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Abstract

Abbreviations

Background: The All-On-4 (AO4) oral implant process positively impacts oral health related quality of life for edentulous individuals. The purpose of this study was to identify
the knowledge level, perceptions, confidence levels, and
self-reported practices of oral professionals regarding AO4.

OHrQoL: Oral Health-Related Quality of Life; OHIP: Oral
Health Impact Profile; FDPs: Fixed Dental Prostheses;
M-RPDs: Metal-Based Removable Partial Dentures; ADs:
Acrylic Removable Partial Dentures; CDs: Complete Dentures; AO4: All-On-Four; CBCT: Cone-Beam Computed
Tomography Scans; CVI: Content Validity Index; PIMT:
Peri-Implant Maintenance Therapy; CE: Continuing Education; CODA: Commission on Dental Accreditation

Methods: A convenience sample of 324 dentists and 237
dental hygienists licensed in the state of Oregon were invited to participate in a self-administered electronic questionnaire. Data were analyzed using frequencies, percentages,
and chi-square test.
Results: The study yielded a 15.33% response rate. Forty-nine respondents were dentists (15.17%) and 35 were dental hygienists (15.56%). Most dentists were male. Most dental
hygienists were female. The majority of respondents indicated
practicing in the dental field for over 30 years with minimal
completion of specialty education. Few respondents indicated
completing a case or participating in maintenance therapy for
AO4. The majority of respondents felt their AO4 professional
training did not prepare them to offer AO4 to patients. The
majority of participants (65.6% of dentists and 83.3% of dental
hygienists) indicated a need for further AO4 training. Confidence levels were disproportionate to the knowledge level,
education, and experience of the participants.
Conclusion: Success rates for complex implant therapies can
be attained if knowledge and clinical expertise of providers are
congruent. Supplemental studies designed to compare the
content of complex oral implant education received to the clinical expertise of the provider would aid in determination of the
potential for restructure, elimination, or addition of AO4 to continuing education and/or containment to advanced education.

Keywords
Oral implantology, AO4, Fixed dental prosthesis, Oral implant education, Dental hygienist’s role, Oral health-related
quality of life (OHrQoL)

Introduction
Approximately one quarter of the U.S. population is
over the age of 55, representing a demographic that is
living longer, experiencing more chronic degenerative
diseases, and taking more prescription medications
than past generations [1,2]. When compared to the 79%
increase in the number of adults projected to be in the
aging population, the number of adults in need of one
or two complete dentures is expected to increase to a
projected 37.9 million in 2020 [3]. This population shift
is anticipated to cause a substantial spike in individuals
seeking oral implant and prosthetic therapy, increasing
the need for treatment modalities that can augment occlusal function and increase oral health-related quality
of life (OHrQoL) [4-8].
Oral function and implant therapy are interrelated.
Data obtained through a large-scale cross-sectional survey of 617 elderly individuals living in long-term care facilities led to the rating of occlusal status as a significant
risk factor for malnutrition among the geriatric population [9]. Oral function is linked as a co-variable in food
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selection, avoidance, and consumption in older adults
[10,11]. Implant supported fixed dental prosthesis include overdentures and more innovative developments
such as full arch immediate load oral implant processes
[12,13]. These technologies can increase OHrQoL by improving occlusal function, which, in turn, facilitate eating and promote adequate nutrition intake [6,10].
Locker’s conceptual model and a frequency based 14
item abbreviated index oral health impact profile (OHIP)
was used to compare fixed versus removable denture
outcomes [6]. Previous studies conducted on the subject of prosthetic therapy compared over-dentures to
removable dentures only. The researchers who developed the OHIP noted that the study was the “first investigation that to evaluate(s) the self-rated satisfaction
of patients treated with fixed dental prostheses (FDPs),
metal-based removable partial dentures (M-RPDs),
acrylic removable partial dentures (ADs), and complete
dentures (CDs)” [6]. A consecutive sampling of subjects
seeking prosthetic rehabilitation were recruited and
compared to the sample population (P-population; n
= 123). The Fichner Index for evaluation of prosthetic
function/occlusion was applied to the sample P-population of 123 Spanish adults wearing conventional dental
prostheses and not currently seeking dental treatment.
The results of the study revealed that subjects receiving ADs or CDs reported lower OHrQoL scores than subjects requiring M-RPDs or FDPs. While subjects reported
overall satisfaction and generalized well-being associated with conventional prosthetic therapy, 20 percent of
the study population reported discomfort and chewing
dysfunction. Fixed dental prosthesis therapy appeared
to be the most significant contributing factor in eating
facilitation for the study subjects [6].
For a quarter of a century, studies of this nature
guided the progressive evolution of oral implantology and a collaborative approach to patient treatment
emerged [5]. Treatment options advanced from single

