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Abstract 

Purpose 

The aim of this pilot study was to examine the clinical feasibility of pre-operatively 

fabricated provisional prostheses for tooth-bound edentulous sections using data from 

cone-beam computerized tomography, intra-oral surface scan and computer-aided 

design/computer-aided manufacturing technology in an open system.  

Material and Methods 

Thirteen patients were included. Their cone-beam computerized tomographic images 

were obtained with iCAT Flex Imaging System and and their intraoral surface scans 

with Trios scanner. The data from these two sources were then merged; the volumetric 

topography of patients’ intraoral soft and hard tissues was constructed and 

prosthesis/implant planning was performed using Trios Implant Planning Studio. From 

these plans, fully computer guided surgical templates and screw-retained provisional 

prostheses were manufactured before implant placements using computer–aided 

design/computer–aided manufacturing process. NobelBiocare Replace Conical 

Connection implants were placed fully guided, the prostheses were inserted and these 

temporaries were evaluated based on their fit on the implants, contours, proximal 

contacts, occlusal contacts, time spent for adjustments, implant integration and 

complications.  

Results 

Data showed single temporary crowns could well be considered feasible while bridges 

showed multiple problems including extensive adjusting time, abutment – bridges 

detach and fracture.  

Conclusion 

The most significant issue for single implant crowns was their axial alignment with 

adjacent teeth and this issue could be overcome by using axial index on the surgical 

templates to rotate the implants to precise position on insertion. Using an open 

platform, practitioners could employ this digital pathway without possessing expensive 

data acquisition and implant planning devices.   
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Introduction 

Aim 

Computer assistance in implant dentistry has been accepted in daily practice and is 

becoming a hot topic in dental implant research. The accuracy of implant position 

using computer-guided templates has been validated clinically and proven superior to 

free hand implant placement. Systemic reviews, scientific consensus and textbooks 

on this topic are available (11, 14, 29, 35). Ganz (14,29) has been studying this field 

for more than two decades.  

In tooth-bound partial edentulous arches, once implants have been placed fully guided 

and immediate loading is feasible, there are several methods of fabricating temporary 

crowns/bridges either directly or indirectly using actual implant positions as the 

reference. In other words, temporary prostheses made post-operatively involve the 

physical recording of the implants, their abutments and periimplant tissues, which are 

physically manipulated in the fabricating process.  

 

Computer-assisted, pre-operatively fabricated temporary prostheses have been used 

successfully for complete edentulous arches. Regardless of the significant amount of 

publications on computer-guided implant placement, there have been limited 

researches on the feasibility of fabricating pre-operatively screw-retained temporary 

crowns/bridges using computer aids for tooth-bound edentulous sections. However, if 

these pre-operatively fabricated crowns/bridges are clinically acceptable they will have 

certain clinical advantages such as: 

• No physical impression taking involved 

• Eliminate the disadvantages of cement-retained crowns 

• Potentially chair-time saving 

• Implants and restorations are delivered in one visit 

• Minimise periimplant tissue manipulation both in implant placement and 

temporary prosthesis placement stages 

• These temporary crowns/bridges can be autoclaved pre-operatively and 

delivered in sterile condition 
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This clinical pilot study aims at exploring the clinical feasibility of these pre-operative 

temporary prostheses which are constructed using CBCT without radiographic 

markers, intraoral scanner, implant planning software and CAD-CAM pathway for 

tooth-bound gaps. An open digital platform (18) is used to give the access to any 

practitioners including the ones who do not possess devices for data acquisition or 

implant planning software.  

 

Background to thesis and review of literature 

PubMed search using key words ((((dent* implant*) AND digital) AND planning) AND 

cad cam) AND prosthesis up to the 7th March 2018 at 5PM (Perth Time) resulted in 34 

articles. Their full text was obtained and carefully examined at least twice. Their 

relevant contents were extracted and summarised. Several articles considered 

unrelated to the study were then substituted by additional articles.  

