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Abstract
Purpose: Numerous studies have focused on the various complications with implant-
retained restorations and a common thread in these publications is the potential for
occlusal overload. The purpose of this Best Evidence Consensus Statement on im-
plant occlusal schemes was to review the literature to determine the level of scientific
evidence upon which the articles are based.
Materials and Methods: Limiting the search to Clinical trials, Randomized Con-
trolled Trials, Systematic Reviews, Meta-analyses, the key words: dental implants,
occlusion, found no citations. Expanding the search to Journal articles found 1,483
results, 20 of which pertained to the question. Doing a similar search including Jour-
nal Articles, the key words: dental implants and occlusal scheme found 47 citations,
17 of which were pertinent to the question.
Results: After eliminating duplicates and non-relevant articles, 15 were included in
the review. Nineteen additional articles were culled by going through the reference
lists in the aforementioned articles.
Conclusions: There is a lack of scientific evidence regarding the occlusal scheme uti-
lized with implant restorations that will minimize or eliminate complications. In light
of this lack of scientific evidence, the style of occlusion a practitioner utilizes with
tooth or mucosal supported prostheses may be used with implant-supported restora-
tions until compelling evidence dictates otherwise.

There are numerous theories relative to the occlusal scheme
used in a complete denture, a tooth supported removable partial
denture, and tooth supported restoration. An implant replaces a
tooth, but biologically is not a tooth, which poses the question
as to whether the existing tooth paradigms are transferrable to
the implant.

The development of osseointegrated implants caused a num-
ber of new concepts to emerge in dentistry. One such con-
cept involved the occlusal relationships present on implants
due to the lack of a periodontal ligament and its proprioceptive
capabilities.1 It was “speculated that osseointegrated implants
without periodontal receptors would be more susceptible to
occlusal overloading because the load-sharing ability, adapta-
tion to occlusal force, and mechanoperception are significantly
reduced in dental implants.”2 These concerns about over-
loading had roots in the early years of using osseointegrated
implants.

In 1983 Skalak3 discussed biomechanical considerations
with osseointegrated prostheses. He stated that since implants
having a direct contact with bone, they “will transmit any stress
waves or shocks applied to the fixtures.” The recommendation

was made “to use a shock-absorbing material such as acrylic
resin in the form of acrylic resin artificial teeth in the fixed par-
tial denture” so as to produce a stiff, strong substructure with
“adequate shock protection on its outer surface.”

This shock protection concept caused concerns amongst clin-
icians regarding the potential of overloading the bone sur-
rounding implants and was part of early implant prosthesis de-
sign considerations.

In 1997, Rangert et al4 discussed occlusal load factors asso-
ciated with implants in posterior partially edentulous arches.
The article stated that mastication and parafunctional activi-
ties affect the load applied to implants and when these activ-
ities are greater than normal, the implant will be subjected to
a higher load. The authors went on to discuss the importance
of minimizing or completely removing the “risk that the stiffer
implants will take a disproportionately higher percentage of
the total load” than teeth. The authors indicated occlusal con-
tact on implant prostheses should be adjusted for compatibility
with the mobility of adjacent teeth by means of “centered con-
tacts, flattened cusps, and reduction of the size of the occlusal
table.” When discussing the replacement of single molars, it
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was stated, “ensuring light centric occlusion in these situations
may compensate for the potential overload.”

The above concerns about occlusal overload led to concepts
of occlusion for implant prostheses as well as studies involv-
ing force measurements on implants. Using strain gauges on
the implant abutments of patients, one such force measure-
ment study5 was published in 2002 with the purpose of test-
ing the hypothesis that shock generation on implant-supported
prostheses would produce higher implant loads if the veneer-
ing material were porcelain rather than acrylic resin. However,
regardless of whether the veneering material was porcelain or
acrylic resin, the study failed to demonstrate different forces
being generated to the implants. They went on to say, “There-
fore, from a practical point of view, the choice of occlusal ma-
terial apparently has no bearing per se on force generation to
the implants.”

