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Abstract

Background: It is necessary for dental students and freshly graduated dentists to apply their education and practice
to different clinical and preclinical procedures. The implant success rate and durability are high. Therefore, this study
was designed to assess the level of knowledge, awareness and perception of dental students, interns and freshly
graduated students regarding dental implant complications in Saudi Arabia.

Methods: A cross-sectional study design using a web-based method was conducted at different dental institutions
in Saudi Arabia from December 2019 to March 2020. Data were collected from all (n = 288) undergraduate students,
interns and freshly graduated dentists using a pretested standardized self-administered web-based questionnaire that
was prepared and circulated using a template provided by Google Forms (Google, Inc,, USA). Descriptive statistics and
chi-square tests were performed to analyse the data using SPSS (version 20).

Results: A total of 288 participants completed the questionnaire, with a response rate of 83.4%. Of the total partici-
pants, 37.5% showed a good level of knowledge regarding dental implant procedures, and 38.9% showed the same
level of knowledge regarding implant complications. The most important cause of complications associated with
dental implants was case selection, which accounted for 54.17%. Most participants (58.33%) chose massive bone loss
related to implant failure as the most common late dental complication, while 26.39% chose postoperative infection
as the most common early dental complication. In addition, 30.56% of the participants selected screw loosening as
the most frequent mechanical complication. However, lack of implant primary stability was the most common hard-
tissue implant complication. Based on aesthetic and reversible complications, restorations that were too buccal or too
palatal and prosthetic-related, respectively, were the least common dental implant complications.

Conclusions: The level of knowledge among participants regarding dental implant complications differed among
the institutions participating in this study. This difference reflects a significant variation that necessitates reviewing
and standardizing dental implant curricula among these institutions.
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Background

Modern dentistry aims to restore the patient to normal
function, aesthetics, speech, and health. The ability to
achieve these ideal objectives with implant dentistry
is exceptional and because of its effectiveness and pre-
dictability, the use of dental implants in the rehabilita-
tion of partially and fully edentulous jaws has become a
well-established and accepted modern therapeutic pro-
cedure [1-3].

However, complications can occur in the process
or as an outcome of treatment, which does not allow
patients to benefit entirely from the intended thera-
peutic interventions. Most medical errors and com-
plications are believed to be preventable; therefore,
extensive research, educational programmes, and gov-
ernment policies are geared towards complication pre-
vention [4].

Although the medical literature tends to use several
terms to refer to adverse problems or their risks, "com-
plication" is still the most widely used term in the litera-
ture on dental implants. Using the word “complication”
does not automatically imply inaccuracy during treat-
ment planning, execution, or follow-up or a direct nega-
tive impact on the patient [5]. The skilful efforts of dental
team members (including laboratory technicians) play an
essential role in preventing these negative impacts on the
patient, as does the consistent willingness of the patient
to adapt to or acknowledge minor deviations from ideal
aesthetic appearance, shape or function [6-8].

No single, universally accepted classification system for
implant-related complications exists. Several approaches
to classifying all or some implant complications have
been suggested. In classifying implant complications,
authors have established two general approaches: some
authors have attempted to classify all types of implant
complications [8, 9], while other authors have attempted
to classify only some implant complications, united either
by the particular phase of therapy during which they tend
to occur (such as surgical [9, 10] or prosthodontic com-
plications [9, 11]) or by some other feature in the process
(e.g., reversible complications [12]) or outcome of care
(e.g., aesthetic complications [13]).

The vast majority of data regarding these complications
come from universities. Large university-based research
centres (e.g., Gothenburg, Leuven, Malmo, Mayo, and
Toronto) represent the overwhelming majority of pub-
lished implant treatment results [9, 14]. Several studies
have raised the issue of insufficient dental implant educa-
tion at the undergraduate level [15-18].

In Saudi Arabia and elsewhere, several studies regard-
ing the practice of implant dentistry refer to practition-
ers’ level of education. Education and training in implant
dentistry in different countries can also vary, including
undergraduate and formal postgraduate training, fellow-
ship/board training and the attendance of courses and/
or seminars [19-21]. Most previous studies have been
designed to measure the level of awareness and knowl-
edge regarding dental implants among undergraduate
students, among patients or among general practition-
ers. One of these studies, which was conducted in Saudi
Arabia, showed that for a better understanding of dental
implants, the complications and management of under-
graduate dental implant programs should be modified to
provide better care for patients [20].

While different types of implant complications that
can be encountered are well known, the level of knowl-
edge and awareness of these complications among under-
graduate and graduate students in Saudi Arabia is still
unknown. This study was designed to determine the level
of knowledge and the subjective and objective need for
information about all types of dental implant complica-
tions among students, interns, and freshly graduated
dentists of different institutions in Saudi Arabia.

Methods

Study design and period

A cross-sectional web-based questionnaire-based study
was conducted from December 2019 to March 2020. The
focus of the study was undergraduate students, interns
and freshly graduated dentists from different dental insti-
tutions in Saudi Arabia. This study was approved by the
Research Ethics Committee of the College of Dentistry
Qassim University, ref no. ST/6064/2019.