tooth implants to full arch immediate loaded implant
prosthesis overdenture alternatives. Advancement in
design and technique can now provide 100 percent restoration of occlusal function through a fixed retrievable
prosthesis immediate load oral implant process known
as the All-On-Four (AO4; All-on-4®; Nobel Biocare Services AG, Zurich, Sweden) process [13]. The AO4 process
is a sequential phasic multifaceted procedure involving
state of the art digitized technology that requires the
interprofessional collaboration of all providers involved
(dental hygienist, dentist, implantologist, and medical
professional) [13-18]. The procedure provides for immediate occlusal function for the patient, and a level of
instant gratification, both visually and phonetically, not
achieved by past fixed prosthesis treatment processes.
The AO4 process has a cumulative success rate of 99.6
percent with a 100 percent definitive survival rate for
the prosthetic [16,18].
The pioneer for the AO4 process was Paulo Malo [19].
Malo identified edentulism as a progressive problem and
developed the AO4 standard protocol in 1993, as part
of a pilot study on oral implants [19]. Over the next 24
years Malo and colleagues, fostered studies and publications that revolutionized the oral implant fixed prosthesis process. Figure 1 highlights a timeline of the evolution
and research of the AO4 process and Figure 2 illustrates
radiographic depiction of the evolved procedure to date.
Malo found the AO4 process to be a predictable and repeatable protocol when three conditions were met: The
risk assessment was comprehensive, the patient was
selected within the recommended guidelines, and the
NobelGuide (NobelGuide®; Nobel Biocare Services AG,
Zurich, Sweden) protocol was followed [4,19-23].
A review of literature revealed parallel success of
multiple studies conducted over the past 15 years, by
researchers independent of Malo, which supported the
efficacy of immediate loaded fixed implant prosthesis

Evolution of the All-on-4®
Process
The Studies of Paulo Malo

•AO4 pilot study - 1993
•AO4 Mandible retrospective
study 1997
•AO4 Maxilla Retrospective
Study - 2000

Problem identiﬁed:
edentulism on the rise
1990

Outcomes progress, and
adaption of NobelGuide® to
AO4 concept continues.
1998 - 2007
•AO4 Mandible study publication 2003
•AO4 Maxilla retrospective study
publication - 2005
•AO4 with extramaxillary
anchorage study publication 2008

•AO4 Mandible 10-year followup and Maxilla 5-year followup study publication - 2011
•AO4 Maillary anchorage 3 year
follow-up study - 2012
•AO4 mandible retrospective 7year follow-up study - 2014

AO4 accepted as a viable and
predicable treatment option
with 100% restoration of
occlusal function.
2011

Figure 1: Evolution timeline of the All-on-4® process, developed from the studies of Paulo malo (1993-2014).
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Figure 2: All-on-4® fixed implant prosthesis radiograph (current treatment technique).

processes. Progressively, the studies consistently; a)
Confirmed rehabilitation with prefabricated fixed prosthesis supported by dental implants placed in accordance to AO4 provisional clinical protocol was a feasible
and predictable treatment option, and b) Demonstrated
between 97.9 percent and 100 percent implant survival
rate (one to 15-year follow-up) [4,13,14,19,20,22-26].
As a whole, overall patient satisfaction for participants
was reported to be high and OHrQoL was improved due
to increased occlusal function [25]. Based on multiple
studies and refinement of the process, with parallel initiation of Nobel Guide protocol, digitized software, and
cone-beam computed tomography scans (CBCT), the
AO4 process revolutionized current implantology protocols [4,13,14,19,20,22-26].
The AO4 concept involves the placement of four
dental implants, with two implants placed axially and
two angled, supporting a provisional fixed immediately
loaded full-arch prosthesis using CAD/CAM technology
(Figure 2). [13,25,26]. In most cases the dental implants
are placed using a minimally invasive flapless, mini-flap,
or flap surgical access approach. The innovation behind
the AO4 process is the angled posterior implants, which
allow for reduced need of vertical bone augmentation
and consequent decreased treatment time and increased healing time. Following the laboratory and surgical template construction, the AO4 procedure is performed in one surgical appointment with surgery times
varying on a case-by-case basis [25,26]. This streamlined
approach allows for immediate loading of the prosthesis, in most cases the same day as treatment, providing
the patient with immediate occlusal function [27].

