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Management Summary 
 

The dentistry is a field which is increasingly experiencing the impact of digitalization. 
In this field there are ongoing digital developments which can lead to substantial 

changes in how dental professionals will carry out their profession in the future. New 

digital advances in the field of dentistry may take over traditional procedures. 
Digitalization will impact all aspects of dentistry; even alter the flow of traditional 

treatment processes. Workflow between the different parties involved (dentists, 

surgeons and dental laboratories) can be affected drastically. 

 

The following research is about how digitalization will affect the dental value chain 

and how current workflow theory can be applied to this area. The intention of this 

report is to provide a design of how workflow management can contribute to the 
digital dentistry, in further improving the dental workflow.  

 

This thesis will be carried out in cooperation with the Straumann dental institute. 
Which is an internationally known dental company based in Switzerland. Straumann 

is one of the world market leaders in dental technology.  
 

Research Question 
The research question that was formulated: 

How does digitalization of the dental value chain redesign the conventional dental 

workflows? 

 
The general research question can be divided into several sub research questions: 

 

1a. How to quantitatively measure redesign aspects of dental workflows?  
First it must be defined how to capture the change in dental workflows with respect to 

digitalization. To observe an affect two situations need to be compared. In this case 

dental workflows carried out in the conventional manner and workflows carried out 

with the use of new technologies. Dental workflows need to be defined and relevant 

process steps identified.  Furthermore, a unit of measure must be determined. The 
redesigning of processes points towards the area of workflow management. Once the 

measure of redesign is determined the following sub question arises: 
 

1b. How to collect data on the redesign aspects of the dental workflows? 

When the unit of measurement is defined it then must selected how to gather data on 
those workflows from Straumann and its customers. A data collection method can be 

proposed/ developed that can be used to begin gather data on dental workflows. This 
can then be used to increase the (quantitative) understanding of those workflows.  

 

1c. How can workflow management concepts be applied in the dentistry? 
Academic literature can provide a basis of how workflow management can contribute 

to the dentistry. Literature can point to relevant concepts which can be of interest. 

Together with the data collected recommendations can be provided on how the 

dentistry should continue further with workflow management.  
 

Because of the time constraints of the project it was decided only to focus on one 

workflow only, the implant workflow. Implantology plays a large role in the business 
of Straumann. Therefore is it proposed that an implant workflow is chosen as the 
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process (treatment) of interest. One on the most common implant treatments is a two 

implant placement supporting a three unit bridge (left figure above). This particular 
treatment is chosen to be our scenario for the data collection.  

 
As described above it is the intention to gather quantitative data. Performance of 

workflows can generally be measured by completion times of cases (Van der Aalst & 

Van Hee, 2004). Since we are interested in the change digitalization brings to dental 

workflows, we want to focus on where in the dental workflow digitalization has an 

impact. Therefore it is proposed to gather data on the time a dental practitioner takes 
to complete individual workflow steps considering the use of new digital 

technologies. The initial data collection in this project involves the collection of 

quantitative data from the previous described workflow. The relevant population that 
will be addressed for the data collection in this project are highly skilled and 

experienced dental practitioners, dental surgeons and laboratory technicians. The data 

collection is preceded by a development of a prototype web-based EDC (Electronic 

Data Collection) system.  

 

Data collection results 

From the collected data calculations can then be made. In the following table the 
results are presented. 

 

 Conventional  With pre-
operative 

planning  

Time 
difference 

(min)  

Time 
difference % 

Number of respondents  21  21    

Average workflow length 
(min)  

720.8  675.2  45.6  6.3 

Maximum length (min)  940  850  110  
Minimum length (min)  302  357  -55  

St. deviation (min)  145.6  121.6    

Average number of 
implants per year/ surgeon 

84 84   

Basic results dental workflow 

 

The results displayed above represent the entire modeled implant workflow. It can be 

seen that there is a difference between the conventional way of working and the use of 
digital technologies. There is an average decrease of 45 minutes per case or also a 6.3 

percent decrease.  

 
In the description given earlier on the implant workflow it was clarified that the 

workflow consisted of two actors: dentists/surgeons and the dental laboratory. These 

actors can be analyzed separately. In the following tables these are presented. 
 

 Conventional  With pre-operative 

planning  

Time difference 

(min)  

Time 

difference % 

Average workflow 

length (min)  

376.0 334.5 40.5 10.7 

Maximum length 

(min)  

550 490   

Minimum length 
(min) 

140 135   

St. deviation (min)  113.7 105.3   
Dentist/Surgeon workflow results 
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 Conventional  With pre-operative 

planning  

Time difference 

(min)  

Time 

difference % 

Average workflow 

length (min)  

344.8 339.3 5.5 1.6 

Maximum length 

(min)  

390 360   

Minimum length 

(min) 

80 155   

St. deviation (min)  63.3 48.4   
Dental Laboratory workflow results 

 

From the tables above it can be seen that the most time is gained by the surgeon.  The 

data suggests that 40 minutes can be gained per case using pre-operative planning, 

that is 10% less time per case. Comparing that to results of the overall workflow, the 

majority of the time gained is in favor of the surgeon. The dental laboratory does not 

gain much time according to the data. 
 

From the data collection and the remarks several observations can be made:  

• The large majority of participants agreed that the use of pre-operative planning 

does shorten the time that a surgeon spends on a case and can provide a more 
efficient way of working. 

• The most time is gained during the implantation step.  

• Dental laboratory is not influenced by the use of pre-operative planning. 

• Complex cases (surgeon and patient) can benefit greatly from the use of pre-
operative planning.  

Handcraft in dental laboratory is reduced due to CAD/CAM technology. 

 

Theoretical conclusion 
From the theoretical background the combination of the areas of dentistry and 

workflow management is new and not a lot of research has been done on it. Only a 

few academic articles mention the need for workflow management in the dentistry 
(Schleyer et al., 2006, Farman et al., 2008 Irwin et al., 2009) and acknowledge that 

more research is needed. This thesis tried to acquire an insight on how dental 

processes evolve when technology is introduced and suggest how workflow 

management can be applied in the dentistry. An EDC tool based on Pavlovic & 

Miklavcic (2007) was developed to see if it was possible to collect data on the subject 
in this manner. Although it was not very successful, it could be an option for data 

collection albeit with the necessary modifications. Because this is a new area for 
workflow management there is a lot to gain. It would be interesting to see if workflow 

concepts, such as heuristic of Vanderfeesten et al. (2008) and the 7PMG of Mendling 

et al. (2010), can be effectively applied in an area as the dentistry. Also if the best 

practices heuristics of Reijers & Liman Mansar (2005) will behave in the same 

manner as presented in their paper.  
 

Practical conclusion 
As for Straumann in order to get more insight in how dental workflows w ill change 

and how to apply workflow management more research is needed. In this thesis a 

method is tried out on how to collect data on dental workflows. If it is chosen to 

collect data on a large scale this would be an option with of course modifications. 

Another option that has been suggested is to analyze a couple of selected dental 
environments by observation which would provide much more details on the 
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processes that occur. Because that each dental practice will differ in details on how 

they perform their treatments the challenge will be on trying to make accurate 
depictions of dental workflows that are accepted by both Straumann and their 

associated dentists and surgeons. Workflow management modeling concepts 
presented can provide and solid basis as a starting point.    
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1. Introduction  
 

Over the past years the use of digital technologies has had a great impact on many 
fields, from communication to education. This digital revolution started in the latter 

half of the 20
th
 century by converting analog objects/signals into digital bits and bytes. 

Over time such technological advances have changed, and still do change, how people 
and businesses carry out their normal everyday activities. Some activities have 

become redundant and fade out, while new activities appear and take their place.  

 

In a business context, digitalization concerns the use of new technology in business 

processes. Technology is treated as tools to either perform work directly or is used to 

help people perform work (Alter, 2002). Integrating technology causes the business’ 

value chains and workflows to change, which can lead to letting go of the 
conventional way of working and replacing it with something else. This adaptation, 

maintenance and managing of workflows is called workflow management, which is an 

academically supported field. “Workflow management promises to be a solution for 
controlling, monitoring, optimizing and supporting business processes, workflow 

management is a mature technology which can be applied within organizations” (Van 
der Aalst, 1999).  

 

The dentistry is also a field which is increasingly experiencing the impact of 
digitalization. In this field there are ongoing digital developments which can lead to 

substantial changes in how dental professionals will carry out their profession in the 
future. New digital advances in the field of dentistry may take over traditional 

procedures. Digitalization will impact all aspects of dentistry; even alter the flow of 

traditional treatment processes. Workflow between the different parties involved 

(dentists, surgeons and dental laboratories) can be affected drastically. The claim that 

dental workflows will change because of digitalization is widely accepted. Renowned 
dental surgeons and implantologists, such as Professor Daniel Wismeijer of the 

Academic Center for Dentistry Amsterdam, acknowledge the impact of digitalization 

on the dental profession. Prof. Wismeijer describes digital dentistry as follows
1
: “The 

patient will remain analogue and the in-mouth piece (bridge, crowns, etc.) he or she 

receives is analogue. Everything in between will become digital.” He continues: “with 

the support of digital dentistry, the whole world (practices, labs, etc.) can be involved 

in optimizing the value chain”. Particularly in the area of implantology digital 

dentistry is expected to make an impact, making effective improvements in those 
treatments.  Considering that over 800 thousand adults in the Netherlands2 (6.6 % of 

the population) alone have at least one tooth implant this is an interesting area for 
digital dentistry. In terms of global market size, the estimate value of the dental sector 

is around CHF 20 billion (Straumann, 2010). This thesis is done in collaboration with 

Straumann, a dental company based in Basel, Switzerland. Within the dental sector 

Straumann focuses on the implant, restorative and regenerative dentistry markets. 

Collectively the markets in which Straumann operates were estimated to be worth 
around CHF 5.4 billion in global sales (Straumann, 2010). 

 
The following research is about the themes presented above: how digitalization will 

affect the dental value chain and how current workflow theory can be applied to this 

                                                 
1
 “Interview with Daniel Wismeijer”, Starget April 2010, www.straumann.com Appendix II 

2  Obtained from Statistics Netherlands, www.cbs.nl Appendix I 
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area. The intention of this report is to provide a design of how workflow management 

can contribute to the digital dentistry, in further improving the dental workflow.  
 

This thesis differentiates itself by combing two fields which previously have not been 
combined before. The idea of applying workflow concepts to the dental workflows is 

new and emanates from the current developments in digital dentistry. Workflow 

theory is usually applied in administrative and production environments. Currently, 

there are studies that look at applying these concepts in the healthcare domain. 

However in dentistry this is not yet studied.   
 

The thesis is structured as follows: the problem statement and research questions will 

presented in chapter 2. The business context in which this research will be conducted 
is presented in chapter 3. Chapter 4 presents theoretical background on the different 

research areas that will be addressed during the thesis. In chapter 5 the research 

methodology is discussed. The development of the data collection tool is elaborated 

on in chapter 6. Chapter 7 will be used for presentation of the data analysis and 

results. Chapter 8 will provide a design of the contribution of workflow management 
in the dentistry. Finally, the thesis concludes with chapter 9 where the proposed 

research questions are answered. 
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2. Project Formulation  
 

In the coming chapter the research direction is stated along with its purpose. First the 
problem statement will be presented. Hereafter, the research questions will be 

proposed and subsequently the purpose and significance of this research. 

2.1 Problem Statement 
This thesis will be carried out in cooperation with the Straumann dental institute. 

Which is an internationally known dental company based in Switzerland. Straumann 

is one of the world market leaders in dental technology.  

