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Introduction  

mplant-supported crowns remain an important 

treatment option for the replacement of a missing 

tooth.1-3 The dental implant preserves the bone level,4 

the abutment acts as the interface between the implant 

and prosthesis and the prosthetic tooth addresses the 

functional and esthetic demands  of the patient.5 The 

provisionalization phase remains a critical step be-

tween surgery and final crown placement, guiding 

soft tissue healing3,6 and providing esthetics and func-

tion.7   

Abutments vary tremendously in dimension, mate-

rial and manufacturer.8 Although there are several 

possible pathways for provisionalization,8 the options 

are time-consuming, technically difficult and expen-

sive.9 These issues can cause confusion and frustra-

tion for the dentist and cost and time for the patient.7,8 

Due to the high potential for clinical failure3,10,11 and 

a demand for optimal esthetics,12 considerable scien-

tific interest has been focused on refining the compo-

nents and processes for predictable implant provision-

als. 

A novel dental abutment has been developed and 
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Abstract  

Implant-supported crowns remain an ideal treatment option for the replacement of a missing tooth. The provisionalization 

phase remains a critical step between surgery and final crown placement, guiding soft tissue healing and providing esthetics 

and function. Although there are several possible pathways for provisionalization, the options are time-consuming, technically 

difficult and expensive, resulting in confusion and frustration for the dentist and cost and time for the patient. A novel dental 

implant abutment has been developed that aims to resolve the shortcomings of current abutments and the provisionalization 

process. 3D printing or additive manufacturing, with plastic and metal, were employed as an alternative approach for produc-

tion of the prototype abutment. Scanning, computer-aided design and 3D plastic and metal printing were employed. Abut-

ments were fabricated in MED690 VeroDentPlus and Duraform 316L stainless steel, respectively. Prototypes were printed 

with a claimed accuracy of 16 µm (plastic) and 8 µm (metal).  The prototypes were qualitatively assessed for functionality by 

implant threading and simulated provisionalization process in a laboratory setting. The plastic prototypes were not suitable 

due to threading issues and material weakness. Metal prototypes tolerated artificial tooth fabrication successfully but concerns 

with thread pitch and accuracy remained.  3D metal printing appears to be a suitable alternative to traditionally machined 

implant components; however, post-production processing seems to be required. Further research is warranted. 
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patented,13 termed the Tempcap (Research Driven, 

Kilworth, Ontario, Canada), that addresses the short-

comings of current dental implant abutments. Re-

search seems to suggest that the novel abutment pro-

vides an alternative which is a simple, efficient and 

effective solution for the fabrication of an provisional 

artificial tooth.9  Previous investigations have demon-

strated the clinical application of the device on a tem-

porary basis,9 as a long-term permanent abutment,14 

and data seems to illustrate the potential advanta-

geous.15 This report briefly explores the application of 

3D printing, or additive manufacturing, with plastic 

and metal, to produce a novel dental implant abutment 

and the subsequent qualitative laboratory assessment.   

Methods 

Prototype Development 

A titanium dental implant healing cap/cover screw 

(Implant Direct, Valencia, California) was utilized as 

the backbone for the prototype (Figure 1). Stabilok 

dental titanium retentive pins (Fairfax Dental, Lon-

don, England) were utilized as retentive projections 

and were micro-laser welded to the healing cap by a 

commercial dental laboratory (LHM Dental Lab) 

through a detailed lab requisition. This provided the 

required prototype for a laboratory assessment to in-

vestigate suitability for provisional fabrication. Un-

fortunately, several variables (weld strength, pin fail-

ure and pin parallelism) affected the prototypes. The 

laboratory cost for fabrication was significant, as the 

components and the welding averaged about $225 

CDN per prototype.  Although this approach provided 

the initial prototype for investigation and testing, an-

other option for fabrication was required. 

Industry liaison indicated that the manufacturing of 

the prototype component would prove extremely dif-

ficult and costly, due to the extremely small size and 

exacting measurements of the component. Con-

sistency in the quality of the pin projection was the 

primary concern.  Additionally, manufacturing set-up 

costs were a risk too high for industry to even consider 

possible fabrication. 

3D Printing 

An alternative approach for abutment production 

was investigated. An ideal prototype, produced as 

mentioned above, was selected and outsourced to a 

commercial production facility (Cimitrex).  Their 

team utilized scanning and computer-aided design 

(CAD) for refinement of the structural details of the 

component (Figure 2). MED690 VeroDentPlus (Stra-

tasys, Eden Prairie, MN) material was utilized with an 

Objet Eden 500V polyjet printer for the fabrication of 

the plastic prototypes (Figure 3: left). MED690 repre-

sents a biocompatible dental material with required 

physical properties for the small size of the abutment. 

