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EDITORIAL

Editorial

This supplemental issue of EJOI is dedicated to the
Foundation for Oral Rehabilitation (FOR) consen-
sus conference, 'Diagnosis, avoidance and manage-
ment of complications of implant-based treatments’,
which was held on the 16th and 17th November
2017 at the Catholic University of Leuven, Belgium.
Scientific associations and other organisations using
EJOI as their official publication are welcome to
publish the outcome of their consensus conferences
or working groups in the journal.

Itis the policy of £/OI that these publications will
not be peer reviewed as they are normally. Conse-
quently, readers are encouraged to critically evaluate
the findings presented, as they would with all scien-
tific publications. Guidance on how to develop criti-
cal skills for research, analysis and the evaluation of
scientific publications (an important mission of £/O/)
can be found in the ‘educational articles'’-4 and on
the EQUATOR (Enhancing the QUAIity and Trans-
parency Of health Research) website (http://www.
equatornetwork.org/). The EQUATOR Network is
aimed at helping authors properly report their health
research studies. After selecting the ‘Resource Cen-
tre', please click on the ‘Library for health research

reporting’ and you will access a comprehensive list of
reporting guidelines, organised by study type. More
specifically, to evaluate systematic reviews please
go to the PRISMA transparency guidelines (http://
www.prisma-statement.org/).

The results of consensus conferences or work-
ing groups can be interpreted differently, depending
on people’s perspectives and circumstances. Please
consider the conclusions presented carefully. They
are the opinions of the review authors, and are not
necessarily shared by EJOI editors.

We would like to thank all contributors to this
supplement for their efforts.

Marco Esposito, Reinhilde Jacobs and Michele Nieri
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GUEST EDITORIAL

The Foundation for Oral Rehabilitation (FOR) as
the basis for this consensus conference

It is symptomatic for the FOR to devote a consensus
conference to a subject many others try to ignore:
“Complications of implant-based treatments”.
Complications — most of which are reversible —occur
regularly when oral endosseous implants are used to
carry a dental prosthesis. Although they are mainly
reversible, public opinion has still often associated
these implants with failure. But complications should
not be designated as failures; rather they should be
seen as seeds for progress.

Since the deed of foundation of the FOR explic-
itly mentions: “The purpose of the Foundation is to
promote excellence in the fields of oral and max-
illofacial rehabilitation... by providing scientifically
based knowledge and experience to improve the
quality of patients’ lives and oral health care effec-
tiveness”, it became logical that gathering a group
of international scientists and clinicians with different
backgrounds known for their expertise in how to
deal with complications would benefit the purpose
of the Foundation.

To avoid gathering “the usual suspects”, the par-
ticipants in the consensus were selected on the basis
of their contributions in the field, their citation index
and their willingness to join without receiving finan-
cial compensation.

Hippocrates wrote: “There are in fact two things,
science and opinion; the former begets knowledge,
the latter ignorance”. This is particularly true for
the subject of complications in this field. Indeed,
the verification of certain theories in literature was
weak or did not keep pace with recent develop-
ments.

The group was nevertheless able to identify a
series of factors which contribute to the incidence of
complications: improper imaging and planning, local
and systemic patient factors, hardware with a special
focus on implant surface characteristics, lack of ex-
perience of the surgeon and/or restorative dentist,
and lack of a team approach.

The use of the term “revision surgery”, which is
common to several medical specialities, should be
adopted in the field of oral rehabilitation to reassure
the patient population.

It was a privilege for both of us to coach this
happening and interact with so many cooperative
colleagues. We are also grateful to Marco Esposito,
who as editor-in-chief of this journal hosts us gra-
ciously each time.

Reinhilde Jacobs
Daniel van Steenberghe

Eur J Oral Implantol 2018;11(Suppl1):S5
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CONSENSUS STATEMENTS

FOR Consensus Conference —

November 16 & 17, 2017

Diagnosis, avoidance and management of
complications of implant-based treatments

B Preamble

Using proper semantics (van Steenberghe -
page 515) to achieve an efficient doctor-patient
communication is a key issue. It is therefore im-
portant to use the most appropriate words to ensure
a proper message.

Too often has the use of implants to carry a dental
prosthesis been associated with the word “failure”.
Other medical disciplines use different words more
focussed on the possible solution and more easily
accepted by patients; for instance “revision surgery".

Surgical interventions are associated with seque-
lae, complications, and failure, and sometimes need
revision.

For example, a scar is a sequela as it is an una-
voidable result of a surgical procedure. The size and
prominence of the scar are the variable consequence,
which may or may not require further attention.

A surgical complication is “any undesirable and
unexpected result of an operation affecting the patient
that occurs as a direct result of the operation and which
would not have occurred had the operation gone as
well as could reasonably be hoped". Terms within this
definition like “unexpected” and “reasonably” illus-
trate the judgement needed to define what is really a
complication. Oedema or haematoma are most cer-
tainly not a complication, but are sequelae that are
universal consequences of the surgical intervention.

The endpoint for failure of an implant is revision
surgery, which is the exchange or extraction of at
least part of the implant. Since the placement of oral
endosseous implants is definitely elective surgery,
which means an operation that is not absolutely
medically necessary, the issue of failure is essential,
especially from a legal viewpoint. Revision surgery

for orthopaedic implants is defined as the removal,
exchange, or addition of any implant parts.
Debridement may or may not be an integral part
of it. The term revision surgery is also common in
neuro- and bariatric surgery. Introducing its use in
oral rehabilitation by means of implants may improve
the patient's perception of this treatment option.
For intraoral implants, revision surgery may con-
sist of dealing with soft tissue reactions or marginal
bone loss or even the replacement of lost implants.
The terminology in other languages for revision sur-
gery is “chirurgie de reprise” or “chirurgie de révi-
sion", “Chirurgia di revisione", “revisionschirurgie",
“cirugia de revision", “Cirurgia de revisdo" etc.

B Glossary

Semantics: meaning of words

Semiotics: meaning of signs and symbols during
communication

Dental implant: foreign body inserted into a tooth.
Proper semantics would be oral implants, which
carry a dental prosthesis.

Fixation: a persistent or obsessive attachment to
something

Sequela: an adverse effect inherent to a surgical pro-
cedure (as a scar)

Complication: any undesirable, unintended and
direct result of an operation affecting the patient
which would not have occurred had the operation
gone as well as could reasonably be hoped

Failure: non-performance of something due or
expected ending with an unchanged condition
Revision surgery: change of implant (parts). May or
may not include debridements.

Eur J Oral Implantol 2018;11(Suppl1):59-S13
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B Introductory review papers

Surgical complications (Lutz et al — page S21) can
occur during surgery: bleeding and jaw factures are
the most dramatic. Postoperatively there are many
different complications reported, reaching from neu-
rosensory disturbances — which can persist — peri-
implant inflammation of the soft and/or bone tis-
sues, infection of adjacent anatomical structures like
the sinus. Neurosensory disturbances can be due to
direct surgical trauma or postoperative compression
by bleeding or oedema.

Well-documented patient-specific risk factors,
which favour the prevalence of complications, are
tobacco smoking, radiation therapy, poorly con-
trolled diabetes, untreated periodontitis, and exces-
sive parafunctional habits.

Prosthetic complications (Goodacre et al -
page S27) have evolved over time. Comparing the
literature from 1981 - 2001 with that of 2001 -
2017, one discovers that some improvements
occurred but also some drawbacks. The latter can
be due to changes in skills and expertise in today’s
clinical practice, although most published studies
originate from university-based clinics.

For fixed complete dentures, when comparing
these two time periods, the risk of framework frac-
tures increased from 3% to 5%, while abutment
screw fractures declined from 3% to 2%. For over-
dentures, the need for retentive mechanisms reac-
tivation increased from 30% to more recently as
much as 53%. This high frequency encourages the
need to develop retentive mechanisms that can be
reactivated or changed by the patients themselves.
The increased occurrence of mucosal hyperplasia
from 19% to 31% may be due to the increasing
aesthetic endeavours of restorative dental clinicians,
leading to limited space between the prosthesis and
the mucosa. The number of reline procedures also
increased between the two time frames from 19%
t026%.

For fixed partial dentures, the reduction of veneer
fractures from 14% to 6% was a welcome improve-
ment, while the 4% screw loosening remained
unchanged.

For implant single crown restorations, the abut-
ment screw loosening fell from 25% to 8% during the
first 20-year period, with a further reduction to 3%.

Eur J Oral Implantol 2018;11(Suppl1):59-S13

The ranking of complication rates related to the
type of prosthesis remained the same over the two
reported time periods.

To allow proper interpretation of data, authors
should be encouraged to include a standardised
mechanism of reporting of all complications that
have been identified in previous clinical studies,
including their absence.

B Systemic patient-related factors

Foreign body reactions (Albrektsson et al - page S37)
can be of four different types - from allergic (type I)
to delayed hypersensitivity (type 1V). Inserting an
implant in the jawbone will lead to some inflam-
matory reaction followed by a steady state, with
a close approximation between living, remodelling
bone and the implant surface.

Although subsequently marginal bone resorption
may occur, the excellent long-term survival rates of
oral implants — 10 years and even several decades —
renders the concept of peri-implantitis as the eti-
ology of progressive bone loss controversial. Bacteria
are not required to cause marginal bone resorption,
even if their accumulation may enhance the progres-
sion of it. With orthopaedic implants, for example,
marginal bone resorption has been coupled with
aseptic loosening as the major reason for secondary
failures of hip arthroplasties.