Objectives
The advancement of the AO4 process has evolved
to meet the increased elderly population and the correPierce et al. Int J Oral Dent Health 2018, 4:068

sponding demand of oral implants and fixed prosthesis
as an option for tooth replacement. The introduction
of this process dictates the need for maintenance and
routine clinical assessments, by the entire oral implant
team, of the long-term stability of the implants and
prosthesis placed [28-32]. Although research exists to
support the efficacy of the AO4 process, there is a gap in
the literature concerning whether dental professionals
are equipped, proficient, and prepared to present and
provide advanced oral implant therapy and processes
such as the AO4 treatment option to their patients.
Therefore, the purpose of this study was to discover the
knowledge, perceptions, confidence levels, and self-reported practices of dentists and dental hygienists regarding the AO4 immediate load fixed prosthesis oral
implant process and determine if any statistically significant differences or relationships existed within and
between the study groups.
The following null hypotheses guided the conduct of
this study 1) There is no statistically significant difference
between dentist’s and dental hygienist’s knowledge level, perceptions, self-reported practices, and confidence
levels regarding the AO4 immediate load oral implant
process, 2) There is no statistically significant difference
between age, sex, and years of practice, and dentists
and dental hygienists knowledge level, perceptions,
self-reported practices, and confidence levels regarding
the AO4 immediate load oral implant process, and 3)
There is no statistically significant relationship between
the education level of dentists and dental hygienists and
their self-reported practices, knowledge, perceptions,
and confidence levels about the AO4 immediate load
oral implant process.

Methods
The research method for this exploratory study was
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a self-designed 35-item survey questionnaire of dentists
and dental hygienists. The study was completed online
by a convenience sample of licensed dentists (N = 323)
and dental hygienists (N = 225) practicing in the state
of Oregon. The Oregon Board of Dentistry provided the
list of dentists and dental hygienists who had publicly
accessible email addresses [33].
The study protocol was submitted for expedited
review and approved by the Human Subjects Committee (Approval # MS 8048). An introduction letter was
emailed to the individuals explaining the purpose of the
study, followed by the survey letter including informed
consent and the survey link. Four letters in total were
emailed to encourage participation prior to the close of
the study.
The instrument addressed the AO4 assessment process, current practices regarding the AO4 process, demographics, experience with the AO4 process, self-reported outcome of the AO4 process, education relating
to the AO4 process, and preference for future advanced
implant and AO4 process education. The primary focus
of the study related predominately to the AO4 assessment process and the knowledge and professional education of the participant. Instrument validity was assessed using a six-expert panel and a content validity index (CVI). The CVI experts were included based on their
experience with oral implantology and the AO4 process.

The panel consisted of two oral surgeons, two dentists,
and two dental hygienists. The parameters for the CVI
scale were constructed from the findings of Polit and
Beck [34]. In addition, the survey was tested for reliability through a test/re-test method. This testing involved
eight licensed oral practitioners in the state of Oregon,
four dentists and four dental hygienists. Feedback from
the CVI and reliability testing were incorporated as appropriate. Findings showed the survey to be highly valid
and reliable.
Results were summarized in descriptive form using
frequencies and percentages. A chi-square test was
used for each null hypothesis. The level of significance
was established at p ≤ 0.05.

Results
A total of 548 surveys were emailed to licensed Oregon dental practitioners. Of this group, 84 participants
completed the survey during the spring of 2016, yielding a response rate of 15.33%. Of the respondents, 49
were dentists (15.17%) and 35 were dental hygienists
(15.56%) (Table 1). highlights the demographic data and
AO4 training for the dentists and dental hygienists who
participated in the study. The majority of dentists were
male, and the majority of dental hygienists were female.
Age ranges differed for the groups. The majority of dentists were in the age range of 41-50 years of age with the

Table 1: Demographic data and AO4 training of dentists and dental hygienists.
Dentists

Dental hygienists

Characteristic
Gender

N

%

Gender

N

%

Male

39

79.6

Male

1

2.9

Female

10

23.4

Female

34

97.1

Degree level

N

%

Degree levela

N

%

DDS or DMD

44

89.8

RDH or LDH

12

34.3

DDS or DMD + MS

5

10.2

RDH or LDH + BS

15

42.9

DDS or DMD + PhD

-

-

RDH or LDH + MS

7

20

Periodontist

2

4.1

RDH or LDH + PhD

2

5.7

Orthodontist

3

6.1

2.9

Aesthetic dentist

1

2

RDH or LDH + Advanced (ex = 1
ADT)
Endorsement or permit

Pediatric dentist

1

2

Restorative

7

20

Oral surgeon

1

2

Limited access (LAP)