Other force measurement studies examined differences in the
perception of occlusal contact between implants and natural
teeth. It was 1993 when Jacobs and van Steenberghe6 pub-
lished the results of their study comparing the passive threshold
level for perception of occlusal contact of implant-supported
prostheses and teeth. They studied 31 implant patients that
were divided into complete arch prostheses (10 subjects), par-
tial arch fixed prostheses (6 subjects), single crowns (5 sub-
jects), and overdentures (10 subjects) with a control group
of 10 patients with natural teeth. Forces were generated by a
solenoid-driven stimulating device placed in contact with the
implants or tooth prior to the rise in force application. The
threshold level for tactile perception of force was 50 times
higher with implants compared with natural teeth. The authors
proposed that the perception of contact with implants “could
be related to rapid bone deformation that triggers periosteal
mechanoreceptors, which remained less sensitive than the pe-
riodontal ligament receptors.”

In 1995, Mericske-Stern et al 7 measured the oral tactile sen-
sibility (threshold of minimal pressure perception) of 21 par-
tially dentate implant patients using miniature force transduc-
ers placed between antagonistic implant to tooth pairs in a test
group and a control group of 20 subjects. They also recorded
maximal occlusal force and determined that force was signif-
icantly lower in patients with implants than fully dentate sub-
jects. The implants had been in function from 1.5 to 6 years.
The threshold for minimal pressure perceived by implants was
significantly higher in both vertical and horizontal directions
than recorded for natural teeth. In addition to maximal force
and minimal pressure, the ability to detect thin steel-foil strips
was examined with the results showing only a minimal differ-
ence between the implant group and dentate group.

Also, in 1996, Hämmerle et al8 determined the tactile per-
ception of implants and teeth by attaching a strain gauge to an
amalgam plugger and using the plugger to apply a continuously
increasing force until the first sensation of touch was indicated
by the 21 subjects in the study. The implants had been in place
for a minimum of one year. The mean threshold value for im-
plants was 8.75 times higher than for teeth.

A 2007 randomized split-mouth study of 62 subjects by En-
kling et al9 examined tactile sensibility of both anterior and
posterior single implants with opposing natural teeth. The im-
plants had been restored between 1995 and 2001. They deter-

mined the tactile sensibility of implants opposing natural teeth
was similar to natural teeth opposing each other. Another split-
mouth double blinded trial by Kazemi et al10 was performed
on 25 subjects with single implants that had been in function
for at least 6 months. The authors found a slight but significant
difference between implants and natural teeth with implants
having slightly less perception of occlusal contact.

A 2014 systematic review and meta-analysis11 of sensation
differences between implants and teeth examined studies of
“tactile sensibility (minimum load that can be perceived)” and
“thickness discrimination (minimum thickness that can be per-
ceived).” The authors determined the threshold level for tac-
tile sensibility of implants was 4 to 20 times that of natural
teeth and the thickness discrimination threshold on implants
was about 1.2 to 2.3 times higher than natural teeth, a differ-
ence that was determined to be significant.

Another systematic review12 was published in 2016 with the
purpose of evaluating the available literature regarding osseop-
erception, a term coined by Professor P-I Branemark.13 This
review12 concluded that “it becomes apparent that with the loss
of teeth and periodontal structure, other peripheral receptors
dominate and transmit the afferent projections to the senso-
rimotor cortex and compensate by providing stimulations in
the area of bone-anchored implant restorations.” In support of
the ability of other receptors to compensate for loss of teeth
and periodontal structures, one study14 reported a noticeable
improvement in tactile function (termed osseoperception) on
implants after 3 months of healing. However, since the study
tested edentulous subjects, there was no simultaneous testing
of dentate subjects to determine if the improvement in tactile
function matched that of natural teeth during the 3-month time
period of the study.

Multiple literature reviews have discussed the differences in
perception between implants and teeth and the clinical impli-
cations of this difference. In 2005, Taylor et al15 published a
review of the literature related to evidence-based considera-
tions for dental implant occlusion. They stated that in spite of
tactile sensibility differences between implants and teeth, “pa-
tients with extensive implant-supported restorations seem, clin-
ically, to function well without the benefit of periodontal pro-
prioceptive nerve endings.” They proposed that nerve endings
in the periosteum, muscles of mastication, oral mucosa, and
temporomandibular joints might compensate to some degree
for the receptors lost from the missing periodontal ligament.
A 2006 publication by Abarca et al16 reviewed the neurophys-
iological aspects of osseointegrated implants and determined
oral functions do not appear to be impaired with implants and
therefore there must be some peripheral feedback to the sen-
sory cortex. The feedback may be activation of receptors in
the peri-implant environment (bone and periosteum), a process
called osseoperception. Similarly, Carlsson17 cited other refer-
ences that indicated the lost perception from the periodontal
ligament appears to be taken over by other mechanisms, appar-
ently indicated his agreement with the change in perception.