Allergic reactions to titanium implants have been
documented, but are much more rare than allergies
to other metals. Therefore some reported allergies
to oral implants might have been due to ortho-
dontic appliances or prosthetic frameworks (Co-Cr,
acrylic...), which were not properly excluded in these
reports. The diagnostic relevance of the patch tests
used to demonstrate titanium allergy is questionable
because the specificity is not properly documented.
Haematological and newer test methods must be
explored.

Movement disorders are associated with changes
in muscle function and tone as a result of pathologi-
cal changes in the neuromuscular system (Packer —
page S47). A number of patients exhibit orofacial
dyskinesias and dystonias. The most common con-
ditions exhibiting these features are Parkinson's,
Down's syndrome, chorea, and epilepsy. Down's
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syndrome can be included in movement disorders
because of the frequent tongue thrusting and other
parafunctional habits. Some medications, such as
antidepressants and antipsychotics, may trigger
movement disorders as well as negatively impact
bone metabolism.

The literature on movement disorders was often
anecdotal: 19 patient case reports and 11 patient
series. Provision of implant-supported prostheses
improves chewing efficiency and quality of life in
these patients and thus should be considered. How-
ever, prosthetic designs as identified in the paper,
which lend themselves to easier long-term mainten-
ance, should be adopted. Increased early implant
failure rates have been reported in these patient
groups. In addition, prosthesis failure is a likely con-
sequence of occlusal overload.

Patient expectations (Korfage et al — page S65)
are often high prior to implant treatment and these
expectations may be higher among women. Never-
theless, these expectations are not wholly unrealistic,
since they are mostly met. Younger patients have a
tendency to be focused on aesthetic expectations,
while elderly patients find improved oral function
more relevant. It is a concern that patients some-
times expect implants to last for a lifetime and do not
perceive the need for special oral hygiene measures.
The fear of pain may lead to reluctance for opting for
an implant-based rehabilitation.

The variety of applied study designs indicates the
need for standardisation.

B Local factors and imaging

For the past four decades intraoral radiography has
been considered to be the standard method for post-
operative peri-implant bone evaluation. This method
has inherent shortcomings relating to two-dimen-
sional overlap, lack of standardisation of projection
geometry, and further limitations to the accuracy of
linear measurements.

Implant characteristics and treatment protocols
have undergone an important evolution during the
same period. They have altered the peri-implant bone
remodelling and related bone defects, which led to
the need for three-dimensional (3D) assessment.
3D imaging can be achieved by CBCT to depict the

peri-implant bone morphology. Yet most machines
have shortcomings hampering proper diagnosis:
metal artifacts, patient motion, and lack of bone
density measurement. Researchers and industry are
encouraged to help overcome these limitations.

Until then, there is no evidence to support the
routine use of CBCT as the standard postoperative
procedure to evaluate peri-implant bone with the
presently available hardware and software.

Medication related osteonecrosis of the jaw
(MRON)J) has been especially associated with the
intake of high doses and the frequent administration
of antiresorptive drugs such as bisphosphonates in
both adults and child patients with tumours. The
complication more frequently arises after sev-
eral years. Therefore, long-term studies should be
encouraged to further evaluate MRONLJ. It appears
from scrutinising the literature that it is often a com-
bination of drugs that leads to this complication.
Intake of antiresorptive drugs such as bisphospho-
nates in osteoporosis has a low risk of MRONL.

MRONJ can be implant triggered or implant sur-
gery triggered, but currently it is not possible to dif-
ferentiate between the incidence and the outcome
of the two. Survival rates of oral implants in osteo-
porotic patients taking antiresorptive drugs are com-
parable with other patients.

Prior to considering an implant placement it is
imperative to take into account all medical conditions
and risk factors, as well as the frequency, duration
dosage and the managed manner of administra-
tion. Implant placement and/or bone augmentation
must be avoided in patients with a history of MRON)J
when acceptable alternative prosthetic options exist.
Further clinical trials with a long-term follow-up are
needed for a better risk assessment.

Radiotherapy in the jawbone area can lead to
osteoradionecrosis, which is clinically comparable to
MRONJ. Here too, the complication may be trig-
gered by the presence of an existing implant or a
traumatic event such as a tooth extraction or the
insertion of an implant. However, data are still lack-
ing to quantify the risk of osteoradionecrosis when
the implant is already in situ prior to irradiation.

Asepsia is often pursued during implant surgery,
but one should consider it rather clean surgery (Veitz-
Keenan - page S113). Aseptic rinses such as chlor-
hexidine (0.12 to 2 %) are known for their efficiency

Eur J Oral Implantol 2018;11(Suppl1):59-S13
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and lack of side effects. The benefit of periopera-
tive antibiotics, however, is less well substantiated.
Several systematic reviews indicated there was less
chance of implant failure when using antibiotics, but
the calculated number needed to treat for one addi-
tional benefit outcome (NNTB) to prevent one per-
son to have an implant failure was 25. This benefit
cannot be ignored, but should be seen against the
side effects and risk of causing antibiotic resistance.

It is evident that the use of sterile gloves, gowns
and drapes as such, does not guarantee sterility.
Breaching the sterility protocol by members of the
surgical team occurs, but so far has not been meas-
ured in literature. Besides, factors like duration of
surgery, traumatic tissue handling, and patients’
immune status, are co-variables, which render clear
answers difficult. For the time being, no strong rec-
ommendations can thus be given based on the lit-
erature, but meanwhile local guidelines should be
adhered to.

B Hardware factors

Implant surface characteristics can be associated
with the incidence of implant-related surgical com-
plications and revision surgery (Wennerberg et al —
page S$123). There were 62 studies with a follow-up
of 10 years or more. Since the Branemark turned
implant has been so popular and the longest on the
market, this type of surface tends to diminish the
impact of outcome data concerning other surfaces.

Literature reveals that these turned surface
implants have the least peri-implant marginal bone
loss. There is no significant difference in survival
rates among the implants with moderately rough
surfaces. All performed well after 10 years. The
plasma-sprayed implants had the highest probability
of failure; while an oxidised surface demonstrated
the lowest probability for failure.

Ceramic implants have so far been followed
for up for 5 years with promising results, but were
not included in the paper as they did not meet the
10-year inclusion criteria.

Short and narrow diameter implants (Pommer et
al - page S137) are commonly and increasingly used.
Their advantage is that they potentially eliminate the
need for bone augmentation procedures.

Eur J Oral Implantol 2018;11(Suppl1):59-S13

Implants of at least 7.0 mm in length and 3.5 mm
in diameter have been used successfully in the past.
However, minimum implant dimensions required to
ensure a long-term successful outcome have not
been determined.

Summing up the results of 82 studies (1997-2017)
extra-short and extra-narrow-diameter implants
show satisfactory survival rates of over 95% and little
marginal bone resorption of around 0.5 mm after a
mean follow-up of 3 years. Implantlengths of 5.5 mm
to 6.5 mm performed significantly better in the man-
dible (98 %) compared with the maxilla (95%), while
lengths of 4.0 mm to 5.4 mm demonstrated simi-
lar survival rates in both jaws (95%). Extra-narrow-
diameter implants revealed no differences between
implant position and jaw location, however, a sig-
nificantly lower survival rate of diameters between
3.0 mm to 3.25 mm (95%) compared with diameters
between 3.3 mm and 3.4 mm (98%) related to a
higher rate of early failures. The above results refer
to 1-year follow-up data, which means they should
be interpreted with caution since bone remodelling
has not yet reached a steady state.

Complications can be related to the prosthetic
material used (Papia and Larsson — page S147). Most
common complications are fracture or chipping of
veneer material, loss of retention of cemented res-
torations and loss of access hole fillings. The latter
needs further investigation to allow providing proper
instruction. To prevent veneer fractures there are
three main factors:

* The shape and dimensions of the substructure to
provide proper support;

e Compatibility of properties of substructure and
veneer, like coefficient of thermal expansion;

* Manufacturing procedures and laboratory han-
dling variables.

To prevent the loss of retention three main factors

have been identified:

e Choice of proper cement;

* Appropriate abutment type and angle of con-
vergence;

e Surface roughness and/or surface treatment.

While achieving their literature search as indicated,

some papers known to the authors were not identi-

fied. This reveals how important it is to use enough

terms and synonyms during the search strategy.
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B Surgeons’ experience and learning
curve

Surgical experience plays a role in the outcome of
implants (Jerjes and Hopper - page S167), but the
risk of complications is a multifactorial issue. Since
surgery in the oral cavity is confronted with limita-
tion of access and visibility and mostly performed
under local anaesthesia in a moving patient, surgical
skills and experience can play a role. Available stud-
ies are difficult to interpret because experienced
surgeons often deal with more complex surgery.
Six studies on experience influencing third molar
surgery outcome reveal significant differences in
the incidence of trismus nerve damage, and osteitis.
Curiously, bleeding was more frequent with expe-
rienced surgeons, probably because they deal with
more complex surgery.

Studies on impacted wisdom teeth comparing
dental practitioners with oral surgeons also showed
fewer complications for the latter category.

For implant surgery one recent meta-analysis is
available based on six studies: four related to some-
times ill-defined specialties and two related to ex-
perience, based on a certain number of implants
placed. Survival rate of implants related to so-called
specialities, but improved after a certain number of
implants were inserted. The number of patients is,
however, too limited to draw conclusions from this
meta-analysis.

Similar reports on the effect of training are avail-
able in ENT and general surgery literature: many
more complications and longer hospital stays with
trainees vs experienced specialists.

The location for surgery also plays a role. Expe-
rienced surgeons in either a private practice or
a teaching institution treated the two groups of
patients. The latter had increased survival rates,
however factors such as workload are difficult to
evaluate.

There is a need to further investigate the impact
of experience on the outcome of implant surgery,
but making sure that the experienced surgeons and
trainees are treating patients with similar complexi-
ties. The impact of gender also merits more interest.
Since contrary to other bodily parts surgery in the
oral cavity is also accessible to non-surgeons, the
need for such data are even more relevant.