 

As described in the introduction digitalization is increasingly impacting the dentistry 
and will lead to substantial changes affecting how dentists and dental technicians will 

carry out their profession. Conventional dentistry involves many analogue processes, 

manual labor and physical intermediate products. Digitization of these processes and 
products will change the dental value chain over the next coming years. This dental 

value chain consists of dentists, dental surgeons and dental laboratories. Dentists and 

laboratories have been working together for years. This relationship typically was a 

relay between the different parties; one did his part of the job and then handed an 

analogue intermediate product (mostly an impression) to the next participant. At the 
moment more and more digital products are being developed that can support these 

dental processes. Using these technologies may bring changes to the current dental 
practices. The use of such new products shall alter the flow of conventional treatment 

processes. Workflow between the different parties involved (dentists, surgeons and 

dental laboratories) can be affected drastically. While some process steps become less 

important, new process steps may be introduced. With the altering of the dental 

processes workflow management is becoming a topic in the dental industry.  
 

As described the initiator of the changes in the dental value chain is the emergence of 

new technologies in the dentistry. It is obvious that a lot can be gained by digitally 
connecting the different parties in the value chain. The amount of analogue models 

that has to be produced, transported and reworked can be reduced and as a result it is 

expected that the value chain will become more precise and more efficient. Analogue 

processes need to be translated into digital processes that make sense. The transition 

from analogue to digital reveals several issues. It is not clear how the use of digital 
technologies will impact the dental processes. For dentists it would be of importance 

to get a grasp of how and what changes in the dental workflow when these 
technologies are being used, preferably with some data to support it. Also, there is 

little knowledge on the use of workflow management in the dentistry. It could be 

reasoned that this lack is because of the recent emergence of this topic. An objective 
for Straumann is to acquire an understanding of how digitalization of the dental value 

chain will influence the current dental workflows. 

2.2 Research Questions 
From the problem statement a research question can be formulated.  

 
How does digitalization of the dental value chain redesign the conventional dental 

workflows? 

 

The general research question can be divided into several sub research questions: 
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1a. How to quantitatively measure redesign aspects of dental workflows?  
First it must be defined how to capture the change in dental workflows with respect to 

digitalization. To observe an affect two situations need to be compared. In this case 
dental workflows carried out in the conventional manner and workflows carried out 

with the use of new technologies. Dental workflows need to be defined and relevant 

process steps identified.  Furthermore, a unit of measure must be determined. The 

redesigning of processes points towards the area of workflow management. Once the 

measure of redesign is determined the following sub question arises: 
 

1b. How to collect data on the redesign aspects of the dental workflows? 

When the unit of measurement is defined it then must be selected how to gather data 
on those workflows from Straumann and its customers. A data collection method can 

be proposed/ developed that can be used to begin gather data on dental workflows. 

This can then be used to increase the (quantitative) understanding of those workflows.  

 

1c. How can workflow management concepts be applied in the dentistry? 
Academic literature can provide a basis of how workflow management can contribute 

to the dentistry. Literature can point to relevant concepts which can be of interest. 
Together with the data collected recommendations can be provided on how the 

dentistry should continue further with workflow management.  

 
To answer the proposed research question and sub questions several areas of research 

need to be consulted. First, as mentioned the digitalization of the dentistry triggers the 
change and redesign of conventional dental processes. The redesigning of processes 

falls in the domain of workflow management. Workflow management concepts have 

been applied to numerous types of organizations with varying levels of success. At the 
moment workflow concepts are beginning to be applied to new areas, such as the 

medical and healthcare industries (e.g. Mans et al., 2007). Secondly, in order to 

acquire data on dental workflows a proper data collection method needs to be 

selected. The area of data collection theory proposes a variety of tools to accomplish 

this. In chapter 4 these fields will be further elaborated on and relevant concepts 

described.  

2.3 Purpose & Significance 
The purpose of this research is, as stated before, to acquire an insight in dental 
workflows and the impact of new technologies. Digitalization will impact all aspects 

of dentistry. Analogue products will be converted in digital data sets. The benefits are 

expected to translate into lower treatment costs and improved patient care. However 

there is not yet enough empirical data collected to give an idea of how comprehensive 

the change will be. The dentistry is going digital and it will be difficult to predict what 
the successful business model will be in the future.  

 
Furthermore, seen from an academically point of view the fields of dentistry and 

workflow have not yet been combined before. As mentioned earlier, because of the 

recent advancements of digital technology in the dentistry, workflow management is 

becoming more interesting. On the other hand dentistry is a completely new area for 

workflow management. With only recent steps into the healthcare industry it could 
provide new opportunities for research.     
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3. Business context  
 

As described previously, this research is conducted in cooperation with the Straumann 
dental institute. In the following chapter a brief overview is given about the company. 

In Appendix III a more elaborate overview is provided. 

3.1 Straumann Institute 
Straumann Group is an international dental company with its headquarters in Basel, 

Switzerland. The company is a global leader in implant and restorative dentistry and 

oral tissue regeneration. They have pioneered many of the most influential 
technologies and techniques in the field of dentistry, with a tradition of doing more to 

advance dental regeneration, restoration and replacement, as well as patient care 

(Straumann, 2010).  

Straumann conducts business with 

thousands of customers around the 

world. The customer base of 

Straumann consists mostly of dental 
professionals (dentists, dental 

specialists and dental laboratories). 

These groups use products and services 
provided by Straumann to treat their 

patients.   
 

Figure 1, Relation with customer groups 

 

3.2 Straumann Digital Solutions 
In the beginning of 2010 Straumann 

launched a new array of integrated 

computer-based technologies under the 

name of ‘Straumann Digital Solutions’. 

These technologies can be categorized 
into three competencies: computer-

guided surgery, intra-oral scanning, 
and CADCAM prosthetics. These 

integrated digital solutions support 

implant placement, restoration and 

esthetic performance. With these new 

technologies Straumann wants to 
connect the ‘digital islands’ in the dental value chain. Straumann’s vision of Digital 

Solutions is that “the patient and the restoration will remain analogue and everything 

in between will become digital”
3
.  Several of these technologies have been described 

in the literature overview.  

3.2.1 Computer guided surgery 
The computer guided surgery product that Straumann offers consist of three main 

components: coDiagnostiX planning software, gonyX surgical template production 

tool, and the Guided Surgery Kit and Implants. The process for guided surgery starts 
off with a master model of the teeth impression that represents the patient current 

situation. This is the basis for the production of the scan and surgical template. From 

this master model a scan-prosthesis is made to represent a provisional teeth set-up. 

                                                 
3 “Interview with Daniel Wismeijer”, Starget April 2010, www.straumann.com, Appendix II 

Figure 2, Digital Solutions 
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Using this scan prosthesis the patient is scanned with a commercially available 3D 

CT/DVT scanner.  The 3D data that comes from this scan can be imported into the 
coDiagnostiX planning software. The planning software is then used to plan the 

surgery virtually. Using the tomographic image of the patient’s jaw, dental surgeons 

can plan the position, angulations and depth of the implant on the computer. The 

dentist is provided with a view of the patient’s bone condition, position of the nerves, 

vascular structures and also the implant’s position. After completion of the implant 
planning, the software provides the plan for surgical template production with the 

gonyX and the surgical plan for the Guided Surgery Kit. See appendix IV for more 
information on this process.  

 

  
Figure 3, Guided surgery 

3.2.2 Intra-oral scanning 
Straumann is the exclusive distributor in Europe of the Cadent’s iTero intra-oral 

scanning system
4
. This technology of intra-oral scanning enables the dentist to create 

3D images of the patient’s teeth using a digital scanner from inside the mouth. The 
intra-oral scanner is developed to replace the conventional process of impression-

taking in the dental practice and model casting in the dental laboratory. The 3D 

images can then be imported into CAD software to be used restorative procedures.  
 

 
Figure 4, Workflow intra-oral scanning 

 

3.2.3 CAD/CAM Technology 
Straumann provides a vast portfolio of CAD/CAM products: scanners, modeling 

software, a full range of prosthetics and durable materials. Modern dental prosthetic 

inlays, crows, onlays and bridges are designed with the help of computer (CAD) and 
then milled on computerized machines (CAM). Impression models are scanned using 

3D scanners, or directly scanned by the intra-oral scanning. The dental technicians 

model the tooth restoration on a computer. The data are then sent to centralized 

production centers, which produce the prosthetic in a range of biocompatible, durable 

and esthetic materials, including high-performance ceramics. CADCAM’s solutions 

extends from single tooth inlays right up to 14-unit full-arch restorations. 

                                                 
4 www.cadentinc.com  
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4. Theoretical background 
 

In the problem formulation the research areas of workflow management and data 
collection have been identified that can be consulted for this research. The purpose of 

this chapter is to provide some background knowledge on the topics and present 

concepts that potentially could be used during the research. Workflow management is 

discussed first and here after data collection.  

4.1 Workflow management 
In the workflow literature it is noted that the integration of new technologies in an 
existing workflow will eventually also change the actual workflow (Van de Aalst & 

Jabonski, 2000). This paragraph begins with the description of digital dentistry. With 

dentistry going digital, the integration of new technologies initiate the change of 

conventional dental workflows and also show the need for redesign. Hereafter 

workflow concepts are presented which can contribute in the dental workflow and that 

are used during this thesis.  

4.1.1 Digital Dentistry 
Dentistry is big business, it is 

estimated that the value of the dental 

sector within the medical device 

industry (implants, prosthetics) is 

around CHF 20 billion (15 billion 
Euro’s) (Straumann, 2010). The 

implant, restorative and regenerative 

dentistry markets are estimated to be 
worth around CHF 5.4 billion in global 

sales (Straumann, 2010). The market 
for implant dentistry alone is estimated 

to be around CHF 3.4 billion. A 

considerable amount of implants are 
placed per year, as can be seen in 

figure 7. 

 

 

 
Figure 5, Dental Implant Penetration (S traumann, 2010) 

 

The substitution of conventional methods with new digital technologies is a key trend 

that it is believed will revolutionize the dental industry (Straumann, 2010).  Nowadays 

computer technology at a modern dental practice is always present and increasingly 

being adopted (Schleyer et al., 2006). However these are mostly used for 
administrative purposes and not for clinical applications (Irwin et al., 2009; Schleyer, 

2003). The clinical uses of technology are increasing with the development of new 

innovations that support dentists during treatments (Schleyer, 2003). Analog activities 
are slowly being replaced with digital technology. Intermediate analog products 

(plastic or plaster molds) are being substituted for digital files. 
 

Farman et al. (2008) provides an example of how various digital technologies can be 

incorporated during a dental treatment. In the following figure a simple dental 
workflow is depicted. As can be seen several activities can be done digitally, this 

facilitates multitasking for the dentist. Thus reducing the time needed to create 

treatments for patients. Furthermore, the level of integration of information 

technology can allow for communication with outsiders. 
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Figure 6, Simple dental workflow with IT integration (Farman et al., 2008) 

 

Several of the digital technologies incorporated in this dental workflow and that are 
also part of Straumann’s Digital Solutions will be further elaborated on.  

 

Intraoral video 

Intraoral video devices can be used to demonstrate patients various aspects of 

diagnosis, treatment planning and treatment. They can be applied as tools for patient 
education and for encouraging patients’ acceptance of treatment plans (Christensen, 

2007). Clinical conditions that are unknown to patients become apparent during 

treatment. Showing these conditions to patients with an intraoral television camera 
makes it much easier for them to understand the situation. For the dental practitioners 

intraoral video is useful to document oral conditions before treatment. Also it helps in 

the dental technicians with color selection of dental restorations. Images can be sent to 

dental laboratories where the technician can assess the situation (Christensen, 2007). 