It was a 2006 publication by Jacobs and van Steenberghe18

that proposed clinical applications based on the tactile func-
tion of oral implants and the physiologic integration of im-
plants and associated prostheses in the body. These clinical im-
plications were based on their observations that patients with
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oral implants developed a special sensory perception skill some
time following implant placement. They indicated that during
the actual rehabilitation process with implant-supported pros-
theses, dentists should not rely on the patient’s perception of
occlusion and particularly with immediate loading protocols,
presumably because the perception of occlusal contact is not
as discriminating as natural teeth during the early stages of
treatment. However, the gradual increase in tactile perception
that occurs over time resulted in the authors stating, “implant-
mediated sensory-motor interactions may offer potentials for
physiological integration of the implant in the human body,”
allowing restoration of the peripheral feedback pathways that
permit more natural functioning.

The above studies and reviews indicate there is a difference
in tactile perception between implants and teeth, but the per-
ception on implants appears to improve over time. However,
it is not clear whether the level of implant perception reaches
the level of natural teeth over time. It is also apparent from the
above literature that there were early concerns about the per-
ceptual difference between implants and teeth and the impact
this difference would have on the peri-implant bone and pros-
theses. This perceptual difference and the related concerns led
to concepts of occlusion on implants, some of which persist to-
day, even though there are indications that sensory perception
on implants improves over time. In addition, the question as
to whether the differences are clinically relevant has not been
answered.

Numerous studies have been performed that focused on the
various complications with implant-retained restorations as
well as biological and mechanical failures.19–25 A common
thread through all of the papers is the potential for occlusal
overload, as the problems do not exist until the restorations
come into occlusion. Therefore, the published concepts of im-
plant occlusal schemes need to be reviewed to determine the
level of scientific evidence upon which they are based.

Focus question: Is there a preferred
occlusal scheme for an implant retained
restoration?
Search strategy

Limiting the search to Clinical trials, Randomized Controlled
Trials (RCT), Systematic Reviews (SR), and Meta-analyses
(MA), the key words: dental implants, occlusion, found no ci-
tations. Expanding the search to Journal Articles found 1,483
results, 20 of which pertained to the question. Performing a
similar search including Journal Articles, the key words: dental
implants and occlusal scheme found 47 citations, 17 of which
were pertinent to the question. After eliminating duplicates and
non-relevant articles, 15 were included in the review. Nineteen
additional articles were culled by going through the reference
lists in the aforementioned articles.

Lindquist et al26 in a 12- to 15-year prospective study of 47
edentulous patients concluded that “Smoking and poor oral hy-
giene had significant influence on bone loss, while occlusal
loading factors such as maximal bite force, tooth clenching
and length of cantilevers were of minor importance.” Bite force
measurements were made with strain gauge transducers. Only
one of the 273 implants failed 6 years after placement of the

prosthesis. Marginal bone loss on the cohort was small. Due
to the extremely low prevalence of bone loss or implant fail-
ure, it would be hard to determine any associations between
occlusion and implant complications.

Hobrik et al27 completed a study on 6 participants with im-
plant stabilized mandibular prostheses that were opposed by a
dentate maxillary arch. Using strain gauges, they measured the
forces transmitted with either a balanced or a non-balanced oc-
clusion. They reported no difference in mean peak masticatory
force or load rates between the 2 occlusal schemes when chew-
ing bread, but did report lower forces with balanced occlusion
when chewing nuts and carrots. They did note that the results
“do suggest that a balanced occlusal scheme may be more ap-
propriate.”

Wennerberg and Jemt28 in their 5-year follow-up study of
133 patients felt that bending moments, which could be at-
tributable to implant fracture and prosthesis issues, could be
minimized by developing centrally located occlusal contacts.

Esposito et al29 performed a histopathologic evaluation of
10 implants that failed after prosthesis placement and reported
that occlusal overload, and in 2 cases infection, “might have
been implicated in the failure process.”

Morneburg and Pröschel30 performed a study on 10 fully
dentate patients who had a 3 unit fixed partial denture sup-
ported by 2 implants. They tested 3 designs, one with steep
cusps, one with flat cusps, and one with steep cusps with a
narrowed occlusal surface using strain gauges that were placed
into the walls of the 2 abutments. They reported lower bending
moments for the test foods (gummy bears and bread) with the
narrowed occlusal table.