B General conclusions

One can say that sequelae, complications, failures,
and revision surgeries with oral implants are due to a
large variety of factors involving local and systemic
patient factors, proper preoperative planning and
radiological follow-up, team approach, the surgeon’s
experience, avoidance of infections use of implants
and the prosthetic components with surface and ma-
terial characteristics, which have been properly doc-
umented. Using positively oriented semantics like
revision surgery can help better inform and reassure
the patient population.
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Semantics: introducing the term revision surgery

in oral rehabilitation.
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“If terms be incorrect, then statements do not accord with facts”. (Confucius)
“Words form the thread on which we string our experiences”. (Aldous Huxley)

Semantics is a term coined by Michel Bréal (1832 to 1915) a Jewish German-French linguist referring
to the Greek semantikos (= meaning) in his 1897 book, “Essai de sémantique”. He was a very gifted
man: for example, he was the one who suggested to Pierre de Coubertin to include the marathon
in the Olympic Games and who also, with the help of a Francophile American dental practitioner,
Thomas William Evans, created the “Doctorat d'Université”, finally allowing American students to

pursue their doctorate at a French university.

Semantics is the linguistic and philosophical study of
the meaning of words, while semiotics investigates
the meaning of signs and symbols during commu-
nication. The Oxford English Dictionary defines
semantics as: “The branch of linguistics and logic
concerned with meaning”. The relevance of this
science is illustrated each day in political speeches
and in diplomacy, but also in medicine. Properly
expressed thoughts remain as famous quotations
for centuries, such as those of Hippocrates: “The
chief virtue that language can have is clearness,
and nothing detracts from it so much as unfamiliar
words".

In communication, the sender and the receiver
may attribute different meanings to the same word
because of different backgrounds, education, cul-
ture, etc. The words “liberal” or “socialist" have
very different connotations according to the coun-
try. Therefore, using proper semantics to achieve an
efficient doctor-patient communication is also a key
issue.

B Specificity of semantics in oral
health care

Each science orart or profession has its own nomen-
clature which can even impact on the professional
conduct. In the field of oral health care and, in par-
ticular, the specialities involved in oral rehabilitation,
it is striking to see semantics deviate strongly from
what is common in all other medical disciplines. It
almost seems as if the oral cavity is not part of the
human body.

Firstly, there is an obsession with teeth. Dental
practitioners constantly use the word “dental” in oral
health care, even when there are no teeth at all in the
case of the edentulous patient! The latter are encour-
aged to maintain a proper “dental hygiene" - a sur-
real approach. Even soft tissue adhesives for intraoral
use, e.g. those utilised in mucosal grafting, are regu-
larly termed “dental glue”. The expression “dental
implant” is another misnomer. Endodontic (diadontic)
implants inserted into the root of a tooth are more of
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a historical technique, or their performance can be
considered as rare as “hen's teeth”, so to speak.

Proper semantics would be to use an “oral” or an
“endosseous implant”, which aims to carry a dental
prosthesis. But in a Google search, “dental implant”
provides more than 10 million quotes, while “oral
implant” only some 140,000. It seems to be a losing
battle.

In orthopaedics and ear, nose and throat (ENT)
healthcare, the term “bone-anchored prosthesis” is
commonly used, but not in oral rehabilitation. This
is a consequence of the well-established “fixation
to teeth” by many professionals involved: dental
practitioners, specialists, auxiliaries, and technicians.
Fixation derives from the term “fixierung", coined
by Sigmund Freud to denote a persistent or even
obsessive attachment to people or things. Fixation
can be compared to a psychological imprinting. A
possible explanation for this might be the first steps
of the university curriculum for future dental clin-
icians. In most countries they are very much devoted
to the anatomy of teeth, hardly including the oral
cavity. Consequences are the not-uncommon find-
ing of practitioners who use a tooth as a logo for
their professional letterheads, an office entrance, a
website, or even display a molar tooth as an ashtray.
Such signs create negative meanings and emotions
in people’s minds. One can only feel relieved that
such professionals are not in gynaecology!

Another example of semantics specific to the
dental profession is “implant dentistry” (more than
400,000 hits on Google). Nobody would think about
"implant orthopaedics” or “implant ophthalmol-
ogy", although implants are used much more in
orthopaedics than in oral health care; but, of course,
this neologism never arose. An orthopaedic surgeon
would even feel offended if called an “implantolo-
gist”, while a number of dental practitioners favour
this term, which creates the impression of a special-
ity for the ignorant layperson hiding the fact they
are general practitioners. Although implants are a
very useful means in several medical disciplines, they
should never become an aim as such to promote
someone’s clinical practice.

Unified semantics is so important for database or
web searches concerning health issues by the gen-
eral population. There is an urgent need to control
the medical terminology and nomeclature at a global
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level so that laypeople from different cultural back-
grounds can easily find the proper information. The
Unified Medical Language System (UMLS) effort,
supported by the US National Library of Medicine?,
is a step in the right direction. The Foundation for
Oral Rehabilitation (FOR) can also play an important
role in this because of the worldwide dimension of its
website and (associate) fellows.

When, after 10 years of clinical testing, osse-
ointegrated implants were proposed in 1977 by P-I
Branemark? as a predictable procedure to anchor
dental prostheses to the jawbone, the incidence of
complications and loss of implants at once became
major research themes. This was logical, since histori-
cally, endosseous oral implants had led to mistrust by
the medical profession because of frequent failures
associated with infections and even mutilation of the
jawbones. Furthermore, industries or individuals were
quick to introduce several “lookalike” products and
the surgical principles, as defined by Professor Brane-
mark, were not always faithfully applied, resulting in
less reliable outcomes. It has been demonstrated that
a change of hardware can have a negative impact
on the outcome. Thus, while communicating with
a patient, one should not refer to the data from one
implant system while using another3. The impact of
surgeons’ skills and judgements can also be signifi-
cant?. Therefore, complications — sometimes leading
to the loss of oral implants — were regularly reported,
yet again creating scepticism towards oral implants.
The field of osseointegration in oral rehabilitation
became a forum for antagonism because the scien-
tific concept was still in its infancy and also because
of industrial interests and, especially, personal egos.

B Negative outcomes after surgery

Negative outcomes after surgical treatment should
be differentiated from complications, failure to cure,
and sequelae>é. These are three different issues that
should be addressed when assessing the outcome of
oral implants.

One should definitely distinguish between a
sequela, which is an adverse accompaniment inher-
ent to a surgical procedure, and a real complication.
A postoperative scar or some gingival recession is
evidently sequelae.
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A complication means a deviation from the
expected postoperative course that is not inherent
and does not comprise a failure to cure. Sokol and
Wilson” defined surgical complication in an iterative
approach as to reach “any undesirable, unintended
and direct result of an operation affecting the patient
that would not have occurred had the operation
gone as well as could reasonably be hoped".

Failure to cure means that the condition remains
unchanged after treatment. A typical example is
implants inserted to anchor a removable complete
denture, which are subsequently lost, bringing the
patient back to the presurgical situation. It is recom-
mended that such distinctions be made in future clin-
ical evaluations of oral implants and their prosthetic
superstructures.

One should definitely distinguish between a
sequela, which is an adverse accompaniment inher-
ent to a surgical procedure, and a real complica-
tion. Evidently, a postoperative scar or some gingival
recession is a sequela.

Since permucosal implants are exposed to the oral
environment with its rich and varied microbiota, easily
adhering to the implant surfaces, chronic inflamma-
tory reactions of the surrounding gingival and mucosal
tissues were often induced. Sometimes the underlying
marginal bone resorbed and both animal experiments
and clinical observations led to the concept of peri-
implantitis, referring to a well-documented chronic
periodontal disease: periodontitis. The similarity of
symptoms even led many to believe the aetiologies
were identical. Specific semantics were soon proposed,
such as “ailing”, “failing”, and “failed” implants.
Meta-analysis of the literature available on the clinical
outcome of oral implants was thus rendered impossible
because of the confusion in defining these concepts.

Although many long-term - 10 years or more -
clinical observations reported > 95% successful oral
rehabilitations, at least in well-controlled and often
university-based studies, the issue of possible fail-
ures has been associated with intraoral implants for
decades. The expectations of the public are, on the
other hand, often too optimistic, presuming properly
functioning implant for life. Slogans such as " design-
ing for life" are understood as a formal promise of
survival of the inserted implants to one's life end,
while systemic, behavioural, or local factors may
jeopardise their expected longevity.

One must also question when the word failure is
appropriate when oral implants become associated
with complications or are even lost. A failure means
the non-performance of something due or expected.
When an implant functions for an expected time
period it needs to be replaced and should not be
called a failure. The impact of the treatment outcome
on patients’ function and health must always be con-
sidered when defining success or failure. According
to a prospective cohort study of patient satisfac-
tion following oral implant therapy after 10 years,
more than 90% of patients were completely satisfied
with implant therapys, although typically, for the
field “expectations relating to aesthetics and func-
tion"” was primarily considered, rather than “health
impact” or “time of survival".

B Revision surgery

There is a general consensus in orthopaedics that
femoral implants, which carry a hip prosthesis, are
expected to last between 10 and 15 years: “The typical
life of an artificial hip joint is 10— 15 years, depend-
ing on the patient's daily use of the joint”. (https://
my.clevelandclinic.org/health/articles/hip-revision).

More than 90% of total hip arthroplasty proced-
ures are still successful at 10- to 15-year follow-ups,
but the annual revision rate is estimated to be 1%
to 3%°.

