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Purpose: To investigate the attitude of clinicians in Saudi Arabia towards dental implant 
treatment using different implant surgery approaches.
Materials and Methods: This cross-sectional observational study was conducted using 
a web-based questionnaire wherein 56 clinicians ranked their attitude toward computer- 
guided implant surgery (CGIS) and conventional non-computer-guided surgery (non-CGIS) 
in terms of advantages, disadvantages and clinical indications. Statistical analysis was 
conducted by the Spearman correlation test, Kruskal–Wallis test, and Wilcoxon rank sum 
tests, at a significance level of P<0.05.
Results: The survey results indicated that the most significant advantages of CGIS from the 
participants’ perspective were low levels of stress during surgery (P = 0.003) and minimal 
requirement of surgical skills (P = 0.04). Notably, the advantages of accurate outcome and 
predictable flapless surgery were not considered significantly higher for CGIS than for non- 
CGIS (P = 0.2 and 0.7, respectively). The high treatment cost was the most significant 
disadvantage of CGIS when compared to non-CGIS (P = 0.002), and complete edentulism 
was the most recommended clinical condition for CGIS.
Conclusion: Clinicians acknowledged the advantages of CGIS over non-CGIS, especially 
in complete edentulism. The significant advantages of CGIS were the clinician’s state of low 
stress and minimal skills required rather than the patient’s interest in treatment predictability. 
CGIS is an attractive approach for most participants, in spite of the low rate of actual use.
Keywords: clinician-based outcome, dental implant, guided placement

Introduction
Following the introduction of virtual dental implant planning in 1999, computer- 
guided implant surgery (CGIS) has been one of the most evolving areas in digital 
dentistry. Principally, it involves computed tomography (CT) of the jaw, imaging of 
the planned prosthesis, placement of a virtual implant, and production of 
a stereolithographic surgical guide for the actual placement of the implant. This 
technology facilitates surgical execution of implant placement based on ideal 
prosthetic positioning and radiographic anatomic considerations.1 When introduced, 
advantages anticipated were increased accuracy of implant position, reduced sur-
gery invasiveness, shortened chair-side time, and increased patient acceptance of 
dental implant treatment.2 Additionally, numerous studies have reported an implant 
survival rate of 91% to 100% with CGIS.3–6 Although increased accuracy of 
implant position has been reported,6,7 some studies revealed a considerable three- 
dimensional (3-D) deviation between virtual planning and the actual implant 
position.8,9 To improve the outcome of the implant position, several factors have 
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to be considered, including quality of CT imaging, the 
clinician’s knowledge of CT analysis, quality of 
3-D reconstruction,10 and precise transfer of the virtual 
plan to the intraoral position using fixed intraoral reference 
points.11–13 The computer-guided approach could be the 
less preferred one by the clinician or the patient for 
numerous reasons: the additional cost, elongated treatment 
planning time, and learning curve associated with the 
application of this technology. Nowadays, software 
designers and 3-D printing manufacturers have rapidly 
encompassed implant dentistry into the digital industry. 
Therefore, it is essential that dental caregivers evaluate 
the necessity of incorporating the digital dentistry 
approach into their patient care routine. The aim of this 
study was to investigate and compare the attitude of clin-
icians toward computer-guided implant surgery (CGIS) 
and conventional non-CGIS in dental implant treatment.

Materials and Methods
This observational cross-sectional study was approved by 
the Research Ethics Committee of the Faculty of Dentistry 
(REC-FD) at King Abdulaziz University (Ethical approval 
# 42-38828) in full accordance with the World Medical 
Association Declaration of Helsinki. Verbal informed con-
sent process was approved by the REC-FD and obtained 
from all participants. The current methodology was 
reviewed by an independent statistician.

A web-based questionnaire was prepared using the 
Survey Monkey website (Survey Monkey, San Mateo, 
CA, USA). The development of the survey was based on 
the reported advantages, disadvantages, and criteria for 
CGIS and the conventional approach in the literature com-
plemented by the author’s opinion. Questionnaire items 
were reviewed by two dentists familiar with digital 
implant dentistry for clarity of instructions and questions, 
order of questions, and comprehensiveness. Following the 
review, an agreement on the items to be included in the 
questionnaire was reached.