Wiskott et al31 reported on 7 patients with failing implants,
but were unable to definitively determine causation in all of the
patients. van Kampen et al32 in a cross-over study of the effect
of maximum bite force on marginal bone loss in mandibular
overdenture treatment found no relationship. Participants were
randomized to one of 3 designs, ball, magnet or bar-clip attach-
ment, which was changed every 3 months. Given that marginal
bone loss could be time dependent, the cross-over design and
the 9-month time limit seems questionable.

Blanes et al32 in a 10-year prospective study of 192 implants
in 83 partially edentulous patients concluded that implants with
a crown to implant (C/I) ratio of 2 to 3 can be successfully
utilized in the posterior areas. Interestingly, they found signif-
icantly greater marginal bone loss in participants with low C/I
ratios. Only 4.2% of the population had C/I ratios greater than
3% and 81.3% of those were splinted, which, as stated by the
authors, could have minimized any negative effect. In addition,
there were numerous potentially confounding variables.

Tawil33 in a case report of a patient wearing an ill-fitting, un-
stable overdenture showed that the peri-implant defects, both
soft tissue and boney, were reversed by the placement of a
properly fitting prosthesis. The poorly fitting overdenture, mal-
occlusion, history of “clenching” and questionable home care
are all contributing factors that, while not ruling out, temper the
authors statement that the peri-implant bone loss was caused by
an occlusal overload.

Jofre´ et al34 in an RCT to evaluate the effect of the maximum
biting force on marginal bone loss in 55 patients with mandibu-
lar overdentures found no relationship. Participants had either a
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ball or bar retention system on mini implant retained mandibu-
lar overdentures. All prostheses were fabricated with a bilater-
ally balanced occlusal scheme utilizing anatomic teeth.

Vigolo and Zaccaria35 in a 5-year prospective study to com-
pare the marginal bone level changes around adjacent splinted
implants and non-splinted implants in the maxilla, found no
difference between the cohorts. They used a split mouth de-
sign with the patient’s left side restored with splinted cemented
restorations, and the right side restored with non-splinted ce-
mented restorations. All patients had a canine protected oc-
clusion with no contacts in lateral or protrusive movements.
Papaspyridakos36 presented a case report of a successful 6-year
follow-up of a maxillary and mandibular full arch restoration
utilizing a mutually protected occlusion with anterior guid-
ance.

Graves et al37 in a study of 44 patients with 74 single unit
crowns in place for one year reported on the presence or ab-
sence of occlusal contacts in maximum intercuspation during
working, balancing, and protrusive movements. The type of
occlusal contact was evaluated using silk ribbon and they re-
ported that 29 implant crowns had “heavy” contact, 40 “light:
contact and 5 no contact. Working side contacts were present
in 20 implants and 7 had contact in protrusive excursion. They
also performed a computerized analysis of the patient’s occlu-
sion using a commercially available device (T-Scan, Tekscan).
Despite the fact that “only one statistically significant associ-
ation was found between protrusive contact and radiographic
bone loss,” they concluded, “the occlusal status of single unit
dental implants is not associated with the soft and hard tissue
conditions around non-failing single implants.”

Luo et al38 in a prospective 3-year study on the occlusal
variations of single posterior implant-supported full coverage
restorations found that the occlusal force and occlusal contact
time increased over time. Initially the bite force, measured with
a T-Scan III system, was lower than that of the natural tooth
controls. This phenomenon was not explained. Contacts were
verified using 30-micron articulating paper. The position of the
contacts in the author’s figure 1 are not in the classically ac-
cepted positions. Of the 37 original prosthesis at the onset of
the project, only 22 were left to analyze at the 3-year interval,
Five participants (6 prostheses) were lost to follow-up, 6 par-
ticipants (6 prostheses) had a fracture of the veneering ceramic
and one implant prosthesis was lost due of screw loosening.