Thus, from the time of insertion of a femoral
implant, the concept of revision surgery is already
envisaged. Revision surgery is often defined as the
removal, exchange, or addition of any implant parts.
Therefore, debridement may or may not play an
integral part. The rate of revision surgery is mostly
synonymous with the survival rate.

Websites of reputable institutions and ortho-
paedic surgeons commonly announce: “When a
replacement joint wears out, loosens or develops
a problem, it can be resurfaced or replaced in a
joint revision operation. Using regular x-ray exami-
nations, the orthopaedic surgeon can detect and
monitor any changes, and plan for revision surgery
before a major problem develops”. (https://www.
cedars-sinai.edu/Patients).

Patients are even informed that: “Hip revision
surgery has less favourable outcomes than first-time
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replacement surgery” (http://www.surgeryencyclo-
pedia.com).

In orthopaedics, open access national registries
were established in several countries to quickly iden-
tify poorly performing prostheses available on the
market to warn the public or eventually sue a manu-
facturer'0. As revealed in the Swedish register: “The
idea is to provide feedback to the community ...
this way of achieving high-quality hip replacement
surgery as reflected by a low revision rate has obvi-
ously been successful. Over the years, the revision
rate in Sweden has been decreasing continuously”.

The overall revision rate following primary hip
replacement in England and Wales calculated using
the Kaplan-Meier survival analysis method, was
0.7% at 1 year and 1.4% at 3 years, while for pri-
mary knee replacement in the same study the revi-
sion rate was 0.4% at 1 year and 1.4% at 3 years'".

It is estimated that about 22,000 knee revision
surgeries are performed annually in the US, out of
a total of 600,000 total knee replacements. Half
of them are done within 2 years of the patient's
first total knee prosthesis. The Unicompartmen-
tal Knee Arthroplasty (UKA) reaches annual revi-
sion rates of 2.59% according to the joint national
register of England and Wales'2. The latter paper
suggests that the benchmark revision rate set by
the National Institute for Health and Clinical Excel-
lence (NICE) for hip prostheses should be adjusted
downwards.

Multinational databases are now available, allow-
ing an even more elaborate analysis of the outcome
of implants. For example, the collective register for
the Scandinavian countries — NARA -reports on
more than 400,000 total hip replacements’3. The
total hip replacement survival rates varied consider-
ably among the four Nordic countries, which the
authors feel may reflect different implant brand
choices. They admit that the revision rates are opti-
mistic because they only include revision surgery
with a change of implant parts, while debridements
as such are not included.

In Australia, the Department of Therapeutic
Goods Administration publishes annual reports pro-
viding an insight into the performance of ortho-
paedic implants. “Eight implants with higher-than-
expected revision rates were identified in 2015 ...
and has contacted the sponsors” (https://www.tga.
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gov.au/publication-issue/medical-devices-safety-
update-volume-3-number-6-november-2015).

One can only dream that one day the same will
apply to oral implants!

Shoulder joint replacement is less frequently
applied, but still totals about 50,000 annually in the
US, while the revision rate reaches 11%14.

The concept of revision surgery is not limited to
the use of implants. There are other examples, such
asin neurosurgery: “Reoperation or revision surgery
for patients with Chiari malformations is common
and may not be due to technical error or inadequate
decompression”15; and in bariatric surgery: “The
overall incidence of surgical revision after a primary
obesity operation ranges from 5% (biliary pan-
creatic diversion) up to 50% (laparoscopic gastric
band) with intermediate rates for Roux-en-Y gastric
bypass and laparoscopic sleeve gastrectomy ""e.

Oral implants regularly need revision surgery,
although the term is not yet used in the field. Sev-
eral publications deal with the reinsertion of implants
in the same site as an implant that was lost or sub-
ject to complications, but most are limited case
reports17.18.19.20.21 Using a more interactive implant
surface or a larger implant may improve the outcome
of the revision surgery.

When the outcome was compared between a
machined and a TiUnite surface of the 29 machined-
surface implants replaced by implants with the same
surface?, six failed, while for the 19 machined-sur-
face implants replaced by TiUnite surface implants,
only one failed. Of the 10 TiUnite-surface implants
replaced by implants with the same surface, none
failed. The difference in failure rates between
machined-surface and TiUnite replacement implants
was statistically significant. In a study on 49 patients
(60 implants)20 who experienced implant loss and
underwent a second implantation, the survival rate
of the second implant after removal of the failed im-
plant was 88.3%. In another study2! of 56 patients
with a total of 79 failed implants that had to be
replaced, 13 failed at between 7 and 78 months of
observation, resulting in an overall survival rate of
83.5%.

The limited data available indicate that revi-
sion surgery is a predictable treatment in oral reha-
bilitation, although with a lower survival rate than
for implant placements in pristine jawbone sites.
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Unhappily the term “revision” was never used while
this nomenclature could easily be introduced.

B Elective surgery and warranties

Oral rehabilitation by means of implants belongs evi-
dently to the elective surgery category. The latter is
defined, according to Collins Dictionary, as “when
someone chooses to have an operation which is not
absolutely medically necessary”. It means surgery
that is subject to choice (election). The choice may
be made by the patient and/or the doctor and should
be discussed between them thoroughly using proper
semantics prior to surgery. Thus, since not essential
for the patient’s health, one should take all neces-
sary precautions before going ahead with such sur-
gery and treatment. Nevertheless, it does not mean
payment is due before the procedure as some have
posted on their website for elective surgery.

Liability is rarely shared by the implant manufac-
turing companies. In orthopaedics there has been
some recent changes.

For example, in 2015 Biomet announced a Life-
time Oxford Knee Implant Replacement warranty in
the US, which involves the cost of the replacement
implant only, but not hospital costs, etc. The chief
executive of Aesculap Implant Systems, a company
that offers some warranty since 2017, declared: “In
the consumer market, if a product does not meet
expectations, the purchaser expects a money-back
type of guarantee. This has not been the norm in
the device market".

A warranty can apply to a device when a manu-
facturer makes the warranty to a consumer, the doc-
tor or the patient, with whom the manufacturer has
no direct contractual relationship. Regularly itimplies
following the protocol that accompanies the inser-
tion of the device. Warranty demands are easier to
deal with than proving negligence, which means the
manufacturer has shown lack of reasonable care in
the production, design, or assembly of the device.

For oral implants, warranties have become com-
mon, often even for a lifetime, but regularly with
limitations such as: “This limited warranty does
not cover the cost of the surgical procedures and
materials or tools and accessories used with the
implant”.

On the other hand, in most countries the cost of
oral implants is not covered by social security. This
is logical since they are not necessarily inserted by
specialist surgeons and since this kind of surgery is
definitely elective. Furthermore, the health benefit
seems less relevant than for other amputations or
orthopaedic devices.

Since in oral rehabilitation there is an increas-
ing tendency for medico-legal litigation, a properly
managed informed consent — a permission granted
in full knowledge of the possible consequences
such as possible risks and benefits — becomes a key
issue prior to any elective surgery. It means when
implants are considered as a treatment option,
avoiding unrealistic expectations concerning the
benefit to the patient, for instance a life-long lasting
result, unless patients themselves have a predict-
ably definable lifespan. Doctors should be trained
in appropriate communication skills, employing
proper semantics to optimise patient information
and avoid liabilities.

B Conclusions

Semantics is unpopular among medical doctors,
although it helps to avoid misunderstandings dur-
ing interaction with patients. Using terms such as
“revision surgery”, “complications” and “to be
expected surgical consequences”, when discussing
treatment plans, will make the treatment modality
more acceptable for public opinion and encourage
more patient trust.

Revision surgery, which means to correct unde-
sirable sequelae of previous surgery, is a term that
needs to become popular in oral rehabilitation, thus
replacing terms associated with failure. Oral implants
sometimes have to be removed, or can be lost. The
replacement by another implant allows a return
to the previous stage or even maintenance of the
achieved rehabilitation.

The terminology in other languages for revision
surgery is « chirurgie de reprise” or “chirurgie de
révision"”, « Chirurgia di revisione" « revisionschir-
urgie » « cirugia de revision » «Cirurgia de revisdo”
etc.
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This review provides an overview of review and consensus articles of the past 5 years regarding sur-
gical complications in implant dentistry. The focus in this article is on surgical complications occurring
after implant insertion and on risk factors that compromise oral implant osseointegration.

B Surgical complications

The intention of this narrative review paper is to give
a synoptic overview about review and consensus
papers of the previous 5 years concerning surgical
complications in implant dentistry.

Search strategy

A Medline search (http://www.ncbi.nlm.nih.gov/
pubmed) was performed for articles published in Eng-
lish between January 1, 2012, and March 31, 2017.
The following search terms were used: bleeding den-
tal implant, diabetes dental implant, oedema dental
implant, flap dehiscence dental implant, hematoma
dental implant, infection dental implant, mandible
fracture dental implant, periodontitis dental implant,
sensory disorders dental implant, sinusitis dental im-
plant, smoking dental implant, surgical complications
dental implants, intraoperative complications dental
implant surgery and complications zygoma implants.
Additional evidence from consensus conferences over
the past 5 years, regarding oral implant complications
was also evaluated. Therefore, the papers of the 3rd
EAO Consensus Conference, February 15 to 18,
2012, Pféffikon, Schwyz, Switzerland, and the 4th
Consensus Conference of the European Association
for Osseointegration (EAO), February 11 to 14, 2015,

Pfaffikon, Schwyz, Switzerland, were evaluated. Add-
itionally the paper by Albrektsson et al from the con-
sensus meeting on “peri-implantitis” in Rome, Italy,
from January 8 to 10, 2016, was also considered?.