  
Treatment planning 

With the improvement of 3D dental diagnosis with CBCT it allows dental 
practitioners to make detailed preparations for the surgical treatments, such as 

placement of dental implants. Software is now available where surgical acts can be 
planned in detail using scans made by CBCT (Neugebauer et al., 2010). Transfer of 

the dental implant planning to the computer screen provides visualization capabilities 

of the anatomical case, accurate measurements, data processing for implant allocation 
and size selection, and documentation of the treatment itself (Galanis et al., 2007).  

The produced products are implant planning schemes for the operation and drill 

guides. Studies have showed that the use of pre-operative 3D-planning is a reliable 

technique for implant placement (Nickenig & Eitner, 2007; Ozan et al., 2009). It was 

found that there is a high agreement between the preoperative plan and the intra-

operative findings (Nickenig & Eitner, 2007). 

 
CAD/CAM 

Next to digital treatment planning sophisticated dental Computer Aided Design 

(CAD) and Computer Aided Manufacturing (CAM) technologies have been 



9 

 

developed to help design and produce customized dental restorations (Liu, 2005). 

CAD/CAM technology can be used in the making of crowns and bridges. In dentistry, 
ceramic materials with high fracture resistance are needed for dental restorations. The 

sophisticated processing of advanced ceramics that can be used for such dental 
restorations demands the application of CAD/CAM technologies. Applying 

CAD/CAM technology to the manufacturing of dental restorations is supposed to 

eliminate potential sources of error in the craftsmanship of the conventional procedure 

(Rudolph et al., 2005). Traditionally (Beuer et al., 2008), the teeth to be crowned are 

prepared by a dentist and a cast is made of them, this is sent to a dental laboratory 
where a dental technician fabricates the crown manually. With CAD/CAM 

technology, the cast can be scanned using a contact or optical scanner, producing a 

digital 3d-model. With the use of computers the digital model can be used in 
designing the crown and this can be produced by computer-directed machines to the 

exact specifications (Beuer et al., 2008). Rudolph et al. (2005) concluded that the 

achievable precision is influenced by the kind of digitalization that is used and the 

tooth shape. 

 
As can be noted from the overview of the literature above the use of digital 

technology in the dental practice is increasing. However, there is little to none 
literature found on the use of workflow management in the dentistry. Irwin et al. 

(2009) acknowledges the lack of research on dental workflow.  It could be reasoned 

that this lack is because of the recent emergence of this topic. In the studies described 
above most of the authors claim that the use of such technologies improves patient 

care, shortens treatment and healing times (Nickenig & Eitner, 2007), improves 
diagnosis and treatment planning (Galanis et al., 2007) and improves quality and 

reduces production times of dental restorations (Liu, 2005; Beuer et al., 2008). 

However, in none of the articles reviewed (empirical) data was provided that tells how 
much of an improvement there was with respect to the dental workflow. Thus, by how 

much time was the treatment time reduced, or how less of a time did the patient sit in 

the treatment chair, etc.  

4.1.2 Defining Workflow 
The Workflow Management Coalition (WfMC) published a glossary with all relevant 
terms which are related to workflow management. In this glossary the term workflow 

was defined as “the automation of a business process, in whole or part, during which 
documents, information or tasks are passed from one participant to another for 

action, according to a set a procedural rules” (WfMC, 1999). Furthermore, a 

workflow is comprised of cases, resources and triggers which relate to a particular 

process (Van der Aalst & Van Hee, 2004).  The process is a pattern of linked 

activities that is executed when receiving an outside trigger. A well described process 
with a clear beginning and ending of each case.  

 

Alter (2002) suggests the use of a so-called ‘work-centered analysis framework’ 
(WCA) for thinking about a specific work system that contains a certain business 

process (workflow). This framework is presented in the following figure.  
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Figure 7, Framework of Alter (2002) 

 

The framework consists of six linked elements: 

1. Internal or external customers of the business process. 

2. The products or (services) produced by the work system. 

3. The steps in the business process. 
4. The participants in the work system. 

5. The information the work system uses or creates. 

6. The technology the work system uses.  
This framework dissociates the structure of the business process (workflow) from 

other components of the work system. It shows which components surround a 

business process and how they relate towards it.  The digitalization of the dentistry 

can be fitted in to the technology component in this framework. Digitalization 

concerns the use of new technology in the business processes. This component treats 
technology as tools that either perform work directly or are used to help people 

perform work (Alter, 2002). This thesis will focus on this relation. 

4.1.3 Workflow analysis 
The evolution of workflow over the years has encompassed several different product 

areas, ranging from Image Processing to Project Support Software to embedding in 
other information systems, such as ERP and CRM (WfMC, 1995; Reijers & van der 

Aalst, 2005). In the beginning workflow systems represented a new approach to make 
office work more efficient (Kueng, 2000). Organizations such as banks and 

insurances were among the first to use workflow management. But because of the 

expanding range of functionalities workflow management concepts and technologies 
are nowadays also used in a wide range of organizations.  

 
Before applying workflow concepts in such organizations first must be established 

where and how workflow concepts and systems can be applied. An important task is 

the specification of the workflow process, providing a process description that can be 
interpreted by the software which in turn can support the corresponding process 

(Denhert & van der Aalst, 2004). Denhert & van der Aalst (2004) propose to make a 

distinction between process descriptions and workflow specifications. This is needed 

because of they have different purposes and are made by different people. A business 

process description is formulated by domain experts with the purpose to provide a 

basis for communication between people with different backgrounds, and providing a 

basis for agreeing which processes are to be supported by workflow management 
(Denhert & van der Aalst, 2004). Such process descriptions are used to help 

understand business process structures. Selected processes need to benefit from a 
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managed workflow. Processes which will benefit the most are those processes which 

are document intensive, include numerous hand-offs between participants and require 
high process integrity according to DiCaterino et al. (1997).  

 
Workflow systems are able to support business processes if they meet one or several 

of the following criteria: businesses process are clearly structured and defined, the 

processes are executed repeatedly and/or frequently, the process involves several 

organizational roles, the process requires checking and control mechanisms that are 

time-consuming if done manually, input and output of the business can be stored 
electronically (Kueng, 2000).  

 

Kobielus (1997) suggests the following criteria for identifying processes which might 
benefit from workflow management:  

• Speed: Processes which are considered to take too long to complete are often 

the first to receive attention. 

• Cost: Processes which generate e.g. high labor costs.  

• Accuracy: Problems with process integrity as well as problems related to 
accurate record keeping. 

• Quality: Quality of the end-product is inconsistent. 

• Customer Satisfaction: Complaints of the customers of the process. 

• Flexibility: Process maybe too rigid to be used effectively. 
 
Baresi et al. (1999) also proposes a set of basic criteria to determine if a business 

process is “workflowable”. These criteria can be seen in the figure below.  

 

 
Figure 8, process "workflowability" criteria (Baresi et al. , 1999) 

 

A workflow specification (workflow definition) is made by IT-experts. These 
specifications are used as an input for a workflow management system (WfMS), 

therefore a workflow specification must be unambiguous and should not contain any 

uncertainties (Denhert & van der Aalst, 2004). Where as a business process 

description is a set of desired process executions, a workflow specification determines 

how these executions are carried out. Because of this workflow specifications are 

much more formal and depicted in a certain modeling language. It can be assumed 

that workflow specifications usually are derived from business descriptions. However 
Denhert & van der Aalst (2004) state that there is no methodically well-founded 

process model that bridges the gap between business process and workflow modeling. 

Over the years various modeling approaches have be proposed in the literature to 
overcome this gap. Semi-formal modeling languages used for process description are 
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Petri nets (Van der Aalst & Van Hee, 2004), and Executable Use Cases (EUC) 

(Jorgensen & Bossen, 2004). Such semi-formal languages can be used to narrow the 
gap between informal ideas about processes and requirements, and the formalization 

of these. The knowledge of experts is used to provide understanding about the 
domain. Also to let eventual users and system developers communicate. 

4.1.4 Workflow modeling 
Once processes have been identified that might benefit from workflow management 
these have to be properly modeled. Modeling techniques such as Petri nets and EUC’s 

are viable choices to depict the processes. However, even using a formal modeling 
approach process models may become complex and contain errors. Process models 

should be intuitive and easy to comprehend (Mendling et al., 2010). Mendling et al. 

(2010) present a framework that provides a set of recommendations on how to build a 
process model from scratch and improve existing process models. This framework 

consists of seven process modeling guidelines, called 7PMG. The set of guidelines is 
thought to be helpful in guiding users towards improving the quality of their models, 

(1) to become comprehensible to various stakeholders and (2) to contain few 

syntactical errors. 7PMG contrasts from other framework because it is build on sound 
scientific insights that have emerged over the past years into the relationship between 

process modeling styles and model understanding and error-proneness. 7PMG 

synthesized these insights into clear, practically applicable and well defined 

guidelines.  The seven guidelines are: 

1. Use as few elements in the model as possible. The size of the model has 

undesirable effects on understandability and likelihood of errors. 

2. Minimize the routing paths per element. The higher the degree of an element 
in the process model, i.e. the number of input and output arcs together, the 

harder it becomes to understand the model.  

3. Use one start and one end event. The number of start and end events is 
positively connected with an increase in error probability.  

4. Model as structured as possible. A process model is structured if every split 

connector matches a respective join connector of the same type.  

5. Avoid OR routing elements. Models that have only AND and XOR connectors 

are less error-prone. 
6. Use verb-object activity labels. People consider the verb-object style (e.g. 

“Inform complainant") as significantly less ambiguous and more useful than 
action-noun labels (e.g. “Complaint analysis") or labels that follow neither of 

these styles (e.g. “Incident agenda"). 

7. Decompose the model if it has more than 50 elements. This guideline relates 

to (1) that is motivated by a positive correlation between size and errors. Large 

models should be split up into smaller models.  
It should be noted that the 7PMG does not relate to the content of a process model, 

but only to the way this content is organized and represented. The guidelines suggest 

ways of organizing such a structure of the process model while keeping its content 
intact.  

 

In order to model a workflow adequately relevant activities need to be identified and 

defined properly. Vanderfeesten et al. (2008) proposes a heuristic that offers guidance 
for the creation and evaluation of process designs. Their paper focuses the proper size 

of the individual activities (or tasks) in a process, the proper clustering into activities 

of operations on information elements. This design choice is known as the issue of 
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‘process granularity’. Vanderfeesten et al. (2008) indicate that badly chosen sizes of 

activities in a process may negatively affect its performance when being executed or 
enlarge the maintenance burden of the process model in case of updates. Small 

activities may increase the number of hand-offs between activities leading to an 
increase of errors. On the other hand large activities can become unworkable to be 

executed well by humans. Cohesion and coupling metrics are proposed. With these 

metrics it can be quantitatively expressed to what extent operations “belong” to each 

other within one activity, how cohesive such an activity is. Also it can be measured to 

what extent various activities are dependent on each other, how much they are 
coupled. Through various calculations the cohesiveness and coupling can be 

calculated. It was considered that high cohesion and loose coupling is a valuable 

design maxim in the workflow domain.  

4.1.5 Workflow redesign 
Reijers & Liman Mansar (2005) provide a list of best practices of business process 
redesign. In their paper they give an overview of heuristic rules that can support 

practitioners to develop a business process design that is an improvement of a current 

design. The best practices are derived from a wide literature survey and experiences 
of the authors. The authors oriented the practices around the components of the 

framework of Alter (figure 7), these are: 

• Customers, which focuses on improving contacts with customers. 

• Business process operation, which focus on how to implement the workflow. 

• Business process behavior, which focus on when the workflow is executed. 

• Organization, which considers both the structure of the organization (mostly 

the allocation of resources) and the resources involved (types and number). 

• Information, which describes best practices related to the information the 

business process uses, creates, may use or may create. 