Sample size determination

Participants were selected using multistage cluster sam-
pling in which the twenty institutions were divided into
four clusters according to their geographic distribution.
From each cluster, individual units were selected ran-
domly for use as samples. Calculating the sample size for
the given sampling frame using a 95% confidence level
(a=0.05), 5% confidence interval and statistical power
of 0.85, a study sample of 278 participants (n=278) was
required to achieve a statistically valid result.

Quantitative data collection tools and techniques
Quantitative data were collected using a template pro-
vided by Google Forms (Google, Inc., USA). The setting
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of response was set to be one response to prevent mul-
tiple entries from the same participant. The study pro-
tocol was explained to all participants who participated
in the study, and written informed consent was obtained
prior to completion of the questionnaire. A self-explan-
atory English-language closed-ended questionnaire was
designed by the authors based on data reported previ-
ously in the literature [9-13, 22]. The list of variables
included knowledge and awareness about dental implants
and their complications, factors responsible for complica-
tions associated with dental implants, early and delayed
complications associated with dental implants, mechani-
cal complications associated with dental implants, soft
and hard tissue complications associated with dental
implants and, finally, aesthetic and reversible complica-
tions associated with dental implants.

Validity and reliability

A questionnaire was developed and composed of three
parts. The first part included the demographic data of the
participants. The second part aimed to assess the knowl-
edge and awareness of the participants regarding dental
implants and their associated complications. The third
part aimed to assess the knowledge and awareness of the
participants regarding different types of dental implant
complications. The questionnaire was reviewed by a
panel of experts in dental implantology at the College of
Dentistry, Qassim University. This process verified the
content validity of the questionnaire. Cronbach’s alpha
was found to be 0.847, which is good for a new question-
naire (Additional file 1).

Pilot study

The questionnaire was tested by distributing it to 50 den-
tal students and interns drawn from the same sampling
frame who filled out the same form 1 month prior to
conducting the study to evaluate the applicability, ease
of understanding and clarity of the questions. The feed-
back obtained from the pilot survey was used to refine
the questionnaire and to simplify questions that were not
easily understood.

Data analysis

The data were coded, tabulated, and analysed using the
Statistical Package for Social Sciences software (IBM
SPSS, Inc., Chicago, version 20) (Additional file 2). A
chi-square test was used to determine whether there was
any statistically significant difference in the participants’
knowledge and attitudes based on gender. A p value of
less than or equal to 0.05 was considered statistically sig-
nificant throughout the analyses (Additional file 3).
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Results

A total of 288 responses were obtained from dental stu-
dents, interns and freshly graduated dentists across the
country, with a response rate of 83.4%. The response rate
was higher than the sample size calculated to achieve sig-
nificant valid results. Of the total number of participants,
200 (69.44%) were males and 88 (30.56%) were females.
They were distributed among seven institutions in Saudi
Arabia at different educational levels (Table 1).

The majority 55.56% (n=160) of participants were
moderately knowledgeable, whereas 37.5% (n=108)
had good knowledge about dental implant procedures.
Moreover, significantly higher (p<0.001) differences in
knowledge about dental implants were observed among
the institutions and educational levels. However, no sig-
nificant association between the knowledge and gender
of the participants was found (Table 2 and Fig. 1).

The majority 44.44% (n=128) of participants were
moderately knowledgeable, whereas 38.89% (n=112)
had good knowledge about complications associated
with dental implants. Moreover, significantly higher
(p<0.001) differences in knowledge about complications
associated with dental implants were observed among
the educational levels. However, the differences among
participants from different institutions and between the
genders were statistically significant (p<0.05) (Table 2
and Fig. 1).

Most participants 54.17% (n=156) identified case
selection as the most important factor responsible for

Table 1 Frequency regarding gender, education level and
institution (n=288)

Frequency of demographic characteristics

Frequency %
Gender
Female 88 30.56
Male 200 69.44
Education level
4th year students 24 8.33
5th year students 92 31.94
Intern 100 34.70
Freshly graduates 72 250
Institution
King Abdulaziz University 26 9.03
King Faisal University 22 7.64
King Khalid University 57 19.79
Qassim University—Arras 36 12.50
Qassim University—Al-Mulidah 69 2396
Taibah University 44 15.28
Umm Al-Qura University 34 11.81




Saad and Salem BMC Oral Health (2021) 21:161 Page 4 of 12

Table 2 Differences among participants regarding institution, education level and gender (n = 288)