B Complications arising from oral
implant surgery

Intraoperative complications

Oral implant complications are defined as pathologi-
cal conditions occurring after implant insertion?. To
be differentiated from this are intraoperative com-
plications or accidents that occur during the surgical
procedure2. There is only limited evidence on the
number of intraoperative surgical complications in
oral implantology, because these complications are
rarely reported in literature3. The existing literature
describes classifications and possible intraoperative
complications®. To our knowledge, during the past
5 years there are no reviews displaying the incidence
of intraoperative complications in oral implant surgery.

Bleeding
Bleeding complications can arise after insertion of

oral implants in the anterior and posterior mandible.

Eur J Oral Implantol 2018;11(Suppl1):521-S25

Rainer Lutz
Christian Schmitt
Mayte Buchbender
Friedrich Neukam

Department of Oral and
Maxillofacial Surgery,
University Hospital Erlangen,
Friedrich-Alexander-Uni-
versitat Erlangen-Nirnberg,
Ostliche Stadtmauerstrasse
27, 91054, Erlangen,
Germany

Correspondence to:

Rainer Lutz

Department of Oral and
Maxillofacial Surgery,
University Hospital Erlangen,
Friedrich-Alexander-Univer-
sitat Erlangen-Nirnberg,
Ostliche Stadtmauerstrasse
27, 91054 Erlangen

Tel: +499131/8543738;
Fax: +499131/8534219
Email:
Rainer.Lutz@uk-erlangen.de



S22 m

Lutz et al Diagnosis, avoidance and managing complications of implant-based treatments

Especially when long implants are inserted, there is
a danger of perforating the lingual cortical bone and
damaging the sublingual artery®. In particular, in
anti-coagulated patients, haematoma of the floor of
the mouth may present a life-threatening complica-
tion®. In literature, the haematoma of the floor of the
mouth was described as unusual, but a life-threat-
ening complication after implant surgery?:8. Its rare
occurrence makes it even more dangerous, as the
procedures of airway management, e.g. intubation
or cricothyrotomy, do not regularly form part of most
implant surgeons' training programmes®, which
makes it necessary to immediately refer a patient
to a specialised clinic in case of a suspicious injury
to the vessels of the floor of the mouth0. Bleeding
complications are described as rare in maxillary sinus
augmentation procedures; most bleeding complica-
tions result from damaging the anastomosis of the
posterior superior alveolar artery and the infraorbital
artery in the facial wall of the maxillary sinus1.

Sensory disorders

Sensory disorders are a relevant complication after
mandibular implant surgery. A meta-analysis includ-
ing 28 studies showed incidence of sensory disorders
in 13% (95 % Cl: 6% to 25%) of all cases 10 days
after implant surgery and 3% (95 % Cl: 1% to 7%)
persisting disorders after 1 year'2. Furthermore, the
meta-analysis found no influence of the alveolar bone
height or the age of the patient in sensory disorders
after implant placement in the mandible. Other fac-
tors or treatment options were not evaluated.

Peri-implant infection

Due to the bacterial load of the oral cavity and the
endo-exo character of oral implants, infections of
the peri-implant soft- and hard tissues can occur
in oral implant surgery. The key factor may be the
modified bacterial composition or the quantity of
the microbiological environment in peri-implant
infections'3. The mean prevalence for peri-implant
mucositis is higher compared with peri-implantitis
(43 % vs 22%)14. Early infections after implant inser-
tion have an incidence of 6.5% (95% Cl: 4.4% to
9.7%) of the patients and 1.7% (9 % Cl: 1.2% to
2.6%) of the implants'>. These implants show a
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failure rate of about 55% before prosthetic load-
ing. After prosthetic loading, the survival and success
rate are reduced to 80% and 50% after a follow-up
period of 42.9 + 10.2 months'5. A systematic review
by Lund et al showed that antibiotic prophylaxis
during implant placement could reduce the risk of
an implant loss by 2%76. The progression of hard-
tissue destruction is more extensive in peri-implant
as opposed to periodontal infections'?. Risk factors
favouring peri-implant infections are lack of support-
ive therapy, poor oral hygiene, diabetes, smoking,
excess cement in the peri-implant soft tissues and
occlusal overload'418. Romeo et al reported a bio-
logical complication rate in the sense of peri-implan-
titis of 5.7% (95% Cl: 4.2 to 7.6 %) after 5 years'?.
Mombelli et al found an incidence of peri-implantitis
in the order of 10% implants and 20% patients
between 5 and 10 years after implant placement,
with a high variation rate of the reported data20. In
a systematic review of Jung et al, the 5-year cumu-
lative soft tissue complication rate, including signs
of inflammation, mucosal inflammation, mucositis,
bleeding, suppuration and soft tissue dehiscence,
was 7.1% (95% Cl: 4.4 to 11.3%)2".

Infection of adjacent structures

Infections of adjacent structures can be associated
with implant insertion. Maxillary sinus augmenta-
tion is a common procedure that aims to increase
bone volume in the posterior maxilla by elevating the
sinus membrane and interposing autogenous bone
or bone substitute materials. Lateral or transalveolar
approaches are used to access the maxillary sinus.
The most common complications are perforation of
the sinus membrane (prevalence rate between 7%
and 44 %), bleeding (no information on prevalence)
and postoperative maxillary sinusitis (prevalence rate
between 1% and 4%)11.22. When the sinus mem-
brane is perforated, the risk of maxillary sinusitis is
increased23.

Pathological fractures of the mandible can occur
during implant placement or after implant insertion.
The latter most frequently occur due to implant fail-
ure, with consequent periimplant bone loss?4. The
highest incidence of pathological mandibular frac-
tures after implant insertion was found in edentulous
patients in the region of the mandibular symphysis'1.



Lutz et al Diagnosis, avoidance and managing complications of implant-based treatments

m S23

W Risk factors compromising
osseointegration

Smoking, excess cement, plaque accumulation and
the lack of adjuvant periodontal supportive therapy
are risk factors for developing peri-implant infec-
tions25. Occlusal overload of oral implants was solely
investigated in animal experiments, revealing that
overload may induce a specific mechanism for the
loss of osseointegration26. However, there is a lack
of data from clinical investigations.

Smoking

In smokers, implant survival rate is decreased, while
the rate of postoperative infections, peri-implantitis
and marginal bone loss increases27-29, There is a
tendency, that the higher rate of peri-implant dis-
eases in smokers can be reduced by supportive peri-
odontal therapy30. Regarding the effect of smoking
on implants inserted after maxillary sinus augmen-
tation, there is a statistically significant increased
failure rate in smokers compared with non-smokers
(RR: 1.87 (95% CI: 1.35, 2.58), P = 0.0001)3". In
the same study, the subgroup analysis regarding only
the prospective studies, found no significant differ-
ence [RR: 1.55 (95% CI: 0.91 to 2.65), P =0.11]
between the two groups3!. A meta-analysis of
13 studies displayed an increased annual bone loss
rate of 0.164 mm/year in smokers compared with
non-smokers32. Another meta-analysis displayed a
statistically higher bone loss in the smoking group
compared with the non-smoking group; this bone
loss was statistically significant higher in the max-
illa than in the mandible33. The implant failure rate
was also statistically significantly higher for smokers
(OR 1.96, 95% Cl: 1.68 to 2.30; P < 0.00001)33.
Regarding the effect of smoking on implants
inserted after maxillary sinus augmentation, there
was a statistically significant increase in the fail-
ure rate in smokers compared with non-smokers
[RR: 1.87 (95% Cl: 1.35t02.58), P = 0.000113". In
the same study, the subgroup analysis of only the
prospective studies found no significant difference
[R: 1.55 (95% Cl: 0.91 t0 2.65), P = 0.11] between
the two groups3.

Radiation therapy

Radiation therapy has a negative effect on implant
survival, with a statistically significant decrease if
the implants were inserted prior to radiotherapy
or 12 months after radiotherapy. Higher radiation
doses tended to lower implant survival rates, but
the difference was not statistically significant (RR:
1.40; 95% ClI: 0.73 to 2.68; P = 0.31)34. The loca-
tion of the implants (maxilla vs mandible) in irradi-
ated patients showed no significant difference on
implant failure (RR: 0.81; 95% Cl: 0.09 to 7.27;
P =0.85)34. Analysis of the data from two stud-
ies showed that marginal bone loss was statically
significantly higher in irradiated patients compared
with non-irradiated patients (mean difference: 0.62;
95% Cl: 0.21 to 1.03; P =0.003; heterogeneity:
12 =92%; P < 0.00001, random-effects model).

Diabetes mellitus

A meta-analysis (14 studies) found no significant
difference in implant failure between diabetic and
non-diabetic patients (P = 0.65), while there was
statistically significant difference for marginal bone
loss (based on two studies), which was higher in the
diabetic group (P =0.01)35. Another review found
influence of poorly controlled type 2 diabetes (one
study) on pocket depth and marginal bone loss28. In
a meta-analysis Monije et al found a higher risk for
peri-implantitis (RR =1.46; 95% Cl: 1.21 to 1.77
and OR=1.89; 95% Cl: 1.31 to 2.46; z=5.98;
P <0.001), but not for mucositis (RR =0.92; 95%
Cl: 0.72 to 1.16 and OR=1.06; 95% Cl: 0.84 to
1.27,z2=1.06, P = 0.29) in patients with diabetes vs
non-diabetic patients36. Annibali et al showed that
diabetes mellitus had a negative effect during the
process of osseointegration and in the first year in
function. After this period however, during a 6-year
follow-up period, there were no negative effects on
implant survival observed due to the diabetic meta-
bolic state3”. In a review by Moraschini et al com-
paring the failure rates of oral implants in diabetic
vs non-diabetic patients there were no statistically
significant differences (type 1 diabetes (RR of 3.65;
95% Cl: 0.33 to 40.52; P =0.29) and type 2 dia-
betes (RR =1.43; 95% Cl: 0.54 to 3.82; P =0.47).
However, marginal bone loss was significantly higher
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(P < 0.00001) in the diabetic group38. In a systematic
review, Naujokat et al found that poorly controlled
diabetes had a negative effect on osseointegration
and a higher rate of peri-implantitis, which resulted
in higher failure rates. In patients with well-con-
trolled diabetes the complication rates were similar
to healthy patients3°. A meta-analysis undertaken by
Shi et al did not show a direct association between
glycaemic control and implant failure rate40.