Many aspects of digital implantology were investigated from the search result. In this 

collection of articles, the majority are of literature review or clinical case report/series 

in nature (Table 1).  

In most articles, the pre-operative digital pathway in implant planning finishes at 

producing surgical templates for implant placement on tooth-bound edentulous ridges. 

In other words, the digital pathway in implant dentistry was generally divided into pre-

operative and post-operative phases. The former was for implant placement and the 

latter for prosthesis fabrication. The main reason for the divided pathway was the 

deviations of the actual implant position from the planned (11, 15, 20, 21, 22, 28, 30, 

33, 35). These positioning deviations inhibited the fabrication of the prosthesis based 

on the data set from implant planning and prosthetic virtual waxup particularly in tooth 

bound edentulous sections, which require high level of accuracy. However, there were 

limited numbers of studies extending the pre-operative digital pathway into the 

fabrication of prostheses. 

Finelle et al (4) and Arunyanak et al (9) fabricated provisional crowns using pre-

operative CAD/CAM pathways on their single patients but no details reported on either 

the performance of these crowns or the technicality involved. Finelle (4) used the 

provisional crown in the report as a socket seal (4).  
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Tamahseb (27, 32), by using miniimplants and complex referencing mechanisms, 

managed to place implants and deliver immediate final prostheses on partially 

edentulous healed ridges with encouraging results. Single implants were not included 

in the studies and the implants were splinted by their supporting prostheses. 

The following evidence extracted from this search was used as scientific background 

for this study.  

• Amongst three methods of supporting surgical guides, tooth support provided 

the most accurate implant positioning compared to soft tissue and bone (11). 

• The deviation between CBCT and real 3D measurement could be as low as 

0.03 (±0.33) mm and the main reason for the deviations is beam scattering from 

metal restorations (20). 

• Digitally derived surgical templates showed higher accuracy for implant 

placement than impression based (12) 

• The CBCT – IOS workflow could minimize the apical deviation to 0.5mm or less 

(20) using SiCAT closed system. There was no evidence indicating the use of 

open systems result in less accuracy compare to closed platforms. 

• There was no difference between CBCT without and with radiographic markers 

using CBCT and OIS pathway (Neugebauer 2011) (22). 

 

This data suggested that the CBCT-IOS pathway could extend beyond placing the 

implants to the fabrication of provisional prostheses for tooth bound edentulous gaps 

in selected cases. The below selection criteria were based on these pieces of 

information. 
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Table 1 Types of the collected articles and their numbers. 

 Article type 

 

 

Number  

Literature 

review 

In vitro 

study 

Case 

report, 

case 

series 

Clinical 

study 

Consensus Systemic 

review 

9 (2, 6, 13, 

14, 18, 20, 

22, 23, 34) 

5 (1, 3, 

12, 21, 

28) 

15 (4, 5, 

7, 8, 9, 

10, 15, 

16, 19, 

24, 25, 

26, 30, 

31)  

4 (27, 29, 

32, 33) 

1 (11) 1 (35) 

 

Hypothesis 

Considering the improving quality of digital technology, it was hypothesised that the 

accuracy of computer-guided, pre-operatively fabricated implant-supported 

provisional prostheses were clinically acceptable in tooth-bound edentulous ridges 

using CBCT-IOS-CAD/CAM pathway in an open digital platform. 
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Materials and methods 

Objective of the study 

Based on the scientific evidence this pilot clinical study was designed to verify the 

practicability of fabricating implant supported temporary prostheses before implant 

placement using digital technology even though the clinicians do not possess the 

equipment. 

Inclusion and exclusion criteria 

Ten patients treated at Illawarra Dental Centre and three at Lifecare Dental Centre 

were included in this study. They showed no systemic or local contraindications for 

dental implants and the recipient bone beds had adequate bone quality and quantity 

for implant placements and immediate loading without major bone augmentations.  