University Education level Gender
Knowledge about dental implants X 51439 53.158 3.994
p p<0.001* p<0.001* 0262
Awareness of complications associated with dental implants X 32306 118.699 13.806
p 0.020% p<0001* 0.003*
Factors responsible for dental implant complications X 42.06 84.292 32836
p 0.071 p<0001* p<0.001*
Early complications associated with dental implants X 50.696 86416 8.537
p 0.010* p<0.001* 0.129
Late complications associated with dental implants X 29.045 48.726 6.45
p 0.048* p<0.001* 0.092
Mechanical complications associated with dental implants X 51.078 79.612 26,61
p 0.049* p<0.001* p<0.001*
Soft tissue complications associated with dental implants X 56.956 47.037 27.316
p 0.002* p<0.001* p<0.001*
Hard tissue complications associated with dental implants X 38.24 109.423 22826
p 0.144 p<0.001* p<0.001*
Aesthetic complications associated with dental implants X 42.742 44.555 51.062
p 0.062 p<0001* p<0.001*
Reversible complications associated with dental implants X 61.968 78718 20.87
p 0.001* p<0001* 0.001*
*The chi-square statistic is significant at the 0.05 level
60.00% 55.56%
0,
>0.00% 44.44%
40.00% 34.72%
30.56%
30.00%
20.00% 16.67%
0 6.94% 6.94%
10.00% 4.17%
. - 0.00% 0.00%
Very well Well Moderately well Poorly Not at all
B Knowledge about dental implants
m Knowledge about complication associated with dental implants
Fig. 1 Percentage of participants with knowledge about dental implants and the associated complications

complications associated with dental implants, whereas  (p<0.001) differences regarding factors responsible for
patient compliance, surgical technique, implant type dental implant complications were observed among
and material, or experience of the operator were iden-  participants at different educational levels and between
tified as the least important factors responsible for genders. However, no significant difference between
implant complications. Moreover, significantly higher factors responsible for dental implant complications
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among the different institutions was found (Table 2 and
Fig. 2).

Of the total participants, 26.37% (n="76) and 23.61%
(n=68) reported that postoperative infection and unfa-
vourable implant location compromising prosthetic reha-
bilitation were the most common early complications
associated with dental implants, respectively, whereas
11.11% (n=32) reported a lack of knowledge regarding
early complications. On the other hand, the majority of
the participants 58.33% (n=168) identified massive bone
loss related to implant failure as the most common late
complication associated with dental implants, whereas
15.28% (n=42) reported a lack of knowledge regarding
late complications (Figs. 3, 4).
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Moreover, significantly higher (»<0.001) differences
regarding early and late complications associated with
dental implants were observed among participants at dif-
ferent educational levels. However, the differences among
participants from different institutions were statisti-
cally significant (p<0.05), and no significant difference
between gender was found (Table 2).

As many as 30.56% (n=88) of participants identi-
fied screw loosening as the most common mechanical
complication, whereas abutment loosening and fracture
restoration frameworks were selected as the least com-
mon mechanical complications associated with dental
implants; 16.67% (n=48) of participants showed a lack
of sufficient information regarding this complication.

180
160 156 (54.17%)
140
120
100

80

60
40 (13.89%)

40
0

Case selection
operator

40 (13.89%)

Surgical technique Experience ofthe Patient compliance Implant type and

24 (8.33%)

20 (6.94%)

* dd!
Do not know
material

Fig. 2 Percentage of participants with knowledge about the most important factor responsible for dental implant complications

Do not know

Life-threatening hemorrhage

Unfavourable implant location compromising
the prosthetic rehabilitation

Postoperative infection

Permanent altered sensation

Invasion of the maxillary sinus

Implant failure

0.00%

Fig. 3 Percentage of participants with knowledge about early complications associated with dental implants

0.00%

5.00% 10.00% 15.00% 20.00% 25.00% 30.00%
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Do not know

Massive bone loss related to implant failure

Implant loss not resulting in the loss of the
prosthetic rehabilitation

Loss of prosthetic rehabilitation

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00%

Fig. 4 Percentage of participants with knowledge about late complications associated with dental implants

Moreover, significantly higher (p<0.001) differences
in knowledge about mechanical complications were
observed among participants at different educational lev-
els and between genders. However, the differences among
participants from different institutions were statistically
significant (p <0.05) (Table 2, Fig. 5).

Of the total participants, 26.39% (n=76), 22.22%
(n=64) and 20.83% (n=60) responded similarly that
infection, nerve injury and wound dehiscence, respec-
tively, were the most common soft tissue complications
associated with dental implants. Moreover, significantly

higher (p <0.001) differences in knowledge about soft tis-
sue complications associated with dental implants were
observed among participants from different institu-
tions, at different educational levels and between genders
(Table 2, Fig. 6).