Periodontitis

A history of periodontitis may have a marginal effect
on implant failure and peri-implantitis; in addition,
peri-implant bone loss rate was found to be higher41.
However, several uncontrolled confounding factors
and a lack of randomisation in the studies may indi-
cate limited validity of the data.

Peri-implant bone loss

Hard and soft tissue integration of oralimplants results
in the formation of scar tissue in the peri-implant soft
tissues and an immunologically and inflammatory-
mediated foreign body reaction called osseointegra-
tion42:43. While peri-implant bone resorption, taking
place in the first year after implant insertion, occurs
due to a disequilibrium resulting from a foreign body
reaction of the implant components. Bone loss result-
ing from peri-implant infections is a late complication
caused by bacteria and subsequent immunological
reactions#24445, According to recent reviews, only
1% to 2% of allimplants show peri-implantitis when
inserted by experienced surgeons#>. Albrektsson et
al questioned the high incidence reported for peri-
implantitis and attributed the great majority of peri-
implant bone loss to osteolytic reactions induced by
the immune system'. When peri-implant bone loss
has occured, current literature shows that foreign
body equilibrium should be regained as fast as pos-
sible, even at the cost of bone loss due to surgical
therapy42. Further knowledge is needed to fully
understand the immunologic processes taking place
in peri-implantitis induced bone loss#3.

Besides marginal bone loss around oral implants,
hard tissue defects may occur as a complication
of oral implant surgery causing periapical implant
lesions*6. The aetiology of periapical implant lesions
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include infection, overheating, pre-existing peri-apical
lesions, bacterial contamination, and poor bone qual-
ity47.48. Vertical and horizontal bone resorption of
0.5 mm to 1.0 mm were described 4 to 12 months
after implant surgery following immediate implant
placement in extraction sockets??. There was no dif-
ference between flapped and flapless techniques#®. In
ameta-analysis, Jung et al demonstrated a cumulative
hard tissue complication rate (defined as bone loss
exceeding 2 mm) of 5.2% (95% Cl: 3.1% to0 8.6%).
Bone loss was higher for cemented reconstructions
(2.8%;95% Cl: 2.1% to 3.7 %) compared to screwed
reconstructions (1.1%; 95% Cl: 0.2% to 7.1%)2".

Complications related to zygomatic
implants

A systematic review by Chrcanovic et al with 4556
zygomatic implants in 2161 patients, displayed a
cumulative survival rate of 95.2% after 12 years0.
A negative effect on implant survival was found in
irradiated patients. The most common complications
reported were: sinusitis: 2.4% (95% Cl: 1.8 to 3.0),
soft tissue infection: 2.0% (95% ClI: 1.2 to 2.8),
paresthesia: 1.0% (95% Cl: 0.5 to 1.4) and oroantral
fistulas: 0.4% (95% Cl: 0.1 to 0.6)30-
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Prosthetic complications with implant prostheses

(2001-2017)
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Aim: To present recent data regarding prosthetic complications with implant prostheses and crowns
as well as compare this data with data presented in a 2003 publication.

Material and methods: An electronic Medline (PubMed) with MeSH terms search was performed,
focussing on clinical studies that reported data on prosthetic complications associated with implant
fixed complete dentures, implant overdentures, implant fixed partial dentures, and implant single
crowns.

Results: There were nine prosthetic complications reported with implant fixed complete dentures,
17 with implant overdentures, four with implant fixed partial dentures, and six with implant single
crowns. The greatest number of complications and the largest incidence of percentages occurred with
implant overdentures. The lowest incidence percentages were recorded for implant single crowns.
These findings are in agreement with the previous 2003 publication. It is of interest to note that some
of the complications reported previously were not reported in this review, and some complications
reported in this review were not listed in the 2003 publication, thereby limiting the number of direct
comparisons between this paper and the earlier report. A surprising finding was that some complica-
tions associated with implant overdentures from the current data exceeded the incidence in 2003
(reactivation of the retentive attachment; mucosal hyperplasia; and the need for overdenture relines).
Conclusions: Implant overdentures are associated with more complications than implant fixed com-
plete dentures, implant fixed partial dentures, and implant single crowns. The lowest incidence of
complications was reported with implant single crowns. The most common complication reported
with implant fixed complete dentures was denture tooth fracture. The most common complication
associated with implant overdentures was the need for adjustments. Porcelain veneer fracture/
chipping was the most common complication identified in the studies of implant fixed partial den-
tures. The most common complication reported with implant single crowns was abutment screw
loosening.

H Introduction

In 2003, a literature review' was published that pre-
sented data regarding clinical complications with
implants and implant prostheses between 1981 and
2001. A portion of this article provided incidence data
regarding prosthetic complications as they related
to the following four types of implant prostheses:

1) implant fixed complete dentures; 2)implant
overdentures; 3) implant fixed partial dentures; and
4) implant single crowns. The reported data was
derived by combining the raw data from included
studies so a mean incidence could be calculated.
The purpose of the mean incidence was to suggest
complication trends with each of the four types of
prostheses rather than provide absolute incidence
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values. It is important to note that this publication
was a literature review and not a systematic review
with meta-analysis.

The complications reported in this 2003 publica-
tion? occurred more commonly with implant over-
dentures than the other types of prostheses. Com-
plications included loss of overdenture retention/
adjustment with a mean incidence of 30%, over-
denture relines (19%), overdenture clip/attachment
fracture (17%), and overdenture fractures (12%).
Fractures of the opposing complete dentures were
combined for both fixed complete dentures and over-
dentures with an incidence of 12%. Acrylic resin base
fracture of the fixed complete denture and overden-
ture had a combined incidence of 7%. There were
only three publications that reported porcelain veneer
fracture with fixed partial dentures, resultingina 14 %
incidence. Abutment screw loosening was high, at
25% for single crowns due to early screw designs and
lack of defined methods for tightening the screws, but
this reduced to 8% in later studies. Prosthesis screw
fractures occurred in 3% of fixed complete dentures
and in 5% of fixed partial dentures. There was a 3%
mean incidence of framework fractures with fixed
complete dentures. The abutment screw fracture
incidence was reported as 3% with fixed complete
dentures and 1% with fixed partial dentures. Implant
fracture was reported as a mean of 1% from studies
that were almost exclusively found within fixed com-
plete dentures and fixed partial dentures.

Some of the reported complication incidences in
this 2003 publication! were based on relatively large
numbers of studies, whereas others were calculated
on the limited number of studies reporting such a
complication between 1981 and 2001. Additionally,
little data was provided relative to single crowns on
implants because of their less frequent use during
the review time period compared with other types
of prostheses.

Therefore, the purpose of this article was to review
the literature from January 1, 2001 to July 25, 2017,
that related only to prosthetic complications for the
purpose of presenting data regarding the types of
prosthetic complications that have occurred with
different implant prostheses and their incidences.
An additional purpose was to compare the 2001 to
2017 prosthetic complications data with the previ-
ously published data covering the period from 1981
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to 2001, to determine if there have been changes
in prosthetic complications between the two time
periods.

B Materials and methods

This current literature review was based on a Med-
line search of the following MeSH categories: den-
tal prosthesis; dental prosthesis, implant supported;
dental implants/adverse effects; dental prosthesis,
single-tooth; dental implants/complications. After
filtering for articles published in English that had an
available abstract relating to implant prostheses, the
search resulted in 5851 articles. After searching the
abstracts, there were 269 articles selected for com-
prehensive review. Of these reviewed articles, 74
were included in this literature review based on the
inclusion/exclusion criteria described below.

The inclusion criteria included only those stud-
ies that reported a follow-up time of at least 1 year,
provided data on at least 25 crowns/prostheses,
and identified the number of patients, number of
implants, number of crowns/prostheses, and the
types and number of complications that occurred
with each type of prosthesis. For overdentures, only
those studies with two or more implants per prosthe-
sis were included. For a specific complication to be
included in this review, at least three clinical studies
had to have reported that complication.

Exclusion criteria included systematic reviews and
literature reviews, as the purpose of this paper was to
present a review of prosthetic complications presented
in individual clinical studies. For fixed complete den-
tures, studies reporting on prostheses supported by
zygomatic implants were excluded. For fixed partial
dentures, studies reporting on cantilever prostheses
were excluded, as were those reporting on prostheses
attached to implants and natural teeth. For single
crowns, studies reporting on one-piece implants were
excluded. Some articles examined multiple types of
prostheses and reported complications, but did not
indicate the specific number of complications that
occurred with each type of prosthesis. These were
therefore excluded from this review.

The incidence percentages in this literature
review were calculated by combining the raw data
from multiple studies so a mean incidence could be
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determined. This was the procedure used in the 2003
publication and therefore the data presented in this
publication only suggests complication trends, as in
the previous publication.

B Results

The complications were grouped according to the
following four types of implant prostheses: 1) im-
plant fixed complete dentures; 2) implant overden-
tures; 3) implant fixed partial dentures; and 4) im-
plant single crowns.

The complications reported with each type of pros-
thesis are limited to those identified in the included
studies and does not necessarily represent every type
of prosthetic complications that could occur.