As the oral cavity access had to be sufficient for the fitting of the surgical guides, 

surgical implant hand-pieces and the long guided drills. These technical matters 

excluded patients with limited mouth opening or molar sites from this study.  

The selected patients also had sufficient remaining teeth bilaterally for the adequate 

IOS data acquisition and the stabilisation of the surgical guides. They also showed 

no extensive, widespread metallic restorations, which produce such beam scattering 

that lead to inaccuracy in CBCT acquisition (20, 22) 

Study procedure 

Once selected, patients were referred to obtain a cone-beam computerised 

tomography at Envision Radiology (Perth, Western Australia) using i-CAT Flex 

Imaging System (Imaging Sciences International Inc, Hatfield, PA, USA). The scans 

were taken with 120kV, 5mA at 26.9 seconds without any radiographic markers. The 

DICOM data were made available on-line and also in CO-ROM.  

Intra-oral surface scans were also obtained at Omni Dental Ceramics nearby where 

implant planning and the surgical guides and temporary prostheses were fabricated.  

Data from CBCT and surface scans were then merged and 3-D volumetric tomography 

of the oral structures were reconstructed using Trios Implant Planning Studio. From 
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there, implant and prosthetic planning was carried out by a team of the operating 

dentist (the author) and experienced dental technicians. The implants were later 

placed and the temporary prostheses inserted by the same dentist who planned the 

implants.  

Once planned, the surgical guides were printed using Stratasys Orthodesk with 

Med610 Resin and the metal guide ring was cemented into the acrylic using 

“Sekundenkleber” cement. 

The temporary prostheses were milled out of Harvest PMMA blocks. This acrylic 

based crowns/bridges were then cemented onto “Universal Base” Titanium base 

abutments using Ivoclar Multilink Abutment cements. For single implants, the 

abutments were engaging with the hexagonal implant interface; and in the last 7 cases 

of the study, an index marking the angle of the hexagonal was placed on the buccal 

side of the guiding ring. This index would tell the surgeon exactly the axial position of 

the implant matching with the engaging temporary abutment. For bridges, this anti-

rotational features on the Titanium abutments were removed and the abutments were 

converted into non-engaging. Once cemented, the prostheses and surgical guides 

were polished cleaned and then delivered to the two dental centres in sealed 

containers.  

 

On the day of the surgery, patients were administered antibiotic prophylaxis. Once 

anaesthetised, the implant beds were prepared and the surgical guides were placed. 

Their fit and stability were verified and the insertion of the NobelReplace Conical 

Connection implants followed NobelBiocare protocol for fully guided surgery.  

 

Once the implants were in positions, the prostheses were torqued onto the implant at 

15 Ncm then periapical radiographs taken using parallel technique. Clinical, 

photographic and radiographic data were recorded. Parameters included contact 

points, contours, height of occlusal tables and the fit on the implants using clinical 

evaluation (Table 2). These variables were denoted as N (No Adjustment Required), 

A (Adjustment Required) or described. Necessary adjustments were then performed. 

The methods used and time spent for adjusting the prostheses were recorded. Once 
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adjusted, the prostheses were graded as “Satisfactory” if those parameters were 

improved and they could serve as the provisional prostheses, otherwise, the 

temporaries were discarded, fixture level impressions taken and the temporary 

prostheses would be fabricated indirectly. Intraoral photographs were taken in every 

step and stored as evidence.  

The materials and methods were summarised in chart 1 and pictures of the case 

report followed.  

 

Table 2 Methods for evaluation of data. N: no adjustment required, A: adjustment required. 

