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Abstract

Purpose: This paper presents the results of a survey of dentists practicing implant dentistry regarding their knowledge of
risk factors that they considered to be important for predicting dental implant failure.

Materials and Methods: A pilot-tested questionnaire was distributed to 100 dentists known to practice implant dentistry.
The questionnaire enquired about speciality, qualifications, dental implant experience in addition to knowledge of factors
that could lead to dental implants failure.

Results: Seventy seven participating dentists were working in private sector and 58 were general dental practitioners. Forty
eight dentists were reported to place more than 50 implants (per year), and 50% had an experience of less than 5 years.
The most widely used implant system in Jordan was the Oraltronics (Pit-Easy®) with 54% having used it. Fifty percent of
dentists believed that the posterior maxilla was the most risky intra-oral site for implant failure. Over 50% of the sample
believed that cylindrical and machined surface implants were the most risky types of implants associated with failures. Sev-
enty four dentists believed that posterior extension cantilever design was the prosthetic design most associated with dental
implant failure. Experience, age and specialty significantly influenced the knowledge of factors that could lead to implant
failure (p<<0.05). Conclusions: The results obtained underscore the importance of obtaining comprehensive implantology

education in Jordan.
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Introduction

Implant-based dental treatment to restore oral health and function
is a widely used treatment option in contemporary dental practice.
Since their introduction in 1950, many systems and designs were
used, and different success rates have been reported [1]. Basic
guidelines of successful implant treatment include: good patient
selection criteria, good implant system surface selection, implant

system design and configuration, neat surgical procedures, non-
disturbed healing phase and excellent prosthetic reconstructions
[2-6]. Applying these guidelines should allow good osseointegra-
tion, stability and survival of the implants and increase the suc-
cess rate of this treatment modality |7, 8].

Osseointegration was a hallmark of success of implant dentistry.
It was believed that an implant was successfully integrated when
there was direct contact between bone and the titanium implant,
at the light microscopic level, with no fibrous connective tissue in-
terface. Recently, criteria for implant success have changed. Other
factors have been introduced including: stability of the implant;
adequate radiographic bone levels, lack of symptoms or evidence
of infection, minimal probing depths around the implant and the
ability of the patient to keep the area clean [9].

Restorative dentists have a variety of treatment plans to replace
teeth. Implants can optimally restore aesthetics and function. Al-
though the overall success rate is very high, dental implants may
occasionally fail [10].

The causes and mechanisms of implant failure are unclear. How-
ever, different studies have found a variety of statistically signifi-
cant factors associated with implant failure, these are: age and sex
[10], smoking [11], systemic diseases [12, 13|, maxillary implant
location, quantity and quality of bone [14] and implant surface
treatments and characteristics [14, 15]. Immunological [16] and
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genetic factors [17] have also been reported to be associated with
eatly implant failure.

An unmotivated patient would not be a good candidate for dental
implants. Similatly periodontal health may influence implant suc-
cess. Periodontitis was associated with an increased failure rate of
dental implants after approximately 2.5 years with an increased
level of bone resorption [18].

Cigarette smoking was associated with an increased rate of im-
plant failures. It not only decreases the vascularity of local tissues
but also plays a role in interrupting healing, chemotaxis and the
overall systemic immunity. Overall failure rates have been report-
ed as 11% for smokers compared to 5% for non-smokers [11].

It has been reported that types I, II, and III bone offer good
strength and primary stability, in contrast to type IV bone which
has a thin cortex, low trabecular density, and poor medullary
strength. Only 3% of fixtures placed in types I, II, and III bone
were lost compared to a 35% failure rate of implants placed in
type IV bone [19]. However, bone quality may be less of a con-
cern when cylindrical type implant fixtures are utilized which
demonstrated a success rate of 97.5% over 5 years [20].

Systemic health of the patient is also important when consider-
ing placement of implants. The repercussions of diabetes on the
healing of soft tissue will depend on the degree of glycaemic con-
trol and the existence of chronic vascular complications [21]. A
review by Mellado-Valero et al [22] found more failures in diabetic
patients compared to the general population, the majority dur-
ing the first year of functional loading. In irradiated bone, the
reduced vascularity and also accompanying chemotherapy can af-
fect bone healing of implant sites leading to failure [23].