On the other hand, the majority of the participants
(45.83%, n=132) agreed that a lack of implant stability
was the most common hard tissue complication asso-
ciated with dental implants, whereas 11.11% (n=32)
reported a lack of knowledge regarding these com-
plications. Moreover, significantly higher (p<0.001)

Do not know

Screws loosening

Fracture restoration frameworks

Fracture of screws

Fracture of implants

Fracture of abutments

Abutment loosening

0.00%

10.00%

Fig. 5 Percentage of participants with knowledge of mechanical complications associated with dental implants

I I | ' |

20.00% 30.00% 40.00%
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Do not know

Wound dehiscence

Tissue emphysema

Nerve injury

Infections

Hemorrhage

0.00% 5.00%

10.00%

Fig. 6 Percentage of participants with knowledge of soft tissue complications associated with dental implants

15.00%  20.00%  25.00%  30.00%

differences in hard tissue complications associated with
dental implants were observed among participants at dif-
ferent educational levels and between genders. However,
no significant difference was found between the knowl-
edge and gender of the participants (Table 2, Fig. 7).
Regarding knowledge of aesthetic complications asso-
ciated with dental implants, 22.22% (n=64), 20.83%
(n=60), 20.83% (n=60) and 19.44% (n=56) of par-
ticipants responded similarly that loss of the interden-
tal papilla, gingival recession, exposure of the implant
margin and poor emergence, respectively, were the most
common aesthetic complications. Moreover, significantly

higher (p<0.001) differences in knowledge about aes-
thetic complications associated with dental implants
were observed among participants at different educa-
tional levels and between genders. No significant differ-
ences were found in knowledge among participants from
different institutions (Table 2, Fig. 8).

Of the total participants, 26.39% (n=76) answered that
immediate/early postoperative complications were the
most common reversible complications associated with
dental implants, whereas 22.22% (n=64) expressed poor
knowledge regarding these complications. Moreover,
significantly higher (p<0.001) differences in knowledge

Do not know

Complications associated with sinus
elevation

Inadvertent penetration into maxillary sinus
or nasal fossa

Lack of implant primary stability

Mandibular jaw fracture

Periapical implant pathosis

0.00%

Fig. 7 Percentage of participants with knowledge of hard tissue complications associated with dental implants

10.00% 20.00% 30.00% 40.00% 50.00%
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70
64 (22.22%
o 2222%)  60(20.83%) 60 (20.83%) 56 (19.44%)
\
50
40
0
30 28 (9.72%)
20 (6.94%)
20
10
0(0.00%)
0
Loss of the Gingival Exposure of the Restoration too Poor emergence Chronic Do not know
interdental recession implant margin  buccal or too profile inflammation
papilla palatal
Fig. 8 Percentage of participants with knowledge of aesthetic complications associated with dental implants

about reversible complications associated with dental
implants were observed among participants from dif-
ferent institutions, at different educational levels and
between the genders (Table 2, Fig. 9).

Discussion

The survey was conducted with a representative popula-
tion of fourth- and fifth-year students, interns and freshly
graduated dentists at different dental institutions in Saudi
Arabia. This population represents the future of den-
tistry; therefore, it is important to assess their knowledge
and attitudes towards implant dentistry.

Despite the high survival rate of dental implants, sev-
eral systematic reviews have attempted to identify and
quantify the occurrence of complications related to treat-
ment with endosseous dental implants. The most com-
prehensive reviews have examined the entire scope of
complications, from the surgical appointment to the lat-
est follow-up [22, 23]. Other reviews have been limited to
specific phases of therapy, such as surgical or immediate

postoperative complications [10, 24] or complications
that might occur over the maintenance period [25-30].
In Saudi Arabia, most dental schools offer equal edu-
cation for male and female students. However, in the
current study, males were represented more predomi-
nately than their counterparts. The predominance of
males over females was also reported in a previous study,
which attributed this finding to other factors, stating that
the dental profession worldwide is generally more male
dominated [31]. However, this finding is inconsistent
with other studies [32—-35]. One of these studies, which
was conducted in India, attributed this shift to the grow-
ing increase in females over males that has occurred over
several years [33]. Whether this gender predominance
may be attributed to desire remains to be evaluated.
Most participants were in their 5th year, and interns
were among the responding participants at different aca-
demic levels, though not at the expected proportions.
A higher number of the most appropriate evidence-
based answers was expected from freshly graduated

DO NOT KNOW

AESTHETIC/SOFT TISSUE-RELATED COMPLICATIONS

PROSTHETIC-RELATED (MECHANICAL/BIOLOGIC)
COMPLICATIONS

LATE POSTOPERATIVE COMPLICATIONS

IMMEDIATE/EARLY POSTOPERATIVE
COMPLICATIONS

INTRAOPERATIVE COMPLICATIONS

0.00%

[

10.00%

Fig. 9 Percentage of participants with knowledge of reversible complications associated with dental implants

20.00% 30.00%




Saad and Salem BMC Oral Health (2021) 21:161

dentists. These results reflect the level of education of
5th-year students and interns over 4th-year students but
do not provide an indication of freshly graduated den-
tists’ knowledge. Sharma and his colleagues also found
a higher number of female students in the 5th year and
4th year among the students who participated in their
survey. Moreover, the researchers noted that even in the
late-clinical year, a majority of students gave unsatisfac-
tory answers [35].

