75 up to
4.5 mm) diameters should be used for pre-molar teeth
and are not indicated in molar region due to the high
occlusion force transmission”"””". Prosthesis that does
not respect the long axis of the implant tends to develop
inappropriate biomechanical forces on the restoration/
implant assembly”"™. In this case, screw loosening and
implant or abutment fatigue may occur"™, Moreover,
the cantilever force may induce peri-implant stress and
bone resorprion[74’75].

Increased mechanical stability and bone-implant
contact are achieved using implants with a large diameter
(from 5.0 up to 6.0 mm)*"™ ™. In addition, their use
provide an effective counter acting occlusal force of the

. . 21,79-81
magnitude that may be observed in molar areas”""*!,
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Finally, the wide-diameter implants mimic the emergence
profile of the molar tooth™",

Nonetheless, due to the presence of a soft bone tissue
at posterior jaw, two implants can be indicated in the first
molar area™*). Two implants placed very close simulate
an anatomical condition of the roots, which increase
in two folds the anchorage surface area. Additionally,
it eliminates antero-posterior cantilevers, decreases
rotational forces and screw loosening. Nevertheless,
the routine oral hygiene may be more difficult and
mnsufficient mesiodistal space limits the placement of two
implants[&m.

According to Carvalho ef 4" different factors can
influence when making a decision between one implant
with a large diameter (5 mm) or two implants with a
small or regular diameter. These factors are: bone volume
and density, bone height between the residual rigde and
important structures such as sinus and neurovascular
canals and, the availableness of bone in a mesiodistal
direction.

In relation to the surface of the implant, the use
of rough surface implants has outnumbered machined
implants[84'88], and it is supported by evidence of ecarlier
and greater implant stability[84’87’89]. It is also argued that
this fact prevents the necessity of a second surgical stage,
and even encourages earlier or immediate loading in

0% But, longitudinal studies comparing

specific cases
the two different surfaces using identical protocols in
matched population groups and surgical sites have not
been accessed. Therefore, the remaining question rises
if the assumed improved longitudinal clinical findings
are really the result of better science or the product

promotion[sol

Tilted and pterygoid implants

The insertion of tilted implants may be an important
alternative to bone grafting, guided bone regeneration,
nerve lateralization, short implants, or height deficient
atrophic posterior jaw[23‘33’50’56’59’75’9]’93]. Additionally, it
allows for bicortical stabilization of the implants which
reduces implant micromotion during osseointegration
and enhances the implant success ratel”,

Krekmanov e 2/’ and Aparicio et al”™ evaluated
alternatives for implant insertion in severely atrophic
maxillas. The authors suggested that a mesiodistal
inclination of the implant, associated or not with a
bucco-palatal direction, respects the maxillary sinus and
are a treatment option for reabsorbed posterior upper
jaws. More recently, in a report” comprising 196 tilted
implants in 64 atrophic posterior mandible edentulous,
an absence of osseointegration resulted in failure of
only two implants, and the neurovascular structures were
intact.

The pterygoid implant was first introduced to be
placed in the bone pillar, that is formed by the three
structures: pyramidal process of the palatine bone,
pterygoid process of the sphenoid bone and maxillary
tuberosity””. While the first two are formed by dense
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cortical bone, the maxillary tuberosity is based on
poorer bone quality[zz’m’m’%’%]. The surgeon should be
aware that the maxillary artery and its branches passess
through the posterior and medial regions of the maxillary
tuberosity”””. In case of full-arch implant supported
restorations, the use of pterygomaxillary implants gives
support and retention for the restorations and eliminate
the cantilever’s length that may be necessary when just
anterior implants are placed[47’51’98’10m.

Bahat!"""! reported that 7% of the 72 implants inserted
with a modified technique in the tuberosity area failed
after a follow-up period of 21.4 mo, while Ridell ¢/ a >l
did not observe failures of any of the 22 implants placed
in the same area after an accompaniment of 8 years.
Pefiarrocha ez a/'” evaluated 68 pterygoid implants over 1
year of loading and found a success rate of 97.05% and a
peri-implant bone loss of 0.71 mm. After that period, the
patients were satisfied with the functional and esthetical
aspects of the oral rehabilitation.

On the other hand, Balshi e /™ found a cumulative
survival rate of 90.8% of 1.608 implants placed into
the pterygomaxillary region. These authors compared
two-stage frechand, single-stage frechand and single-
stage guided protocols. They observed that single-
stage protocol exhibited higher cumulative survival rate
(96.45%) than two-stage protocol (85.94%) and guided
surgery (93.38%). Therefore, immediate loading of those
implants is beneficial to treatment.

When implants are inserted into the tuber area,
normally it is necessary to tilt the implant, which is
unfavorable to the biomechanical point of view, increasing
the peri-implant bone resorption and reducing implant
success rates. On the other hand, previous studies showed
appropriated results with tilted implants »s straight

es™27 Maybe it occurs because the tilted implants
can be longer than axial ones™.

The use of splinted implants has been indicated to
reduce the stress on tilted irnplantsm, This recommendation
has been originated from studies that demonstrated that
splinted implants showed better stress distribution when
compared to non-splinted prosthesism. On the other
hand, Lan ¢ a/'? observed, through finite element study,
that tilted implants with splinted crowns exhibited greater
stress concentration, specially in implants with distal
tilting. Nevertheless, additional follow-up and long-term
evaluations are warranted.

Short implants

Some authors”"'""" have defined short implants as
implants no longer than 7 mm. Others® """ h
considered short implants to be implants up to 10 mm
long;

The length of implants is limited to the presence
of some anatomical structures as the intra-alveolar
canal and the maxillary sinus, and bone resorption.
In these cases, the use of short implants has been

[3,23,29,72,97,104,105,109-112] . K
recommended . From a biomechanical
point of view, when an implant is loaded, the peri-implant

ave
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crestal bone receives the stress from the first few threads
of the implant; therefore, once a minimum implant height
is osseointegrated, implant diameter is more relevant
when compared to an increase in length!”*****!311],

To Grant ef al''”, short implants are convenient due
to: (1) usually, this technique does not require a bone
grafting procedure, which results in a faster and less
expensive treatment and improves the patient's confort; (2)
risks during the surgery, such as nerve damage, osteotomy
heat and lesions on the adjacent tooth, are reduced;
and (3) there is a surgical ease, in cases of insufficient
interarch spaces. However, several controversies still
exist to their indication owing to: (1) reduced implant
surface; thus leading to less bone-to-implant contact
after osseointegration; (2) reduced surface of force
distribution after loading; more pressure at the crestal
bone; more resorption leading to more threads exposed,
decreasing the surface of osseointegrated implant; and (3)
compromised crown-to-implant ratio ',

In case of increased crown-to-implant (C/I) ratio,
the crown works as a lever arm, transferring the stress
to the crestal bone around the irnplantms’m], which can

result in peri-implant bone loss™ " and problems with

components of the prosthesis[“’lzﬂ.

Blanes"*" found that, when the C/I ratio was
higher than 2, the survival rate of the implant-retained
prosthesis was 94.1%. Apparently, according to these
authors, the C/I ratio did not influence the matginal bone
loss. Also, Rokni ¢z a/'* observed that the C/I ratio did
not interfere on crestal bone loss around dental implants.
Similarly, Urdaneta ez al™ identified the same results on
single-tooth implants. However, these authors noted an
increase in prosthetic complications, such as implant
abutment and fracture.

Crown/Implant ratios ranging from 0.5 to 1 are
important to avoid stress and bone loss at a crestal
bone level, which could result in implant loss!*1#>124,
Nevertheless, Tawil e7 al™ stated that high C/T ratios are
not the most relevant agent that affect load distribution
and Schneider ¢z /"> added that this increase may be
used successfully in implants for single-tooth replacement
in posterior jaws, except for smoking patients.