A pilot survey was undertaken by 20 dentists to test the 
lucidity of the questions. The questionnaire was then mod-
ified before proceeding with the actual study. Reliability 
analysis performed on the data collected from 20 partici-
pants using IBM Statistical Package for the Social 
Sciences (SPSS version 22 software; Armonk, NY, USA) 
reported Cronbach’s alpha of 0.72, 0.73, and 0.83.

From October 2017 to February 2018, the question-
naire was electronically sent to 150 dental professionals 
who had the experience of placing 10 or more dental 

implants. The targeted subjects included faculty members 
and Saudi board residents in the implantology, oral sur-
gery, periodontics, and prosthodontics disciplines at King 
Abdulaziz University (Jeddah, Saudi Arabia) and King 
Saud University (Riyadh, Saudi Arabia), as well as mem-
bers of the Saudi Implant Club. This cohort represented 
the dentists practicing implantology in Saudi Arabia.

The questionnaire was in English and included 30 ques-
tions distributed over 3 pages. The first page involved 
questions on gender, specialty (general dentists, periodon-
tists, oral surgeons, prosthodontists), experience with 
implant placement in terms of number of implants placed 
(placed <100 implants, placed 100–200 implants, or placed 
>200 implants), experience with using CGIS (users or non- 
users), and interest in using this technology (interested or 
not-interested). The second page had statements on para-
meters related to non-CGIS procedures, including implant 
position accuracy, chair-side time, predictability of flapless 
surgery, keeping pace with technological developments, 
surgery-related stress, required surgical skills, treatment 
cost, and treatment planning time. Finally, the last page 
included the same statements, but in relation to CGIS, 
along with parameters specific to CGIS, such as accessibil-
ity to training courses, access to planning software, learning 
curve, communication with production centers, and differ-
ent clinical situations where CGIS is indicated. On a 10- 
point Likert scale, participants were expected to choose 
a number from 0 (totally disagree) to 10 (totally agree) for 
each given statement. The list of included questions are 
shown in Table 1. Data entry was carried out manually, 
and statistical analysis was conducted using STATA 
Version 13.0 (StataCorp, College Station, Texas, USA). 
Descriptive analysis variables were presented using fre-
quencies and percentages (gender, specialty, experience 
level, using status, and interest). The outcome variables of 
the participants’ attitude toward the characteristics of 
guided and non-guided surgery were presented using med-
ian and interquartile range, and the association between 
them was tested using the Spearman correlation test. 
Furthermore, the association between outcome variable 
(attitude toward characteristics of guided surgery) and pre-
dictors (gender, specialty, experience level, actual use) was 
tested using Kruskal–Wallis and Wilcoxon rank sum tests, 
with P < 0.05 indicating significance.

Results
The results were reviewed by an independent statistician. 
This study included responses from 56 clinicians, 
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Table 1 The Study Questionnaire

Clinician’s Attitude Towards Computer-Guided Implant Surgery Approach Questionnaire

1. What is your gender?
● Male
● Female

2. What is your specialty?
● General dentistry
● Oral surgery
● Periodontics
● Prosthodontics

3. How many implants have you placed?
● 10–100
● 100–200
● More than 200

4. Have you ever placed an implant using a computer-guided surgical stent?
● Yes
● No

5. Are you interested in computer-guided implant surgery?
● Yes
● No

Regarding non computer-guided implant surgery and on an ascending scale of ten, choose a number (totally disagree 0-1-2-3-4-5-6-7-8-9-10 totally 
agree) that appropriately represent your agreement on the following statements. 

6. With non-guided surgery, implant position outcome is highly accurate. 

7. With non-guided surgery, chair-side time is short. 
8. With non-guided surgery, flapless surgery is predictable 

9. Non-guided surgery, adequately, keeps pace with technology. 

10. With non-guided surgery, clinician’s intraoperative stress is low. 
11. With non-guided surgery, clinician’s surgical skills is not critical. 

12. With non-guided surgery, treatment cost is high. 

13. With non-guided surgery, treatment planning time is lengthy.

Regarding computer-guided implant surgery and on an ascending scale of ten, choose a number (totally disagree 0-1-2-3-4-5-6-7-8-9-10 totally 

agree) that appropriately represent your agreement on the following statements. 
14. With guided surgery, implant position outcome is highly accurate. 

