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Abstract
Objective: To compare the time efficiency and the economics of Bone Graft Surgery (BGS) and Computer-Aided Implant Surgery 

(CAIS) for implant placement in patients with maxillary atrophy as well as the comparison of planned, placed, and loaded implants.
Materials and Methods: Patients with extremely atrophic maxilla in need of implant placement were selected for a randomized 

controlled study clinical trial. The patients were divided randomly into two treatment groups: one group treated by using sinus 
grafting before implant placement and the group treated by using residual bone to place the implant by computer-aided implant 
surgery. Thirty Patients were assigned for each treatment group. The study provided a comparison of the time efficiency and 
economics of the two treatment groups.

Results: The results revealed a significant difference in terms of total surgical time duration and cost of treatment without 
prosthesis: p= 0.000. The time efficiency of time was 53.33 min for one implant while that of the CAIS group was 29 min for 
one implant; there was no significant difference in implant surgery duration p= 0.928; implant 2 surgery duration, p= 0.227 The 
Economic efficiency of the two groups was as follows: 1346.41 € for one implant in the BGS group versus 945.36 € for one implant 
in the CAIS group. While there was no significant difference in consultation fees p= 0.131and second implant surgery costs p= 0.584. 
And there was significant difference in assistant costs p= 0.000; treatment planning costs p= 0.000, implant surgery costs p= 0.006, 
and implant loading costs p= 0.048. In addition, there was no significant difference in the number of missing teeth p= 0.695; loaded 
implant p= 0.057 versus there was a significant difference in number planned implants p= 0.0074; implants p= 0.034 between the 
groups.

Conclusion: This study shows that Computer-Aided Implant Surgery seems to be more economical and time-efficient than the 
established conventional surgery by sinus lift and bone graft in dental implant placement, and the cost of treatment has increased 
for the sinus grafting procedures in Bone Graft Surgery. Also, the number of placed implants and planned implants was affected by 
the technique of implant placement. All planned implants were placed by Computer-Aided Implant Surgery while 81.5% of patients 
have placed their planned implants by bone grafting surgery.
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Introduction
Implants allow the edentulous area to be reconstructed without 

damaging the teeth adjacent to the implant, and implant placement 
will satisfy the patient and facilitate the chewing ability [1]. Dentists  

 
are responsible for making appropriate therapeutic decisions 
and this requires an understanding of the outcome of treatment 
approaches and the benefits of alternative therapies, involving 
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an assessment of longevity as well as physiologic, psychologic, 
and economic effects [2]. Patient-Reported Outcome Measures 
(PROMs) are used as status assessment to determine health care or 
treatment, and usually reported in the form questionnaires filled out 
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Inclusion Criteria

a)	 Patient’s age is over 18 years.

b)	 Patient has an indication for treatment by sinus lift.

c)	 Analysis of the patient’s scan shows that the treatment was 
possible via CAD.

d)	 Patient is without extraction within the last three months, has 
free end maxillary.

e)	 Patient has a non-contact prosthesis in the occlusal lateral 
movements.

f)	 Patient has an antagonistic arcade of natural teeth or implants.

g)	 Patient is a non-smoker or has stopped smoking as of 3 months 
prior.

Exclusion Criteria

a)	 Patient is unable to understand the doctor’s orders for legal, 
psychological, and linguistic reasons.

b)	 Difficulty in following up the patient to study (imminent 
change, insufficient motivation).

c)	 Pregnancy.

d)	 Patient is at risk of infective endocarditis or transmission of 
Creutzfeldt - Jakob disease.

e)	 Patient has severe/acquired immune deficiency.

f)	 Patient has a malignant jaw lesion or a history of radiotherapy 
of the mandible.

g)	 Patient has severe hemopathy, hemophilia, chronic renal 
failure, autoimmune disease or any disease that had required 
organ transplant, poorly controlled diabetes, osteoporosis, 
rheumatic arthritis, or psychiatric illness.

h)	 Patient is receiving antimitotic or immunosuppressive therapy, 
under high doses of corticosteroids.

i)	 Patient has a drug addiction.

j)	 Patient has engaged in smoking in the last three months.

k)	 Patient does not have his or her liberty.