Short implants are feasible solutions in case of
insufficient bone height and provide favorable force
otientation and distribution"'"*". In case of full-arch fixed
dental prosthesis, short implants can be an alternative in
postetior jaws to give support for the cantilever, reducing
lever arms and stress loading on implantsm].

Although short implants exhibited greater failure rates
that longer ones"” some studies™ """ demonstrated
similar outcomes for both types of implants. Probably,
these divergences resulted from other variables, such as
implant surface, professional ability, bone characteristics,
implant primary stability and prosthodontic protocol,
which also affects the implant survival™.

Atieh et al'™ performed a systematic review of 33
selected studies concerning 2573 short implants inserted
in postetior upper and /or lower jaws to retain fixed partial

January 16, 2015 | Volume 3 | Issuel |



Monteiro DR et a/. Posterior partially edentulous jaws, planning a rehabilitation with dental implants

Table 1 Cumulative success rates of short implants placed in posterior region

Ref. Implant surface Implant length N implants Period of evaluation Success rate (%)
Bahat” Machined-surface 7 mm - 5to 70 mo 90.50
Winkler et al™ Machined-surface <10 mm 181 3yr 93.40
Friberg et al"™ Machined-surface <10 mm 247 8yr 93.70
Deporter et al™! Porous-surface 7 or 9 mm 48 8.2 to 50.3 mo 100.00
Tawil et al™” Machined-surface < 10 mm 269 12 to 92 mo 95.50
Griffin et al™ Hydroxyapatite-coated 8 mm 168 Up to 68 mo 100.00
Renouard et al™™" Machined or oxidized surface 6 to 8.5 mm 96 2yr 94.60
Goené et al™"! Acid-etched surface 7 or 8.5 mm 311 3yr 95.80
Misch et al™ Roughened surface 7 or 9 mm 745 6yr 98.90
Anitua et al® Micro-rough acid-etched surface; bioactive surface 7 to 8.5 mm 532 5yr 99.20
Grant et al™”) - 8 mm 335 up to 2 yr 99.00
Anitua et al™ - <85mm 1.287 1to8yr 99.30
De Santis et al™ Oxidized surface <85 mm 107 Tto3yr 98.10
Mal6 et al"*! Oxidized surface 7 mm 217 12 mo 95.00
Pieri et al™" - 6 mm 61 2yr 96.80
Perelli et al”” Porous-surface 5o0r 7 mm 110 5yr 90.00
Jiansheng et al™”! Hydroxyapatite-coated and ankylos 5.7 to 8 mm 162 2yr 99.40
Slotte et al™” Acid-etched surface 4 mm 100 2yr 92.30
Deporter et al™ Porous-surface 7 or 9 mm 48 10 yr 95.50

prosthesis. A survival rate of 98% was reported, after
an accompaniment period of 5 years. When compating
short and long implants, no important differences were
observed. The authors affirmed that short implants
represents a viable treatment option than longer ones
and that the survival rate is not related to implant surface,
design or width.

Morand e# al'" reported that the one improvement
that had the most dramatic effect in improving implant
treatments was the evolution of implant surfaces from
machined/polished to rough-textured surfaces. Table
1 confirms this information, evidencing higher success
rates for rough surfaced implants. The percentage of
bone-implant contact can be modified by the surface
condition of the implant. This is important because the
greater the percentage of bone contact, the lesser stress
is applied to the bone-implant interface™. Therefore, it is
possible to assure that with careful case selection critetia,
the longevity of short implants is greater than 90%.

Nevertheless, besides the high success rates, the most
important aspect of treatment with short implants is the
case selection™""”. Facing severe bone resorption associated
with poor bone quality and overload, bone grafting
techniques could prevent failure in such associations. The
success rate of short implants in patients with more
favorable conditions is greater which makes it the best
treatment option“zg].

Occlusal considerations

The excess of loading in posterior jaws associated with
the functional activity of the mandible in a buccal-
lingual direction and with cusp inclination can create
lateral forces onto implants”"™ ", Thus, during implant
treatment planning, a broad evaluation of the loading
is essential, since a bending moment at the peri-implant
bone can result in prosthesis components damages and/

20,66,115,132,133
or crestal bone loss™* I
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Various factors can overload an implant. Rangert
et al™ identified two principal factors that justify this
excess of loading: geometric and occlusal load reasons.
The first one is related with the implant number and
position, and with the prosthesis configuration. The
second factor includes lateral occlusal force components
and parafunctional habits, which increase the loading
onto implant surfaces. If forces are higher than normal,
the implant can be overloaded.

Ogawa ef al"™ affirmed that a decrease in number of
supporting implants is to promote an increase in implant
loading. The bending moments were higher when
prosthesis were supported by three implants than four
or five implants. Additionally, concerning the implant
position, the smallest implant distribution increased the
bending moments.

The prevention of occlusal overload should be the
focus of any treatment planning[(’(”m]. In case of no
alternative, the prosthesis should be protected from
injuries with an inter-occlusal device”. Some guidelines
were reported aiming to respect physiologic limits for
occlusal loading: optimized passive fit, reduction of
cantilevers, adequate selection of the dimensions and
number of implants, presence of a correct preload in the
abutment screw and a proper buccal-lingual dimension
and cusp inclination of the crown PP

Furthermore, the principles of implant occlusion ate
mostly based on the traditional principles of conventional
restoration. Anterior guidance should be presented
and during lateral excursion, a posterior disclusion is
indicated for working and non working sides. Group
function disocclusion is indicated when the canine is
compromised"”.

Payer ez " evaluated the outcome of edentulous
posterior mandible treated with implant-retained immediate
provisional prosthesis. According to these authors,
immediately loaded implants exhibited similar results when
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Table 2 Cumulative success rates of implants placed in posterior region

Ref. N implants Posterior zone Period of evaluation Implant systems Success rate (%)
Jemt et al"! 259 Maxilla and mandible 5yr Nobelpharma 97.20
Zarb et al™! 105 Maxilla and mandible 2.6-7.4 yr Nobelpharma 94.30
Block et al™* 443 Mandible 10yr 79.30
Becker et al™*! 282 Maxilla and mandible 6yr Branemark 89.40
Bahat*”! 660 Maxilla 10 yr Branemark 93.40
Attard et al® 106 Maxilla and Mandible 10 yr Nobel biocare 94.00
Attard et al"™™ 432 Maxilla and Mandible 15yr Nobel biocare 91.60
Jebreen et al” 141 Maxilla and Mandible 12-69 mo ITIL 96.45
Blanes et al" 192 Maxilla and Mandible 10 yr ITI 97.90
Huynh-Ba et al™ 273 Maxilla 8 yr = 94.90
Malo et al” 247 Maxilla and Mandible 11 yr Nobel biocare 95.10
Schneider et al™*! 100 Maxilla and Mandible 5yr Nobel biocare and straumann standard 95.80

compared to conventionally loaded implants. During a
follow-up period of 5 years, the survival rate was 95%.

Similarly, Degidi ¢ /"™ performed a randomized
clinical trial that aimed to evaluate the effect of
immediately loaded and immediately restored implants
for edentulous posterior lower jaws. The authors found
that both procedures are predictable. No differences in
marginal bone loss or survival rate were observed.

Nonetheless, concerning the conditions of early-
loaded implants in the posterior upper and lower jaws,
Kim ez a/'"" observed that, although early loading is a
predictable procedure, it is important to be careful with
maxillary implants.