• Technology, which describes best practices related to the technology the 
business process uses or may use. 

• External environment, which try to improve upon the collaboration and 

communication with the third parties.  

The best practices were described using a framework of four performance measures, 

the so-called devils quadrangle. Cost, time, flexibility and quality were the 

dimensions.   

 
Figure 9, devil's quadrangle (Reijers & Liman Mansar, 2005) 

 

A couple of best practices mentioned by Reijers & Liman Mansar (2005) concerning 

business process operation and the use of technology are: 
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• Task elimination: ‘eliminate unnecessary tasks from a business processes. The 
aims of this best practice are to increase the speed of processing and to reduce 

the cost of handling an order. A drawback may be that the quality of the service 

deteriorates. 

• Task composition: ‘combine small tasks into composite tasks and divide large 
tasks into workable smaller tasks’. Combining tasks should result in the 

reduction of setup times. By executing a large task which used to consist of 

several smaller ones, some positive effect may also be expected on the quality 

of the delivered work. On the other hand, making tasks too large may result in 

(a) smaller run-time flexibility and (b) lower quality as tasks become 
unworkable. Both effects are exactly countered by dividing tasks into smaller 

ones.  

• Task automation, ‘consider automating tasks’. A positive result of automating 
tasks may be that tasks can be executed faster, with less cost, and with a better 

result. A disadvantage could be that the development of a system that performs 

a task may be costly. A system performing a task is also less flexible in 

handling variations than a human resource. Instead of fully automating a task, 
an automated support of the resource executing the task may also be 

considered.  

• Integral technology: ‘try to elevate physical constraints in a business process 
by applying new technology’ In general, new technology can offer all kinds of 
positive effects. For example, the application of a WfMS may result in less 

time that is spend on logistical tasks. A Document Management System will 

open up the information available on orders to all participants, which may 
result in a better quality of service. New technology can also change the 

traditional way of doing business by giving participants completely new 

possibilities. The purchase, development, implementation, training and 

maintenance efforts related to technology are obviously costly. In addition, 

new technology may arouse fear with workers or may result in other subjective 
effects; this may decrease the quality of the business process.  

. 
Reijers & Liman Mansar use the devils quadrangle to describe the effect redesign 

practices can have on the workflow. Janssen-Vullers et al. (2007) continues with this 

framework and proposed for each dimension a set of measures, which have been 
operationalized as much as possible. These set of measures tries to quantify the 

dimensions (cost, time, flexibility and quality) and the impact of redesigns. 

• Time dimension: Time is described as both a source of competitive advantage 
and the fundamental measure of performance. In literature a set of 
performance measure of the dimension of time are derived, these include: 

service time, queue time, wait time, move time and setup time. 

• Cost dimension: This dimension it closely related to the performance of the 
other dimensions, e.g. longer lead times can result in a more costly process. 

Different types of performance cost measures that are found in literature 
related to workflow are: running costs, inventory costs, transport costs, 

administrative costs, and resource utilization. 

• Quality dimension: The quality dimension can be judged by external and 

internal quality. External quality is defined from the customer’s side, the 
receiver of the output of the process. This can be measured as client 

satisfaction, the degree to which the customer feels that the product is 
according to the specification or satisfied with the delivered product. The set 
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of measures related to quality are: Quality of the output and Quality of the 

process. Internal quality is defined from the worker’s perspective; it involves 
the conditions of working. Psychological and social factors are important. The 

resulting set of performance measures are: skill variety, task identity, task 
significance, autonomy, feedback and co-worker relations. For both the 

external and internal quality measures it should be noted that it is not possible 

to capture the measures in metrics. To provide a measure the aspects of quality 

are considered as proxies, e.g. the number of executed tasks and case types per 

resource.  

• Flexibility dimension: Flexibility is defined as “the ability to react to changes”. 

Flexibility can be identified for individual resources, individual tasks and for 

the workflow process as a whole. The set of flexibility performance measures 

that are proposed: mix flexibility, labor flexibility, routing flexibility, volume 
flexibility, process modification flexibility.     

4.1.6 Application workflow management medical setting 

In the academic literature it has been stated several times that workflow systems are 
not applicable for the healthcare domain (Mans et al., 2007). The workflow systems 

adequately support administrative and production workflows but are less adequate to 
support healthcare processes which have certain typical characteristics, such as 

dynamic processes.  With the emergence of new workflow systems that allow more 

flexibility (Mans et al., 2007), it is currently assumed that workflow management is to 
be a promising complement of current healthcare information development (Zhang et 

al., 2009). The last couple of years academic research has been conducted on how 

workflow management can be implemented in healthcare settings, to support mission 

critical processes and decision making. Studies such as Anyanwu et al. (2003), Song 

et al. (2006) and Lenz & Reichert (2007) demonstrate that this is possible. Also 

several organizations in medical areas such as, radiology (Zhang et al., 2009; Halsted 

& Frouhle, 2008), surgery (Jalote-Parma & Badke-Schaub, 2008), gynaecological 
oncology (Mans et al., 2007) have proceeded to implement workflow systems to 

support their processes.  

 
Compared to the tradition administrative workflows, the healthcare processes have 

several typical demands that traditional WfMS have trouble dealing with. Healthcare 

processes are very complex, they involve both clinical and administrative tasks, large 

volumes of data, and a large number of patients and personnel (Anyanwu et al., 

2003). The complexity of such processes can be because of a combination of different 
factors described in several articles:  

• Different types of workflows: during a healthcare process there are various 

types of workflows that are set in motion when treating a patient. Song et al. 

(2006) provides a list of such workflows: Administrative, Financial, Clinical 
operational, Clinical decisional, Clinical therapeutic and Laboratory. Lenz & 

Reichert (2007) comment on this by making a distinction between 

organisational processes and medical treatment processes.   

• Variety of cases: The patients that enter the healthcare processes can have a 
wide array of medical problems.  

• Variety of roles and resources needed in a process: healthcare processes 

require interdisciplinary cooperation and coordination. Several specialties can 

be involved in the treatment depending on the patient (Mans et al., 2007). 

Examples of roles in a healthcare processes can be: administrative personnel, 
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physicians with their own specialities, nurses. Furthermore, the same person 

can have different roles at different times; physicians can work at different 
sites in a hospital in different roles (Daman et al., 2000).    

• Dynamic nature of processes: healthcare processes are dynamic because of 
the evolving nature of medical knowledge. Therefore processes can change 

because of changes in healthcare treatments and protocols (Anyanwu et al., 
2003). When exceptions occur in a clinical setting the system needs to 

respond effectively (Panzarasa & Stefanelli, 2006).  

• Flexible processes: healthcare processes do not always follow a step by step, 

predefined treatment plan. For instance, physicians have to individually 
estimate patients’ condition and act accordingly (Lenz & Reichert, 2007). 

Also intermediary results or reactions to an offered treatment can be reasons 

to adapt the treatment process for a particular treatment (Mans et al., 2007).  

 

The factors of complexity presented above are by no means exhaustive. In the 
literature there is a large array of terms are used to describe the complexity of 

healthcare workflows. However in none of the articles reviewed for this literature 

study there are guidelines and/or boundaries provided to actually define when a 
workflow can be considered complex. No actual numbers (limits) are provided on the 

amount of roles, resources, cases or changes in a process over a period of time.  

4.2 Data collection  
In chapter 2 it is suggested that in order to collect data on quantitative measures for 

the need of redesign a method of data collection is needed. First, in this paragraph a 
software tool to gather and process data quick and efficiently is presented. This will 

serve as a basis for this research. However, this software tool presented needs to be 

adapted to fit the object of this thesis. To develop a prototype of this tool that fits the 

purpose requirements elicitation is done to gather the appropriate specifications. This 

will be described in 4.2.2. The paragraph closes with concepts of how to develop 
prototypes.  

4.2.1 Data collection method 

While going through the literature, the data collection method of Pavlovic & 
Miklavcic (2007) was found. They present a web-based electronic data collection 

(EDC) system for the gathering of treatment parameters of a clinical trial for the use 
of a new medical device (the Cliniporator). The system consists of a client side and a 

server side. On the client side there is the functionality of sending different forms of 

data, such as web-forms (form like web pages) and images. The data is submitted via 
the internet and is then received by a central database on the server side.  

 
Figure 10, Schema of the EDC by Pavlovic & Miklavcic (2007) 
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The authors of this article chose this web-based collection method because they 
wanted to efficiently collect data from users from medical centers across Europe and 

eliminate the use of paper forms. Furthermore, storing the data electronically offered a 
better overview of trail data and easier follow up of the process on the project, and to 

serve as a source for comprehensive analysis of collected data and results during and 

also after the end of the project’ (2007, p. 223). It was decided to build a custom ECD 

system. Pavlovic & Miklavcic (2007) had several reasons to develop their own EDC 

system: commercially available are only acceptable on large-scale trials, the trial 
process can be modified and thus the EDC system should also be flexible to support 

such modifications.  

 
Lopez-Carrero et al. (2005) provides an overview of the advantages of using 

electronic data collection via internet:  

• Data are available in real time and from several locations, making it easier to 

control the study at all levels. 

• Data entry need not be duplicated, thereby enhancing data quality by 

eliminating intermediates between original data collection and the data that is 

finally used for the purposes of statistical analysis. 

• Immediate correction of many of the mistakes that are made when entering 
data, thanks to the internal validation rules.  

• Decreased time lag between when the data is collected and when it is validated 
by statistical analysis, so that outcomes are reached sooner. 

• Reduction of the physical space needed to file study documentation (Case 
Report Forms versus CD). 

• Study-related information, as well as training tools to qualify the investigators 
can be distributed more easily. 

• The study coordinators become more pro-active, making communication with 

investigators more efficient.  
Also Lopez-Carrero et al. (2005) give possible disadvantages that can interfere with 

the data collection:  

• The technology that is needed is available (although minimal, it must 

nonetheless be available). 

• Research site infrastructure is inadequate for high-speed data transmission. 

• The motivation and attitude of investigation teams towards new technologies. 
In this case it can be used to determine if collecting data on dental workflows in this 

manner is acceptable. The data gathered can be used to provide insights in the dental 
workflow. Also prototyping helps in eliciting requirements for further developing 

such a system (Kotonya & Sommerville, 1998). Web-forms can be used to depict and 

model dental workflows /use-cases, and allow users to submit quantitative data on 

them. Furthermore, if users of the prototype are observed while using the system, 

qualitative information can be also acquired. Such ethnographic observations can also 
be used in gaining insight in the dental workflows and the elicitation of requirements 

(Kotonya & Sommerville, 1998).  

4.2.2 Requirements Engineering 
In the previous paragraph a software tool was suggested to collect data. To develop 

such a tool that has the right functionality requirements engineering can be used to 
acquire specifications. Most software development projects start the uncovering and 

documenting a system’s requirements. Requirements are descriptions of how a system 
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should behave, application domain information, constraints on the systems’ operation, 

or specifications of a system property of attribute. This process is called requirements 
engineering. Requirements engineering is a structured set of activities which are 

followed to derive, validate and maintain a systems requirements document (Kotonya 
& Sommerville, 1998). Activities included in this process are requirements elicitation, 

requirements analysis and negotiation and requirements validation (Kotonya & 

Sommerville, 1998). The product of this requirements engineering process is a 

requirements document, which is a statement of the system requirements for 

customers, end-users and software developers. The document describes: 
1. The services and functions which the system should provide. 

2. The constraints under which the system must operate. 

3. Overall properties of the system, i.e. constraints on the systems’ emergent 
properties. 

4. Definitions of the other systems which the system must integrate with 

5. Information about the application domain of the system, e.g. how to carry out 

particular types of computation.  