9

25.7

Medical degree

1

2

Nitrous oxide sedation

31

88.6

Oral sedation license

11

22.4

Anesthesia

32

91.4

Other-unspecified

7

14.3

Total

49

100

Total

35

100

Age range (year)

Dentists

Characteristic

N

%

N

%

18-30

1

2.0

2

5.7

31-40

7

14.3

4

11.4

41-50

14

28.6

7

20.0

51-60

11

22.4

8

22.9

Pierce et al. Int J Oral Dent Health 2018, 4:068
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11

22.4

11

31.4

5

10.2

3

8.6

AO4 Training

N

%

N

%

Received AO4 training

13

26

1

2.9

Did not receive AO4 training

37

74

34

97.1

Years of practice

N

%

N

%

1-5

3

6.1

2

5.7

6-10

6

12.2

2

5.7

11-15

4

8.2

2

5.7

16-20

9

18.4

5

14.3

21-30

10

20.4

9

25.7

31 +

17

34.7

15

42.9

Field of practice

N

%

N

%

General/family dentistry

37

75.5

19

54.3

Periodontics

2

4.1

2

5.7

Oral surgery

2

4.1

1

2.9

Pediatrics

1

2

1

2.9

Other-unspecified

7

14.3

12

34.3

Total

49

100

35

100

71 +
b

a
Individuals could select more than one response; bFor those who received AO4 training, 13 participants received their training
in the form of continuing education; 6 participants (46.2%) received instruction through a speaker forum with class interaction; 7
participants (38.5%) received instruction through a hands-on course over a period of days/more than one day.

Table 2: Dentists and dental hygienists confidence levels regarding AO4.
Dentists
Dental hygienists
Characteristic
N
%
N
%
How would you describe your level of understanding of the AO4 process?
Know nothing about the AO4 process.
8
24.2 16
72.7
Know of the AO4 process but do not know enough about the process to recognize potential for 3
9.1
4
18.2
appropriate case.
Know of the AO4 Process and how to recognize a patient for a case, but do not feel confident 8
24.2 1
4.5
enough to present AO4 as an option to my patients.
Well versed in AO4 process and feel comfortable presenting AO4 as an option to patients but 13
39.4 1
4.5
would like to know more.
Consider themselves an expert in AO4 process
1
3.0
0
0
Total
33
100 22
100
To what degree are you comfortable with maintenance therapy of patients presenting with AO4
Not at all
7
24.1 12
70.6
Somewhat
7
24.1 1
5.9
Confident
13
44.8 4
23.5
Expert
2
6.9
0
0
Total
29
100 18
100
How would you rate your confidence level with regard to the AO4 Process? - Only respondents who had participated in an
AO4 case answered this question.
Extremely confident
2
8.7
Moderately confident
10
43.5 1
100
Slightly confident
3
13.0 Not confident
8
34.8 Total
23
100 1
100

majority of dental hygienists between the ages of 61-70
years of age. Most dentists and dental hygienists had
been practicing for over 30 years in a general dentistry practice and the majority of respondents indicated
they had not received training regarding the AO4 process. Pearson’s chi-square test was used to determine
the significant difference found between the genders
Pierce et al. Int J Oral Dent Health 2018, 4:068

of the oral professionals participating in this study (X2 =
48.196, df = 1, p < 0.001). There was no significant difference in age range when comparing dentists to dental
hygienists (X2 = 2.186, df = 5, p = 0.823). A marginal number of dentists (17.8%) indicated they had completed an
AO4 case. One dental hygienist (3.0%) indicated completion of a case. Approximately 20 percent of dentists
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considered their AO4 cases successful. A majority of
dentists (64.7%) and dental hygienists (87.5%) felt their
AO4 professional training did not prepare them to offer
the AO4 process to their patients. A similar number of
participants (65.6% of dentists and 83.3% of dental hygienists) indicated a need for further AO4 training.
Confidence levels regarding the AO4 process are
summarized in (Table 2). When questioned regarding
their level of understanding of the AO4 process, 39.4%
of dentists felt they were well versed in the AO4 process and the majority of dental hygienists (75%) indicated they knew nothing about the AO4 process. Approximately one half (51.7%) of dentists felt comfortable
providing maintenance therapy to AO4 patients, while
the majority of dental hygienists (76.5%) did not feel
comfortable with provision of maintenance therapy to