Success rates

Table 2 illustrates the success rates of implants inserted
in the posterior jaws of patients with partial edentulism.
Favorable success rates were observed when edentulous
areas were replaced with implants, except for the study
of Block et al'*” which related lower success rates for
implants inserted in posterior inferior jaws (78.5% for
first molars and 71.8% for second molars). Some studies
showed distinct success rates for those implants placed in
the posterior regions of maxilla and mandible, with lower
success rates for the posterior maxilla™*""*!, However,
Zarb et al™ obtained a success rate of 97.6% for the 41
implants placed in the upper jaw and, of 92.2% for the
64 implants placed in the lower jaw, after a loading period
of 2.6 to 7.4 yeats.

The non-standardization between and within studies
has increased the range in success rates, e.g., 79.3%
to 97.9%. The differences in study design may be the
driven force toward those results. Factors such as length,
number, diameter and surface of the implants, bicortical
fixation, and extended healing periods contribute to a
good long-term success rate' !, When the implants are
placed into soft bone tissues or inserted in regions with
insufficient bone height that demands grafting procedures
such as sinus lifting, lack of osseointegration!'">!*’
and failure after loading""” are prone to occur. The
same problem occurs in case of smoking patients' """,
Additionally, the lack of oral hygiene may be another
initial factor of implant loss"**"**'*) while bicortical
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fixation may improve osseointegration and reduce bone
. [116,145,150]
resorption .

COMMENTS

Background

The osseointegrated implants allow a functional rehabilitation for patients
with partial edentulism, since they improve the occlusion and retention of the
prosthesis and the bone maintenance. However, the posterior region of the
maxilla and mandible requires special attention due to their anatomical and
occlusal characteristics.

Research frontiers

Implant-retained prosthesis is a common procedure for posterior partially
edentulous jaw rehabilitations. The knowledge regarding this topic involves
maxillofacial anatomy, physiology and radiology, oral implantology, occlusion
and prosthodontics, and is directly related with patient's psychological aspects.
Innovations and breakthroughs

This review of the literature presents an accurate description of the main
articles that evaluated a rehabilitation with dental implants in the posterior
maxilla or mandible. Different topics, such as space for restoration, anatomic
considerations, radiographic techniques, selection of number, diameter, position
and length of implants, occlusal considerations and success rates, were
carefully discussed in this article.

Applications

The study findings suggest that professionals need to minutely evaluate the
treatment parameters to guarantee the longevity and success of the rehabilitation.
Terminology

Crown-to-implant (C/l) ratio is a guideline related with the longevity and survival
of the prosthesis, since a higher C/I ratio represents a lever arm of the crown over
the peri-implant bone area, which can result in bone loss.

Peer review
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REFERENCES
1

Ozkan Y, Akoglu B, Kulak-Ozkan Y. Five-year treatment
outcomes with four types of implants in the posterior maxilla
and mandible in partially edentulous patients: a retrospective
study. Int | Oral Maxillofac Implants 2011; 26: 639-647 [PMID:
21691612]

Aglietta M, Iorio Siciliano V, Blasi A, Sculean A, Bragger
U, Lang NP, Salvi GE. Clinical and radiographic changes
at implants supporting single-unit crowns (SCs) and fixed
dental prostheses (FDPs) with one cantilever extension. A
retrospective study. Clin Oral Implants Res 2012; 23: 550-555
[PMID: 22250868 DOI: 10.1111/j.1600-0501.2011.02391.x]
Dam HG, Najm SA, Nurdin N, Bischof M, Finkelman M,
Nedir R. A 5- to 6-year radiological evaluation of titanium

January 16, 2015 | Volume 3 | Issuel |



10

11

12

13

14

15

16

17

18

19

20

21

22

JRaishideng®

Monteiro DR et a/. Posterior partially edentulous jaws, planning a rehabilitation with dental implants

plasma sprayed/sandblasted and acid-etched implants:
results from private practice. Clin Oral Implants Res 2014; 25:
€159-e165 [PMID: 23360220 DOI: 10.1111/clr.12083]

Jemt T, Lekholm U. Oral implant treatment in posterior
partially edentulous jaws: a 5-year follow-up report. Int | Oral
Maxillofac Implants 1993; 8: 635-640 [PMID: 8181825]

Attard N, Zarb GA. Implant prosthodontic management
of posterior partial edentulism: long-term follow-up of a
prospective study. | Can Dent Assoc 2002; 68: 118-124 [PMID:
11869502]

Blanes R], Bernard JP, Blanes ZM, Belser UC. A 10-year
prospective study of ITI dental implants placed in the
posterior region. I: Clinical and radiographic results. Clin Oral
Implants Res 2007; 18: 699-706 [PMID: 17991252]

Jebreen SE, Khraisat A. Multicenter retrospective study of
ITT implant-supported posterior partial prosthesis in Jordan.
Clin Implant Dent Relat Res 2007; 9: 89-93 [PMID: 17535332]
Jivraj S, Chee W. Treatment planning of implants in posterior
quadrants. Br Dent | 2006; 201: 13-23 [PMID: 16829878]
Chang SH, Lin CL, Hsue SS, Lin YS, Huang SR. Biom-
echanical analysis of the effects of implant diameter and bone
quality in short implants placed in the atrophic posterior
maxilla. Med Eng Phys 2012; 34: 153-160 [PMID: 21807548
DOI: 10.1016/j.medengphy.2011.07.005]

Jivraj S, Corrado P, Chee W. An interdisciplinary approach
to treatment planning in implant dentistry. Br Dent | 2007;
202: 11-17 [PMID: 17220847]

Chrcanovic BR, Albrektsson T, Wennerberg A. Reasons for
failures of oral implants. | Oral Rehabil 2014; 41: 443-476 [PMID:
24612346 DOI: 10.1111/joor.12157]

Lan TH, Pan CY, Lee HE, Huang HL, Wang CH. Bone stress
analysis of various angulations of mesiodistal implants
with splinted crowns in the posterior mandible: a three-
dimensional finite element study. Int | Oral Maxillofac Implants
2010; 25: 763-770 [PMID: 20657872]

Misch CE. Dental implant prosthetics. St Louis: Mosby, 2005:
281-307

Gastaldo JF, Cury PR, Sendyk WR. Effect of the vertical and
horizontal distances between adjacent implants and between
a tooth and an implant on the incidence of interproximal
papilla. ] Periodontol 2004; 75: 1242-1246 [PMID: 15515340]
Simsek B, Erkmen E, Yilmaz D, Eser A. Effects of different
inter-implant distances on the stress distribution around
endosseous implants in posterior mandible: a 3D finite
element analysis. Med Eng Phys 2006; 28: 199-213 [PMID:
15979921]

Smidt A, Venezia E, Tandlich M. Teeth realignment for
enhanced posterior single implant restorations. | Oral
Maxillofac Surg 2007; 65: 40-46 [PMID: 17586348]

Cooper LF, Limmer BM, Gates WD. “Rules of 10”--guidelines
for successful planning and treatment of mandibular
edentulism using dental implants. Compend Contin Educ Dent
2012; 33: 328-334; quiz 335-336 [PMID: 22616215]

Basa S, Varol A, Sener ID, Sertgoz A. Posterior maxillary
segmental osteotomy for restoring the mandible with dental
implants: a clinical report. | Prosthet Dent 2008; 99: 340-343
[PMID: 18456044 DOI: 10.1016/50022-3913(08)60080-3]