Eligibility for Treatment was Established by the 
Following Procedures

a)	 Panoramic x-rays by a Planmeca ProMax® 2D (Planmeca 
Oy, Asentajankatu, Helsinki, Finland) device in the Center 
for Dental Care. The indication of Bone Graft Surgery was 
confirmed by two expert surgeons within the Center for Dental 
Care.

b)	 The associated laboratory of the Center for Dental Care 
fabricated the wax models and surgical guides.

c)	 3D Imaging of patients was performed via Cone-beam CT by 
the Imaging Department of Edouard Herriot Hospital, in Lyon, 
France.

d)	 The Center’s surgeons used software based on 3D imaging 
for dental implants, the EasyGuide™ dental implant planning 
software (Keystone-Dental, Inc, Burlington, MA, USA). The 
Center’s surgeons determined the possibility of using the 
surgical guides to benefit the residual maxillary bone, (Figure 
1).

e)	 Patient inclusion and exclusion criteria were assessed by 
clinical examination, 30 of whom would be treated via 
sinus floor elevation procedures, Bone Graft Surgery (BGS) 
treatment, whoe the other patients were treated using guided 
surgical Computer-Aided Implant Surgery (CAIS) (Figure 2).

Figure 2: Diagram of the Study.
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The Case Report Form (CRF) for each treatment group included 
the details of the patients’ treatment as well as their answers to 
questions about treatment. Patient-Reported Measures (PROMs) 
evaluated the pain, patient satisfaction, difficulty, complications, 
and recommendations, with the results being similar between the 
two treatment groups [14]. Surgical details in the CRF have included 
the clinical description of the patient’s condition (i.e., number 
of missing teeth, number of planned Implants, number of placed 
implants, and number of implants loaded with the prostheses), 
along with the times and economic costs of the curative surgeries.

Time efficiency was evaluated by measuring the mean duration 
of total treatment surgeries and the mean number of implants 
loaded with a prosthesis; duration of total treatment surgeries 
was the sum of the surgical times of treatment for the patient. 
In addition, the economic efficiencies was evaluated of the two 
treatment groups by measuring the mean costs of treatment and 
the mean number of implants loaded with a prosthesis; economic 
costs were assessed for treatment from the planning treatment 
costs to implant loading costs.

Treatment Stages were Determined in the CRF for Each 
Group and All Details of Treatment were Recorded in it. 
Stages of Treatment were Determined as Follows

a)	 The implant planning stage, only for the Computer-Aided 
Implant Surgery group.

b)	 The grafting stage, graft surgery, and second graft surgery 
(when needed), only for the Bone Graft Surgery group.

c)	 The implant placement stage, implant placement, and second 
Implant placement (when needed), for both groups.

d)	 The implant loading stage; for the two groups.

e)	 This article will assess the time efficacy and costs for the 
surgeries of the two treatment groups, plus provide a 
description of the clinical status of the patients.

Surgical Procedure
Panoramic images of all patients confirmed the possibility 

of using the Bone Graft Surgery technology for the placement of 
implants (sub-sinus alveolar bone height < 5 mm) while 3D images 
of CBCT for all patient was confirmed by using the Easy Guide™ 
Dental Implant Planning Software and the possibility of using the 
Computer-Aided Implant Surgery (height and width of residual 
alveolar bone of maxilla at the sinus side more than 10mm x 
5mm). Implants XiVE® (Dentsply Sirona Inc., Charlotte, NC, USA) 
and ANKYLOS® implants (Dentsply Sirona Inc.,) were placed for 
all patients and ranged in length from 8 to 13 mm and from 3.5 
to 5.0 mm in diameter. Internal-Connection dental implants by 
PrimaConnex® Tapered Implant (Keystone Dental, Inc.) were used. 
Definitive prostheses were affixed to the implants by cement used 
in the oral surgery department.

Group of Bone Graft Surgery (BGS)

The 30 patients in this group were treated via sinus bone graft 
in two-stages (Figure 3)

Figure 3: Bone Graft Surgery (BGS).

First Stage: A window was opened in the lateral wall of the 
maxillary sinus, after which the Schneiderian Membrane was 
lifted, followed by the placement of the bone allograft PHOENIX 
allograft bone (TBF GénieTissulaire, Mions, France) under the sinus 
membrane. After the bone graft was completed, it was supported by 
placing a DynaMatrix®membrane (Keystone Keystone Dental, Inc.) 
membrane for tissue regeneration, after which the flap was tightly 
closed.