ISSN: 2469-5734

AO4 patients. Almost half of the dentists (44.8%) and
one quarter of the dental hygienists (23.5%) who had
participated in an AO4 case felt moderately confident
with the process. The vast majority of both dentists
(62.9%) and dental hygienists (87.5%) indicated they
had not completed an AO4 case. Half of the dentists
who had completed an AO4 case indicated participation
in the AO4 process as a provider and half indicated participating as an observer, while the majority of dental
hygienists (4 out of 5) participated as an observer only
in the AO4 process.
Table 3 summarizes the knowledge of the study participants with relation to the AO4 assessment process.
Ninety percent of dentists and 58 percent of dental
hygienists did not have an established AO4 risk assessment plan/protocol. The majority of dentists and dental

Table 3: Dentists and dental hygienists AO4 assessment: Knowledge and practices.
Characteristic
Acceptable oral hygiene (OH) standards
Poor OH unmanaged with professional periodontal maintenance therapy (PMT)
Poor OH but managed with professional PMT
Average OH with presence of biofilm and inflammation managed with PMT
Excellent OH with minimal need of PMT to manage biofilm and inflammation
Indicates does not see AO4 cases in their office
Systemic contraindicated risk factors to AO4
Does not screen for systemic risk factors
Indicates there are no contraindicated risk factors for AO4 treatment (Tx)
Absence of all systemic diseases
History of bisphosphonate use
History of radiation therapy
Uncontrolled diabetes
Indicates does not know the contraindicating risk factors for AO4
Consider pregnancy and/or lactation a risk factor
Does not consider pregnancy and/or lactation a risk factor
Diagnostic oral assessment evaluation for appropriateness of AO4
Take patient vital statistics
Acquire complete and accurate medical and dental health history
Review oral and nutritional habits
Evaluate socioeconomic factors affecting treatment
Evaluate the level of edentulism
Acquire digital records/photos
Take pre-operative models: Digital/articulated stone models
Perform risk assessment
Level of edentulism
I do not assess patients for AO4 treatment in my office; They present as a referral from
a specialist
To what extent do you evaluate the level of edentulism?
Completely edentulous in both arches
Completely edentulous in one arch and partially edentulous in the other arch
Partially edentulous in one or both arches but with the need of extraction of remaining
compromised teeth
Has established AO4 treatment risk assessment form/protocol in office
Yes
No
Total
Evaluation for risk assessment includes:
Bone quality
Maxillary and mandibular profile in either healed or immediate extraction sites
Pierce et al. Int J Oral Dent Health 2018, 4:068

Dentists
N
%

Dental Hygienists
N
%

4
2
9
9
10

8.2
4.1
18.4
18.4
20.4

1
22

2.9
62.9

3
19
20
25
6
11
18

6.1
38.8
40.8
51.0
12.2
37.9
62.1

1
1
1
1
2
18
3
10

2.9
2.9
2.9
2.9
5.7
51.4
23.1
76.9

19
22
16
11
20
19
20
22
16
14

38.8
44.9
32.7
22.4
40.8
38.8
40.8
44.9
32.7
28.6

3
3
2
1
2
1
1
22

8.6
8.6
5.7
2.9
5.7
2.9
2.9
62.5

12
12
13

24.5
24.5
26.5

-

-

3
27
30

10
90
100

15
20
35

42.9
57.1
100

20
20

40.8
40.8

2
1

5.7
2.9
• Page 6 of 11 •
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Parafunctional habits
22
44.9
1
2.9
Tissue assessment
22
44.9
2
5.7
Active infection
22
44.9
2
5.7
Oral hygiene practices
20
40.8
2
5.7
Systemic health
23
46.9
2
5.7
History of radiation therapy
23
46.9
1
2.9
Bisphosphonate use
23
46.9
1
2.9
Tobacco - smoking
23
46.9
2
5.7
Patient compliance
20
40.8
2
5.7
Gender
4
8.2
1
2.9
Does not screen/evaluate patients for AO4 in their office
16
32.7
22
62.9
Total
49
100
35
100
Performs screening for absence or presence of fenestration during tissue assessment during tissue assessment
Yes
23
67.6
7
41.2
No
10
29.4
10
58.8
Felt fenestrations and dehiscences do not affect treatment outcome of AO4
1
2.9
Total
34
100
17
100
During periodontal assessment screens for:
Gingivitis
Inactive periodontitis
2
4.1
Active periodontitis
11
22.4
10
47.6
Frenum attachment
1
2.0
1
4.8
Soft tissue pathology
4
8.2
3
14.3
Adequate keratinized tissue
9
18.4
1
4.8
None of the above; Periodontal disease and soft tissue pathology are not considered
4
8.2
6
28.6
risk factors in AO4 treatment
Total
31
100
21
100
Do you obtain digital records?
Yes
32
76.2
20
74.1
No
10
23.8
7
25.9
Total
42
100
27
100
What do you use to acquire the data for your full-arch impressions?
Intraoral scanner
7
14.3
1
2.9
Polyvinylsiloxane material
27
55.1
2
5.7
Digitized software system
3
6.1
3
8.6
Intraoral scanner for digital impressions
3
6.1
I do not take full arch impressions for my AO4 cases
3
6.1
3
8.6
I do not know anything about full-arch impressions
3
6.1
14
40
Total
49
100
35
100
Dentists and dental hygienists
Characteristic
N
%
What type of digital records do you obtain?
Clinical digital photographs
42
80.0
Occlusal bite registration in maximum intercuspal position
13
25
Full-arch impressions
19
36.5
CBCT Scan with bite registration
7
13.5
CBCT Scan without bite registration
11
21.2
Orthopantomography
26
50
Full mouth series of radiographs
38
73.1
Intraoral scanner for digital impressions
7
13.5
Total
52
100