Guidelines for writing this document can are provided in the IEEE standard document 
(1993). It describes the content and qualities of good software requirements 

specifications. The ‘Volere Requirements Specifications Template’ (2004) is a wide 
known guide for structuring the document, which can help in discovering, organizing 

and communicating requirements. 

 
The entire process of requirements engineering has several inputs and outputs. These 

are described in the following table.  
 
Input / Output Type Description 

Existing system 

information 

Input Information about the functionality of systems to be replaced 

Stakeholders needs Input Descriptions of what system stakeholders need from the system to 

support their work 

Organizational 

standards 

Input Standards used in an organization regarding system development 

practice, quality management, etc. 

Regulations Input External regulations such as health and safety regulations which 

apply to the system. 

Domain information Input  General information about the application domain of the system 

Agreed requirements Output Description of the system requirements which is  understandable by 

stakeholders and which has been agreed by them 

System specification Output A more detailed specification of the system functionality which may 

be produced in some cases 

System models Output Set of models which described the system from different 

perspectives. 
Table 1, Inputs/ Outputs of the requirements engineering process (Kotonya & Sommerville, 1998) 

 

As previously stated, Kotonya & Sommerville (1998) divide the entire process in four 

activities which are carried out in sequence:  

1. Requirements elicitation: the system requirements are discovered through 

consultation with stakeholders, from system documents, domain knowledge 
and market studies 

2. Requirements analysis and negotiation: the requirements are analyzed in 
detail and different stakeholders negotiate to decide on which requirements 

are to be accepted. 

3. Requirements documentation: the agreed requirements are documented at an 

appropriate level of detail. 
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4. Requirements validation: careful check of the requirements for consistency 

and completeness. 
 

These activities are repeated until a point is reached where the requirements document 

is accepted.  The sequence in which these activities follow each can be described as a 

spiral model, as presented in the following figure defined by Boehm (1986).  

 
Figure 11, Spiral model (B oehm, 1986) 

 
After the final requirements document is accepted the process can proceed to the 

development of the software system. Hereafter, further changes in the system’s 

requirements are then part of the requirements management process (Kotonya & 

Sommerville, 1998).  

 
The requirements management is the process of managing changes to the system 

requirements. The main activities in this process are (Kotonya & Sommerville, 1998): 

• Change control: concerned with establishing and executing a formal 

procedure for collecting, verifying and assessing changes. 
• Change impact assessment: concerned with assessing how proposed changes 

affect the system as whole.   

 
Once the requirements and specification of a system are documented and all the needs 

of the stakeholders are met the process can move on to the actual development and 

building of the system.  

 

The first phase of requirements engineering is requirements elicitation. There are a 
wide range of elicitation techniques available. Some techniques are more effective in 

the elicitation of requirements than others, this mostly depending on the context in 
which the technique is used. Time, resources and the kind of information that needs to 

be elicited determine the choice of technique (Nuseibeh & Easterbrook, 2000). 

Nuseibeh and Easterbrook (2000) identified six classes of elicitation techniques for 
the requirements of systems:  

1. Traditional techniques: include generic data gathering techniques, like 
questionnaires, surveys, interviews, and analysis of existing documentation; 

2. Group techniques: include brainstorming and focus group and aim to foster 

stakeholder agreement, while exploiting team dynamics to elicit a richer 
understanding of needs. 

3. Prototyping: used when there is uncertainty about the requirements, or when 

early feedback is needed (Davis, 1992). 
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4. Model-driven techniques: provide a specific model of the type of information 

to be gathered, and use this model to drive the elicitation process.  
5. Cognitive techniques: “Such techniques include protocol analysis (in which an 

expert thinks aloud while performing a task, to provide the observer with 
insights into the cognitive processes used to perform the task), laddering 

(using probes to elicit structure and content of stakeholder knowledge), card 

sorting (asking stakeholders to sort cards in groups, each of which has name of 

some domain entity), repertory grids (constructing an attribute matrix for 

entities, by asking stakeholders for attributes applicable to entities and values 
for cells in each entity)” (Nuseibeh & Easterbrook, 2000). 

6. Contextual techniques: include the use of ethnographic techniques, 

ethnomethodogy and conversation analysis, which aim at identifying patterns 
in conversation and interaction. For contextual approaches, the observer must 

be part of the context in order to experience how participants create their own 

social structures, since it is presumed that this context is vital for 

understanding social and organizational behavior (Nuseibeh & Easterbrook, 

2000). 
  

Tsumaki & Tamai (2006) propose a framework for matching elicitation techniques to 
project characteristics in order to choose the appropriate technique that fits the 

selected project. They considered two dimensions to characterize the differences 

between elicitation techniques. The first dimension concerns the elicitation operation 
type, which is divided in two categories:  

• Static: Requirements are collected and sorted in a structured and systematic 
way.   

• Dynamic: Requirements are elicited in an imaginative and unmethodical way. 

 

The second dimension is concerned with the properties of the target space to be 
analyzed, which is also divided in two categories:   

• Closed types: The object space is relatively stable, known, and closed. It can 

be understood by focusing mainly on forms or syntax, because the space is 

basically structured and bounded by various kinds of syntactic forms.  

• Open types: The object space is relatively unstable, unknown, changing, and 

open. Meanings have to be thoroughly considered to explore the space.  

 

 
Figure 12, RE technology map Tsumaki & Tamai (2006) 
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Various elicitation techniques can be mapped along these dimensions. In the figure 
above a diagram is presented where a wide range of techniques are mapped by 

Tsumaki & Tamai (2006), their so-called RE technology map.  
 

Furthermore, Tsumaki & Tamai (2006) provide several other project characteristics to 

choose the appropriate technique and position it in their technology map:  

• Application domain: the domain of a project can range between stable and 

unstable. The more stable the domain the more closed techniques will be 
applicable. 

• Requirements engineer types: thought process of engineers can be between 

logical and imaginative. The more logical the thought process the more static 

the techniques used will be, the more imaginative the more dynamic.     

• Information resources: resources can range between scarce and abundant. The 

more scarce these resources more open techniques can be applicable. 

• User involvement: is closely related to Information resources. The more user 

involvement the more open techniques can applicable.  

• Requirements properties: the quality of the requirements that are needed can 
be assessed by several criteria each of them corresponding with a quadrant in 

the diagram, completeness, behavioral consistency, logical consistency and 

modifiability.   

4.2.3 Prototyping 
A prototype is an initial version of a system which is available early in the 
development process. Prototyping in the software industry is more often used to help 

elicit and validate the systems requirements (Kotonya & Sommerville, 1998). 

Prototypes should be developed quickly in order for them to be used during the 
development process. They can be used when there is uncertainty about the 

requirements, or when early feedback is needed (Davis, 1992). Functionality may be 

left out, normal mechanisms of management and quality assurance may be ignored. 

Different technologies can be used to develop prototypes than are used for the final 

system. Approaches in prototyping can be “throw-away” and evolutionary 

prototyping (Kotonya & Sommerville, 1998). Throw-away prototyping is intended to 

help acquire and develop the system requirements. Evolutionary prototyping is 
intended to deliver a workable system quickly to the customer.  

 

The main benefit of developing a prototype is that it allows customers and users of the 
systems to experiment with the software. They can get an understanding of how the 

system can be used (Kotonya & Sommerville, 1998). Furthermore, prototyping 
enhances understanding of the problem and identify appropriate and feasible external 

behaviors for possible solutions (Hsia et al., 1993). Prototyping can reduce risks by an 

early focus on feasibility analysis, identification of real requirements, and elimination 
of unnecessary requirements. 

 
In the following figure a role action diagram is presented for the development process 

of a prototype. In this diagram the actors are shown who are associated with the 

different process activities.  
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Figure 13, Role-action diagram for software prototyping (Kotonya & Sommerville, 1998) 

 
 

Feature Driven Development 

The Feature Driven Development method (FDD) is an agile and adaptive approach for 

developing systems (Abrahamsson et al., 2002). Palmer & Felsing (2002) suggest that 

FDD is suitable for developing critical systems. Palmer & Felsing claim that the 
specific blend of these practices makes the FDD processes unique for each case. 

According to Palmer & Felsing FDD can be applied to new projects starting out, 

projects enhancing an upgrading code, and projects tasked with the creation of a 
second version of an existing application.  

 

The activities in FDD consist of a set of “best practices”. The best practices 

mentioned by Palmer & Felsing are: Domain Object modeling, Developing by 

Feature, Individual Class Ownership, Feature Teams, Inspection, Regular Builds, 
Configuration Management, Progress Reporting. The team executing the project must 

put all of these practices into use to comply with the FDD development rules. They 
describe five sequential processes that make up FDD, displayed in the following 

figure.  

 
Figure 14, Process of FDD (Palmer & Felsing, 2002) 

4.3 Literature synthesis 
As mentioned the purpose of this chapter is to provide some background knowledge 
on the topics mentioned and present concepts that potentially could be used during the 

research. First, academic articles were sought that made an overlap between the areas 

of workflow and dentistry. As previously stated, the result was that there were a very 
small number of recent academic articles published describing the need for the use of 

workflow management within dentistry (Schleyer et al., 2006, Farman et al., 2008 
Irwin et al., 2009). All of these articles only describe dental workflows in very 

abstract terms and the potential advantages of using digital technology and workflow 

management. On how to actually apply workflow management in dentistry little to 

none literature was found. It can be considered that this gap in the literature is because 

of the recent emergence of this topic together with the increase of available new 
digital dental technology. A short overview of these new technologies (intraoral 

video, treatment planning and CAD/CAM) mentioned in the literature was provided 

for completeness. 
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Secondly, a selection of workflow management concepts is described. Since the areas 
of dentistry and workflow currently do not have much of an overlap in the literature 

only some basic concepts of workflow management are covered. These workflow 
concepts concern modeling, analysis and redesign that can be applied to the dentistry. 

Furthermore, examples are given of how workflow management has been used in a 

healthcare or medical setting (Zhang et al., 2009, Jalote-Parma & Badke-Schaub, 

2008). These can provide as a source for inspiration of how workflow management 

can be applied in the dentistry. 
 

Lastly, it was sought to find a method to collect quantitative measures on workflows 

for potential redesign. What was found is a tool developed by Pavlovic & Miklavcic 
(2007). They present an instrument which is used to collect data in a medical setting. 

In order to develop such a tool that fits the proper situation several concepts of 

software development and building prototypes are described. 

 

Of the literature and concepts presented in this chapter not all can be explicitly used 
during this research. The data collection tool of Pavlovic & Miklavcic (2007) shall be 

used as basis to collect quantitative and qualitative data on dental workflows. The 
concepts of workflow management will be used to analyze the data and provide an 

answer on the proposed research questions.  

 
The modeling of dental workflows can help in uncovering requirements. Stacinni et 

al. (2001) describe a method of modeling a healthcare process to elicit requirements 
for an information system design. They used a methodology that consists of two steps: 

the first step was to extract and structure the description of the activities, the second 

step was the translation of this description into data types and attributes. Also in the 
theoretical chapter the RE technology map of Tsumaki & Tamai (2006) was 

presented. Considering their proposed project characteristics it could be reasoned that 

prototyping is a proper option to be applied in this research. The application domain 

in this case is the digital dentistry, no other experiences in developing similar systems 

in this domain where found in the literature. The domain can thus be perceived as an 

open, unknown space As well, information sources on this topic are not abundant as 

also stated in the theoretical background. Especially information on workflow 
management in the digital dentistry is very implicit, the needed information can be 

gathered from dental practitioners. Thus actual dental practitioners should be 

approached during this project to acquire this; therefore there is much user 
involvement. Lastly, bearing in mind the unique combination between dentistry and 

workflow management it is perceived that there should an imaginative project 

disposition. The description of these project characteristics would point to the 

dynamic-open quadrant of the RE technology map. Tsumaki & Tamai (2006) state 

that this quadrant prescribes techniques that can produce a wide variety of 
requirements from different perspectives, including prospective future requirements. 