Lee HE, Lee KT, Tseng YC, Huang 1Y, Chen CM.
Interdisciplinary management of unfavorable posterior
intermaxillary space. Br | Oral Maxillofac Surg 2008; 46:
413-415 [PMID: 18420318 DOI: 10.1016/j.bjoms.2007.10.009]
Chan HL, Benavides E, Yeh CY, Fu JH, Rudek IE, Wang
HL. Risk assessment of lingual plate perforation in posterior
mandibular region: a virtual implant placement study using
cone-beam computed tomography. | Periodontol 2011; 82:
129-135 [PMID: 20653440 DOI: 10.1902/jop.2010.100313]
Carvalho W, Casado PL, Catla AL, Barboza EP. Implants for
single first molar replacement: important treatment concerns.
Implant Dent 2004; 13: 328-335 [PMID: 15591994]

Okumura N, Stegaroiu R, Kitamura E, Kurokawa K, Nomura

WJCC | www.wjgnet.com

72

23

24

26

27

28

29

30

31

32

33

34

35

36

37

S. Influence of maxillary cortical bone thickness, implant
design and implant diameter on stress around implants:
a three-dimensional finite element analysis. | Prosthodont
Res 2010; 54: 133-142 [PMID: 20153281 DOI: 10.1016/
jjpor.2009.12.004]

Raviv E, Turcotte A, Harel-Raviv M. Short dental implants
in reduced alveolar bone height. Quintessence Int 2010; 41:
575-579 [PMID: 20614044]

de Almeida EO, Rocha EP, Freitas AC, Freitas MM. Finite
element stress analysis of edentulous mandibles with different
bone types supporting multiple-implant superstructures. Int |
Oral Maxillofac Implants 2010; 25: 1108-1114 [PMID: 21197486]
Conrad HJ, Jung J, Barczak M, Basu S, Seong WJ. Retrospective
cohort study of the predictors of implant failure in the
posterior maxilla. Int ] Oral Maxillofac Implants 2011; 26: 154-162
[PMID: 21365051]

Barone A, Orlando B, Tonelli P, Covani U. Survival rate for
implants placed in the posterior maxilla with and without sinus
augmentation: a comparative cohort study. ] Periodontol 2011; 82:
219-226 [PMID: 20831372 DOI: 10.1902/jop.2010.100177]

Perelli M, Abundo R, Corrente G, Saccone C. Short (5 and 7
mm long) porous implants in the posterior atrophic maxilla: a
5-year report of a prospective single-cohort study. Eur | Oral
Implantol 2012; 5: 265-272 [PMID: 23000710]

Li T, Yang X, Zhang D, Zhou H, Shao ], Ding Y, Kong L.
Analysis of the biomechanical feasibility of a wide implant in
moderately atrophic maxillary sinus region with finite element
method. Oral Surg Oral Med Oral Pathol Oral Radiol 2012; 114:
el-e8 [PMID: 22769414 DOI: 10.1016/j.0000.2011.08.010]

Slotte C, Grenningsaeter A, Halmay AM, Ohrnell LO, Stroh G,
Isaksson S, Johansson LA, Mordenfeld A, Eklund J, Embring
J. Four-millimeter implants supporting fixed partial dental
prostheses in the severely resorbed posterior mandible: two-
year results. Clin Implant Dent Relat Res 2012; 14 Suppl 1:
e46-e58 [PMID: 21599827 DOI: 10.1111/j.1708-8208.2011.00346.
X

Kopecka D, Simunek A, Brazda T, Rota M, Slezak R, Capek L.
Relationship between subsinus bone height and bone volume
requirements for dental implants: a human radiographic
study. Int | Oral Maxillofac Implants 2012; 27: 48-54 [PMID:
22299078]

Nunes LS, Bornstein MM, Sendi P, Buser D. Anatomical
characteristics and dimensions of edentulous sites in the
posterior maxillae of patients referred for implant therapy.
Int | Periodontics Restorative Dent 2013; 33: 337-345 [PMID:
23593627 DOI: 10.11607/ prd.1475]

Lautner N, McCoy M, Gaggl A, Krenkel C. Intramandibular
course of the mandibular nerve; clinical significance for distraction
and implantology. Rev Stormatol Chir Maxillofac 2012; 113: 161-168
[PMID: 22483343 DOI: 10.1016/j.sto-max.2012.02.002]
Penarrocha Diago M, Maestre Ferrin L, Pefiarrocha Oltra D,
Canullo L, Calvo Guirado JL, Peharrocha Diago M. Tilted
implants for the restoration of posterior mandibles with
horizontal atrophy: an alternative treatment. | Oral Maxillofac
Surg 2013; 71: 856-864 [PMID: 23415467 DOI: 10.1016/
jjoms.2012.12.016]

Vazquez L, Nizam Al Din Y, Christoph Belser U, Combescure
C, Bernard JP. Reliability of the vertical magnification factor
on panoramic radiographs: clinical implications for posterior
mandibular implants. Clin Oral Implants Res 2011; 22: 1420-1425
[PMID: 21435009 DOI: 10.1111/}.1600-0501.2010.02131.x]
Greenstein G, Tarnow D. The mental foramen and nerve:
clinical and anatomical factors related to dental implant
placement: a literature review. | Periodontol 2006; 77: 1933-1943
[PMID: 17209776]

Perelli M, Abundo R, Corrente G, Saccone C. Short (5 and 7
mm long) porous implant in the posterior atrophic mandible:
a 5-year report of a prospective study. Eur | Oral Implantol
2011; 4: 363-368 [PMID: 22282732]

Massey ND, Galil KA, Wilson TD. Determining position

January 16, 2015 | Volume 3 | Issuel |



38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

JBaishideng®

Monteiro DR et a/. Posterior partially edentulous jaws, planning a rehabilitation with dental implants

of the inferior alveolar nerve via anatomical dissection and
micro-computed tomography in preparation for dental
implants. ] Can Dent Assoc 2013; 79: d39 [PMID: 23920072]
Leong DJ, Chan HL, Yeh CY, Takarakis N, Fu JH, Wang HL.
Risk of lingual plate perforation during implant placement
in the posterior mandible: a human cadaver study. Implant
Dent 2011; 20: 360-363 [PMID: 21811168 DOI: 10.1097/
ID.0b013e3182263555]

Turkyilmaz I, McGlumphy EA. Influence of bone density
on implant stability parameters and implant success: a
retrospective clinical study. BMC Oral Health 2008; 8: 32
[PMID: 19025637 DOI: 10.1186/1472-6831-8-32]

Sakka S, Coulthard P. Bone quality: a reality for the process
of osseointegration. Implant Dent 2009; 18: 480-485 [PMID:
20009601 DOI: 10.1097/1D.0b013e3181bb840d]

Fuh LJ, Huang HL, Chen CS, Fu KL, Shen YW, Tu MG, Shen
WC, Hsu JT. Variations in bone density at dental implant sites
in different regions of the jawbone. | Oral Rehabil 2010; 37:
346-351 [PMID: 20113389 DOI: 10.1111/j.1365-2842.2010.02061.
X]

Sogo M, Ikebe K, Yang TC, Wada M, Maeda Y. Assessment
of bone density in the posterior maxilla based on Hounsfield
units to enhance the initial stability of implants. Clin Implant
Dent Relat Res 2012; 14 Suppl 1: €183-e187 [PMID: 22176704
DOI: 10.1111/j.1708-8208.2011.00423.x]

Friberg B, Sennerby L, Grondahl K, Bergstrom C, Back T,
Lekholm U. On cutting torque measurements during implant
placement: a 3-year clinical prospective study. Clin Implant
Dent Relat Res 1999; 1: 75-83 [PMID: 11359301]

Meredith N, Alleyne D, Cawley P. Quantitative deter-
mination of the stability of the implant-tissue interface using
resonance frequency analysis. Clin Oral Implants Res 1996; 7:
261-267 [PMID: 9151590]