Second Stage: Examination of sinus scan was performed before the 
start of the second stage to confirm the newly formed bone tissue. 
Bone integration of graft normally occurs 6 to 8 months after the 
implant insertion maneuver. After anesthesia was obtained, the 
pilot hole in the maxillary crest was drilled to achieve a suitable 
diameter to insert the implant. Finally, a cover screw was placed on 
the implant and then the surgery flap closed tightly.
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Group of Computer-Aided Implant Surgery (CAIS)
30 patients for this group were treated by using a surgical 

guide created with EasyGuide™ Dental Implant Planning Software 
(Figure 4). Before the implant placement operation, a resin cube 
(a fiducial marker) was attached to the surgical template, and the 

positioning of implants was determined by EasyGuide™ Planning 
Software (Keystone Dental Inc.). A surgical template with the cube 
was installed and holes were made in it by a digitally controlled 
drilling machine according to the planning Software EasyGuide™ 
(Keystone Dental Inc.).

Figure 4: Computer-Aided Implant Surgery (CAIS).

It has been suggested that the use of CAIS reduces procedural 
invasiveness. Several clinical studies of the surgical team have 
shown the reliability of computer-aided techniques for dental 
implant placement [15, 16].

After anesthesia, the surgical guide was fixed on the maxillary. 
The holes in the surgical guide determine the position and 
orientation of the implants in the maxillary. Surgical guide holes 
acted as the entrance to drill sleeves to create a cavity in the 
residual bone crest. Drills of several sizes were used in preparing 
the positions of implant insertion. Then the surgeon placed the 
implant in specified positions. Finally, a cover screw was placed and 
the surgery flap was tightly closed.

Statistical Analysis
The null hypothesis was considered in the statistical analysis, 

and it was determined that there was not an effect of the implant 
placement surgery on the variables that compared the two groups 
with P-value less than 0.05 as statistically significant. Descriptive 
statistics and normality tests were used to find out the distribution 
of these values which have been described by mean with SD 
(Standard Deviation); range (lowest and highest values); median 
with the interquartile range (IQR) for quantitative data, and percent 
values for qualitative data.

The differences between the two groups were compared by 
using the Mann-Whitney test and the association between them by 
using the Chi-Square test, considering a P-value of < 0.05. Statistical 
analysis has performed to compare time efficiency and economic 
cost differences between the two surgeries of implant placement, 
in addition to a comparison of the clinical status of the patients in 
the two surgical groups.

Results
Sixty participant patients were included in the SINIMAG study, 

distributed randomly for placement in the two groups of treatment, 
(BGS) and (CAIS). Some patients were dropped out of the study 
during the different stages of treatment.

Bone Graft Surgery Group (BGS)
30 patients participated for SINIMAG in the BGS group; some of 

them were dropped out of study during the different stages of the 
treatment, according to the CRF.

Planning Treatment: 30 patients were planned for treatment 
for inserting the bone graft by lifting the lower Schneiderian 
membrane.

Graft Surgery: 29 patients received the bone graft (one patient 
withdrew from the study due to depression, which did not allow 
further sinus treatment).

Implant Surgery: 27 patients had placed 75 implants (One patient 
requested to be removed from the study and another patient was 
excluded from the study after the failure of a bone graft and placed 
the implants by CAIS).

Implant loading: 25 patients had 68 implants loading with a fixed 
prosthesis (One patient used the removable implant prosthesis and 
another patient did not put the final prosthesis).

Computer-Aided Implant Surgery (CAIS)

30 patients participated for SINIMAG in the CAIS group; some 
of them were dropped out of the study during the stages of the 
treatment, according to the CRF:
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Planning Treatment: 30 patients were planned for treatment by 
CAIS (3D imaging by CBCT, implant planning software, and guided 
surgical template).

Implant Surgery: 29 patients had placed 69 implants (one patient 
withdrew from the study due to a mistake in his entering the study 

- a misinterpretation of the x-ray films survey, which showed that 
the patient did not require bone grafting).

Implant Loading: 27 patients had 64 implants loading with a fixed 
prosthesis (one patient traveled abroad and another patient no 
longer wanted to be have implant placement). 

Table 1: Demographic Data.

Demographic Data

BGS (n=30) CAIS (n=30) P-Value

Sex

[effective (percentage)]
11 men (36.7%) 12 men (40%) .791

Age

[mean (Std. dev)]
56.7 years (
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Table 2: Patient’s Clinical Status.

Patient’s Clinical Status

[mean ((IQR)] BGS CAIS P-Value

Missing teeth
5 dents (4-5)

(N=29)

5 dents (4-5)

(N=30)
0.695

Planned implants
3 implants (3-3)

(N=29)

2 implants (2-3)

(N=30)
0.0074

Implants
3 implants (2-3)

(N=27)

2 implants (2-3)

(N=29)
0.034

Loaded implants
3 implants (3-3)

(N=25)

3 implants (2-3)

(N=27)
0.057

Planned Implant Placement

([effective (percentage)])
22 patients (81.5%) 29 patients (100%) 0.021.