Both prototyping and ethnography fall in this quadrant. 
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5. Research methodology 
In order to achieve the previous stated research objectives, a method for doing 

research and for collecting the necessary data will be presented in this section. This 
master thesis is designed along the principles of Business Problem Solving described 

by Van Aken et al. (2007). The project can be defined as a theory-based project, since 

this project will contribute to the existing literature by linking workflow management 
with the dentistry. First the project approach for this research will be presented. This 

approach will then be further explained. Hereafter the method will be further 

elaborated on. The data collection is explained and also the participants that are 

targeted by this thesis.    

5.1 Project approach 
After having provided a project objective and definition a conceptual project design 

can be proposed. In the conceptual project design the following elements are 

addressed (Van Aken et al., 2007): (1) the subject of analysis, (2) theoretical 
perspectives applied in the analysis, (3) deliverables of the project.  

 

The first element is the subject of analysis; this is the phenomenon that is examined. 

In this thesis the subject of analysis is the digitalization of dental workflows. The 

second element is the set of theoretical perspectives that are required to study the 
problem. As described in the previous chapters, the main theoretical fields required to 

analyze the dental workflow and gather quantitative data about it are workflow 
management, business process redesign, dentistry and theories on data collection & 

analysis. Workflow management as for the identification of useful concepts, Business 

Process Redesign for the impact of digitalization on the dental workflow, dentistry for 

the knowledge of dental treatments and processes, and theories of data collection & 

analysis for the collection and presentation of the proper data. The last element of the 
conceptual design refers to the deliverables of the project. At the end of this thesis 

there should be an insight of how workflow management concepts can contribute and 

be applied in the dentistry. Below the conceptual project design for the thesis is 
depicted. The theoretical perspectives (left) and the subject of analysis (right) are 

confronted to come to the eventual results (bottom).  

 

 
Figure 15, Conceptual project design 

 

From this conceptual project design an actual project approach can be derived. In 
figure 16 an overall project overview is given. The approach starts with defining a 

method to conduct the research. This method includes the process, the scenario, 
measure and participants that will be of interest. In the remainder of this chapter these 

will be further explained. Hereafter a collection tool will be build; this is presented in 

chapter 6. The following step will be the data gathering on the defined process and 

scenario. This is done in both a quantitative and qualitative manner. After analyzing 
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the data the overall results are presented in chapter 7. In chapter 8, the results and 

presented literature provide a design of how workflow management can contribute 
and be applied to dentistry.  

 

 
Figure 16, Overall project approach 

5.2 Method 
Here the method of data collection will be described to collect the necessary data on 
the dental workflows. This is a relevant part of the research as this method has been 

set up in the context of this research. First a description of the process (dental 

treatment) is given, followed by the specific scenario, the chosen measure, 
participants and finally the data collection method.  

5.2.1 Process: Implant workflow 
Because of the time constraints of the project it was decided only to focus on one 

workflow only, the implant workflow. As described in the business context 

Straumann is a major player in the restorative dental industry, in particular in the area 
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of implantation. Implantology plays a large role in the business of Straumann. Also 

the technologies described in the Digital Solutions paragraph can be used during the 
implant treatments. Therefore is it proposed that an implant workflow is chosen as the 

process (treatment) of interest.  
 

An implant treatment concerns the placement of one or more dental implants in a 

patients jaw bone. A dental implant is an artificial tooth root used to support dental 

restorations that resemble a tooth or a group of teeth. Furthermore, implants can be 

used to support several dental prostheses, such as crowns, implant supported bridges 
and dentures. The implants appear similar to an actual tooth root and are placed 

within the bone. A typical implant consists of a titanium screw. Implant surgery may 

be performed as an outpatient under general anesthesia, oral conscious sedation, 
nitrous oxide sedation, intravenous sedation or under local anesthesia by trained and 

certified clinicians including general dentists, oral surgeons, prosthodontists, and 

periodontists. 

 

 
Figure 17, Implants and restorations 

 

5.2.2 Scenario: two implants with a three unit bridge 
There is a wide range of implant treatments, depending on the type of patient. One on 

the most common implant treatments is a two implant placement supporting a three 

unit bridge (left figure above). This particular treatment is chosen to be our scenario 

for the data collection.  

 

This treatment starts with a patient entering the dental practice with pain in the jaw 

region, an extraction of one or more teeth are needed. This is followed by a 
consultation by the dental practitioner where it is determined that an implant treatment 

is needed. An impression of the teeth is taken of the current situation of the patient. 

This impression is then sent to the dental laboratory where a dental technician 
produces a situation model. With the use of this model provisional implants are 

produced. These are implants that stay in the jawbone of the patient for the duration of 

the healing after the surgery. These are sent back to the dental practice. The dental 

surgeon is preparing for the surgical procedure where the implants are placed. At this 

point, the situation analysis, he or she is examining the dental x-rays and impressions 
to determine the correct positioning of the implants. This is considered an important 

step in the workflow, whereas incorrect placement of the implants could result into 
serious complications, such as nerve damage. Once the preparations have been made, 

the actual implantation can be done. During the procedure the patient receives either 

local anesthesia or can be put under sedation, depending of the patient. Two holes are 

drilled in the jaw bone by the surgeon and the procedure is finalized by inserting the 

provisional implants. The gums are stitched up and the patient is ready to return 
home.  
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After a healing time of between three to six months the patient returns for a follow up 

consultation. The surgeon exposes the implant to determine the health of the implant 
and the tissue surrounding it. Once these are found to be healthy the process 

continuous to the phase of placing the final restoration. Another impression of the 
teeth is made, this time with the placement implant exposed. During the taking of the 

impression an x-ray can be made to determine that the impression covers the teeth 

correctly. This impression is also sent to the dental laboratory, where a working 

model is made from it. This model is used by the dental technician to custom fabricate 

a bridge that fits over the implants and between the adjacent teeth. The right color is 
chosen for the units to match the original teeth of the patient.  

 

Back at the dental practice an abutment is placed on the implant screw. The abutment 
eventually will support the bridge once inserted. At the laboratory a framework is 

produced that is going to be the final restoration. Also, in the veneering step the 

restoration is given the earlier chosen color shades. A biscuit framework is then sent 

to the practice for the patient to be tried on, to check if the restoration actually fits. 

Hereafter, the framework is send back to the laboratory where the final adjustments 
and changes to the restoration are made by the dental technician. 

 
The final restoration is sent back to the dental practice for the last time, where it is 

placed in the patient. Finally, an x-ray is taken of the restoration to ensure that 

everything is placed properly.  
  

As can be seen the proposed dental workflow covers an entire dental value chain. It 
concerns the entire implant treatment from start to finish. In this case it contains two 

actors, the dental practitioner/surgeon and the dental laboratory. The process is patient 

centered. There are several entities that go through the workflow, namely the patient 
and the several dental products. Along this process description and with materials 

supplied by Straumann a preliminary process model is formed. This model is depicted 

in the following figure and appendix V. 

 
Figure 18, process model implant workflow 
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5.2.3 Measure 
As described above it is the intention to gather quantitative data. In the literature 
overview several statements were made of the impact of digital technologies on the 

dental workflow (e.g. Nickenig & Eitner, 2007; Liu, 2005; Beuer et al., 2008). None 
of these go beyond the claim that it improves the quality of restorations, increases 

patient care and decrease treatment/production times with support of gathered data. 

Quality of restoration and patient care are beyond the scope of this thesis. However, 

the change in treatment/production times can be a good starting point in measuring 

the impact of new technology. Performance of workflows can generally be measured 
by completion times of cases (Van der Aalst & Van Hee, 2004). Since we are 

interested in the change digitalization brings to dental workflows, we want to focus on 

where in the dental workflow digitalization has an impact. Therefore it is proposed to 
gather data on the time a dental practitioner takes to complete individual workflow 

steps considering the use of new digital technologies.  

5.2.4 Participants 

The initial data collection in this project involves the collection of quantitative data 

from the previous described workflow. The relevant population that will be addressed 
for the data collection in this project are highly skilled and experienced dental 

practitioners, dental surgeons and laboratory technicians. These people are chosen 

because they have a vast knowledge of the dental workflows, currently using the new 

technology and are able to envision the impact of the increasing digitalization of the 

dentistry.  

5.2.5 Data collection method 

In the figure below an abstract conceptual structure is shown of how Straumann at the 
moment is planning to collect and process data on dental workflows. As can be seen it 

is proposed that data is collected in two ways. First, collecting can be done in a 

traditional manner by using questionnaires and surveys, and can for instance be 

performed over the internet. Secondly, data can be collected by the use of event logs 

that are automatically retained by dental software tools and applications produced by 
Straumann. The data gathered is then stored in a provisional database, where it then is 

analyzed by a dental expert who determines the usability of the data. The remaining 

usable data is stored in the second database. From here the data can be made available 
through the internet to clients and summarizations can be presented for use to other 

purposes.  

 
Figure 19, Workflow data collection and storage 

 
For this thesis the focus will be more on the top part of this conceptual structure, thus 

the collection of workflow data through the use questionnaires/surveys, and the 
presentation of the collected data.  
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Considering conceptual structure for data collection that Straumann is proposing, 
building a own tool similar as the one that was presented in the previous chapter by 

Pavlovic & Miklavcic (2007) could be good starting point for the collection of data on 
dental workflows. Also considering that our participants can be geographically spread 

it can be reasoned that a web-based tool can be handy. Furthermore, it would be 

overkill to acquire a commercial EDC just for this project.  

 

Therefore it is proposed to develop an own prototype web-based EDC system and 
customize it especially for dental workflows. As described earlier in chapter 4, the 

benefit of developing a prototype is that it allows users of the systems to experiment 

with the software. They can get an understanding of how the system can be used 
(Kotonya & Sommerville, 1998).  

 

Thus, the development of an EDC tool shall precede the actual data collection. With 

the help of this tool both quantitative and qualitative data is collected on the modeled 

workflow. The development of this tool is described in the following chapter. 
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6. Development EDC tool 
 

In this chapter the development and building of the proposed prototype electronic data 
collection (EDC) system is described. The development procedure is done according 

to the development process presented in chapter 2 and depicted below.   

 
Figure 20, Role-action diagram for software prototyping (Kotonya & Sommerville, 1998) 

6.1 Development data collection tool 

6.1.1 Understand the problem 

As described in chapter 3 the goal of this project is to get an idea of how digitalization 
of the dental value chain affects the dental workflow. To answer this question data on 

dental workflows must be collected. In the previous chapter it is proposed to develop 

a prototype EDC system to collect data and to see if such method can be useful in 

research of dental workflows. In literature EDC systems described were used in a 

healthcare setting (Pavlovic & Miklavcic, 2007; Lopez-Carrero et al., 2005). As an 
EDC system in the dental setting is not found in the literature a prototype would bring 

some insight in what is needed to collect data on dental workflows and also provide 

some insight in how workflow management can be applied to dentistry. The goal of 
the system is to collect data, in particular treatment times, of workflows steps.  

 

The different stakeholders involved in this project are: 

• Company supervisor of Straumann, Head of Digital Dentistry 

• University supervisor 

• Domain experts, dental practitioners with knowledge on dental workflows 

• Users/ participants, dental practitioners who supply the data. 

6.1.2 Establish outline requirements 

The outline requirements for the EDC system were set together with the Straumann 

company supervisor in several different meetings and contact moments. The scope of 
the system was set to one dental workflow (implant workflow) and one particular 

scenario (two implants with a three unit bridge) as described in the previous chapter. 