Poor surgical technique is another possible cause of implant fail-
ure, which may result for example from inadequate irrigation of
the surgical site or from using low torque and excessive drill speed
during placement. Failure can result from excessive temperature
clevation in bone during placement, leading to necrosis of the
supporting bone around the implant [24].

It has been found that dense, hypovascular, traumatized and pre-
viously comminuted bone was highly susceptible to heat genera-
tion during drilling and tapping procedures. This may influence
implant osseointegration [25].

In Jordan, different implant systems exist and dentists practice
implant dentistry as part of their qualifications or based on con-
tinuous dental education workshops. No studies have assessed
the provision of dental implants or dental implants experience in
Jordan. This study aimed to document the state of knowledge of
the Jordanian dental implant community about risk factors that
they considered to be important for predicting implant failure in
an attempt to elicit the extent of the awareness of risks that could
potentially impact upon implant failures.

Materials and Methods

This study included 100 randomly chosen Jordanian dentists
practising implant dentistry in Jordan each of whom had placed
more than one implant. Name lists were obtained from the Jor-
danian Dental Association records and Jordan Society of Implant
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Dentistry. Data collection adopted a personal contact structured
interview to fill a pilot-tested questionnaire (Appendix 1). Pilot
testing was carried out on 20 dentists who were later excluded
from the study.

The questionnaire was set after a thorough review of literature
taking into account the possible risk factors for implant failure
which were grouped into:

e Patient- related factors: age, gender, medical history, intra
oral sites, oral hygiene and smoking,

*  Implant- related factors: the design of implant surfaces (ma-
chined surfaces, sand blasted, sand blasted and acid etched,
titanium plasma spray, HA coated, resorbable bioactive ma-
terials coat, dual acid etched) and fixture shape.

*  Surgical factors: traumatic procedures and immediate im-
plantation.

*  Prosthetic factors: type of supported prosthesis (fixed partial
denture, fixed detachable prosthesis, removable detachable
prosthesis, resilient overdenture and cantilever designs of
fixed prosthesis), and the loading protocol of the prosthesis
(immediate, early, and delayed).

Statistical Analysis

Data analysis was carried out using the statistical package for
social sciences software (SPSS), version 11.0. Variables were de-
scribed using frequency tables. Associations among variables such
as level of dental implant experience, specialty status and types of
risk factors were assessed using the Chi-squared statistics with a
threshold of significance set at a P-value of 0.05.

Results

All one hundred dentists were included in this study. Table 1 shows
the distribution of the sample population by gender according to
age, experience and specialty. Ages of participants ranged from 25
to 60 years and 75% were between the ages of 31 - 50 years. Fifty
dentists had practical experience as implant practitioners for less
than 5 years. Practitioners with more experience were in the age
group of 41 to 50 years of age (P < 0.01).

Regarding speciality, 58% percent of the sample was general den-
tal practitioners (GDP’), 11% Periodontists, 17% Oral Surgeons
and 14% were Prosthodontists. Seventy-seven percent of den-
tists were private practitioners, 8% were working in the Ministry
of Health and 15% in Universities. All the practitioners in Uni-
versities and the Ministry of Health were specialists, whilst only
around 25% (19/77) of the ptivate practitioners wete specialists.
Forty eight dentists had placed more than 50 fixtures, most of
whom were private practitioners (p<0.05), Table 2.

Figure 1 shows the list of the different implant systems used in
Jordan. Among different implant systems available, the Oraltron-
ics (Pit-Easy®) system from Germany was found to be used by
54% of dentists.

Thirty two dentists suggested that a patient age of 61 years and
above was the most susceptible age for implant failure, whilst 24
dentists lacked knowledge on the contribution of age. Sixty one
dentists considered gender as an irrelevant factor in implant fail-
ure.
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Table 1: Distribution of sample population by gender according to age, experience and specialty.

Age groups (years) Gender Total
Male N(%) | Female N(%)
25-30 7 (54) 6(40) 13
31-40 25(54) 21(46) 46
41-50 18(62) 11(38) 29
51-60 7(58) 5(42) 12
Total 57(57) 43(43) 100
Implant experience (years)
Less than 5 22(44) 28(50) 50
5-10 18(47) 20(53) 38
More than 10 7(58) 5(42) 12
Total 57(57) 43(43) 100
Specialty
GDP* 29(50) 29(50) 58
Periodontology 5(45) 6(55) 11
Oral Surgery 13(76) 4(24) 17
Prosthodontics 10(71) 4(29) 14
Total 57(57) 43(43) 100

GDP#*: general dental practitioners

Table 2. Distribution of the sample population according to number of implants and working environment.