 
Data 

 
N 

 
A 

Contact points with 
bounding natural teeth 

No gap visually 
Light resistance to flossing 

Open visually 
High resistance to 
flossing 

Profiles Follow profiles of natural teeth Not follow profiles of 
natural teeth 

Occlusion No adjustment required to 
achieve protective occlusion 

Adjustment required 

Fit on implant platform Acceptable fit to implant 
platform 

Poor fit to implant 

Time spent on 
adjusting prosthesis 

 Measured in 5 
minutes increments 

Methods of adjustment  Described 
 

Result after adjustment Satisfactory if the prostheses 
can serve as temporaries after 
adjustment 

Unsatisfactory if the 
prostheses cannot 
serve as temporaries 
after adjustment 
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Chart 1 Flow Chart to summarize the Material and Methods Part 
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Case report to demonstrate study workflow 
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Picture 14: NobelBiocare guided surgical kit used in this study 
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Results 

Subject Data 

Thirteen patients were included in this case series. 

Age 

The age ranged from 22 years old to 84 years with a mean age of 48,46 years. 

Gender 

Eight males (62 %) were included in the study and 5 (38 %) females. Chart 2 

 

Chart 2 Gender Distributions 

Region 

The majority n=15 (71 %) of teeth were lost in the maxilla. Only 29 % (n=6) were lost 

in the mandible. (Chart 3 

male
62%

female 
38%

Gender
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Chart 3 Distributions of Region 

The collected data was summarised in the table 3, 4, 5 and 6.  

Table 3 Distribution of patients to their names, age, gender and their missing teeth 

Patient number Surname First name Age Gender Teeth missing 

1 K J 84 M 31,32,41,42 

2 S M 60 M 13, 12,11, 21, 22,  

3 B L 17 F 11 

4 O L 25 M 11 

5 W R 55 M 35 

6 Y K 29 M 21 

7 L J 25 F 21 

8 M E 67 M 22 

9 L B 58 F 24 

10 J M 68 F 34 

11 S L 60 M 24 

12 H E 22 F 11 

13 W B 60 M 21, 25 

 

 

 

no. of lost teeth in 
Maxilla

71%

no. of lost teeth in 
Mandible

29%

Mandible/Maxilla
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Implant Sites 

The majority of the implants (n=4/16) were placed in the anterior region, especially in 

the aesthetic zone (tooth 11), followed by tooth 21 (n=4/16). Chart 4 (table 4) 

 

 

Chart 4 Implant sites 

Type of Prosthesis 

In the 13 patients 11 (84,61 %) received a single crown. Only 2 (15,38 %) patients 

were treated with a final bridge. (table 4) 
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Table 4 Distribution of ridges, prostheses, date of implant placement and implant dimensions 

Type of 

ridge 

Implant 

sites 

Type of 

prosthesis 

Date of 

insertion 

Implant dimension 

Extraction 

sockets 

31,41 bridge 30.June.201

7 

3.5 x 13 mm 

Extraction 

sockets 

13, 11, 

22 

bridge 20.Jan.2018 4.3 x1 6; 4.3 x 10 & 4.3 

x 11.5 mm 

Extraction 

sockets 

11 single crown 19.Sep.201

7 

3.5 x 11.5 mm 

Healed ridge 11 single crown 28.Oct.2017 3.5 x 16 mm 

Healed ridge 35 single crown 30.Nov.201

7 

4.3 x 10 mm 

Extraction 

sockets 

21 single crown 11. 

Jan.2018 

4.3 x 13 mm 

Extraction 

sockets 

21 single crown 13.Jan.2018 3.5 x 16 mm 

Extraction 

sockets 

22 single crown 17.Feb.201

8 

3.5 x 16 mm 

Extraction 

sockets 

24 single crown 27.Feb.201

8 

4.3 x 10 mm 

Healed ridge 34 single crown 15.March.2

018 

3.5 x 10 mm 

Healed ridge 24 single crown 17.April.201

8 

4.3 x 8 mm 

Extraction 

sockets 

11 single crown 19.April.201

8 

4.3 x 11.5 mm 

Extraction 

sockets 

21 single crown 1.June.2018 4.3 x 13 mm 
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Contact Points 

In the 13 subjects in 5 (38,46 %)of the cases there was no adjustment required 

regarding the contact points. (table 5) 

Alignment 

In the 13 subjects in 8 (61,53 %) of the cases there was no adjustment required 

regarding the alignment the rest of the cases needed adjustment. (table 5) 

Contour 

In the 13 subjects in 6 (46,15 %) of the cases there was no adjustment required 

regarding the contour. In 2 (15,38 %) cases it was over contoured (table 5). 