Reviews

Kim et al39 in a review of the rationale and clinical guidelines
for implant occlusion concluded that due to the fact that the
current evidence was limited to laboratory, animal, and retro-
spective studies, there is no evidence to support an implant-
specific occlusion scheme. Taylor et al15 in a literature review
of occlusion for removable prosthodontic and dental implants
found that the evidence for implants was built on expert opin-
ion, in vitro and animal studies. Klineberg et al40 in an SR
of occlusal designs in tooth and implant-borne reconstructions
and complete dentures, concluded that for implants, there was
little scientific evidence relating to occlusal design, to indicate
that a particular design was superior.

Gross41 in a review of occlusion in implant dentistry con-
cluded that since the studies involved did not isolate some
key occlusal details, “until further research is available, clin-
ical guidelines need to be based on biomechanical princi-
ples and the state-of-the-art of current therapeutic paradigms.”
Carlsson17 in his review of dental occlusal concepts and their
application to implant prosthodontics found no controlled stud-
ies on the optimal features of a harmonious restored occlusion
and concluded that there was “no evidence to recommend a
specific occlusal design.”

Naert et al42 carried out a review of the literature related to
occlusal overload and bone/implant loss. They concluded, “the
effect of implant overload on bone/implant loss in clinically
well-integrated implants is poorly reported and provides little
unbiased evidence to support a cause-and-effect relationship.”
They had a structured PICO, where P was “patients with sta-
ble implants.” Despite that, most of what they reported on was
based on animal studies. What is hard to accept is the rejection
of clinical studies with less than 10 participants, but the accep-
tance of animal studies with 2 or 3 participants. Four “relevant”
human clinical studies29,31,33,43 were excluded due to an N less
than 10. The following studies26,32,34,35,44 were eliminated due
to “lack of sample-size calculations” despite sizable Ns. Blanes
et al32 was eliminated due to “bias.”

Chang et al45 performed a review on the impact of occlusal
load on osseo-integrated implants. They concluded that due to
conflicting animal studies and the low level of evidence “the
knowledge regarding the response of the peri-implant bone
when the dental implant is excessively loaded is limited.” Of
the 14 articles included, 3 were on Labrador dogs, 4 on Bea-
gle dogs, 3 on monkeys and one on rabbits, all with small
Ns. Three publications were related to human subjects that in-
cluded two case reports and one case series which reported on
1.472 molar implants over a 15-year period, with 8 of the 11
failed mandibular molar implants occurring within 3 years of
function and reported to be due to the presence of detectable
parafunctional movement.46

Ma and Felton23 in their SR of maintenance and complica-
tions of screw and cement retained implant restorations con-
cluded that an optimal occlusion was crucial for implant re-
tained prostheses. Koyano and Esaki47 performed a narrative
review to look at the influence of implant occlusion on the
prevalence of treatment complications and concluded that there
was “insufficient evidence to establish clinical guidelines for
implant occlusion.” Sadowsky48 completed a narrative review
and found that while there was abundant literature on can-
tilevers, crown to implant ratios, prosthesis cantilevers, splint-
ing and bruxism there was no evidence relative to the occlusal
scheme used.

Sheridan et al49 in their review found that implant occlusion
recommendations were lacking, but still felt that occlusion
should be carefully addressed. Their recommendations: mu-
tually protected occlusion with anterior guidance, evenly
distributed contacts, wide freedom in centric relation, narrow-
ing the occlusal table, decreasing cuspal inclines, reducing
cantilevers, increasing the number of implants, increasing
contact points, and monitoring for parafunctional habits,
are factors typically included in many occlusion courses for
tooth-supported restorations.
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Discussion

There is a plethora of articles on implant survival and com-
plications. The problem is few, if any, mention the occlusal
scheme utilized in the restoration, as noted by Sadowsky.48

There are reports on cantilever length, C/I ratios, immediate or
delayed loading, splinting vs non-splinting, alveolar bone loss,
implant fracture, crown fracture, etc. It is hard to understand
why authors do not report the occlusal scheme utilized. An-
other understandably unreported data set is iatrogenesis. Us-
ing healthy implants that have resisted overload does not help
understand why unhealthy implants are failing. An interesting
follow up would be to analyze the occlusal scheme in failing
implants, but even that does not necessarily prove causation. In
a hypothetical scenario, where one believes that mediotrusive
contacts can create harm, if a contact was now visible on a fail-
ing implant it is impossible to know if it was there prior to the
implant failing or now present due to mobility of the implant.
Also, if there is a restorative fracture there is no way to deter-
mine what caused the problem. Implant dentistry has proven to
be a highly successful treatment modality. Occlusion is an im-
portant component, as there is significant evidence of implant
fracture and prosthetic complications. When we look at those
failures retrospectively, there is no definitive means of know-
ing the design of the occlusal scheme utilized, or how well it
was performed.