Number of Dentists (%)
Number of installed Implants Private sector | M.O.H* | Universities | Total
1-20 23(88.5) 1(3.8) 2(7.7) 26
21-50 21(80.8) 2(7.7) 3(11.5) 26
51-200 23(65.7) 3(8.6) 9(25.7) 35
More than 200 10(76.9) 2(15.4) 1(7.7) 13

MOH?*: Ministry of health

Figure 1. The use of different implant systems by the sample.
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As for intra-oral location, significantly more practitioners con-
sidered the posterior maxilla as the most susceptible location for
failure in comparison to other intraoral sites. (P < 0.05). Uncon-
trolled diabetes mellitus, osteoporosis and radiotherapy were con-
sidered by 63%, 36%, and 20% respectively as being the most
common medical conditions involved in dental implant failure.
Over 95% considered poor oral hygiene as a potential risk factor
for implant failure. Smoking had unanimous agreement (100%) to
be a major risk factor.

Cylindrical fixtures were considered by 56% as the design most
likely to be associated with failure, whilst 60% of dentists consid-
ered machined surface implants to have been the most common
reason for failure.

Among the surgical procedures, traumatic surgery was signifi-
cantly reported by 65% as a major risk factor for implant failure,
while immediate implantation was considered by 37 dentists as a
potential risk factor. Immediate loading was considered by 46%
of practitioners as an important factor leading to failure, whilst
25% believed that early loading was a risk factor. As for the type
of prosthesis, posterior extension cantilever designs were consid-
ered as a risk factor for implant failure by 74% of participants.
Table 3 summarizes the risk factors as most likely to lead to dental
implant failure that were considered by a significant number of
practitioners according to their age, experience and speciality.

Discussion

Current dental implant technologies and materials continue to de-
velop at a strong pace. Implantology is often the procedure of
choice when patients are faced with the decision to replace single
or multiple teeth.

The selected sample was of implant practitioners in private and
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public (Universities and Ministry of Health) sectors. The number
of private practitioners was significantly higher than those who
practiced in a public work environment. This may be due to the
fact that there are only two dental schools in Jordan with limited
number of specialists with implant experience. Similarly in the
Ministry of Health, specialists are limited to those who obtained
their postgraduate training in implant dentistry from the afore-
mentioned dental schools. Most of the questions in this survey
required detailed knowledge of dentists to decide what factors
contribute more to failure of dental implants. Many of these den-
tists lacked implantology expertise. This is reflected by that fact
that 50% of the sample had experience of less than 5 years in the
field of implant dentistry and only 48 % of the sample had placed
more than 50 fixtures.

In most studies [12, 14, 15] age and sex were not related to eatly
implant failure. Noguerol et al [260] had more failures in patients
aged 41-60 years than in patients aged over 60 implying that older
age was not contraindicative to implant treatment.

On the other hand, Sverzut et al [11] observed that the possibility
for early failure of implants was increased by a factor of 1.075
for each additional year in patient age. In addition, advanced age
increased the risk of implant failure; patients older than 60 years
were twice as likely to have adverse outcomes. One explanation
for this phenomenon may be the loss of bone mineral associ-
ated with increasing age [27]. Regarding gender, Sverzut et al [11]
found that men had a 1.255 times greater risk of eatly implant
failure than women. In the present survey older age was consid-
ered as a contributing risk factor for implant failure while gender
was reported to be irrelevant.

The results showed a great spread of new implant systems over
other systems in Jordan. The most frequently used system was the
OralTronics® company “Pit-Easy®” where records of simplic-

Table 3. Risk factors as most likely to lead to dental implant failure that were considered by participating dentists according
to their age, experience and speciality.