Implant fixed complete denture
complications

The following types of complications and their inci-

dences were reported for fixed complete dentures,

(as shown in Table 1):

1. Denture tooth fracture: 226 of 814 prostheses
(28%), as reported in 11 studies2-12;

2. Screw access filling material lost: 38 of 154 pros-
theses (25%), as reported in three studies2.7.9;

3. Denture tooth wear: 40 of 266 prostheses
(15%), as reported in five studies#8-10.13;

4. Fracture of porcelain veneer: 16 of 129 pros-
theses (12%) as reported in three studies'2-14;

5. Mucosal hyperplasia: 15 of 145 prostheses
(10%), as reported in three studies”-9;

6. Prosthesis remake: 21 of 227 prostheses (9%),
as reported in five studiesé-19;

7. Framework fracture: 31 of 658 prostheses (5%),
as reported in eight studies35-7.9-11,13;

8. Abutment screw fracture: 7 of 325 prostheses
(2%), as reported in three studies>7:8;

9. Prosthesis screw loosening: 4 of 369 prostheses
(1%), as reported in three studies®7.

Implant overdenture complications

The following types of complications and their inci-
dences were reported for overdentures, (as shown
in Table 2):

1. Overdenture adjustment: 194 of 122 prostheses
(159%), as reported in three studies5-17;

2. Change of attachment: 355 of 394 prostheses
(90%), as reported in nine studies’6-24;

3. Reactivation of attachment: 177 of 335
prostheses (53%), as reported in four stud-
ies20,23,25,26:

4. Mucosal hyperplasia: 113 of 361 prostheses
(31%), as reported in five studies!523.26-28,

5. Overdenture reline: 192 of 737 prostheses
(26%), as reported in 12 studies5-20.24-26,28-30,

6. Opposing prosthesis reline: 49 of 193 prostheses
(25%), as reported in four studies?6.18,24.30;

7. Loose attachment: 104 of 568 prostheses (18 %),
as reported in eight studies'5-17.22,27,31-33;

8. Occlusal adjustment: 42 of 238 prostheses
(18%), as reported in four studies5.18,26.28;

9. Overdenture repair: 22 of 156 prostheses (14 %),
as reported in three studies8.30.33;

10. Overdenture remake: 37 of 305 prostheses
(12%), as reported in six studies’>.17,18,28-30;

11. Denturetooth fracture: 94 0f 793 prostheses (12 %),
as reported in 12 studies!5.1619.20.24-26,28,29,32-34;

12. Extension bar fractures: 36 of 353 prostheses
(10%), as reported in four studies?5.20,24.25;

13. Overdenture fracture: 84 of 934 prostheses
(9%), as reported in 14 studies!7:19,21-29,32,35,36;

14. Bar screw loosening: 25 of 388 prostheses (6%),
as reported in three studies'.25.27;

15. Bar fracture: 44 of 757 prostheses (6%), as
reported in 12 studies?5.18.21,24,26-29,32-34,37,

16. Attachment fracture/loss: 33 of 614 pros-
theses (5%), as reported in eight stud-
ies16,22,23,25,26,32,33,37:

17. Excessive wear of denture teeth: 16 of 401 pros-
theses (4%), as reported in four studies15.25.28,29,

Implant fixed partial denture
complications

The following types of complications and their inci-

dences were reported for fixed partial dentures, (as

shown in Table 3):

1. Porcelain veneer fracture/chipping: 68 of 1,205
prostheses (6%), as reported in 12 studies38-49;

2. Loss of retention (decementation of cemented

prostheses): 41 of 738 (6%), as reported in nine
studies38:39,42,43,45-49,53:

Eur J Oral Implantol 2018;11(Suppl1):527-S36



S30m

Goodacre et al Prosthetic complications with implant prostheses (2001 to 2017)

3. Screw loosening with screw-retained prostheses:
37 of 896 prostheses (4%), as reported in seven
studies38:4046,47,50-52:

4. Screw loosening with cement-retained pros-
theses: 25 of 756 prostheses (3%), as reported
in five studies38.47.48.51,52,

Implant single crown complications

The following types of complications and their inci-

dences were reported for single crowns:

1. Abutment screw loosening (both screw and
cement-retained crowns): 262 of 7,648 crowns
(3%), asreportedin 22 studies38:39.4143,48,49,54-69;

2. Implant fracture: 13 of 438 implants (3%), as
reported in three studies0.61.70;

3. Porcelain veneer fracture/chipping: 177 of
7,245 crowns (2%), as reported in 21 stud-
ies38,39,44,47-49,53 54,57-59,62-65,70-75-

4. Loss of retention (decementation of cemented
crowns): 161 of 7,683 crowns (2 %), as reported in
17 studies39:4347,48,5354,56,58,59,62,63,65,66,70,72-74:

5. Open proximal contacts: 94 of 4,846 crowns
(2%) as reported in three studies#7:50.55;

6. Crown remakes: 38 of 5,471 crowns (0.7 %), as
reported in six studies?7.58,62,65.73,74,

Comparison with previous
complications literature review

In the previous literature review?, there were more
prosthetic complications associated with implant
overdentures than implant fixed complete dentures,
implant fixed partial dentures, and implant single
crowns. Likewise, in this review there were more
complications with implant overdentures than the
other types of prostheses. However, it was surpris-
ing that the studies included in this current review
reported higher complication rates for reactivation
of the retentive mechanism, mucosal hyperplasia,
and overdenture relines than were determined in
the 2003 publication. In fact, the difference was
quite substantial, with a rate of 30% reported for
reactivation of attachments in 2003 and 53 % in the
current review. The rate for mucosal hyperplasia was
19% in 2003, but was 31% in this review. Likewise,
the need for overdenture relines was 19% previ-
ously and 26% in this review. No reasons could be
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determined for this increased incidence. In contrast
with the increased incidence found in the current
review, the occurrence of fractured retentive mech-
anisms was reported to be 17% in 2003 and was
reduced to 5% in this review. Additionally, it was
interesting to note that fractures of the opposing
prosthesis were reported with implant overden-
tures in 2003, but were not reported in the articles
included in this current review.

In the 2003 publication®, fixed complete dentures
were associated with the second greatest number of
complications and that same ranking was present in
this current review. There were two complications
reported in both literature reviews (framework frac-
ture and abutment screw fracture) with comparable
incidences. Framework fracture in the 2003 publica-
tion was 3% and it was 5% in the current review.
Likewise, abutment screw fracture was 3% in 2003
and 2% in this review. As for implant fixed complete
dentures and implant overdentures, it was inter-
esting to note that opposing prosthesis fracture was
areported complication in 2003 with an incidence of
12%, but it was not reported in this review.

With implant fixed partial dentures, there were
only four complications reported in this review; simi-
larly there were only a few complications reported
in 2003. The mean incidence of porcelain veneer
fracture was 14% in the 2003 publication, whereas
it was 6% in this review, an advantageous reduction
in a complication that can consist of minor chipping
or could be extensive enough to require prosthe-
sis replacement. Screw loosening occurred with a
4% incidence in 2003; in the current analysis it was
4% with screw-retained prostheses and 3% with
cement-retained prostheses. Of interest is the 1%
abutment screw fracture identified in 2003 whereas
there was no reporting of abutment screw fracture in
the papers included in this review. Similarly, there was
no report of implant fractures in this review, whereas
the 2003 publication reported a 1% overall implant
fracture rate for all types of prostheses. When the
specific studies from 2003 that presented data on
implant fractures associated with implant fixed par-
tial dentures were reviewed, the number of fractures
was small. For instance, in one study’6é there were
five fractures associated with 509 implants that sup-
ported fixed partial dentures. The authors indicated
the fractures were associated with situations of high
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stress and non-axial loading. In another study from
the 2003 review?”7, there were three fractures among
521 implants. A third study’8 from the 2003 paper
reported a 7.2% implant fracture rate associated
with 168 mandibular posterior fixed partial dentures;
all but one fracture occurred with prostheses that
had a cantilever load.

With implant single crowns, mechanical com-
plication data was limited in the 2003 review and
focused primarily on abutment screw loosening. The
mean incidence of abutment screw loosening was
high in the early years of placing single implants
(25%), but was reduced to 8% in the most recent
studies included in the 2003 review?. In this current
review, the mean abutment screw loosening was
further reduced to 3% based on the 22 included
studies. In fact, all the single crown complication
incidences reported in this review were low, with
values ranging from a maximum of 3% to a min-
imum of 0.7%.

B Discussion

There were three complications presented in the
results section that, at first glance, may not appear
to be prosthetic complications.

One complication is the incidence of mucosal
hyperplasia associated with fixed complete dentures
and implant overdentures. The reason for this com-
plication being included relates to the relationship
between prosthesis design and the space between
the prosthesis and mucosa, since “limited space” or
“no space” affects oral hygiene access and increases
the likelihood that mucosal hyperplasia can occur.
This space restriction was first identified by Adell et
al7?in their classic 1981 publication where hyperpla-
sia was recorded at about 6.7% of the implants due
to approximation of the mucosa and prosthesis that
“created unfavourable conditions for local tissue
hygiene". The second complication is implant frac-
ture associated with single implant crowns. This data
is included because non-optimal placement of single
implants, particularly in the molar region89, can lead
to crowns with horizontal cantilevers increasing the
torque applied to the crown and implant8'. These
torque factors increase the potential for mechan-
ical complications to occur, such as implant fracture.

The third complication is the open proximal contacts
that were observed over time with oral implants82-85.
There are multiple potential causes for such proximal
contact opening, one of which is the occlusal rela-
tionship established between the implant crown and
the natural teeth, and therefore this complication
was included in the review.