Multiple publications cited above have used the term “os-
seoperception.” This term has become widely associated with
the lack of perception of occlusal contact on implant restora-
tions with other anatomic entities assuming the role of occlusal
contact perception As stated above, one of the reviews12 con-
cluded that “it becomes apparent that with the loss of teeth
and periodontal structure, other peripheral receptors dominate
and transmit the afferent projections to the sensorimotor cor-
tex and compensate by providing stimulations in the area of
bone-anchored implant restorations.” It is interesting to note
that from a neuroanatomy/neuroscience aspect, the perception
of occlusal contact likely improves overtime because of adap-
tation and plasticity in the somatosensory cortex. The cortex is
reorganized like when a limb is amputated. From an anatomical
perspective, when a tooth is extracted “high threshold” recep-
tors that constitute the afferent limb of the jaw opening reflex
are lost. These are not proprioceptors and are designed to pro-
tect the teeth from biting into hard substances that may damage
the teeth. Therefore, with implants, the threshold for activating
the jaw opening reflex becomes higher but the ability to sense
jaw position and interdental distance may not be significantly
altered.

Evidence-based conclusions

Most of the studies identified by the search strategy reported on
bone loss or implant loss with no definitive relationship estab-
lished between these complications and occlusion, either be-
cause the occlusal scheme was not described or the study was
unable to determine if a relationship existed. However, a small
number of studies suggested a potential relationship exists be-
tween implant failure and such factors as bending moments,
occlusal overload, and occlusal table dimension but without

strong evidential support. The literature review either found
little or no evidence to support a specific occlusal scheme with
implants or determined the implant occlusion guidelines were
based on expert opinion. Therefore, it seems appropriate to
conclude there is a lack of scientific evidence supporting one
occlusal scheme over another when restoring implants. This
conclusion is supported by a critical assessment of the included
publications as noted below.

As such, we can infer that occlusion is a factor but there is no
significant evidence that one type of occlusal scheme is prefer-
able to another.

The lack of a periodontal ligament around implants led to
concerns they would be more susceptible to overloading due to
a lack of tactile perception of occlusal contact.

Consensus conclusions

There is a lack of scientific evidence regarding the occlusal
scheme utilized with implant restorations that will minimize or
eliminate complications. In light of this lack of scientific evi-
dence, the style of occlusion a practitioner utilizes with tooth
or mucosal supported prostheses may be the same used with
implant-supported restorations until compelling evidence dic-
tates otherwise.

References
1. Abduo J, Tennant M: Impact of lateral occlusal schemes: a

systematic review. J Prosthet Dent 2015;114:193-204
2. Kim Y, Oh T-J, Misch CE, et al: Occlusal considerations in

implant therapy: clinical guidelines with biomechanical
rationale. Clin Oral Impl Res 2005;16:26-35

3. Skalak R: Biomechanical considerations in osseointegrated
implants. J Prosthet Dent 1983;49:843-848

4. Rangert BR, Sullivan RM, Jemt TM: Load factor control for
implants in the posterior partially edentulous segment. Int J Oral
Maxillofac Implants 1997;12:360-370

5. Bassit R, Lindström H, Rangert B: In vivo registration of force
development with ceramic and acrylic resin occlusal materials
on implant-supported prostheses. Int J Oral Maxillofac Implants
2002;17:17-23

6. Jacobs R, van Steenberghe D: Comparison between
implant-supported prostheses and teeth regarding passive
threshold level. Int J Oral Maxillofac Implants 1993;8:549-554

7. Mericske-Stern R, Assal P, Mericske E, et al: Occlusal force and
oral tactile sensibility measured in partially edentulous patients
with ITI implants. Int J Oral Maxillofac Implants
1995;10:345-354

8. Hämmerle CHF, Wagner D, Brägger U, et al: Threshold of
tactile sensitivity perceived with dental endosseous implants and
natural teeth. Clin Oral Impl Res 1995;6:83-90

9. Enkling N, Nicolay C, Utz K-H, et al: Tactile sensibility of
single-tooth implants and natural teeth. Clin Oral Impl Res
2007;18:231-236