15. With guided surgery, chair-side time is short. 

16. With guided surgery, flapless surgery is predictable 
17. Guided surgery, adequately, keeps pace with technology. 

18. With guided surgery, clinician’s intraoperative stress is low. 

19. With guided surgery, clinician’s surgical skills is not critical. 
20. With guided surgery, treatment cost is high. 

21. With guided surgery, treatment planning time is lengthy. 

22. For guided surgery, training courses are inaccessible. 
23. For guided surgery, planning software is inaccessible. 

24. For guided surgery, learning curve is steep. 

25. For guided surgery, communication with production centers is inconvenient. 
26. Guided surgery is indicated in single anterior edentulous gap situations. 

27. Guided surgery is indicated in single posterior edentulous gap situations. 

28. Guided surgery is indicated in extended anterior edentulous gap situations. 
29. Guided surgery is indicated in extended posterior edentulous gap situations. 

30. Guided surgery is indicated in completely edentulous situations.
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a response rate of 37.3%. Baseline characteristics of parti-
cipants are presented in Table 2. Although 95% of parti-
cipating clinicians were interested in applying CGIS, only 
46% of them had used the technology. Participants in the 
current investigation had the following attitude toward 
CGIS:

1. Clinicians acknowledged the advantages of CGIS 
over non-CGIS (Figure 1).

2. The most significant advantages of CGIS over non- 
CGIS were low stress during surgery (P = 0.003, 
Spearman correlation) and the reduced level of 
required surgical skills (P = 0.04, Spearman correla-
tion) (Figure 1).

3. The advantages of a more accurate outcome and 
a more predictable flapless surgery were not signifi-
cantly higher with CGIS than with non-CGIS (P = 
0.2 and 0.7, respectively, Spearman correlation) 
(Figure 1).

4. The most significant disadvantage of CGIS over 
non-CGIS was the increased cost of treatment (P = 
0.002, Spearman correlation) (Figure 1).

5. Clinicians rated accessibility to CGIS as moderate 
(Figure 2).

6. The acknowledgement of the advantages of predict-
able flapless surgery in association with CGIS was 
significantly higher among general dentists than 
among periodontists and prosthodontists (P = 0.03, 
Kruskal–Wallis test) (Figure 3).

7. Neither their level of experience nor the frequency with 
which they used the technology significantly influenced 
the participants’ opinion about CGIS (Figures 4 and 5).

Table 2 Number and Percentage of Participants According to 
Gender, Specialty, Experience Level with Implant Placement in 
Terms of Quantity, Experience with the Use of Computer- 
Guided Implant Surgery (CGIS), and Interest in Using CGIS

Baseline 
Characteristics of 
Participants

Number of 
Participants 
(n=56)

Percentage of 
Participants

Gender

Male 37 66
Female 19 34

Specialty
General dentists 4 7

Oral surgeons 7 12
Periodontists 20 36

Prosthodontists 25 45

Experience level (Number 

of placed implants)

10–100 implant 14 25
100–200 implant 14 25

>200 implant 28 50

Use of CGIS

Yes 26 46

No 30 54

Interest in CGIS

Yes 53 95
No 3 5

Figure 1 Median and interquartile range of the attitude of clinicians toward the advantages and disadvantages of computer-guided implant surgery (CGIS) versus the 
conventional non-CGIS approach on a scale of 0 (totally disagree) to 10 (totally agree). *Statistically significant difference at P < 0.05.
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8. CGIS was the most recommended in cases of com-
plete edentulism and the least recommended in treat-
ing single posterior edentulous gaps.

Discussion
The general observation of this study was that the partici-
pants acknowledged the advantages of CGIS over the 
conventional approach. Specifically, they believed that 
CGIS was associated with significantly lower stress 

among clinicians and a reduced level of required surgical 
skills. However, they did not consider the accuracy of the 
outcome and the predictability of flapless surgery as sig-
nificant advantages of CGIS. Therefore, the main advan-
tages of CGIS, as seen by the participants, were related to 
the clinician’s state of low stress rather than the patient’s 
interest in treatment predictability.

In contrast to what participants considered regarding 
accuracy outcome in the current study, few studies in 

Figure 2 Median and interquartile range of the attitude of clinicians toward disadvantages specific to computer-guided implant surgery (CGIS) on a scale of 0 (totally 
disagree) to 10 (totally agree).