Occlusal height 

In nine (69,23 %) of the 13 cases the Occlusal height was too high. One (7,69 %) 

case needed an adjustment. 

Fit on Implants 

In 2 (15,38 %) of the 13 cases the fit of the implants did not fit properly.  

Adjustment of time 

 
Chart 5 adjustment time 
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Table 5 Results of clinical evaluation of the provisional prostheses and time spent on adjustments 

Pa

t. 

Contact 

points 

Alignm

ent 

Contour Occlusal 

height 

Fit on 

implants 

Adjustment 

time 

1 N N N High Fit 10 minutes 

2 A A Over 

contour 

High Unfit 1 hour 50 

minutes 

3 A A A A Unfit Not 

adjustable 

4 A A A N Fit 30 minutes 

5 N N Over 

contour 

High Fit 15 minutes 

6 A A A High Fit 55 minutes 

7 N A N N Fit 6 minutes 

8 N N N N Fit 0 minutes 

9 A N A High Fit 15 minutes 

10 A N N High Fit 15 minutes 

11 A N A High Fit 15 minutes 

12 A N N High Fit 15 minutes 

13 N N N High Fit 10 minutes 
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Method of adjustment 

 

 

Chart 5: Method of adjustment. Majority of cases required occlusal adjustment (n=6/13) followed by 

recontouring, contact point adjustment, implant axis adjustment. One case (1=1/13) required extensive 

adjustment and one was non-adjustable due to improper implant planning.  

Result after adjustment: 

Satisfactory results were achieved after adjustments in tweth cases in the study (92 %) 

Complications 

There was one implant failure (6.25 % of all implants) that required re-implantation 

Final prosthesis 

Final prostheses were delivered for 10 patients. Provisional prostheses were in 

service in the other three patients.   
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Table 6 Methods of adjustment, condition of the prostheses 

Patient 

number 

Method of 

adjustment 

Result after 

adjustment 

Complications Final 

prosthesis 

 

 

 

 

1 

Occlusal 

reduction 

Satisfactory Fracture of the 

prosthesis and 

loss implant at 32 

site 

Completed 

2 Extensive: 

section, 

reconnect, 

contour 

Satisfactory Nil Completed 

 

3 

Nonadjustable Non adjustable Improper implant 

planning 

Completed 

 

4 

Acrylic addition 

and trimming 

Satisfactory Nil Completed 

 

5 

Recontouring, 

occlusal 

reduction 

Satisfactory Nil Completed 

 

6 

Axial implant 

position, contour  

Satisfactory Nil Completed 

7 Axial position of 

implant 

Satisfactory Nil Completed 

8 No adjustment Satisfactory Nil Incomplete 

 

9 

Recontouring, 

occlusal 

reduction 

Satisfactory Nil Completed 

 

10 

Contact point, 

occlusal 

reduction 

Satisfactory Nil Completed 
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11 

Contact point, 

recontouring, 

occlusal 

reduction 

 

Satisfactory 

 

              Nil 

 

Incomplete 

 

12 

Contact point, 

occlusal 

reduction 

Satisfactory Nil Completed 

13 Occlusal 

reduction 

Satisfactory  Incomplete 
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Discussion 

Careful and accurate planning was crucial. In this study, the implant planning software 

(Trios Implant Planning Studio) was owned and operated by the dental laboratory so 

a high level of communication and cooperation were needed. Simultaneous 

interactions either face-to-face or online communication software between the dentist 

and technician are preferred to email which did not provide instant responses and led 

to an improper planning on one case in this study.   

The accuracy of the prostheses in mesio-distal direction was remarkable high with 

minor adjustment if any required.   