Times of Surgery Treatment 
All durations of surgery were evaluated in hours (Table 3). 

Treatment planning duration was used only in the CAIS Group, all 
the aspects of the planning phase were based on guided surgery 
to help surgeons implant successfully. A surgical guide was created 
from dental implant planning software to effect implant placement 
accuracy. The duration of Treatment Planning by the expert 
was calculated by hour; the mean duration was 13 minutes ± 06 
minutes with a range 05 to 30 minutes. On the other hand, the sinus 
lift (Graft Surgery) was used to graft bone into the maxillary sinus 
and it was performed only for the BGS group; thus, the mean time 

duration for the BGS was 83 min ± 30 min with range of 36 min to 
150 min. One patient had a second bone graft surgery as a result of 
bone graft surgery failure; the duration of this surgery was 60 min. 
At the implant placement stage, 27 patients placed 75 implants in 
the BGS group vs. 29 patients placed 69 implants in the CAIS group. 
The mean duration of intervention for implant placement was 
similar for the two treatment groups at the threshold of 5%, 74 min 
± 31 min in the BGS group vs. 74 min ± 34min in the CAIS group. 
There was no significant difference in duration of intervention 
between the two treatment groups; the surgical technique to place 
the implants did not affect the duration of intervention for dental 
implant placement; p = 0.928.

Table 3: Durations of the different stages of treatment.

Duration of Treatment (Mean ±SD) (range)

BGS CAIS P-Value

Treatment Planning Duration
13 min ± 06 min, (05–30) min

(N=30)

Graft Surgery Duration
83 min ± 30 min, (36–150) min

(N=27)

Graft 2 Surgery Duration
60 min

(N=1)

Implant Surgery Duration
74 min ± 31 min, (30-150) min

(N=27)

74 min ± 34min, (20-150) min

(N=29)
0,928

Implant 2 Surgery Duration
39 min ± 08 min, (30-45) min

(N=5)

28 min ± 14 min, (10-45) min

(N=4)
0,227

Total of surgical durations
160 min ± 53 min, (85-300) min

(N=25)

87 min ± 33 min;(25-165) min

(N=27)
0.000

The second implants were placed for some patients who had 
failed implants, 5 patients placed second implants in the BGS group 
vs. 4 patients who placed second implants in the CAIS group. The 

mean duration of intervention for second implants placement 
was slightly longer for the graft treatment group at the threshold 
5%; 39 min ± 08 min in BGS group vs 28 min ± 14 min in the CAIS 
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group. There was no significant difference in duration of the second 
intervention of implant placement between the two treatment 
groups; p = 0.227. The total of surgical durations of treatment was 
determined up to the stage of loaded implants, collected to reflect all 
periods of surgical interventions for treatment (Treatment Planning 
Duration, Graft Surgery Duration, Graft 2 Surgery Duration, Implant 
Surgery Duration, and Implant 2 Surgery Duration). The number 
of patients who loaded implants was 25 patients in the BGS group 
vs. 27 patients in the CAIS group. The mean duration of the total of 
surgical durations was longer for the bone graft surgery treatment 
group and there was a significant difference in total duration of 
interventions between the two treatment groups; mean = 160 min 
± 53 min in the BGS group vs. 87 min ± 33 min in the CAIS group; 

p= 0.000. Time efficiency was evaluated by measuring the mean 
duration of total treatment for surgeries and the mean number of 
loaded implants. The time efficiency was 160 min for 3 implants in 
the BGS group (53.33 min for one implant) vs. 87 min for 3 implants 
in the CAIS group (29 min for one implant). Thus, the time efficiency 
of the CAIS group was better than that of the BGS group.

Economic Costs 
The cost of the consultation was assessed at 23 € and also the 

hourly cost of the treatment plan study by the software of planning 
was estimated at 23 €. The hourly cost of the assistant was assessed 
at 9.88 € (Table 4).