Risk factors Experience N (%) Speciality N (%) Age(years) N(%)
<5ycars | >5years | SP* | GDP** | 2530 | 3140 | 4150 | 51-60
Local factors
Smoking 5060) | 50500 | 4242 | s5838) | 13013) | 46¢46) | 200290 | 1212
Poor Oral hygiene 4648) | 5052 |42143.8) | 54(36.2) [11(11.6) | 46(48.4) | 27(28.4) | 11(11.6)
General Health
Uncontrolled Diabetes Mellitus | 2132.3) | 44(67.7) | 4266.7) | 21(33.3) | 4(63) | 34(53.9) [ 1523.8) | 10(15.9)
Implant factors
Machined Surface 17(28.3) | 43071.6) | 3965) | 2135) | 583) | 3365 [14233)| 813.3)
Cylindrical design 17(30.4) | 39(69.6) |40(71.4) | 1628.6) | 2(3.6) | 3664.3) | 111.8) | 7(1.3)
Immediate loading 13(28.2) | 330717 |3371.7) | 13@28.2) | 300.7) | 22073.3) | 20000 | 50167
Surgical factors
Traumatic Surgery | 21623) | 4467.7) |4246.6) | 2335.4) | 10018.2) | 3258.2) | 12G3.6) | 11(20)
Prosthetic factors
FPD Cantilever design
- Posterior Extension 33(44.6) | 41(35.4) | 40(54) | 34(46) |11204) | 36(66.7) | 21(1.9) |  6(11)
~ In Posterior Area 20(33.9) | 3966.1) | 37(62.7) | 22(37.3) | 510.2) | 35(71.4) | 112) | 8(16.3)

SP*: Specialist

GDP**: general dental practitioner
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ity, diversity of diameters, lengths, designs and surfaces of the
fixtures were remarked as features in this system that might con-
tributed to its wide use. The ITI® System was used less (26%)
and was reputed to be of high cost, a factor that lessened its use,
despite its well known good reputation worldwide.

As for implant location, three times more failures have been ob-
served in the maxilla than the mandible [28]. In a study by van
Steenberghe et al [14] approximately half the eatly failures oc-
curred in the posterior maxilla. When comparing success rates,
the posterior maxillary region had a success rate of 91.4% com-
pared to the anterior maxillary region with 97%, 96.3% in the
posterior mandible and 97.9% in the anterior mandible. Alsaadi et
al [12] found significantly more failures in the posterior region of
both jaws compared to the anterior mandibular region. However,
in a prospective study by Alsaadi et al [13] the implant site was not
a significant factor in implant failure. In agreement with a previ-
ous study [10], 50% of dentists agreed that the posterior maxilla
was the most susceptible location for failure, while the anterior
mandible was the least (7%). This was attributed to the superi-
ority of bone quality in the anterior mandible compared to the
bone in the posterior maxilla. The latter was considered the least
favourable for primary stability of dental implants. The results
suggested this agreement with the literature data, but it should be
remembered that, although some intra-oral sites comprise risks to
dental implants, this doesn't exclude them as favourable implant
sites when a proper treatment protocol is carried out.

In a study by van Steenberghe et al [14] chemotherapy and radio-
therapy of oral tissues were significantly related to implant failure;
and patients with claustrophobia had more failures as surgery was
carried out under insufficiently sterile conditions. Uncontrolled
diabetes may also adversely affect bone healing and immunologi-
cal response. Osteoporosis may lower both quality and quantity
of alveolar bone, although alveolar bone is the last bone to be
affected. Radiotherapy may lower bone vascularisation that would
affect healing in recipient sites rendering these sites susceptible to
osteo-radionecrosis [19-23]. Smoking is a common contributor
to decreased tissue oxygenation [11]. Carbon monoxide, oxidant
radicals, nitrosamines, and nicotine are released during smoking;
Nicotine causes a systemic increase in epinephrine, norepineph-
rine and carboxyhemoglobin, and also decreases blood flow, col-
lagen deposition, prostacyclin formation. Nicotine also increases
platelet aggregation, causes polymorphonuclear neutrophil dys-
function, and increases fibrinogen and blood viscosity, all of
which negatively affect wound healing. It has been concluded
that long-term smoking results in poor bone quality and a poorer
prognosis for implants [11].

Several studies [13, 15, 26| found significantly more failures in
heavy smokets (> 20 cigarettes / day) than in non-smokets and
carly failure of implants was related to smoking and increased
with cigarette consumption [13]. Van Steenberghe et al [14] found
that approximately one in every three implant failures occurred in
smokers, and one in five patients with early failures smoked more
than 10 cigarettes per day, whilst only 12.3% of patients without
failures were smokers. Konstrom et al [10] found an association
with smoking although it was not the most important factor. In
contrast, Sverzut et al [11] did not observe any statistically sig-
nificant association between smoking and early implant failures,
concluding that smoking alone cannot be considered a risk factor
for early failure of implants. In the present study, smoking had
unanimous agreement to consider it the major risk factor. This
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concurs with many previous studies [1, 18].