For the single tooth in the maxillary central region, the axial (rotational) alignment of 

the prosthesis was an issue. When engaging abutment used, the final resting position 

of the internal hex would determine the final axial position of the crowns, which in all 

cases was not in perfect alignment with adjacent teeth. This matter could probably be 

overcome best by minus adjustment of the axial position of the implant without 

compromising the primary stability. The maximal degree of alignment is calculated as 

360/6/2 = 30 degree. If this misalignment issue was corrected only by contouring the 

crown itself using trimming and adding method, extensive time, effort with multiple 

disconnection-connection times required.  

The use of axial index marking the final resting position of one of the six hexagonal 

angles on the surgical template was proven very helpful. The surgeon can hand-torque 

the implant into its final axial position in alignment with planned prostheses. In the last 

cases, there was no axial adjustment required, and with the satisfactory contours and 

contacts of the planned temporary crowns, there was no adjustment or little adjustment 

needed.  

For bridges supported by multiple implants, non-engaging abutments were used. The 

passive fit of the abutments to the implants was an issue, whereas the axial alignment 

was not. With more than two implants, the vertical position of the implant platforms 

became critical. Positional difference between the planned and actual implants led to 

poor passive fit. This poor fit required extensive and lengthy clinical adjustment 

including disconnecting and re-connecting the bridge connectors. This adjustment can 

be considered high-risk and should not be performed. Prolonged clinical time can 
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easily create stress and disapproval from patients and initiate stressful situations for 

the dental team. 

The reasons for the failure of the implant in case number 1 are unclear as the patient 

lived outside Australia for 7 months after the placement of implants and provisional 

prosthesis without contacting the office. Upon his return visit the provisional bridge 

was reported loose for some time and found shattered at the abutments on 

examination. On the removal of the failed implant, substantial granulation tissues and 

suppuration were found in the body and apical regions suggesting infection as a 

causative factor. The implant was replaced and final prosthesis has been successfully 

inserted for this patient. From this experience, strict follow-up protocol should be 

complied.  

Occlusal reduction was required for the majority of the cases to provide the protective 

occlusal contact. Tamahseb (27, 33) used precision pins attached to mini-implants for 

vertical stops. In private practice settings, patients’ finance and convenience are 

important factors to which sophisticated, time-consuming and expensive therapeutic 

modalities may not be practical.  

The data recorded in this study is relatively subjective and clinically orientated using 

the knowledge, experience and two-dimensional tools of digital photographs and peri-

apical radiographs. More accurate and objective three-dimensional measurements 

should be employed to bring up quantitative assessments and comparisons.  
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Conclusion  

Within the limitations of this study, computer guided prefabricated temporary 

prostheses using an open CAD/CAM system were clinically feasible for single missing 

teeth and probably short-span bridges supported by two implants. Any dentists 

regarding their possession of the CBCT, IOS devices or implant planning software 

could produce these prostheses.  

A streamline structure of one dental practice – one dental laboratory could be used 

successfully and allowed dentists to practice the most advanced CAD/CAM pathway 

in implantology without committing substantial capital investment in the equipment. 

The cost for an intraoral scanning, implant planning, fabricating the surgical guides 

and screw-retained provisional crowns was around 560 Australian Dollars for a single 

implant.  

Summary 

From the thirteen patients with thirteen tooth-bound edentulous ridges restored with 

dental implants, the clinical feasibility of fabricating provisional prostheses pre-

operatively was proven positively for single missing teeth. Careful implant and 

prosthetic planning was crucial and the use of index marking the final axial position of 

the implant was valuable. The results were found in line with Ganz’s view on this topic 

in a personal communication. Tooth supported digital pathway was highly accurate for 

the planning and fabrication up to provisional prostheses in 90% of the cases.  

The fabrication of temporary bridges fitting on multiple implants using this method led 

to extensive, lengthy adjustments and may not be an acceptable practice.  
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