 

The outline requirements for the prototype EDC system: 

1. The system shall record the data provided by the dental practitioners. 

• The data provided by the participants must be stored so afterwards 

they can be retrieved for analysis and presentation. 
2. The system shall record data of two instances, one on the dental workflow 

without the use of digital technologies and one with the use of digital 

technologies. 

• By recording two instances the difference between them can be 

measured.  
3. The system shall record data on individual dental workflow steps. 
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• Data on individual workflows steps can highlight where in the 

workflow differences occur. 
4. The system shall provide a basic time savings output. 

• The difference between the two instances for a data entry shall be 
shown to the participant 

5. The system shall record basic information of the participants. 

• With the information the participants can be contacted back after the 

project for feedback and possible continuation research. 

6. The system shall be available over the internet 
• By making the system available over the internet, participants can 

submit their data whenever, and wherever they want. 

 
Along these outline requirements the EDC system can be set up. 

6.1.3 Select prototyping system and Develop prototype 
The system will be build with in mind the system described by Pavlovic & Miklavcic 

(2007).  From the stated outline requirements it can be deduced that the system needs 

two main components: a component where the data is stored and a component where 
the data is submitted by the participant. Pavlovic & Miklavcic call this the server side 

and the client side. Furthermore, it was asked that the system was to be accessible 

over the web.  

 

The main starting point of the development of the EDC system was an excel 

spreadsheet provided by Straumann. This spreadsheet contained the description of 

several dental workflows (inlay, bridge, root treatment and implant). The steps of 
each of the workflows were panned out, including estimate times for each step and 

actors involved (in this case the dentist and dental laboratory). Also cost savings could 

be calculated. As previously stated the focus will be on the implant workflow. With 
the help of this spreadsheet the implant workflow was modeled and also the to-be 

recorded data was determined. 

 

The implant workflow was first modeled along the description given in the 

spreadsheet. During the project this was refined with the help of several domain 
experts of Straumann. During a work visit at the headquarters of Straumann in Basel, 

Switzerland, several employees were consulted on this workflow. Also the choice was 
made on the particular scenario that was to be researched, two implant with a three 

unit bridge. The employees who helped were the ‘Head of Dental Laboratory 

Solutions’ and a ‘Product Manager of Dental Laboratory Solutions’. After 

deliberation the previously depicted process model of the implant workflow was 

considered proper and only a few minor corrections were made (appendix V): 

• The place “Abutment choice and fit” and the following “Provisional” was 

swapped.  

• The place “Abutment choice and fit” was renamed “Abutment placement”. 

• The place “Abutment” after transition t24 was removed.  

• Places “Insertion final restoration” and “X-ray evaluation final situation” 
were swapped.  

6.1.3.1 Server side 

From the spreadsheet and outline requirements there were several data objects 

identified that were considered relevant for collecting. The relevant data concerning 
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the dental workflow were the treatment times and also the number of times the dental 

practitioner performed the implant treatment. Treatment times were divided in 
‘typical’, ‘actual’ and ‘new with’ times. ‘Typical’ treatments times were estimates of 

how long a certain step will take. These were provided by Straumann employees and 
the estimates were set according to their experiences. The ‘actual’ treatment times are 

the time it takes for a dental practitioner to perform the individual workflows steps, 

not considering the use of digital technology. The ‘new with’ times are the treatment 

times it takes the dental practitioner to perform the workflows steps considering the 

use of digital technology. The data on the participant included basic information on 
their occupation and contact information. With these an UML diagram can be made 

and demonstrate how the data entities related to one and other. The user provides data 

on a dental workflow. In this project it is the implant workflow, in its turn the implant 
data is collected in the three previously described categories.  

 

 
Figure 21, UML diagram EDC system 

 

From this UML data diagram the actual database can be build. The attributes of the 
different data entities were determined as well as their data types. Also it was decided 

next to the workflow treatment times participants were asked to answer two open 
questions and two yes/no questions, these answers were modeled to be integrated in 

the database. In appendix VI the database diagram is shown.  

 

The database was first built with Microsoft Access to get an impression of the 

workings of the database.  However, after consideration the Access database was 
substituted for a MySQL database. This was done because it was quite impractical to 

make an Access database accessible over the internet. Furthermore, if this was 

accomplished the database would have several technical limitations, e.g. more prone 
to crashing and a limit for multiple users accessing the system. Thus, the central 

database is a relational database build in MySQL and running on a database server 

provided by the university. As can be seen in appendix VI, the actual database 

consists of five tables: One table to store participant’s information, two tables to store 

data on the dental workflows, and two tables dedicated to store necessary information 

on the workflows. With this structure it is possible to link which participant provided 

which data entry. Therefore at the end of the project the participants can be provided 
with a personal feedback on the project. 

6.1.3.2 Client side 

The client side of the EDC system is where participant interacts with the system and 

can submit their data. Once the database was setup, the web-application for data 
collection can be build. This application controls the users, interface, and interacts 
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with the database. It is a set of several PHP coded pages which are running on a web-

server also provided by the university. The application processes user information, 
queries the database, displays the web-form, controlling the data entries and storing 

the submitted data. The application is accessible through any web-browser. It must be 
noted that this application was build with the help of two friendly experienced 

programmers. They helped by providing the core code of the application, thus the 

basic form structure, interface and connection to the database server, adjustments 

were performed by the student self. During the project there were several versions of 

the web-forms. 
 

In the following figure the diagram of the structure of the web-application is shown. It 

can be seen that there are several more workflow forms depicted than previously 
described. This is because at the beginning of the project there were several dental 

workflows in focus, but as previously stated the implant workflow will be the main 

focal point of the project.  

 
Figure 22, Diagram web application 

 
The application offers the functionalities of registering the participants and web-forms 

for data entry. After registration participants can log in to the website and access the 

web-forms. The web-forms are form like web pages, where the participant can submit 

his or her data. On the web-form the implant workflow is modeled, structure is 

basically the same as the implant process model presented in appendix V. The 
workflow presents the implant treatment process described in chapter 5. In the figure 

below the top half of the data collection form is presented as could be viewed by the 
participants.  

 
Figure 23, Top half implant web-form 
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On the top of the form an explanation is given about the research project objective 

and instructions to fill out the form. The chosen scenario is stated. The form consists 
of three main columns. On the left side the implant workflow is depicted downwards. 

In the following two columns the two actors in this workflow are shown, 
dentist/surgeon and the dental laboratory. The columns of each of the two actors are 

split up in the three different treatment times. As previously described these are 

‘typical’, ‘actual situation’ and ‘new with’ times. The values shown in the ‘typical’ 

are estimates provided by Straumann, these are retrieved from the database. These are 

shown to give the participant an idea of realistic treatment times. In the columns 
‘actual situation’ and ‘new with’ the participant can enter values for these treatment 

times.  

 
At the end of the implant workflow web-form there are two open questions proposed 

to the participant. These questions concern the depicted implant workflow:  

• Please explain the values you have entered in the 'New with' column. Thus, in 

what manner do the use of new applications/ products change the treatment 
times of different workflow steps. 

• Also please comment on the proposed workflow steps and their corresponding 

treatment times ('Typical'). Do they correspond with, or deviate from your 

everyday treatments?  
 

 
Figure 24, Bottom half implant web-form 

 
Lastly the web-form concludes with the options the participant can tick if they are 

interested in feedback and/or possible future research. By clicking on save the data is 

submitted and automatically stored in the database.  
 

The web-application contains an automatic data validation of the workflow entries. 

This entry check warns the participant if he or she mistypes or meaningless data, such 

as entering a letter instead of an integer. Also this entry check gives a notification if 

the form is filled incompletely.  
 

At the bottom of the web-form two tables with potential cost and time savings is 
presented. After submitting the data potential time savings can be calculated for each 

of the two actors. The savings are the differences between the ‘actual situation’ and 



35 

 

‘the new with’ values given. Also possible cost savings can be presented, if the 

participant knows their hourly tariff, these can be entered and an estimation of the 
costs saved can be given. These two savings tables were primarily used to provide the 

participant with some instant feedback on their data entries. The values presented here 
were not recorded. The time savings could afterwards be calculated more in detail and 

the cost savings are not a focus in this research.    

 

A screenshot of the entire web-form can be seen in appendix VII, along with the 

several other web pages of the application. The evaluation of the prototype, which is 
the last step of the proposed development process, is described later in the thesis 

(chapter 8). First a round of data collection is done to test the prototype. From the 

results and reaction from this round of data collection the prototype an evaluation is 
given.       

6.2 Collecting data 
After the development of the EDC system data can be collected. With the company 

supervisor it was agreed upon that the collection will be done in person with the 

proper participants. This was done because to guide the participants in filling the form 
and also it was important to note the reactions and comments made of the participants 

on the topic. This can be considered the ethnographic part of the data gathering, as 

was described in chapter 5. To meet dental practitioners that can be of help to this 
research it was suggested to visit several symposiums where the topic of implantology 

would be one of the focal points.  
 

Also it was taken into consideration that Straumann would be present at these 

symposiums with a company booth. It was assumed that the data collection could be 
done near the booth by situating a laptop and running the application locally. With the 

help of the present Straumann employees and company supervisor dental practitioners 
were asked to participate in the project. During the project two symposiums were 

visited. In the remainder of this paragraph an elaboration will be given on these 

symposiums.  

6.2.1 3D-FIRG Symposium, Eindhoven Netherlands 

From the 25
th
 till the 27

th
 of March 2010 the third International Congress & 

Workshops on “3D Diagnosis and Virtual Treatment Planning of Cranio-Maxilli-

Facial Deformity” was held in Eindhoven, the Netherlands. The event was held at the 

Evoluon Conference Centre and presented by the 3D Facial Imaging Research Group 

(3D-FIRG). 

 
The symposium was focused on the current status and future aspects of the research 

area of three-dimension imaging. Internationally known experts presented the current 

status and future developments in different aspects of this field, ranging from 3D 
acquisition of the facial soft tissues, bony structures and the dentition. Participants of 

this symposium included dentists, orthodontists, maxillofacial surgeons, ENT-

surgeons, plastic surgeons and craniofacial radiologists. 

 

6.2.2 ITI World Symposium, Geneva Switzerland  
The ITI World Symposium was held from the 14th till the 17th of April in Geneva, 

Switzerland. The Palexpo Congress Center was the venue for this event which was 
organized by the International Team for Implantology (ITI), which is a leading 
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academic organization dedicated to the promotion of evidence-based education and 

research in the field of implant dentistry.   
 

The scientific program presented at the symposium was divided into three main facets 
of treatment: New clinical methods for diagnosis and treatment planning; New and 

proven treatment procedures; Complications in implant dentistry or dealing with 

reality. 
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7. Data-analysis   
In the previous chapter the development of the EDC system is described. At the end 

of that chapter the occasions were mentioned when and where data was collected. In 
the coming chapter the collected data is analyzed and the results are presented. As 

presented in the research methodology the results will be of both quantitative and 

qualitative nature. At the end of the chapter an elaboration will be given on the results 
presented. The results presented are of all data collected from both occasions.    

7.1 Quantitative results  
From the values provided by the participants a basic quantitative analysis can be 

performed. There were in total 21 participants, with having their practices in five 

different countries. The majority was from the Netherlands, but also dental 
practitioners from Switzerland, Germany, U.K. and the U.S.A. participated. The 

participants had several different occupations ranging from oral surgeons to dental 

technicians. In the table below an overview is given on the participants. 
 