hygienists indicated they do not take vital signs/statistics, complete an accurate medical and dental history,
review oral/nutritional habits and socioeconomic factors, nor include a risk assessment (including systemic
health, presence of active infection, bone quality, edentulism, tissue assessment, or history of radiation therapy
and bisphosphonate use) in their AO4 oral assessment
evaluation for their patients. Further, 32.7% of dentists
and 62.9% of dental hygienists indicated they do not
Pierce et al. Int J Oral Dent Health 2018, 4:068

screen for AO4 in their dental practice. The majority
of participants (76.2% of dentists and 74.1% of dental
hygienists) indicated utilizing diagnostic digital records
for assessment of AO4 patients, and 13.5% of dentists
and dental hygienists reported using an intraoral scanner for digital impressions. Fifty one percent of dentists
agreed uncontrolled diabetes was a contraindication to
AO4 treatment, but pregnancy and lactation were not
(62.1% of dentists and 76.9% of dental hygienists). Over
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Table 4: Differences between dentists and dental hygienists based on key variablesa.
Variable
Knowledge
Received AO4 training
Acceptable standards for patients recommended for AO4
Level of understanding of AO4
Perceptions
Felt prepared to offer AO4 to patients
Comfortable with maintenance therapy of patients with AO4
Felt needed further training in AO4
Self-reported practices
Participated in AO4 process
Digital records
Are pregnancy and lactation risk factors for AO4?
Have an AO4 risk assessment form/protocol
Number of patients provided maintenance therapy who had
full-arch implant supported fixed prosthesis
Confidence
Confidence level with regard to AO4 process

Pearson Chi Square df

Significance

Phi

7.304b
24.697b
18.062

1
4
4

0.007
0.000
0.001

-0.295

1.574b
10.140b
1.792b

1
3
1

0.210
0.017
0.181

0.194

4.057b
0.040b
0.891b
1.607b
4.353b

1
1
1
1
4

0.044c
0.842
0.345
0.205
0.338

0.228
0.024
0.146
0.189

20.965b

4

0.000

Cramer’s V

0.658
0.573

0.47
-0.189

0.307

0.529

Level of significance 0.05; 1 cells (25.0%) have expected count less than 5. The minimum expected count is 3.81; Due to lack of
response (one participant responded to this question) this figure is calculated based on the continuity correction; Computed only
for a 2 × 2 table with a measurement of 0.098, and therefore is statistically insignificant.

a

b

c

half the dental hygienists (51.4%) and a minimal number of dentists (12.2%) indicated having no knowledge
of the risk factors for AO4. Also noted, the majority of
dentists (46.7%) and dental hygienists (66.7%) surveyed
had not provided postoperative or maintenance therapy of AO4 patients. The majority of participants (57.2%
of dentists and 37.1% of dental hygienists) indicated
referral of the surgical portion of AO4 treatment to an
oral surgeon with a small percentage (14.3% of dentists
and 11.4% of dental hygienists) providing no referral,
but rather, opting to treat AO4 patients in their practice.

variables studied among dental hygienists. No other
variables tested demonstrated statistical significance.
Analysis of any statistically significant relationship between the education level of dentists and dental hygienists and their self-reported practices, knowledge, perceptions, and confidence levels was not possible due to
the variety of responses received, the small numbers of
responses in some categories, and the number of blank
responses for the category of educational level.