10. Kazemi M, Geramipanah F, Negahdari R, et al: Active tactile
sensibility of single-tooth implants versus natural dentition: a
split-mouth double-blind randomized clinical trial. Clin Implant
Dent Relat Res 2014;16:947-955

11. Higaki N, Goto T, Ishida Y, et al: Do sensation differences exist
between dental implants and natural teeth?: a meta-analysis.
Clin Oral Implants Res 2014;25:1307-1310

88 Journal of Prosthodontics 30 (2021) 84–90 © 2021 by the American College of Prosthodontists



Goldstein et al Implant Occlusion

12. Mishra SK, Chowdhary R, Chrcanovic BR, et al:
Osseoperception in dental implants: a systematic review. J
Prosthodont 2016;25:185-195

13. van Steenberghe D: From osseointegration to osseoperception. J
Dent Res 2000;79:1833-1837

14. El-Sheikh AM, Hobrick JA, Howell PGT, et al: Changes in
passive tactile sensibility associated with dental implants
following their placement. Int J Oral Maxillofacial Implants
2003;18:266-272

15. Taylor TD, Wiens J, Carr A: Evidence-based considerations for
removable prosthodontic and dental implant occlusion: a
literature review. J Prosthet Dent 2005;94:555-560

16. Abarca M, van Steenberghe D, Malevez C, et al: The
neurophysiology of osseointegrated oral implants. A clinically
underestimated aspect. J Oral Rehabil 2006;33:161-169

17. Carlsson GE: Dental occlusion: modern concepts and their
application in implant prosthodontics. Odontology 2009;97:8-17

18. Jacobs R, van Steenberghe D: From osseoperception to
implant-mediated sensory-motor interactions and related clinical
implications. J Oral Rehabil 2006;33:282-292

19. Jung RE, Zembic A, Pjetursson BE, et al: Systematic review of
the survival rate and the incidence of biological, technical, and
aesthetic complications of single crowns on implants reported in
longitudinal studies with a mean follow-up of 5 years. Clin Oral
Implants Res 2012;23(Suppl 6):2-21

20. Zembic A, Sunjai Kim S, Zwahlen M, et al: Systematic Review
of the Survival Rate and Incidence of Biologic, Technical, and
Esthetic Complications of Single Implant Abutments Supporting
Fixed Prostheses. Int J Oral Maxillofac Implants
2014;29(Suppl):99-116

21. Papaspyridakos P, Chen CJ, Chuang SK, et al: A Systematic
Review of Biologic and Technical Complications with Fixed
Implant Rehabilitations for Edentulous Patients. Int J Oral
Maxillofac Implants 2012;27:102-110

22. Sailer I, Mühlemann S, Zwahlen M, et al: Cemented and
screw-retained implant reconstructions: a systematic review of
the survival and complication rates. Clin Oral Implants Res
2012;23(Suppl 6):163-201

23. Ma S, Fenton A: Screw-Versus Cement-Retained Implant
Prostheses: a Systematic Review of Prosthodontic Maintenance
and Complications. Int J Prosthodont 2015;28:127-145

24. Chrcanovic BR, Kisch J, Albrektsson T, et al: Factors
influencing the fracture of dental implants. Clin Implant Dent
Relat Res 2018;20:58-67

25. Pjetursson BE, Thoma D, Jung R et al: A systematic review of
the survival and complication rates of implant-supported fixed
dental prostheses (FDPs) after a mean observation period of at
least 5 years. Clin Oral Implants Res 2012;23(Suppl. 6):22-38

26. Lindquist LW, Carlsson GE, Jemt T: A prospective 15-year
follow-up study of mandibular fixed prostheses supported by
osseointegrated implants. Clinical results and marginal bone
loss. Clin Oral Implants Res 1996;7: 329-336

27. Hobkirk JA, Brouziotou-Davas E:The influence of occlusal
scheme on masticatory forces using implant stabilized bridges. J
Oral Rehabil 1996;23:386-391

28. Wennerberg A, Jemt T: Complications in partially edentulous
implant patients: a 5-year retrospective follow-up study of 133
patients supplied with unilateral maxillary prostheses. Clin
Implant Dent Relat Res 1999;1:49-56

29. Esposito M, Thomsen P, Ericson LE, et al: Histopathologic
observations on late oral implant failures. Clin Implant Dent
Relat Res 2000;2:18-32