The role of dental education and modern dental cur-
ricula in providing dental implant education has been
extensively studied [16—18]. Similar to international pro-
grammes, dental schools in Saudi Arabia offer a 1-year
mandatory clinical training programme before gradu-
ation [36]. The results of the current study showed a
significant difference and sometimes highly significant
differences among different dental institutions in Saudi
Arabia, which should be re-evaluated to standardize
the learning outcome in relation to didactic and practi-
cal courses on dental implants. In 2019, Albugami con-
ducted a study to assess the education and training of
dentists practising implantation and concluded that
advanced clinical specialist training will inevitably lead to
an improvement in the quality of implant therapy for the
benefit of patients [21].

Most of the participants had moderate knowledge
regarding dental implants. This finding is similar to the
corresponding result of a previous study performed in
India [37]. In addition, most of the participants reported
being “moderately well informed” about and aware of
complications associated with dental implants. Several
observations suggest that numerous complications are
encountered in clinical practice; however, severe compli-
cations are relatively rare [38]. Most of the specific com-
plications reported in these studies by a large proportion
of the survey participants are relatively easily managed
and largely without permanent detrimental effects [9, 11,
22, 23].

Most of the participants agreed that the most impor-
tant factor for implant success is case selection. Patient
selection represents a priority when dental implants are
being considered. History taking and examination are
very important to assess the patient’s willingness and
compliance to undergo surgery [39-41]. Similar results
were obtained from previous studies conducted in Saudi
Arabia as well as in Sweden, which identified patient
noncompliance and poor oral hygiene as the main rea-
sons underlying these clinical complications [20, 42].

A large number of endogenous and exogenous factors
have been identified as causative or contributory factors
to implant failure [3, 43, 44], and several theories have
been advanced to explain the mechanisms of implant
failure [45]. Most theories focus on infectious agents,
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healing deficits and loading factors to account for the
clustering of implant failures soon after implant place-
ment (early failure) or within 1 year of loading (late fail-
ure). In our study, only 26.37% of participants reported
that postoperative infection was the most common early
complication, while 23.61% agreed that an unfavourable
implant location compromising prosthetic rehabilitation
was the most common early complication. The majority
of the participants identified massive bone loss related
to implant failure as the most common late complication
associated with dental implants.

In 2020, a study was conducted to evaluate the effect
of dynamic cyclic loading on screw loosening in both
narrow and standard implants and concluded that
screw loosening occurred in both narrow and stand-
ard implants, with a higher value in narrow implants
[46]. Similar results were found in a previous systematic
review of single implant-supported restorations, which
concluded that screw loosening occurred with a cumula-
tive incidence of 12.7% after 5 years, while loss of reten-
tion due to fracture of luting cement occurred with a
cumulative incidence of 5.5% after 5 years [9]. These
results are similar to those of our investigation. How-
ever, another study on this topic concluded that abut-
ment screw loosening in single-implant restoration is
a rare event regardless of the geometry of the implant-
abutment connection (external or internal) if proper anti-
rotational features and torque are employed [28].

Our results showed that a lack of primary stability is
the most common hard tissue complication associated
with dental implants. These results were in accordance
with studies conducted by Duyck and Esposito, who
reported that primary stability is an important determi-
nant of future implant success [43, 44] and is a key deter-
minant in advanced implant treatment approaches such
as immediate placement and immediate loading [47].

Although the importance of peri-implant inflamma-
tion and infection as a significant cause of implant fail-
ures is controversial and may not be applicable to all
implant systems [44], 26.39% of the participants consid-
ered infection to be the most common soft tissue com-
plication associated with dental implants. Several soft
tissue complications that are difficult to manage or are
likely to result in significant patient disability (such as
nerve injury, haemorrhage and wound dehiscence) were
reported by a lower percentage of the participants.

In our study, participants responded similarly that loss
of the interdental papilla, gingival recession, exposure
of the implant margin and a poor emergence profile are
the most common aesthetic complications associated
with dental implants. Recent studies in the literature
have reported aesthetic complications, revealing that
between 4 and 16% of single implant crowns in the
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anterior maxilla fail for aesthetic reasons [48—-50]. The
most common aesthetic complication is gingival reces-
sion exposing the implant/abutment junction, with one
study reporting up to 61% of cases with at least 1 mm of
gingival recession on the facial aspect. Poor shade selec-
tion for the prosthesis and lack of interdental papillae
also account for implant aesthetic failures [51, 52].

Reversible complications may occur at various phases
of procedures, including intraoperatively, early/late post-
operatively, and during prosthetic reconstruction and/
or after functional loading. In 2005, Park and Wang pre-
sented their accepted classifications and treatments of
various reversible complications commonly encountered
during routine implant-related procedures [12]. Several
studies were conducted based on Park and Wang’s classi-
fication to evaluate these complications; it was concluded
that careful clinical and radiographic examination of each
case, accurate planning of procedures, the use of proper
surgical techniques and appropriate instruments, and the
correct management of healing and osseointegration all
combine to prevent such events [53-57]. In our study,
22.22% of participants expressed poor knowledge regard-
ing these complications, which may be explained by the
unfamiliarity of this type of reversible complication clas-
sification among the participants.