Pramstraller M, Farina R, Franceschetti G, Pramstraller
C, Trombelli L. Ridge dimensions of the edentulous
posterior maxilla: a retrospective analysis of a cohort of 127
patients using computerized tomography data. Clin Oral
Implants Res 2011; 22: 54-61 [PMID: 20831759 DOI: 10.1111/
j-1600-0501.2010.01984.x]

Del Fabbro M, Testori T, Francetti L, Weinstein R. Systematic
review of survival rates for implants placed in the grafted
maxillary sinus. Int | Periodontics Restorative Dent 2004; 24:
565-577 [PMID: 15626319]

Pefiarrocha M, Carrillo C, Boronat A, Pefiarrocha M.
Retrospective study of 68 implants placed in the ptery-
gomaxillary region using drills and osteotomes. Int | Oral
Maxillofac Implants 2009; 24: 720-726 [PMID: 19885414]
Chiapasco M, Zaniboni M. Methods to treat the edentulous
posterior maxilla: implants with sinus grafting. | Oral
Maxillofac Surg 2009; 67: 867-871 [PMID: 19304048 DOI:
10.1016/j.joms.2008.11.023]

Miglioranca RM, Coppedé A, Dias Rezende RC, de Mayo
T. Restoration of the edentulous maxilla using extrasinus
zygomatic implants combined with anterior conventional
implants: a retrospective study. Int | Oral Maxillofac Implants
2011; 26: 665-672 [PMID: 21691615]

Bedrossian E. Rescue implant concept: the expanded use of
the zygoma implant in the graftless solutions. Oral Maxillofac
Surg Clin North Am 2011; 23: 257-276, vi [PMID: 21492800
DOI: 10.1016/j.coms.2011.01.009]

Candel E, Pefiarrocha D, Pefiarrocha M. Rehabilitation of the
atrophic posterior maxilla with pterygoid implants: a review.
] Oral Implantol 2012; 38 Spec No: 461-466 [PMID: 21568718
DOI: 10.1563/ AAID-JOI-D-10-00200]

Testori T, Weinstein RL, Taschieri S, Del Fabbro M. Risk
factor analysis following maxillary sinus augmentation: a
retrospective multicenter study. Int | Oral Maxillofac Implants
2012; 27: 1170-1176 [PMID: 23057031]

Bou Serhal C, Jacobs R, Persoons M, Hermans R, van
Steenberghe D. The accuracy of spiral tomography to assess

WJCC | www.wjgnet.com

54

55

56

57

58

59

60

61

62

63

64

65

66

67

bone quantity for the preoperative planning of implants in
the posterior maxilla. Clin Oral Implants Res 2000; 11: 242-247
[PMID: 11168215]

Parnia F, Fard EM, Mahboub F, Hafezeqoran A, Gavgani FE.
Tomographic volume evaluation of submandibular fossa in
patients requiring dental implants. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2010; 109: e32-e36 [PMID: 20123366
DOI: 10.1016/j.tripleo.2009.08.035]

Schropp L, Stavropoulos A, Gotfredsen E, Wenzel A.
Comparison of panoramic and conventional cross-sectional
tomography for preoperative selection of implant size. Clin
Oral Implants Res 2011; 22: 424-429 [PMID: 21054555 DOI:
10.1111/j.1600-0501.2010.02006.x]

Fortin T, Camby E, Alik M, Isidori M, Bouchet H.
Panoramic images versus three-dimensional planning
software for oral implant planning in atrophied posterior
maxillary: a clinical radiological study. Clin Implant Dent
Relat Res 2013; 15: 198-204 [PMID: 21477064 DOI: 10.1111/
j.1708-8208.2011.00342.x]

Kamrun N, Tetsumura A, Nomura Y, Yamaguchi S, Baba O,
Nakamura S, Watanabe H, Kurabayashi T. Visualization of
the superior and inferior borders of the mandibular canal:
a comparative study using digital panoramic radiographs
and cross-sectional computed tomography images. Oral Surg
Oral Med Oral Pathol Oral Radiol 2013; 115: 550-557 [PMID:
23522648 DOI: 10.1016/j.0000.2013.01.001]

Lofthag-Hansen S, Grondahl K, Ekestubbe A. Cone-beam
CT for preoperative implant planning in the posterior
mandible: visibility of anatomic landmarks. Clin Implant Dent
Relat Res 2009; 11: 246-255 [PMID: 18783419 DOI: 10.1111/
j.1708-8208.2008.00114.x]

Agliardi E, Clerico M, Ciancio P, Massironi D. Immediate
loading of full-arch fixed prostheses supported by axial
and tilted implants for the treatment of edentulous atrophic
mandibles. Quintessence Int 2010; 41: 285-293 [PMID:
20305862]

Mehra A, Pai KM. Evaluation of dimensional accuracy of
panoramic cross-sectional tomography, its ability to identify
the inferior alveolar canal, and its impact on estimation of
appropriate implant dimensions in the mandibular posterior
region. Clin Implant Dent Relat Res 2012; 14: 100-111 [PMID:
19673959 DOI: 10.1111/}.1708-8208.2009.00226.x]

Daréz SR, Cardoso ES, Manso MC, Vidigal GM. Evaluation
of bone width lateral to the mandibular canal as an alternative
approach for implant installation. Implant Dent 2013; 22:
97-101 [PMID: 23303270 DOI: 10.1097/1D.0b013e31827e8640]
Kawamata A, Ariji Y, Langlais RP. Three-dimensional
computed tomography imaging in dentistry. Dent Clin North
Am 2000; 44: 395-410 [PMID: 10740775]

Ito K, Gomi Y, Sato S, Arai Y, Shinoda K. Clinical application
of a new compact CT system to assess 3-D images for the
preoperative treatment planning of implants in the posterior
mandible A case report. Clin Oral Implants Res 2001; 12:
539-542 [PMID: 11564116]

Maloney K, Bastidas J, Freeman K, Olson TR, Kraut RA.
Cone beam computed tomography and SimPlant materialize
dental software versus direct measurement of the width and
height of the posterior mandible: an anatomic study. ] Oral
Maxillofac Surg 2011; 69: 1923-1929 [PMID: 21496995 DOI:
10.1016/j.joms.2011.01.003]

Chen XY, Zhang CY, Nie EM, Zhang MC. Treatment
planning of implants when 3 mandibular posterior teeth
are missing: a 3-dimensional finite element analysis. Implant
Dent 2012; 21: 340-343 [PMID: 22814561 DOI: 10.1097/
ID.0b013e31825cbc67]

Rangert B, Krogh PH, Langer B, Van Roekel N. Bending
overload and implant fracture: a retrospective clinical
analysis. Int | Oral Maxillofac Implants 1995; 10: 326-334 [PMID:
7615329]

Guichet DL, Yoshinobu D, Caputo AA. Effect of splinting

January 16, 2015 | Volume 3 | Issuel |



68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

JRaishideng®

Monteiro DR et a/. Posterior partially edentulous jaws, planning a rehabilitation with dental implants

and interproximal contact tightness on load transfer by
implant restorations. | Prosthet Dent 2002; 87: 528-535 [PMID:
12070516]

Clelland NL, Seidt JD, Daroz LG, McGlumphy EA.
Comparison of strains for splinted and nonsplinted implant
prostheses using three-dimensional image correlation. Int |
Oral Maxillofac Implants 2010; 25: 953-959 [PMID: 20862409]
Vigolo P, Zaccaria M. Clinical evaluation of marginal bone
level change of multiple adjacent implants restored with
splinted and nonsplinted restorations: a 5-year prospective
study. Int | Oral Maxillofac Implants 2010; 25: 1189-1194 [PMID:
21197497]