Pearson’s chi-square analysis was used to compare
participant responses on the variables of knowledge,
perceptions, self-reported practices, and confidence in
use of the AO4 implant process. A statistically significant
difference was noted in the knowledge level for those
who received AO4 training (X2 = 7.30, df = 1, p = 0.007)
and for acceptable patient screening standards when
recommending the AO4 process to patients (X2 = 24.69,
df = 1, p = 0.00). In addition, there was a statistically
significant difference in the confidence levels between
dentists and dental hygienists (X2 = 20.965, df = 4, p =
0.000). No other variables demonstrated statistical significance. Table 4 depicts the differences between dentists and dental hygienists based on key variables.

Reported research on the efficacy of the AO4 process
was completed in a controlled environment, in which all
providers had extensive knowledge and years of experience with the risk assessment and systematic process
for the treatment. A one hundred percent success rate
was achieved [4,19-23]. While research is robust in support of a process that can deliver a 100% success rate, it
is important to grasp the predominant factors contributing to this success. When providers have knowledge,
experience, can repeat outcomes, and gain patient
compliance, success can be achieved.

Pearson’s chi-square analysis was used to examine
the differences between demographic variables and the
knowledge level, perceptions, self-reported practices,
and confidence levels of dentists and dental hygienists
regarding the AO4 process. Statistically significant differences were noted for dentists when comparing degree level and responses to digital records (X2 = 3.95, df
= 1, p = 0.047), AO4 understanding (X2 = 12.096, df = 4,
p = 0.017) and the need for further training (X2 = 15.148,
df = 1, p = 0.000). No statistically significant differences were found between demographic variables and key
Pierce et al. Int J Oral Dent Health 2018, 4:068

Discussion

Oral implant processes such as the AO4 process involve multifaceted treatment plans and collaboration
of all providers involved, as well as maintenance care
to prevent peri-implant infection [35]. The success rate
of dental implants has been reported in the literature
as, on average, 98% [35]. However, minimal studies to
date were completed to provide evidence as to whether or not this success rate was specifically affected by
peri-implant maintenance therapy (PIMT) [35]. Globally, the incidence of peri-implant disease is reported as
occurring at a frequency of up to 47% [36-39]. Monj,
Aranda, and Diaz, et al. completed a systematic review
to assess the impact of maintenance therapy on the incidence of peri-implantitis [35]. The researchers found
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a significant link between PIMT frequency and impact
on prevention of peri-implant disease. While supporting a three-prong approach to the implicating factors
affecting implant failure or success rates (clinician, patient, and implant related dynamics), the researchers
concluded that in addition to expert placement of oral
implants, inclusion of an appropriate PIMT regimen had
the potential to decrease implant failure rates [35]. In
addition to maintenance, biologic and patient related
factors, the knowledge and experience of the clinician
can affect the outcome of the implant procedure.
In a 10-year retrospective study on the success rates
of 50 full-arch maxillary and mandibular implant supported fixed prosthesis (297 implants placed) Ji, Kan,
and Roe, et al. reported a cumulative success rate of
85.2% and an absolute success rate of 90.6% [40]. The
results of this study suggested that the noted higher implant failure rates most likely were due to a history of
bruxism (29.3% of patients had a history of bruxism vs.
4.6% did not) and the limited experience of the clinician completing the treatment (12.2% of surgeons had
less than five years of experience and 2.4% had more).
Further, a study by Lambert, Morris, and Ochi revealed
dental implants placed by inexperienced clinicians failed
twice as often as those placed by experienced clinicians;
Supporting the conclusion that a “learning curve” existed with regard to success rates of dental implants [40].
In addition to level of experience, the complexity of the
implant procedure can be a predominant predictor of
implant success or failure rates [40,41].
Statisticians anticipate the U.S. dental implant and
prosthetic market will reach $6.4 billion by the year 2018,
with 10% of all practicing dentists reported as currently
placing implants, and that number is said to be on the
rise [42]. Due to the aging population and projected increase in demand for oral implants and prosthesis, systematic risk assessment will ultimately determine patient
eligibility for advanced implant and prosthetic therapy
[5]. Attention to advanced oral implant processes and interprofessional collaboration during implant treatment
is considered another significant factor in the success of
dental implants and prosthesis [5]. If the success rates
of complex implant procedures are dependent on the
knowledge and experience of the clinicians, the extent to
which the protocols are followed, biologic patient factors
determining the risk, and the maintenance therapy the
patient receives; Then the components must be aligned
in current treatment regimens [4,19-23,35,41,42]. Inexperienced dentists encounter higher failure rates while
placing implants in immediate loading protocols for complex processes, like the AO4 process, than their more experienced counterparts [35,43,44]. Delivery of successful
implant outcomes to patients is dependent on proficient
skills, knowledge, and experience.
This exploratory study exposed a gap between the
actual knowledge and skill level of the participants
Pierce et al. Int J Oral Dent Health 2018, 4:068