Table 4: Economic Costs of the different stages of treatment.
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There was no significant difference in consultation fees between 
the two treatment groups for all study patients and the mean of 
consultation fees was similar the two treatment groups, 344.23 € 
± 156.87 € with range (69 - 690) € for the BGS group vs. 299.00 
€ ± 123.64 with range (69 - 713) € for the CAIS group; p= 0.131. 
The cost of graft surgery and second graft surgery cost were only 
available in the BGS group in addition to second graft surgery; their 
mean was 1,101.65 € ± 220.99 € with range (748.74 - 2004.08) 
€.There was a significant difference for each of the assistant costs, 
treatment planning costs, and implant surgery costs between the 
two treatment groups at the threshold of 5%. The mean of assistant 
costs was an increase in the BGS group; 26.55 € ± 8.63 € for BGS 
group vs. 12.51 € ± 6.77 € for CAIS group; p= 0.000. The mean of 
the treatment planning costs was an increase in the CAIS group in 
due to the cost of the perforating the surgical guide, used in the 
CAIS group; 506.81 € ± 117.42 € for the BGS group vs. 738.98 € 
± 101.35 € for the CAIS group; p= 0.000. And the mean of costs 
implant surgery costs was slightly higher in the BGS group than in 
CAIS group; 1,378.16 €± €189.12 € for the BGS group vs. 1,267.9 € 
± 161.85 € for the CAIS group; p= 0.006.

The mean of costs of the implant loading stage was similar 
the two treatment groups and there was no significant difference 
between the two treatment groups; €431 ± €200.9 in the group 
vs. €398.23 ± €95.15 in the CAIS group; p= 0,183. Twenty-seven 
patients for CAIS group and twenty–five for BGS group were in the 
implant loading stage. Costs of treatment were the sum of costs for 
all stages of treatment along with additional consultation fees and 
assistant costs up to the stage of implant loading, without cost of 
prosthesis. Five patients for BGS group and four patients for CAIS 
group were required a second implant surgery. The second implant 
surgery costs were similar between the two groups there was no 
significant difference, p= 0,584.

The technique of implant placement surgery affected the mean 
of costs of treatment; there was a significant difference in costs of 
treatment between the two treatment groups. The mean of costs of 
treatment reflected an increase in the BGS group compared to the 
CAIS group; 4039.22 € ± 730.8 € with range (2643.81-5877.72) € 
for the BGS group vs. 2836.08 € ± 540.27 € with range (2018.01-
445.63) € for the CAIS group; p= 0.000. The economic efficiency 
of each group was evaluated by measuring the mean costs of 
treatment and the mean number of loaded implants. Economic 
efficiency was 4039.22 €/3 implants in the BGS group, 1346.41 € 
for one implant vs. 2836.08 €/3 implants in the CAIS group, 945.36 
€ for one implant. It is noted that the economic efficiency of the 
CAIS group was better.

Discussion
This single-center trial was conducted for comparing the time 

efficiency and the economics for the two Implant placements in the 
sinus region. Two types of surgery protocols were performed for 
implant placement (according to the protocols followed) and all 
the data was recorded in the CRF (Case Report Form) of treatment; 

thirty patients by Bone Graft Surgery which used a bone graft in 
the pre-implant stage, which is considered the ideal treatment 
for in maxillary atrophy; and thirty patients by Computer-Aided 
Implant Surgery which used a guided surgery technique to insert 
the implants in their planned locations. Patients in the groups were 
randomly selected, so there was no significant difference in gender 
or age of patients. Also, on the result of random selection, there was 
no significant difference in patients’ ages, sex, and the number of 
missing teeth which was the same within the two treatment groups; 
the median 5 missing teeth.

Computer-Assisted Implant Technology is used for planning 
of implant placement and it is a valuable tool for the treatment 
of the morphologically complicated oral-maxillofacial region. 
The evaluation of bone morphology in three dimensions allows 
surgeons to evaluate and perform accurate virtual surgery 
preoperatively [17]. Another advantage is the accuracy of 
computer-aided implant surgery which places the implant at a 
distance of 1.5 mm from adjacent elements using the surgical 
guide. This gives the possibility of placing implants parallel to the 
sinus wall. The planning for treatment via dental implant planning 
software allows the possibility of planning and placing implants 
in front and behind the sinus in the bone residual maxillary; the 
size of the sinuses determines the number of implants placed. This 
justifies that implant placement surgery affects the number of 
planned implants and implant placements. There was a significant 
difference between the two treatment groups.

In addition, the technique of implant placement surgery affected 
the number of patients who placed all planned implants, and there 
was a significant difference between the two groups; P = 0.021. All 
patients (100%) of the CAIS group were placed with all planned 
implants While 5 patients (18.5%) did not place the same number 
of planned implants in the BGS group. Today, time resources are of 
great interest in daily dental practice, and yet studies that conduct 
time analyzes are still rare in current literature, particularly of 
digital implant placement.