Malé P, de Aradjo Nobre M. Implants (3.3 mm diameter)
for the rehabilitation of edentulous posterior regions: a
retrospective clinical study with up to 11 years of follow-up.
Clin Implant Dent Relat Res 2011; 13: 95-103 [PMID: 19681926
DOI: 10.1111/j.1708-8208.2009.00188.x]

Becker W, Becker BE. Replacement of maxillary and man-
dibular molars with single endosseous implant restorations:
a retrospective study. | Prosthet Dent 1995; 74: 51-55 [PMID:
7674191]

Ogawa T, Dhaliwal S, Naert I, Mine A, Kronstrom M, Sasaki
K, Duyck J. Effect of tilted and short distal implants on axial
forces and bending moments in implants supporting fixed
dental prostheses: an in vitro study. Int | Prosthodont 1995; 23:
566-573 [PMID: 21209995]

Urdaneta RA, Rodriguez S, McNeil DC, Weed M, Chuang
SK. The effect of increased crown-to-implant ratio on single-
tooth locking-taper implants. Int | Oral Maxillofac Implants
2010; 25: 729-743 [PMID: 20657868]

Sullivan DY. Wide implants for wide teeth. Dent Econ 1994;
84: 82-83 [PMID: 8612905]

Balleri P, Ferrari M, Veltri M. One-year outcome of implants
strategically placed in the retrocanine bone triangle. Clin
Implant Dent Relat Res 2010; 12: 324-330 [PMID: 19438960 DOI:
10.1111/j.1708-8208.2009.00170.x]

Schincaglia GP, Marzola R, Giovanni GF, Chiara CS, Scotti
R. Replacement of mandibular molars with single-unit
restorations supported by wide-body implants: immediate
versus delayed loading. A randomized controlled study. Int |
Oral Maxillofac Implants 2008; 23: 474-480 [PMID: 18700371]
Ivanoff CJ, Sennerby L, Johansson C, Rangert B, Lekholm
U. Influence of implant diameters on the integration of
screw implants. An experimental study in rabbits. Int | Oral
Maxillofac Surg 1997; 26: 141-148 [PMID: 9151173]

Ivanoff CJ, Grondahl K, Sennerby L, Bergstrom C, Lekholm
U. Influence of variations in implant diameters: a 3- to 5-year
retrospective clinical report. Int | Oral Maxillofac Implants
1999; 14: 173-180 [PMID: 10212533]

Matsushita Y, Kitoh M, Mizuta K, Ikeda H, Suetsugu T.
Two-dimensional FEM analysis of hydroxyapatite implants:
diameter effects on stress distribution. | Oral Implantol 1990;
16: 6-11 [PMID: 2074593]

Calandriello R, Tomatis M. Immediate occlusal loading
of single lower molars using Branemark System® Wide
Platform TiUnite™ implants: a 5-year follow-up report of
a prospective clinical multicenter study. Clin Implant Dent
Relat Res 2011; 13: 311-318 [PMID: 19673926 DOI: 10.1111/
j-1708-8208.2009.00214.x]

Fugazzotto PA, Hains FO. Immediate implant placement in
posterior areas: the mandibular arch. Compend Contin Educ
Dent 2012; 33: 494-496, 498, 500 passim; quiz 507, 510 [PMID:
22908599]

Balshi TJ, Wolfinger GJ. Two-implant-supported single molar
replacement: interdental space requirements and comparison
to alternative options. Int | Periodontics Restorative Dent 1997;
17: 426-435 [PMID: 9497731]

Sato Y, Shindoi N, Hosokawa R, Tsuga K, Akagawa Y.
Biomechanical effects of double or wide implants for single
molar replacement in the posterior mandibular region. | Oral

WJCC | www.wjgnet.com

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

Rehabil 2000; 27: 842-845 [PMID: 11065018]

Deporter D, Pilliar RM, Todescan R, Watson P, Pharoah M.
Managing the posterior mandible of partially edentulous
patients with short, porous-surfaced dental implants: early
data from a clinical trial. Int | Oral Maxillofac Implants 2001;
16: 653-658 [PMID: 11669247]

Misch CE, Steignga J, Barboza E, Misch-Dietsh F, Cianciola
L], Kazor C. Short dental implants in posterior partial
edentulism: a multicenter retrospective 6-year case series
study. | Periodontol 2006; 77: 1340-1347 [PMID: 16937587]
Anitua E, Orive G, Aguirre JJ, Andia I. Five-year clinical
evaluation of short dental implants placed in posterior areas:
a retrospective study. | Periodontol 2008; 79: 42-48 [PMID:
18166091 DOI: 10.1902/jop.2008.070142]

Bratu EA, Tandlich M, Shapira L. A rough surface implant
neck with microthreads reduces the amount of marginal
bone loss: a prospective clinical study. Clin Oral Implants
Res 2009; 20: 827-832 [PMID: 19508341 DOI: 10.1111/
j-1600-0501.2009.01730.x]

Deporter DA, Kermalli ], Todescan R, Atenafu E. Performance
of sintered, porous-surfaced, press-fit implants after 10 years
of function in the partially edentulous posterior mandible.
Int | Periodontics Restorative Dent 2012; 32: 563-570 [PMID:
22754904]

Zarb G, Attard N. Implant management of posterior partial
edentulism. Int | Prosthodont 2007; 20: 371-373 [PMID:
17695865]

Fung K, Marzola R, Scotti R, Tadinada A, Schincaglia GP. A
36-month randomized controlled split-mouth trial comparing
immediately loaded titanium oxide-anodized and machined
implants supporting fixed partial dentures in the posterior
mandible. Int | Oral Maxillofac Implants 2011; 26: 631-638
[PMID: 21691611]

Friberg B. The posterior maxilla: clinical considerations
and current concepts using Branemark System implants.
Periodontol 2000 2008; 47: 67-78 [PMID: 18412574 DOI: 10.1111/
j-1600-0757.2007.00238.]

Bevilacqua M, Tealdo T, Menini M, Pera F, Mossolov A,
Drago C, Pera P. The influence of cantilever length and
implant inclination on stress distribution in maxillary implant-
supported fixed dentures. | Prosthet Dent 2011; 105: 5-13 [PMID:
21194582 DOI: 10.1016,/S0022-3913(10)60182-5]

Pancko F, Dyer ], Weisglass S, Kraut RA. Use of tilted implants
in treatment of the atrophic posterior mandible: a preliminary
report of a novel approach. ] Oral Maxillofac Surg 2010; 68:
407-413 [PMID: 20116715 DOI: 10.1016/j.joms.2009.08.003]
Krekmanov L, Kahn M, Rangert B, Lindstrom H. Tilting of
posterior mandibular and maxillary implants for improved
prosthesis support. Int | Oral Maxillofac Implants 2000; 15:
405-414 [PMID: 10874806]

Aparicio C, Perales P, Rangert B. Tilted implants as an
alternative to maxillary sinus grafting: a clinical, radiologic,
and periotest study. Clin Implant Dent Relat Res 2001; 3: 39-49
[PMID: 11441542]

Lee SP, Paik KS, Kim MK. Anatomical study of the pyramidal
process of the palatine bone in relation to implant placement
in the posterior maxilla. | Oral Rehabil 2001; 28: 125-132 [PMID:
11298260]

De Santis D, Cucchi A, Longhi C, Vincenzo B. Short threaded
implants with an oxidized surface to restore posterior teeth:
1- to 3-year results of a prospective study. Int | Oral Maxillofac
Implants 2011; 26: 393-403 [PMID: 21483893]

Balshi TJ, Wolfinger GJ, Slauch RW, Balshi SF. A retrospective
comparison of implants in the pterygomaxillary region:
implant placement with two-stage, single-stage, and guided
surgery protocols. Int | Oral Maxillofac Implants 2013; 28:
184-189 [PMID: 23377065 DOI: 10.11607 /jomi.2693]

Ridell A, Grondahl K, Sennerby L. Placement of Branemark
implants in the maxillary tuber region: anatomical
considerations, surgical technique and long-term results.