Data limitation complications

When reviewing the above results, it becomes appar-
ent that the number of studies reporting certain com-
plications was quite limited in the recent literature,
as evidenced by the number of complications where
the mean incidence was based on just three or four
studies. Therefore, drawing conclusions or inferring
complication trends related to these complications is
tenuous. Other complication incidences were based
on calculations from a larger number of clinical stud-
ies, which allows one to establish a more realistic
trend regarding the potential for such complications
to occur.

Implant fixed complete denture
complications

With implant fixed complete dentures, denture
tooth fracture (28%) and denture tooth wear (15%)
occurred at a relatively high incidence level, indi-
cating the need for further improvements in den-
ture tooth materials. Also, the use of occlusal night
guards worn over the prosthesis is another means of
protecting the prosthetic teeth and reducing wear.
Porcelain veneer fracture (12%) is relatively high
and also supports the value of occlusal night guards
to help protect the teeth from heavy forces that can
occur during sleep. The loss of screw access filling
material (25%) is indicative of the need for optimal
retention for the material that seals screw access
channels. Remaking of the prostheses (9%) and
framework fracture (5%) are higher than desirable
given the consequences of these complications to
both the patient and practitioner.

Mucosal hyperplasia was included in the list of
prosthetic complications since prosthesis design
can reduce or eliminate space between the cervi-
cal aspect of the prosthesis and the residual ridge,
thereby compromising oral hygiene access??.

Eur J Oral Implantol 2018;11(Suppl1):527-S36



S32m

Goodacre et al Prosthetic complications with implant prostheses (2001 to 2017)

Implant overdenture complications

From the above data, it is apparent that implant
overdentures continue to have the greatest num-
ber of prosthetic complications. For instance, the
percentage of adjustments made to overdentures
exceeded 100%, indicating that many overdentures
required multiple adjustments. While the need for
multiple adjustments is relatively common with trad-
itional complete dentures, one would think that the
presence of attachments that help orient an over-
denture and provide retention and stability would
reduce the incidence of overdentures requiring
adjustment. Additionally, many of the studies were
not specific enough to identify the types of adjust-
ments required.

Most of the overdenture complications were
associated with the retentive mechanisms, support-
ing the need for more durable attachments. The high
mucosal hyperplasia incidence (31%) indicates the
importance of meticulous oral hygiene, as well as
designing bars with adequate oral hygiene access.

Implant fixed partial denture
complications

In the included studies from the 2001 to 2017 data,
only four complications were reported (porcelain
veneer fracture/chipping, loss of retention (dece-
mentation of cemented prostheses), and screw loos-
ening). It was interesting to note that there was a
considerably lowerincidence of porcelain veneer frac-
ture (6%) in this review than in the 2003 publication
that reported an incidence of 14%. This decreased
incidence likely indicates that improvements have
been made in design, materials, and occlusal rela-
tionships. In addition, the 2003 data reported a 1%
abutment screw fracture — a complication that was
not reported in the studies included in this paper. The
lack of abutment screw fracture may be an indication
of improved prosthesis fit or design that eliminated
this complication in the included studies.

It was not always possible to separate prosthetic
screw loosening from abutment screw loosening in
the studies where screw-retained prostheses were
used, as well as in the studies where cement retained
prostheses were used. Therefore, the presented
data on screw loosening combines both prosthetic
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and abutment screw loosening. Similarly, not all of
the studies reporting loss of retention (decementa-
tion) indicated whether a provisional or a definitive
cement was used. Some of those reporting the type
of cement used did not specify the type of cement
associated with the loss of retention.

Relative to porcelain veneer fracture/chipping,
not all of the included studies separated cata-
strophic fracture from minor chipping that could be
smoothed; therefore the two complications were
combined.

Implant single crown complications

While the single crown data available at the time of
the 2003 study was very limited, the data available
today are more substantial in terms of the number
of crowns that have been placed and studied. From
this more robust database it is encouraging to note
that the total number of reported complications (six)
is relatively small.

Abutment screw loosening was not a common
occurrence, but it was the most commonly reported
complication (3%). Unfortunately, the data in some
studies was not specific enough to accurately sep-
arate the overall screw loosening between screw-
retained crowns and cement-retained crowns.

One surprising finding in this literature review
was the 3% incidence of implant fracture with single
crowns. However, this incidence rate was based on
only three studiesé0.61.70, with one of the three stud-
iesé? accounting for almost all of the fractures. There-
fore, the percentage would be much lower (0.6%)
if this study was excluded and the incidence was
based on the two remaining studiesé0.70, It seems
logical to assume that the lack of reporting of im-
plant fractures indicates that it did not occur, since
a catastrophic complication such as this would most
likely be reported. In addition, when it does occur,
the studies should identify the specific arch location
since early data on single implant fractures indicated
they occurred primarily in the molar region?7. As
mentioned previously, there are also biomechan-
ical design characteristics’® that increase the loads
applied to implants (such as horizontal offset, verti-
cal offset (crown-to-implant ratio), long axis implant
angulation relative to the occlusal plane, and occlusal
habits such as bruxism. The potential effect of these
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characteristics should be included in the reporting of
implant fractures. A further recommendation is that
all future studies of single implants provide informa-
tion about implant fracture, even when it does not
occur. By reporting presence, or absence, of implant
fracture in future studies, more thorough and accu-
rate calculations can be established.

The complication incidence was low for all other
single crown complications, ranging from 0.7% to
2%. Even the 3% screw loosening was much lower
than the incidence reported in the 2003 data where
a 25% loosening occurred during the very early
years, which was subsequently reduced to 8%. This
initial decrease was presumably due to newer screw
designs, torque devices, and routine use of recom-
mended torque values. One long-term single crown
study86 was not included in this literature review
because it included data on screw loosening from
both the early years of placing implants on single
crowns, as well as in more recent years. However, the
study documents more abutment screw loosening in
the early years, as well as a lower incidence follow-
ing the introduction of new screw materials and a
standardised torquing of screws.

Limitations of existing complications
incidence data

One of the challenges with presenting data regard-
ing complications is that most of the included stud-
ies only reported data on the prosthetic complica-
tions that occurred in their study. Therefore, it was
impossible to know if unmentioned complications
did not occur, or were not examined in the study. As
a result, the data presented in this literature review
only include those studies where specific complica-
tions were reported and does not include studies
that identified prosthetic complications that did not
occur. For instance, one study8” identified multiple
complications that did not occur in the study and
therefore the authors reported a “zero incidence” for
those complications. However, because many stud-
ies did not provide such zero incidence data, a deci-
sion was made not to include the “zero incidence
data” in this paper since it was not available in most
of the included studies.

There is another interesting factor related to
the lack of reporting potential complications that

did not occur. It is likely that the reported incidence
of complications in literature review papers such as
this, as well as in systematic reviews, is higher than
the actual incidence because the reported complica-
tion rates do not include all of the studies where
the complication did not occur. Therefore, if all of
the reported incidence data included studies with a
“zero incidence"”, the overall incidence of that com-
plication would be reduced, and thereby provide a
better representation of the actual incidence. For
example, if five studies collectively reported that 10
out of 100 dental implants had single crown abut-
ment screw loosening, the reported incidence rate
would be 10% (i.e. 10/100). However, if there were
five additional studies that also involved 100 total
dental implants and they all reported no screw loos-
ening, the sample size would increase to 200. Thus,
the incidence rate would decrease from 10% to 5%
(i.e. 10/200).

As aresult of the above factors, itis proposed that
all future clinical studies provide data specific to each
type of implant prosthesis and also include informa-
tion about each of the mechanical complications that
have been identified in previous clinical studies. Even
if a complication did not occur in a particular clinical
study, it would be helpful for that study to state
the fact that the complication did not occur. In that
way, the calculation of the complications incidence
would include both the studies that encountered a
particular complication and those where the com-
plication incidence was zero. Having such informa-
tion will provide more realistic incidence data and
produce a stronger basis for making design/material
changes so complications can be further minimised.
Therefore, it is recommended that all future compli-
cations studies provide data related to the complica-
tions listed in Table 5, even when the complication
did not occur. The complications listed in this table
represent those that were reported in this literature
review where at least three studies had reported the
occurrence of the complication.

Another factor that limits the accuracy of compli-
cations incidence data is the total number of crowns
placed in the different studies. As an example, the
loss of retention (decementation) of single crowns in
this literature review was based on 17 studies with
a reported incidence of 2.1% (161 of 7683 crowns
loosened). However, when the specific studies
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are examined, it is noted that one of the studies#’
involved 4760 crowns, a number substantially larger
than the other included studies. If that one study
were eliminated from the data pool, there would
have been 150 of 2923 crowns that loosened for
an incidence percentage of 5.1%. Therefore, one
approach to reporting incidence data would be to
eliminate any studies where the number of crowns/
prostheses/implants placed in the study was much
larger than the number present in the other included
studies. Additionally, the sample size between the
different prostheses groups (i.e. implant single
crowns, implant fixed partial dentures, implant over-
dentures, and implant fixed complete dentures) as
well as follow-up times varied considerably between
the included studies, and therefore the incidence
percentages could be different if these variations
were not present. For example, veneer fracture
for single crowns includes 7245 crowns, while the
same complication for fixed complete dentures only
includes 129 prostheses.

B Conclusions

1. Implant overdentures are associated with more
complications than implant fixed complete den-
tures, implant fixed partial dentures, and implant
single crowns.

2. The lowest incidence of complications was
reported with implant single crowns.

3. The most common complication reported with
implant fixed complete dentures was denture
tooth fracture.

4. The most common complication associated with
implant overdentures was the need for adjust-
ments.

5. Porcelain veneer fracture/chipping was the most
common complication identified in the studies of
implant fixed partial dentures.

6. The most common complication reported with
implant single crowns was abutment screw loos-
ening.
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