Time efficiency reflects the extent of the effort needed for a 
certain procedure or goal and this efficiency is a measurable value, 
quantitatively determined by the ratio of output to input [18]. Only 
a few studies have investigated efficiency parameters comparing 
conventional and new treatment based on digital devices. CRFs 
included stages of treatment with recorded periods of surgeries. 
A comparison of surgical periods was performed between the two 
treatment groups in the treatment stages (treatment planning 
duration, graft surgery duration, graft 2 surgery duration, implant 
surgery duration, and implant 2 surgery duration). All study patients 
participated in stages of implant surgeries and second implant 
surgeries. There was no significant difference in the duration of the 
surgical intervention to place the implant and the duration of the 
second implant intervention. The mean of duration was similar and 
slightly longer for the graft treatment group in implant placement 
intervention. The duration of surgical intervention was dependent 
on the experience of the surgeon in implant placement.
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For comparison, the sum of the periods of all surgical 
interventions was different between the two treatment groups, 
and there was a significant difference in the total duration of 
interventions. The mean duration of the total of surgical durations 
was longer for the bone graft treatment group. This is because 
implant placement was conducted in two stages for the BGS group, 
and the two-stage surgical treatment extended the time of the 
treatment [19]. In contrast, the CAIS group included the implant 
planning period and was not present in the BGS group. Also, the 
mean duration of treatment planning was 13 minutes much less 
than the mean duration of bone graft intervention which was 83 
minutes. This investigation shows that the CAIS seems to be more 
time-efficient than the BGS surgery. The efficiency of time was 53 
minutes for one implant in the BGS group versus 29 min for one 
implant in the CAIS group. In addition, the most economically 
efficient treatment was identified on measuring the mean of costs 
of treatment and the mean number of loaded implants, and it is 
noted that the economic efficiency of the CAIS group was better, in 
that there was a significant difference in costs of treatment between 
the two treatment groups with the mean of the BGS group 4039.22 
€ vs. 2836.08 € for CAIS group; p = 0.000.

There was a significant difference for each of the Assistant Costs 
and Treatment Planning Costs between the two treatment groups. 
Assistant Costs in the BGS group were more due to the increased 
period of surgeries in this group, performing a bone graft inside 
the maxillary sinus before the implant placements (Table 3), while 
treatment planning costs were high in the CAIS group due to costs 
of the surgical guide before the implants placement. There was a 
significant difference in implant surgery costs between the two 
treatment groups due to was a significant difference in the number 
of implant placements as well (Table 2). Cost of treatment without 
prosthesis was affected by the technique of implant placement 
surgery and there was a significant difference between the two 
treatment groups. There was an increase in costs of treatment 
in the BGS group compared to the CAIS group, 4039.22 € with a 
big difference in the lowest treatment cost 2643.81 € of and the 
highest cost 5877.72 € in the BGS group2836.08 € with the lowest 
treatment cost 2018.01€ and the highest cost 445.63 € in the CAIS 
group. The main reason for this increase was the costs of BGS and 
BGS 2 in the BGS group compared to planning costs (cost of guide 
and implant planning) in the CAIS group. CAIS Group was better in 
terms of economic efficiency, it was 945.36 € for one implant versus 
1346.41 € for one implant in the BGS group. Previously published 
SINIMAGE comparison results, there were no statistically significant 
differences between BGS and CAIS regarding the majority of PROMs 
[20] . In this article the results of the comparison showed an 
increase in the duration and cost of treatment in the BGS group, the 
main reason being the use of two stages in a sinus lift procedure. 
The results of the comparison showed an increase in duration and 
cost of treatment in the BGS group, the main reason being the two-
stage sinus-lifting procedure.

Conclusion
The prospective clinical trial study showed that the number 

of the placed implants and planned implants were affected by the 
implant placement surgery technique. All planned implants were 
placed in the CAIS group while 81.5% of them were placed in BGS 
group. This investigation shows that Computer-Aided Implant 
Surgery seems to be more time-efficient than the established 
conventional surgery, Bone Graft Surgery. Of note as well, the cost 
of treatment without prosthesis was affected by the technique of 
implant placement surgery and was increased in Bone Graft Surgery, 
so the economic efficiency of computer-aided implant surgery was 
better than that of Bone Graft Surgery for implant placement in the 
sinus region.
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