Several limitations were encountered in this study. A
new questionnaire was introduced, and most of the sur-
veyed participants were undergraduates and fresh gradu-
ates, which must be taken into account when evaluating
the findings. A further survey that includes more detailed
questionnaires and a greater number of institutions and
participants, particularly freshly graduated dentists, is
recommended to validate the results of the present study.

Conclusion

The present study indicates differences in the knowl-
edge and perceptions of the complications of dental
implants among dental students and freshly graduated
dentists from different institutions in Saudi Arabia. The
participants expressed a lack of knowledge regarding
reversible complications. In addition, they demonstrated
similar responses regarding aesthetic and soft tissue
complications. Hence, the present study concluded that
participants showed significant variation that necessi-
tates reviewing and standardizing dental implant cur-
ricula among different institutions. This investigation
therefore suggests a need for curriculum review, evalu-
ations of teaching materials and methods, consensus
workshops and hands-on training in undergraduate stud-
ies that would result in a better understanding of dental
implants and their complications so that students can
respond properly to the increasing number of patients
with queries about dental implants.

Page 10 of 12

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512903-021-01506-2.

Additional file 1. The questionnaire distributed among participants.
Additional file 2. The raw data collected from the questionnaire.

Additional file 3. Chi square of the data collected data.

Acknowledgements

The authors would like to thank Ramy Elmoazen, Department of Community
Dentistry, College of Dentistry, Qassim University for his assistance in the
statistical analysis of this research.

Authors’ contributions

IS conceived and designed the scoping review, SS developed the search
strategy, and all authors contributed to article screening and undertook the
preliminary analysis of the findings. In addition, all authors read and approved
the final manuscript prior to submission.

Funding
All phases of this study were self-funded.

Availability of data and materials
All data generated or analysed during this study are included in this published
article [and its supplementary information files].

Declarations

Ethics approval and consent to participate

All authors declare that written informed consent was obtained from the
participants prior to conducting this research. The participants were informed
that the survey was anonymous and participation was voluntary. All authors
hereby declare that the study has been examined and approved by the Dental
Ethics Committee, Dental Research Centre, College of Dentistry, Qassim Uni-
versity (Code#: ST/6064/2019) and has therefore been performed in accord-
ance with the ethical standards presented in the 1964 Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Department of Periodontology and Oral Medicine, College of Dentistry,
Qassim University, King Abdulaziz Road, Mulaidah, Buraidah, Qassim 51452,
Kingdom of Saudi Arabia. 2 Department of Maxillofacial Surgery and Diag-
nostic Science, College of Dentistry, Qassim University, King Abdulaziz Road,
Mulaidah, Buraidah, Qassim 51452, Kingdom of Saudi Arabia.

Received: 8 August 2020 Accepted: 9 March 2021
Published online: 25 March 2021

References

1. Institute of Medicine (US) Committee on Quality of Health Care in
America. To err is human: building a safer health system. In: Kohn LT, Cor-
rigan JM, Donaldson MS, editors. Washington (DC): National Academies
Press (US); 2000.

2. Schulman KA, Kim JJ. Medical errors: how the US Government is address-
ing the problem. Curr Control Trials Cardiovasc Med. 2000;1:35-7.

3. Esposito M, Hirsch J-M, Lekholm U, Thomsen P. Biological factors contrib-
uting to failures of osseointegrated oral implants, (I). Success criteria and
epidemiology. Eur J Oral Sci. 1998;106:527-51.

4. Banja JD. Medical errors and medical narcissism. Burlington: Jones &
Bartlett Learning; 2005.


https://doi.org/10.1186/s12903-021-01506-2
https://doi.org/10.1186/s12903-021-01506-2

Saad and Salem BMC Oral Health

20.

21

22.

23.

24.

25.

26.

27.

28.

(2021) 21:161

Haraldson T, Carlsson GE, Ingervall B. Functional state, bite force and
postural muscle activity in patients with osseointegrated oral implant
bridges. Acta Odontol Scand. 1979;37:195-206.

Haraldson T, Carlsson GE. Bite force and oral function in patients with
osseointegrated oral implants. Scand J Dent Res. 1977,85:200-8.

JemtT. Failures and complications in 391 consecutively inserted fixed
prostheses supported by Branemark implants in edentulous jaws: a study
of treatment from the time of prosthesis placement to the first annual
checkup. Int J Oral Maxillofac Implants. 1991,6:270-6.

Lundqyist S, Haraldson T, Lindblad P. Speech in connection with maxillary
fixed prostheses on osseointegrated implants: a three-year follow-up
study. Clin Oral Implants Res. 1992,3:176-80.

Jung RE, Pjetursson BE, Glauser R, Zembic A, Zwahlen M, Lang NP. A sys-
tematic review of the 5-year survival and complication rates of implant-
supported single crowns. Clin Oral Implants Res. 2008;19:119-30.

Misch K, Wang H-L. Implant surgery complications: etiology and treat-
ment. Implant Dent. 2008;17:159-68.

. Berglundh T, Persson L, Klinge B. A systematic review of the incidence

of biological and technical complications in implant dentistry reported
in prospective longitudinal studies of at least 5 years. J Clin Periodontol.
2002;29(Suppl 3):197-212 (discussion 232-233).