30. Morneburg TR, Pröschel PA: In Vivo Forces on Implants
Influenced by Occlusal Scheme and Food Consistency. Int J
Prosthodont 2003;16:481-486

31. Wiskott HW, Dubrez B, Scherrer SS, et al: Reversible and
irreversible peri-implant lesions: report and etiopathogenic
analysis of 7 cases. Oral Implantol 2004;30:255-266

32. van Kampen F, Cune M, van der Bilt A, et al: The effect of
maximum bite force on marginal bone loss in mandibular
overdenture treatment: an in vivo study. Clin Oral Implants Res
2005;16:587-593

33. Blanes RJ, Bernard JP, Blanes ZM et al: A 10-year prospective
study of ITI dental implants placed in the posterior region. II:
influence of the crown-to-implant ratio and different prosthetic
treatment modalities on crestal bone loss. Clin Oral Implants
Res 2007;18:707-714

34. Tawil G: Peri-implant bone loss caused by occlusal overload:
repair of the peri-implant defect following correction of the
traumatic occlusion. A case report. Int J Oral Maxillofac
Implants 2008;23:153-157

35. Jofre´ J, Hamada T, Nishimura M, et al: The effect of maximum
bite force on marginal bone loss of mini-implants supporting a
mandibular overdenture: a randomized controlled trial. Clin Oral
Implants Res 2010;21:243-249

36. 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 J Oral
Maxillofac Implants 2010;25:1189-1194

37. Papaspyridakos P: Full Mouth Implant Rehabilitation with
Staged Approach: 6-Year Clinical Follow-Up. J Esthet Restor
Dent 2015;27:213-223

38. Graves CV, Harrel SK, Nunn ME, et al.: The association
between occlusal status and the soft and hard tissue conditions
around single-unit dental implants. Int J Periodont Restorat Dent
2019;39:651-656

39. Luo Q, Ding Q, Zhang L, et al: Analyzing the occlusion
variation of single posterior implant-supported fixed prostheses
by using the T-scan system: a prospective 3-year follow-up
study. J Prosthet Dent 2020;123:79-84

40. Kim Y, Oh TJ, Misch CE: Occlusal considerations in implant
therapy: clinical guidelines with biomechanical rationale. Clin
Oral Impl Res 2005;16:26-35

41. Klineberg I, Kingston D, Murray G: The bases for using a
particular occlusal design in tooth and implant-borne
reconstructions and complete dentures. Clin Oral Implants Res
2007;18(Suppl 3):151-167

42. Gross MD: Occlusion in implant dentistry. A review of the
literature of prosthetic determinants and current concepts. Aust
Dent J 2008;53(Suppl1):S60-S68

43. Naert I, Duyck J, Vandamme K: Occlusal overload and
bone/implant loss. Clin Oral Implants Res 2012;23(Suppl
6):95-107

44. Piattelli A, Scarano A, Paolantonio M: Clinical and histologic
features of a nonaxial load on the osseointegration of a posterior
mandibular implant: report of a case. Int J Oral Maxillofac
Implants 1998;13:273-275

45. Rossi F, Ricci E, Marchetti C, et al: Early loading of single
crowns supported by 6-mm-long implants with A moderately
rough surface: a prospective 2-year follow-up cohort study. Clin
Oral Implants Res 2010;21:937-943

46. Chang M, Chronopoulos V, Mattheos N: Impact of excessive
occlusal load on successfully-osseointegrated dental implants: a
literature review. J Investig Clin Dent 2013;4:142-150

Journal of Prosthodontics 30 (2021) 84–90 © 2021 by the American College of Prosthodontists 89



Implant Occlusion Goldstein et al

47. Fugazzotto PA: A comparison of the success of root resected
molars and molar position implants in function in a private
practice: results of up to 15-plus years. J Periodontol
2001;72:1113-1123

48. Koyano K, Esaki D: Occlusion on oral implants: current clinical
guidelines. J Oral Rehabil 2015;42:153-161

49. Sadowsky SJ: Occlusal overload with dental implants: a review.
Int J Implant Dent 2019;5:29

50. Sheridan RA, Decker AM, Plonka AB, et al: The role of
occlusion in implant therapy: a comprehensive updated review.
Implant Dent 2016;25:829-838

90 Journal of Prosthodontics 30 (2021) 84–90 © 2021 by the American College of Prosthodontists