ISSN: 2469-5734

and their confidence levels with the AO4 process. The
majority of dental hygienists reported they had never
participated in and knew nothing of the AO4 process.
Further, the majority of dentists exhibited minimal experience and knowledge with the AO4 process yet felt
moderately to extremely confident in the AO4 process.
Achieving high success rates with AO4 implant placement and outcomes is questionable if practitioners are
neither educated nor experienced enough to accurately replicate the defined procedure. The results of this
study revealed participants did not have the extensive
knowledge and training in the AO4 process necessary to
provide the reported AO4 success rates in their patient
population. Most respondents reported no knowledge
about the process, and no risk assessment protocol/procedure implemented in their offices. The results of this
study have significant association with the conclusions
reached by the comparable research [35,40,43,44].
Slightly more than one half of dentists who participated
in the study reported confidence levels as moderately
to extremely high, yet the majority reported their education did not effectively prepare them to provide AO4
and indicated a need for further AO4 training. Less than
20% of dentists reported participating in an AO4 case
with one half reporting that during the case(s) they participated in, they were an observer vs. provider. Seventy
percent of dentists reported never completing an AO4
case and only 14% of dentists had completed between
one and ten cases. Data from this study indicated confidence levels disproportionate to the actual knowledge
level and experience of the participants. There is a difference between knowledge and confidence. One can be
confident, but without the appropriate knowledge and
experience the patient may not receive the full benefits
and success of the treatment modality. In order for the
implant and prosthetic success rates to reach the 98%100% levels, providers need a higher level of knowledge
and expertise than demonstrated in this study.

Limitations
Limitations to this study must be considered. A self-designed questionnaire was utilized to conduct the study.
This limitation was managed by conducting established
validity and reliability measures. Another limitation was
use of a convenience sample and the resultant low response rate. Those who responded to the survey were
not representative of dentists and dental hygienists nationwide. Therefore, results cannot be generalized to the
total population. The topic may not have been of particular interest to the sampled group. Research has shown
topic relevance can contribute to a low response rate.
In addition, some studies of survey response rates have
demonstrated that web-based surveys tend to have lower response rates than mailed surveys, possibly reflecting
participant’s comfort level with computer technology or
general preference for other survey methods [45-48].
Additional research concerning the variables of
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knowledge, attitudes, and practices of dentists and dental hygienists regarding oral implants, like the AO4 process, would provide more definitive conclusions. Particularly, addressing participant graduation date would
provide insight to the timing of training with respect to
the establishment of the AO4 process. Thus, having the
potential to skew results as applied to education and
training. Examining associations between variables and
implant outcome and OHrQoL measures are important
determinations of success. Comparisons should also be
made with respect to implant procedure success rates
and experience from Continuing education (CE) programs, as considerable variability exists within these
programs. The protocols researched by experts in innovative prosthetic therapies direct specialty education,
curriculum development, and availability to oral professionals [4,5,19-23]. The intent of specialty training is to
“educate to a very high level and develop the art and
science with an evidence-based approach” [5]. Thus,
the future education of oral professionals is driven by
the research and success rates of specific treatment
modalities. Supplementary studies could illuminate the
origination of this gap and if re-structured, could potentially address whether or not graduate and CE curriculum should be standardized and include more advanced
oral implant procedures. Additionally, studies to determine whether or not advanced implant procedures, like
AO4, should be contained to only graduate programs of
study, where knowledge and expertise are more congruent, would prove beneficial. Professional education
agencies such as the Commission on dental accreditation (CODA) have stringent standards with regard to oral
specialties, but there do not appear to have similar standards for post graduate CE courses [49]. Concurrently,
84.7% of study participants reported receiving AO4
training from a CE course. Thus, future studies could aid
in determination of the extent to which CE can be compared to current graduate level curriculum with regard
to advanced implant therapies, provider knowledge and
experience, and implant failure and success rates.

Conclusion
This study was designed to identify the knowledge
level, perceptions, confidence levels, and self-reported
practices of dentists and dental hygienists regarding
the AO4 fixed prosthesis immediate load oral implant
process. The results of this study revealed a gap in the
knowledge level with regard to the training, the number of cases completed, the number of patients encountered while providing maintenance therapy, and the
reported confidence levels of the practitioners. As oral
professionals there is an ethical responsibility to ensure
that education and knowledge level are congruent with
experience of proffered treatment modalities and to ensure best practices can be provided to patients seeking
advanced oral implant care.
Pierce et al. Int J Oral Dent Health 2018, 4:068
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