Park S-H, Wang H-L. Implant reversible complications: classification and
treatments. Implant Dent. 2005;14:211-20.

Bashutski JD, Wang H-L. Common implant esthetic complications.
Implant Dent. 2007;16:340-8.

Pjetursson BE, Tan K, Lang NP, Brdgger U, Egger M, Zwahlen M. A system-
atic review of the survival and complication rates of fixed partial dentures
(FPDs) after an observation period of at least 5 years. Clin Oral Implants
Res. 2004;15:625-42.

Kontra C, Lyons DJ, Fischer SM, Beilock SL. Physical experience enhances
science learning. Psychol Sci. 2015;26:737-49.

Chaudhary S, Gowda TM, Kumar TAB, Mehta DS. Knowledge, attitudes,
and perceptions of undergraduate dental students toward dental
implants—an All India Survey. Implant Dent. 2015;24:160-5.

Heasman PA, Witter J, Preshaw PM. Periodontology in the undergraduate
curriculum in UK dental schools. Br Dent J. 2015;219:29-33.

Pineda K, Bueno R, Alvarado C, Abella F, Roig M, Duran-Sindreu F. Influ-
ence of academic training in endodontics and implantology on decision-
making in undergraduate students. Aust Endod J. 2018;44(1):40-5.
https://doi.org/10.1111/ae}.12208

Akeredolu PA, Adeyemo WL, Gbotolorun OM, James O, Olorunfemi BO,
Arotiba GT. Knowledge, attitude, and practice of dental implantology in
Nigeria. Implant Dent. 2007;16:110-8.

Al-Houtan T, Smith S, Almas K. Survey of dental implant practices in the
Eastern Province of Saudi Arabia. Odontostomatol Trop. 2018;41:31-41.
Albugami RA, Smith S, Al-SheikhHassan M, Almas K. Trends in implant
dentistry: implant systems, complications and barriers in Riyadh, Saudi
Arabia Trendy w implantologii stomatologicznej-systemy implantologic-
zne, powik\lania i ograniczenia w stolicy Arabii Saudyjskiej, Rijadzie. 2019.
Goodacre CJ, Kan JY, Rungcharassaeng K. Clinical complications of osse-
ointegrated implants. J Prosthet Dent. 1999;81:537-52.

Goodacre CJ, Bernal G, Rungcharassaeng K, Kan JYK. Clinical com-
plications with implants and implant prostheses. J Prosthet Dent.
2003;90:121-32.

Greenstein G, Cavallaro J, Romanos G, Tarnow D. Clinical recommenda-
tions for avoiding and managing surgical complications associated with
implant dentistry: a review. J Periodontol. 2008;79:1317-29.

Andreiotelli M, Att W, Strub J-R. Prosthodontic complications with
implant overdentures: a systematic literature review. Int J Prosthodont.
2010;23:195-203.

Cehreli MC, Karasoy D, Kokat AM, Akca K, Eckert SE. Systematic review of
prosthetic maintenance requirements for implant-supported overden-
tures. Int J Oral Maxillofac Implants. 2010;25:163-80.

Aglietta M, Siciliano VI, Zwahlen M, Bragger U, Pjetursson BE, Lang NP,

et al. A systematic review of the survival and complication rates of
implant supported fixed dental prostheses with cantilever extensions
after an observation period of at least 5 years. Clin Oral Implants Res.
2009;20:441-51.

Theoharidou A, Petridis HP, Tzannas K, Garefis P. Abutment screw loosen-
ing in single-implant restorations: a systematic review. Int J Oral Maxil-
lofac Implants. 2008;23:681-90.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Page 11 of 12

. Kalpidis CDR, Setayesh RM. Hemorrhaging associated with endosseous

implant placement in the anterior mandible: a review of the literature. J
Periodontol. 2004;75:631-45.

Oh S-L, Shiau HJ, Reynolds MA. Survival of dental implants at sites after
implant failure: a systematic review. J Prosthet Dent. 2020;123:54-60.
Mattheos N, Collier S, Walmsley AD. Specialists' management deci-

sions and attitudes towards mucositis and peri-implantitis. Br Dent J.
2012;212:E1-E1.

Carlisle LD. The gender shift and demographics of women in dentistry.
What impact will it have? 2011. http://www.spiritofcaring.com/public/
488.cfm. Accessed 11 Sept 2011.

Tandon S. Challenges to the oral health workforce in India. J Dent Educ.
2004;68(7 Suppl):28-33.

Sharma A, Shrestha B, Chaudhari BK, Suwal P, Singh RK. Knowledge,
awareness, and attitude regarding dental implants among dental interns.
INMA J Nepal Med Assoc. 2018;56:607-15.

Sharma A, Chaudhari BK, Shrestha B, Suwal P, Parajuli PK, Singh RK; et al.
Knowledge and perception about dental implants among undergradu-
ate dental students. BDJ Open. 2019;5:1.