January 16, 2015 | Volume 3 | Issuel |



100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

JRaishideng®

Monteiro DR et a/. Posterior partially edentulous jaws, planning a rehabilitation with dental implants

Clin Oral Implants Res 2009; 20: 94-98 [PMID: 19126113 DOIL:
10.1111/j.1600-0501.2007.01491.x]

Balshi TJ, Wolfinger GJ, Balshi SF. Analysis of 356
pterygomaxillary implants in edentulous arches for fixed
prosthesis anchorage. Int | Oral Maxillofac Implants 1999; 14:
398-406 [PMID: 10379114]

Bahat O. Osseointegrated implants in the maxillary tuberosity:
report on 45 consecutive patients. Int | Oral Maxillofac Implants
1992; 7: 459-467 [PMID: 1299641]

Johns RB, Jemt T, Heath MR, Hutton JE, McKenna S,
McNamara DC, van Steenberghe D, Taylor R, Watson RM,
Herrmann I. A multicenter study of overdentures supported
by Brdnemark implants. Int | Oral Maxillofac Implants 1992; 7:
513-522 [PMID: 1299648]

Friberg B, Grondahl K, Lekholm U, Branemark PI. Long-
term follow-up of severely atrophic edentulous mandibles
reconstructed with short Branemark implants. Clin Implant
Dent Relat Res 2000; 2: 184-189 [PMID: 11359277]

Malé P, Nobre Md, Lopes A. Short implants in posterior
jaws. A prospective 1-year study. Eur | Oral Implantol 2011; 4:
47-53 [PMID: 21594219]

Srinivasan M, Vazquez L, Rieder P, Moraguez O, Bernard JP,
Belser UC. Efficacy and predictability of short dental implants
(& It; 8 mm): a critical appraisal of the recent literature. Int |
Oral Maxillofac Implants 2012; 27: 1429-1437 [PMID: 23189293]
Testori T, Wiseman L, Woolfe S, Porter SS. A prospective
multicenter clinical study of the Osseotite implant: four-year
interim report. Int | Oral Maxillofac Implants 2001; 16: 193-200
[PMID: 11324207]

Tawil G, Younan R. Clinical evaluation of short, machined-
surface implants followed for 12 to 92 months. Int ] Oral
Maxillofac Implants 2003; 18: 894-901 [PMID: 14696666]
Telleman G, Raghoebar GM, Vissink A, Meijer HJ. Impact
of platform switching on inter-proximal bone levels around
short implants in the posterior region; 1-year results from a
randomized clinical trial. ] Clin Periodontol 2012; 39: 688-697
[PMID: 22540412 DOI: 10.1111/j.1600-051X.2012.01887.x]
Jiansheng H, Dongying X, Xianfeng W, Baoyi X, Qiong L,
Jincai Z. Clinical evaluation of short and wide-diameter
implants immediately placed into extraction sockets of
posterior areas: a 2-year retrospective study. | Oral Implantol
2012; 38: 729-737 [PMID: 23317299 DOI: 10.1563/ AAID-
JOI-D-11-00168]

Goené R, Bianchesi C, Hiierzeler M, Del Lupo R, Testori T,
Davarpanah M, Jalbout Z. Performance of short implants in
partial restorations: 3-year follow-up of Osseotite implants.
Implant Dent 2005; 14: 274-280 [PMID: 16160574]

Pieri F, Aldini NN, Fini M, Marchetti C, Corinaldesi G.
Preliminary 2-year report on treatment outcomes for 6-mm-
long implants in posterior atrophic mandibles. Int | Prosthodont
2012; 25: 279-289 [PMID: 22545259]

Atieh MA, Zadeh H, Stanford CM, Cooper LF. Survival
of short dental implants for treatment of posterior partial
edentulism: a systematic review. Int | Oral Maxillofac Implants
2012; 27: 1323-1331 [PMID: 23189281]

Griffin TJ, Cheung WS. The use of short, wide implants in
posterior areas with reduced bone height: a retrospective
investigation. | Prosthet Dent 2004; 92: 139-144 [PMID:
15295322]

Anitua E, Orive G. Short implants in maxillae and mandibles:
a retrospective study with 1 to 8 years of follow-up. |
Periodontol 2010; 81: 819-826 [PMID: 20450361 DOI: 10.1902/
jop.2010.090637]

Sotto-Maior BS, Senna PM, da Silva W], Rocha EP, Del Bel
Cury AA. Influence of crown-to-implant ratio, retention
system, restorative material, and occlusal loading on stress
concentrations in single short implants. Int | Oral Maxillofac
Implants 2012; 27: €13-e18 [PMID: 22616067]

Chang SH, Lin CL, Lin YS, Hsue SS, Huang SR. Biom-
echanical comparison of a single short and wide implant

WJCC | www.wjgnet.com

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

with monocortical or bicortical engagement in the atrophic
posterior maxilla and a long implant in the augmented sinus.
Int | Oral Maxillofac Implants 2012; 27: e102-e111 [PMID:
23189315]

Grant BT, Pancko FX, Kraut RA. Outcomes of placing short
dental implants in the posterior mandible: a retrospective
study of 124 cases. ] Oral Maxillofac Surg 2009; 67: 713-717
[PMID: 19304026 DOI: 10.1016/j.joms.2008.11.004]

Morand M, Irinakis T. The challenge of implant therapy
in the posterior maxilla: providing a rationale for the use
of short implants. | Oral Implantol 2007; 33: 257-266 [PMID:
17987857]

Kitamura E, Stegaroiu R, Nomura S, Miyakawa O.
Biomechanical aspects of marginal bone resorption around
osseointegrated implants: considerations based on a three-
dimensional finite element analysis. Clin Oral Implants Res
2004; 15: 401-412 [PMID: 15248874]

Misch CE, Suzuki JB, Misch-Dietsh FM, Bidez MW. A
positive correlation between occlusal trauma and peri-
implant bone loss: literature support. Implant Dent 2005; 14:
108-116 [PMID: 15968181]

Blanes R]. To what extent does the crown-implant ratio
affect the survival and complications of implant-supported
reconstructions? A systematic review. Clin Oral Implants
Res 2009; 20 Suppl 4: 67-72 [PMID: 19663952 DOI: 10.1111/
j.1600-0501.2009.01762.x]

Rokni S, Todescan R, Watson P, Pharoah M, Adegbembo
AO, Deporter D. An assessment of crown-to-root ratios
with short sintered porous-surfaced implants supporting
prostheses in partially edentulous patients. Int | Oral
Maxillofac Implants 2005; 20: 69-76 [PMID: 15747676]

Haas R, Mensdorff-Pouilly N, Mailath G, Watzek G.
Brédnemark single tooth implants: a preliminary report of 76
implants. ] Prosthet Dent 1995; 73: 274-279 [PMID: 7760277]
Glantz PO, Nilner K. Biomechanical aspects of prosthetic
implant-borne reconstructions. Periodontol 2000 1998; 17:
119-124 [PMID: 10337319]

Tawil G, Aboujaoude N, Younan R. Influence of prosthetic
parameters on the survival and complication rates of short
implants. Int | Oral Maxillofac Implants 2006; 21: 275-282 [PMID:
16634499]