There are a number of surface treatments commercially available
on dental implants. Most of these surfaces have proven clinical
efficacy (>95% over 5 years). However, the development of these
surfaces has been empirical, requiring numerous z vitro and in
vivo tests. Most of these tests were not standardized, using dif-
ferent surfaces, cell populations or animal models. The exact role
of surface chemistry and topography on the early events of the
osseointegration of dental implants remain poorly understood
[29]. Machined surfaces and hydroxyapatite (HA) coated implants
were considered by most participating dentists as the worst sur-
face treatments and the most susceptible for failure. The lowest
percentage (6%) was for titanium plasma sprayed surfaces. The
literature revealed an approximation to these results [2, 3], with
some researchers defending the HA coated surfaces as well as the
machined surfaces. Several studies [2-5] revealed the impossibil-
ity of direct osseo-genesis on smooth implant surfaces, as well
as microcracks and disruption of the HA coating on HA coated
implants.

Hollow-cylinders, solid cylinders, hollow screws or solid screws
are commonly employed shapes which are designed to maximise
the potential area for osseointegration and provide good initial
stability. Even minor alterations in the size and pitch of threads
can enhance the latter property. Screw shaped implants also offer
good load distribution characteristics in function [29].

Cylindrical and stepped fixture designs were reported to be as-
sociated with the highest percentage of failure. The least percent-
age was for the root shape design 10.1%. This is not in agree-
ment with other results [0, 7]. This can be due to lack of scientific
knowledge about both designs as well as a lack of practical experi-
ence of many available designs. Most of these implant placement
dentists in Jordan were accustomed to one or two “at most” de-
signs, as shown by the results of the most used systems of dental
implants in Jordan.

In some circumstances it has been shown that immediate loading
is compatible with subsequent successful osseointegration, pro-
viding the bone quality is good and the functional forces can be
adequately controlled. The latter may involve placing an adequate
number of implants and connecting them together as soon as
possible with a rigid framework. However, these latter protocols
should be considered experimental at the present time, and there
is much data to support the more cautious approach advocated
by Branemark in ensuring a high level of predictable implant suc-
cess [13]. Traumatic surgery, immediate loading (within 10 days
of insertion), immediate implantation, early loading (within one
month of insertion) were considered by most dentists as being
risks for implant failure. These results were in agreement with a
previous report [24].

Some implant reconstructions are designed with cantilever exten-
sions to provide function and appearance in areas where provi-
sion of additional implants is difficult. This may be caused by
practical or financial considerations. Cantilever extensions have
the potential to create high loads, particulatly on the implant adja-
cent to the cantilever. The extent of the leverage of any cantilever
should be considered in relation to the anteroposterior distance
between implants supporting the reconstruction. The cantilever
extension should not exceed this length and the cross sectional
design should be adequate to prevent flexing®”. The results of the
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present investigation reported that the cantilever design was the
most susceptible design for failure, whether it was anterior or
posterior. These results were in agreement with general bio-me-
chanical rules suggested by a previous study [30]. The most haz-
ardous extensions for cantilever design problems were posterior
extensions. This was explained by both biomechanical rules that
advise against posterior extension of the cantilever fixed bridge
for more than one tooth width, and by local favourable factors in
the antetior area of the jaw, whete better quality and/or quantity
of bone is present than in postetior area.* It is note-worthy that
angulations and anatomical structures are more challenging in the
posterior area of the jaw especially in the maxilla [30].

Cantilever designs in general should be avoided, although results
showed that anterior extensions and cantilever bridges in the an-
terior area have a better prognosis.

Conclusion

In conclusion, it appears that there is a need to increase the
knowledge and awareness of dental practitioners who are practic-
ing dental implantology in Jordan regarding the potential risk fac-
tors that could potentially impact upon implant failures through
continuous dental educational programs and workshops. Regular
assessment of the theoretical and practical knowledge of GDPs
who practice implant dentistry is mandatory in order to improve
their implant experience.
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