An STL file of the digitally refined component was 

also created. The STL file was forwarded to a separate 

facility (Robarts Research Institute) for additive man-

ufacturing of the metal prototypes using Duraform 

316L stainless steel and the Sinterstation Pro DM125 

SLM (3D Systems Inc., Valencia, CA) (Figure 3: 

right). Stainless steel was selected due to its favorable 

physical properties and ability for sterilization. The 

printer applies selective laser melting (SLM) for rapid 

prototyping. The prototypes were qualitatively as-

sessed for functionality by assessing if they could be 

threaded into an implant body (Figure 4) and if the 

simulated fabrication of an artificial tooth could be 

achieved in a laboratory setting (Figure 5). 

 

Figure 1.  Initial prototype fabrication. 

 

Figure 2.  STL file format of scanned and CAD refined 

prototype. 
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Results 

Physical properties of each material are listed in Table 

1. The prototypes were 3D-printed repeatedly with a 

claimed accuracy of 16 µm (plastic) and 8 µm (metal), 

which could not be verified due to the limitations of 

our equipment. Both plastic and metal prototypes 

could be successfully threaded into the dental implant 

body. The plastic prototypes could not tolerate the 

process of artificial tooth fabrication, as the abutment 

fractured repeatedly. Additionally, the plastic abut-

ments had difficulty threading into the implant and 

fractured at a very low torque. The metal prototypes 

tolerated the process of artificial tooth fabrication suc-

cessfully without any structural issues. Insertion of 

the metal abutments into the implant body was not 

ideal, with looseness and inability to achieve required 

torque. 

Discussion 

A novel dental abutment was fabricated, digitally 

scanned and refined in CAD and 3D-printed in both 

plastic and metal. The digital workflow has shown the 

 

Figure 3.  3D printed novel dental implant abutment.  

Left:  Plastic prototype.  Right:  Metal prototype.   

 

Figure 5.  Laboratory simulated process for artificial tooth fabrication.  A and B) The Tempcap abutment was placed 

on the master cast and C) tightened with a driver to specification. D) Impression sheaths placed on the retentive pin 

projections. E) A temporary matrix loaded with bis-acrylic provisional material and placed over the Tempcap, creat-

ing a F) preliminary temporary crown. G) The temporary crown is shaped and polished out of the oral cavity. H) 

Temporary cement is applied into the temporary crown. I) The polished temporary crown is seated onto the Tempcap 

abutment.  

 

Figure 4.  Stainless steel metal implant abutment 

threaded onto a Straumann dental implant. 
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capability to design and fabricate minute dental im-

plant components. This form of plastic was too weak 

of a material for the application, while the stainless 

steel withstood the simulated provisionalization pro-

cess.  

Prototype fabrication remains critical in medical de-

vice research, especially in the dental implant space, 

and presents a significant challenge. The digital ap-

proach, utilizing scanning, CAD and 3D printing/ad-

ditive manufacturing, seems to provide an alternative 

to traditional machining, potentially providing a cost-

effective and efficient approach to device fabrication. 

The initial traditional prototype fabrication cost was 

roughly $225 CDN/unit. The approach required sev-

eral weeks, to acquire the materials and for weld com-

pletion, with an approximate success rate of 50% of a 

utilizable prototype. In contrast, the digital design and 

additive manufacturing of one metal prototype re-

quired about a week, with cost at roughly $13/unit and 

a success rate of about 85% for a utilizable prototype. 

Additionally, 3D metal printing of complex structures 

can be produced repeatedly with accuracy, detail and 

with the desirable physical properties. Improvements 

in the process would include post-processing, espe-

cially as related to thread pitch and accuracy. 

Further research is underway in collaboration with 

the Advanced Medical and Dental 3D Metal Printing 

Solutions Centre (ADEISS) at the National Research 

Council. Additional refinements in design, and print-

ing in titanium 6-aluminum 4-vandium are planned 

utilizing a Renishaw metal printer (Gloucestershire, 

United Kingdom). Prototypes will be compatible with 

the most common Straumann (Straumann, Zurich, 

Switzerland) dental implants. Laboratory testing will 

determine failure strengths and a clinical assessment 

is planned.  

The provisionalization phase in implant dentistry 

remains an important dental implant procedure.  A 

novel abutment has been developed and investigated 

that seems to offer an alternative for provisionaliza-

tion. Digital scanning, computer-aided design and 

three-dimensional metal printing/additive manufac-

turing have been explored as an alternative approach 

that seems to provide an accessible, affordable and ef-

ficient pathway for prototype fabrication. 
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