Ramalingam S, Habib S, Sundar C, Dawas A, Al-Rashed M, Al-Bader R.
Perceptions of dental interns in Saudi Arabia toward implant placement
in medically compromised patients. J Educ Health Promot. 2017;6:104.
Chaudhary S, Gowda TM, Kumar TAB, Mehta DS. Knowledge and attitudes
of dental interns in Karnataka state, India, regarding implants. J Dent
Educ. 2013;77:1365-70.

Tolman DE, Laney WR. Tissue-integrated prosthesis complications.
Implant Dent. 1993;2:202-3.

Hatim NA, Al-Rawee RY, Tawfeeq BAG. Criteria for selection of implant
cases. Al-Rafidain Dent J. 2006;6:161-70.

Abullais SS, AlQahtani NA, Kudyar N, Priyanka N. Success of dental
implants: must-know prognostic factors. J Dent Implants. 2016;6:44.
Davda L, Davda S. Implant dentistry: a multidisciplinary approach. J
Interdiscip Dent. 2013;3:52.

Derks J, Schaller D, Hakansson J, Wennstrém JL, Tomasi C, Berglundh

T. Effectiveness of implant therapy analyzed in a Swedish population:
prevalence of peri-implantitis. J Dent Res. 2016,95:43-9.

Duyck J, Naert |. Failure of oral implants: aetiology, symptoms and influ-
encing factors. Clin Oral Investig. 1998;2:102-14.

Esposito M, Hirsch JM, Lekholm U, Thomsen P. Biological factors contrib-
uting to failures of osseointegrated oral implants. (Il). Etiopathogenesis.
Eur J Oral Sci. 1998;106:721-64.

Quirynen M, De Soete M, van Steenberghe D. Infectious risks for oral
implants: a review of the literature. Clin Oral Implants Res. 2002;13:1-19.
Attiah EMN, AlGendy AA, Mostafa TMN. Effect of dynamic cyclic load-
ing on screw loosening of retightened versus new abutment screw in
both narrow and standard implants (in-vitro study). Int J Implant Dent.
2020;6:30.

Attard NJ, Zarb GA. Immediate and early implant loading protocols: a
literature review of clinical studies. J Prosthet Dent. 2005;94:242-58.
Gamborena |, Avila-Ortiz G. Peri-implant marginal mucosa defects: clas-
sification and clinical management. J Periodontol. 2020. https://doi.org/
10.1002/JPER.20-0519.

Rad SAB, Forouzanfar A, Banihashemrad SA. Comparison of interdental
papillae around single implants in the tissue-level (TL) and bone-level
(BL) implants: a clinical trial. J Adv Periodontol Amp Implant Dent.
2020;12:31-7.

Boon L, Mars GD, Favril C, Duyck J, Quirynen M, Vandamme K. Esthetic
evaluation of single implant restorations, adjacent single implant restora-
tions, and implant-supported fixed partial dentures: a 1-year prospective
study. Clin Implant Dent Relat Res. 2020,22:128-37.

Oates TW, West J, Jones J, Kaiser D, Cochran DL. Long-term changes in
soft tissue height on the facial surface of dental implants. Implant Dent.
2002;11:272-9.

Saad |, Salem S. Evaluation of using connective tissue graft as a biological
barrier to cover immediately placed implants in maxillary anterior region.
Int J Dent Sci Res. 2017;5:39-48.

Al-Sabbagh M. Complications in implant dentistry. Dent Clin N Am.
2015;59:xiii-xv.

Wanner L, Manegold-Brauer G, Ulrich BH. Review of unusual intraop-
erative and postoperative complications associated with endosseous
implant placement. Quintessence Int. 2013;44:773-81.


https://doi.org/10.1111/aej.12208
http://www.spiritofcaring.com/public/488.cfm
http://www.spiritofcaring.com/public/488.cfm
https://doi.org/10.1002/JPER.20-0519
https://doi.org/10.1002/JPER.20-0519

Saad and Salem BMC Oral Health (2021) 21:161 Page 12 of 12

55. Annibali S, Ripari M, La Monaca G, Tonoli F, Cristalli MP. Local complica- Publisher’s Note
tions in dental implant surgery: prevention and treatment. Oral Implantol.
2008;1:21-33.

56. Cobo-Véazquez C, Reininger D, Molinero-Mourelle P, Gonzalez-Serrano J,
Guisado-Moya B, Lépez-Quiles J. Effect of the lack of primary stability in
the survival of dental implants. J Clin Exp Dent. 2018;10:14-9.

57. LiJ,Yin X, Huang L, Mouraret S, Brunski JB, Cordova L, et al. Relationships
among bone quality, implant osseointegration, and Wnt signaling. J Dent
Res. 2017,96:822-31.

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Knowledge, awareness, and perception of dental students, interns, and freshly graduated dentists regarding dental implant complications in Saudi Arabia: a web-based anonymous survey
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and period
	Sample size determination
	Quantitative data collection tools and techniques
	Validity and reliability
	Pilot study
	Data analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