Schneider D, Witt L, Himmerle CH. Influence of the crown-
to-implant length ratio on the clinical performance of implants
supporting single crown restorations: a cross-sectional
retrospective 5-year investigation. Clin Oral Implants Res 2012; 23:
169-174 [PMID: 21689162 DOI: 10.1111/j.1600-0501.2011.02230.x]
Bahat O. Treatment planning and placement of implants in
the posterior maxillae: report of 732 consecutive Nobelpharma
implants. Int | Oral Maxillofac Implants 1993; 8: 151-161 [PMID:
8359870]

Nedir R, Bischof M, Briaux JM, Beyer S, Szmukler-Moncler
S, Bernard JP. A 7-year life table analysis from a prospective
study on ITI implants with special emphasis on the use of
short implants. Results from a private practice. Clin Oral
Implants Res 2004; 15: 150-157 [PMID: 15085870]

das Neves FD, Fones D, Bernardes SR, do Prado CJ, Neto AJ.
Short implants--an analysis of longitudinal studies. Int ] Oral
Maxillofac Implants 2006; 21: 86-93 [PMID: 16519186]

Winkler S, Morris HF, Ochi S. Implant survival to 36 months
as related to length and diameter. Ann Periodontol 2000; 5:
22-31 [PMID: 11885179]

Tagger Green N, Machtei EE, Horwitz ], Peled M. Fracture
of dental implants: literature review and report of a case.
Implant Dent 2002; 11: 137-143 [PMID: 12078595]

Conrad HJ, Schulte JK, Vallee MC. Fractures related to
occlusal overload with single posterior implants: a clinical
report. | Prosthet Dent 2008; 99: 251-256 [PMID: 18395533 DOI:
10.1016,/50022-3913(08)00041-3]

Mattheos N, Schittek Janda M, Zampelis A, Chronopoulos
V. Reversible, non-plaque-induced loss of osseointegration

January 16, 2015 | Volume 3 | Issuel |



134

135

136

137

138

139

140

141

142

JRaishideng®

Monteiro DR et a/. Posterior partially edentulous jaws, planning a rehabilitation with dental implants

of successfully loaded dental implants. Clin Oral Implants Res
2013; 24: 347-354 [PMID: 22931471 DOI: 10.1111/cIr.12009]
Rangert BR, Sullivan RM, Jemt TM. Load factor control for
implants in the posterior partially edentulous segment. Int |
Oral Maxillofac Implants 1997; 12: 360-370 [PMID: 9197101]
Ogawa T, Dhaliwal S, Naert I, Mine A, Kronstrom M, Sasaki
K, Duyck J. Impact of implant number, distribution and
prosthesis material on loading on implants supporting fixed
prostheses. | Oral Rehabil 2010; 37: 525-531 [PMID: 20236236
DOI: 10.1111/j.1365-2842.2010.02076.x]

Degidi M, Nardi D, Piattelli A. A comparison between
immediate loading and immediate restoration in cases of
partial posterior mandibular edentulism: a 3-year randomized
clinical trial. Clin Oral Implants Res 2010; 21: 682-687 [PMID:
20412091 DOI: 10.1111/§.1600-0501.2009.01910.x]

Bakaeen LG, Winkler S, Neff PA. The effect of implant
diameter, restoration design, and occlusal table variations
on screw loosening of posterior single-tooth implant
restorations. | Oral Implantol 2001; 27: 63-72 [PMID: 12498429]
Assunc¢dao WG, Gomes EA, Rocha EP, Delben JA. Three-
dimensional finite element analysis of vertical and angular
misfit in implant-supported fixed prostheses. Int | Oral
Maxillofac Implants 2011; 26: 788-796 [PMID: 21841989]

Bacchi A, Consani RL, Mesquita MF, dos Santos MB. Stress
distribution in fixed-partial prosthesis and peri-implant bone
tissue with different framework materials and vertical misfit
levels: a three-dimensional finite element analysis. | Oral Sci
2013; 55: 239-244 [PMID: 24042591]

Payer M, Heschl A, Wimmer G, Wegscheider W, Kirmeier
R, Lorenzoni M. Immediate provisional restoration of screw-
type implants in the posterior mandible: results after 5 years
of clinical function. Clin Oral Implants Res 2010; 21: 815-821
[PMID: 20465555 DOI: 10.1111/j.1600-0501.2010.01919.x]

Kim JH, Yang JY, Kim YK, Heo YK, Yeo IS. Retrospective
results of implants for partially edentulous posterior jaws
according to time points of early loading. Int | Oral Maxillofac
Implants 2013; 28: 1293-1299 [PMID: 24066320 DOI: 10.11607/
jomi.2884]

Block MS, Gardiner D, Kent JN, Misiek DJ, Finger IM,
Guerra L. Hydroxyapatite-coated cylindrical implants in the
posterior mandible: 10-year observations. Int ] Oral Maxillofac
Implants 1996; 11: 626-633 [PMID: 8908861]

WJCC | www.wjgnet.com

143

144

145

146

147

148

149

150

151

152

153

76

Becker W, Becker BE, Alsuwyed A, Al-Mubarak S. Long-
term evaluation of 282 implants in maxillary and mandibular
molar positions: a prospective study. | Periodontol 1999; 70:
896-901 [PMID: 10476898]

Zarb GA, Schmitt A. The longitudinal clinical effectiveness
of osseointegrated dental implants in posterior partially
edentulous patients. Int | Prosthodont 1993; 6: 189-196 [PMID:
8329097]

Bahat O. Branemark system implants in the posterior maxilla:
clinical study of 660 implants followed for 5 to 12 years. Int |
Oral Maxillofac Implants 2000; 15: 646-653 [PMID: 11055131]
Truhlar RS, Morris HF, Ochi S, Winkler S. Second-stage
failures related to bone quality in patients receiving endosseous
dental implants: DICRG Interim Report No. 7. Dental Implant
Clinical Research Group. Implant Dent 1994; 3: 252-255 [PMID:
7663467]

Jaffin RA, Berman CL. The excessive loss of Branemark
fixtures in type IV bone: a 5-year analysis. | Periodontol 1991;
62: 2-4 [PMID: 2002427]

Bain CA. Smoking and implant failure--benefits of a smoking
cessation protocol. Int | Oral Maxillofac Implants 1996; 11:
756-759 [PMID: 8990637]

Boutros SM, Michalowicz BS, Smith QT, Aeppli DM.
Crevicular fluid enzymes from endosseous dental implants
and natural teeth. Int | Oral Maxillofac Implants 1996; 11:
322-330 [PMID: 8752553]

Ivanoff CJ, Sennerby L, Lekholm U. Influence of mono- and
bicortical anchorage on the integration of titanium implants.
A study in the rabbit tibia. Int | Oral Maxillofac Surg 1996; 25:
229-235 [PMID: 8872230]

Renouard F, Nisand D. Short implants in the severely
resorbed maxilla: a 2-year retrospective clinical study. Clin
Implant Dent Relat Res 2005; 7 Suppl 1: 5104-5110 [PMID:
16137095]

Attard NJ, Zarb GA. Implant prosthodontic management
of partially edentulous patients missing posterior teeth: the
Toronto experience. | Prosthet Dent 2003; 89: 352-359 [PMID:
12690347]

Huynh-Ba G, Friedberg JR, Vogiatzi D, loannidou E. Implant
failure predictors in the posterior maxilla: a retrospective
study of 273 consecutive implants. | Periodontol 2008; 79:
2256-2261 [PMID: 19053914 DOI: 10.1902/jop.2008.070602]

P- Reviewer: Chen S, Ferreira MM, Vieyra] S- Editor: Ji FF
L- Editor: A E- Editor: Lu Y]

January 16, 2015 | Volume 3 | Issuel |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wijgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

© 2015 Baishideng Publishing Group Inc. All rights reserved.