Figure 3 Median and interquartile range of the attitude of clinicians from different specialties towards the predictability of flapless implant surgery with computer-guided 
implant surgery (CGIS) on a scale of 0 (totally disagree) to 10 (totally agree). *Statistically significant difference at P < 0.05.
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the literature have reported that the accuracy of CGIS 
was significantly more than that of the non-guided sur-
gery. In a recent study comparing the accuracy of 
implant placement between a thermoplastic surgical 
guide and 3-D printed surgical guide, a significant dif-
ference was found in the location of implant head posi-
tion (1.3 mm and 0.51 mm, respectively) and implant 
apex position (1.60 mm and 0.76 mm, respectively), but 
not in the implant angulation (3.40 degrees and 2.36 
degrees, respectively). The difference in the accuracy 
outcome due to the greater flexibility of the thermoplas-
tic surgical guide, leading to increased probability of 
faulty position outcome.14 Another study evaluating the 
difference between the accuracy result of computer- 

guided surgery and free-hand surgery performed by 
experienced dentists demonstrated a 3-times greater 
deviation in the final position of placed implants at the 
angular level and significant deviation at the lateral 
levels associated with the free-hand approach.15 

However, this increased accuracy outcome may not be 
adequate in all situations, because ±2 mm imprecisions 
in association with guided surgery are to be expected.12

The predictability of flapless surgery using CGIS was 
acknowledged by the general dentists in this study. 
A previous study demonstrated that flapless placement of 
implants without utilizing a surgical guide is an inaccurate 
procedure that may result in bone perforation in 59.7% of 
the cases.16

Figure 4 Median and interquartile range of the attitude of clinicians with different levels of experience toward the advantages and disadvantages of computer-guided implant 
surgery (CGIS) on a scale of 0 (totally disagree) to 10 (totally agree).

Figure 5 Median and interquartile range of the attitude of computer-guided implant surgery (CGIS) users and non-users toward the advantages and disadvantages of 
computer-guided implant surgery (CGIS) on a scale of 0 (totally disagree) to 10 (totally agree).
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Although 95% of the study participants were interested 
in using CGIS, only 46% reported using the technology. 
The retraction from CGIS could be related to few factors. 
First, the high cost of CGIS was the major disadvantage 
reported here. However, a report on the patient’s percep-
tion on dental implant surgery showed that 67% of patients 
would accept the expenses of guided surgery if it precludes 
a bone grafting procedure.17 Second, participants in this 
study reported poor accessibility to training courses on 
CGIS, planning software, or communication with surgical 
guide production centers. These factors are speculated to 
hinder the utilization of this technology.

In this study, the clinicians mostly recommended the 
use of CGIS in complete edentulous cases. Issues regard-
ing ideal positioning of multiple implants in relation to the 
final restoration to each other and to the surrounding 
anatomical structures can be dealt with when using the 
computer-guided approach.18,19 However, in a systematic 
review evaluating the guided surgery approach in the 
treatment of fully edentulous patients, complications such 
as surgical guide fracture, reduced primary implant stabi-
lity, and prosthesis fracture were seen in spite of the high 
survival rate of 97.2%, with a mean marginal bone loss of 
1.45 mm over a follow-up period of 1–4 years.20

Shortcomings of the current survey included the small 
sample size and the selection of a convenient sample that 
makes external generalization of the results beyond the tar-
geted population difficult. Therefore, this survey represents 
the attitude of dentists practicing implantology in Saudi 
Arabia. Results may vary in other countries where the mar-
ket size of digital implant dentistry, available resources, and 
level of experience with the technology are different.

Conclusion
Within the limitations of the current investigation, the 
following can be concluded in the present study:

● Clinicians acknowledged the advantages of CGIS 
over non-CGIS.

● The significant advantages of CGIS were related to 
the clinician’s state of low stress and reduced level 
of required skills, rather than the patient’s interest 
in treatment predictability.

● CGIS is an attractive approach for most clinicians, 
in spite of the low rate of actual experience.

Future research can be directed toward investigating the 
attitude of patients toward CGIS, by conducting controlled 

clinical trials to compare the outcome of CGIS and non- 
CGIS in various clinical situations and to delineate clinical 
criteria for proper case selection.
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