  Number     

Participants  21     
Occupation Oral Surgeon 7  Location Practice Netherlands 15 

 Dental Practitioner 8   Switzerland 2 
 Dental Technician 2   U.S.A. 2 

 Other 4   Germany 1 

     U.K. 1 
Table 2, Participants overview 

 

The data provided by the participants can be analyzed. As previously described the 
primary values gathered are the times the participant takes to complete the different 

workflow steps. From the collected data calculations can then be made. In the 

following table the results are presented. 
 
 Conventional  With pre-

operative 
planning  

Time 

difference 
(min)  

Time 

difference % 

Number of respondents  21  21    
Average workflow length 

(min)  

720.8  675.2  45.6  6.3 

Maximum length (min)  940  850  110  
Minimum length (min)  302  357  -55  

St. deviation (min)  145.6  121.6    
Average number of 

implants per year/ surgeon 

84 84   

Table 3, Basic results dental workflow 

 

The results displayed above represent the entire modeled implant workflow. It can be 

seen that there is a difference between the conventional way of working and the use of 

digital technologies. There is an average decrease of 45 minutes per case or also a 6.3 
percent decrease.  

 

In the description given earlier on the implant workflow it was clarified that the 

workflow consisted of two actors: dentists/surgeons and the dental laboratory. These 

actors can be analyzed separately. In the following tables these are presented. 
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 Conventional  With pre-operative 
planning  

Time difference 
(min)  

Time 
difference % 

Average workflow 
length (min)  

376.0 334.5 40.5 10.7 

Maximum length 

(min)  

550 490   

Minimum length 

(min) 

140 135   

St. deviation (min)  113.7 105.3   
Table 4, Dentist/Surgeon workflow results 

 

 Conventional  With pre-operative 
planning  

Time difference 
(min)  

Time 
difference % 

Average workflow 
length (min)  

344.8 339.3 5.5 1.6 

Maximum length 
(min)  

390 360   

Minimum length 
(min) 

80 155   

St. deviation (min)  63.3 48.4   
Table 5, Dental Laboratory workflow results 

 

From the tables above it can be seen that the most time is gained by the surgeon.  The 
data suggests that 40 minutes can be gained per case using pre-operative planning, 

that is 10% less time per case. Comparing that to results of the overall workflow, the 
majority of the time gained is in favor of the surgeon. The dental laboratory does not 

gain much time according to the data. 

 
In the following graph the workflow steps that show a difference are highlighted in 

more detail.  

 
 Implantation Provisional1 Expose 

Implant 

Impression 

Taking 

Working/ 

Master 
model 

Insertion of 

the 
restoration 

Conventional 
(min) 

62.9 20.0 26.9 30.5 92.1 43.6 

With pre-op. 
planning 

(min) 

46.2 15.5 22.6 25.7 87.1 38.8 

Time gain 
(min) 

16.7 4.5 4.3 4.8 5.0 4.8 

Time gain (%)  26.5 22.5 16.0 15.7 5.4 11.0 
Table 6, Detail workflow steps 
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The data above suggests that the most notable time savings can be gained by using 

‘pre-operative planning’ is during the implantation step. Approximately 17 minutes 

can be saved in this step. Considering the presented surgeons time savings in the 

previous section, the 40 minutes that are saved comes large part of a reduction of the 

implantation time.  

7.2 Qualitative feedback 
During the data collection the participants were also asked to explain their input and 

provide some remarks on the presented workflow and the use of pre-operative 
planning technology. The remarks were collected with the use of the data collection 

form and also during the data collection notes were taken of the comments being 

made. In the following these remarks and comments are presented. From the collected 
remarks several topics could be deduced.  

 
Remarks and comments on the use of technologies such as pre-operative planning 

during treatments: 

• Analog vs. Digital 
The conversion from analog products (conventional) to digital saves time. 
Planning implantation using pre-operative planning is more efficient, 

dependable and more accurate. Using the planning software more information 

is available in particular in combination with the CBCT. More information can 
save time and provides improved treatment quality for all patients. The 

improvement of accuracy and dependability provides better safety for the 

patients, with the reduced risk of something going wrong, which in turn 

reduces the probability of do over’s. Because of the wide range of options that 

are included in the planning’s software it can help in composing the treatment. 

E.g. there are a wide range of implants (also of other brands) included. The 

surgeon can choose the one that fits the patient best.  
For using the software properly it is presumed that even for experienced 

surgeons there is a learning curve. In the beginning it would take some time to 

become familiar with all the options and possibilities. 
  

• Use of pre-operative planning/guided surgery 
Depending on the complexity of the case the digital pre-operative planning is 

used (e.g. 6 implants, 12-unit bridge). For relative simple procedures (e.g. 2 
implants, 3-unit bridge) the conventional way is preferred. Also, the 

environment of the surgeon also plays a role in the use of digital planning. 

Hospital environments and specialty practices have a more liking towards 

using pre-operative planning compared to private practices. The number of 

patients undergoing an implantation treatment is a factor. The more patients 
there are the more the preference goes towards using pre-operative planning, 

whilst the private practices consider it a bit excessive to use it only for a small 

group of their patients.   
Several dentists consider the technology to still be in its development stage, 

which may lead to longer treatment times when using the technology.  

 

• Better patient care 
Overall the surgeons agreed that because of pre-operative planning better 

patient care can be provided. Digital planning and design can reduce the time 
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involved in the patient treatment phase, e.g. it provides the possibility to go 

with a flapless (without cutting up the gums) approach, which leads to a 
shorter recovery period for the patient.  

A couple of surgeons suggested that there is an improved collaboration with 
dental laboratory because of the planning. Because of the use of the planning 

software each patient is consulted individually. For each case an individual 

planning is made, each patient gets an own customized planning. This leads to 

an overall better quality of work. Also it was commented that with better 

efficient planning there would be fewer complications during the operation, as 
that it is possible with pre-operative planning to foresee possible problems in 

advance. 

 

• Improved experience for patient 
By using the pre-operative planning the patient can spend less time sitting in 

the chair. Because of the pre-operative planning more work can be done 

upfront. This reduces the time the surgeon needs to examine the situation with 
the patient. With proper planning the procedure can be executed quicker. The 

less time the procedure takes the less stress it causes for both patient and 

surgeon. Especially in complex cases and/or surgeons with busy schedules this 

can be pleasant. Furthermore it was noted that with less complications during 

the treatment less revisits of the patient are needed, thus less time in the dentist 
chair.  

 

• Reduction of work dental lab 

Several surgeons commented that the dental laboratory would receive lesser 
work because of the use of technology. For instance in making provisional’s 

during treatments; intra oral scanning and CAD/CAM technology are capable 

of replacing various handcraft activities that dental technicians perform. 
However dental technicians are still needed particularly in the final stages of 

the treatment process, when adjustments need to be made to the final 
restorations.  Before these stages the restorations can be manipulated via 

available software.  

 

Comments made on the presented implant workflow (2 implants and 3-unit bridge 

scenario):  

• Workflow times 

Most surgeons found the presented typical times as reasonable, but still on the 

high side. They explained that treatments times can depend on the experience 

of the surgeon. Experienced surgeons can carry out routine procedures faster 
than beginning surgeons, thus workflow times can vary between practitioners.  

  

• Workflow steps 
The majority of the participants commented that the presented dental 

workflow largely depicts what happens in reality. However it was noted that 
the workflow needs to be modeled and defined more precise. Different 

situations call for different approaches, which in turn leads to different 
procedures.  

Several surgeons made it clear that according to them steps in the workflow 

are not modeled correctly. Either they found the sequence of the steps not 
correct or disputed the necessity of certain steps, e.g. the making two 
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provisional’s during the treatment process or the x-ray evaluation of the 

impression were deemed not necessary.   
 

At the end the collection form it was asked if participants were interested in feedback 
and possible follow-up research: 

• 90% of the participants indicated that they wanted to receive feedback on this 
research. 

• 85% of the participants indicated that they can be contacted for a possible 

follow-up of this research. 

All the participants that indicated they wanted feedback were sent a report on the 
results of the research afterwards. This report included a brief version of the results 

presented above and also a comparison of their inputs against the average. An 

example of those feedback reports can be found in Appendix VIII. 

7.3 Summary of results 
From the data collection and the remarks several observations can be made:  

• The large majority of participants agreed that the use of pre-operative planning 
does shorten the time that a surgeon spends on a case and can provide a more 

efficient way of working. 

• The most time is gained during the implantation step.  

• Dental laboratory is not influenced by the use of pre-operative planning. 

• Complex cases (surgeon and patient) can benefit greatly from the use of pre-

operative planning.  

• Handcraft in dental laboratory is reduced due to CAD/CAM technology.  
 

The data provides a narrow overview of how the new digital techniques can change 

the dental value chain. As can be seen from the presented data the use of pre-operative 

planning can improve the dental workflow, from the perspective of time but also from 
the perspective of quality towards the patient. Right now pre-operative planning helps 

mostly the surgeons, dental lab technicians may feel the effect more in the future.  
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8. Use of workflow management in dentistry 
In the previous chapter the results of the data collection have been presented. The 

results show that the use of new technology leads to changes in the dental workflow. 
Mostly the properties of time and quality of work were considered to be the most 

important. In this chapter the results of the data collection are discussed and a link is 

made with workflow management. A design is proposed of how workflow 
management theories can contribute to dentistry.  Furthermore, an evaluation is given 

on the use of the data collection tool during this research.  

8.1 Application workflow theory in the dentistry 
From the analysis of the data collection presented in the previous chapter, three points 

of focus are clearly observed. First, the quality and time aspect of the treatment is of 
very importance to the dentists. Secondly, the integration of new technology redesigns 

dental processes and brings several consequences. And thirdly, if workflow 

management is going to be applied there is a need for adequate modeling of the 
treatment processes. As described during the interviews several surgeons made 

remarks on the workflow presented and disputed the correctness of it, even though the 

process presented was defined with the help of experienced dental professionals. In 

the coming paragraph these three focus points will be examined. 

8.1.1 Quality & Time aspect 
Whatever changes that may occur in the dental value chain (such as the use of new 

technologies), it cannot deteriorate the quality of service provided towards the patient. 

Reijers and Liman Mansar (2005) state that technology will have an effect on the 

quality of work; however the question if the new technology provides an 

improvement, which is a more of medical/health issue, falls of scope of this thesis. 
 

From the time aspect it can be noted that it is favorable for the surgeon and patient to 
shorten the duration of the treatment. In particular, the actual time the patient spends 

sitting in the dentist’s chair, which can translate in less stress for the patient and 

dentist. Time that is usually is taken during the implantation step to inspect the 
patient’s condition more closely, can be omitted or shorted because pre-operative 

scanning and planning can provide better analysis of the situation. The implantation 
step therefore can take less time.  

 

From a more economical view less time spend on a single patient it opens up more 
time for the dentist to perform other activities, for instance more time for pre-planning 

or attending other patients. Considering that the implantation step can take 15 minutes 

less, with a lot of patients receiving an implant treatment this can be amount to hours 

of more time for the dentist to allocate. This can be used to attend more patients, 

which in turn can generate more income.  

 

Other time savings because of the use of new technology can be related to making, 
handling and shipping of castings and restorations which can be replaced by digital 

goods and sending them over the web. Time savings can be translated to decreased 

costs or increased income, with a thorough cost analysis. 

8.1.2 Redesign aspect 
The interviews were held with the implant workflow, with the premise of what will 
happen if new technology is going to be applied. Essentially by introducing new 
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technology in a workflow already redesigns the process, as described by Reijers & 

Liman Mansar (2005). 
 

In this particular situation this translates to several effects. Technology such as pre-
operative planning and intra-oral scanning replaces the analogue intermediate 

products with digital files, thus elevating the physical constraints by applying new 

technology (Reijers & Liman Mansar, 2005). The physical shipping of intermediate 

products is mostly eliminated; digital models can almost immediately be transferred 

to the following party. No more need for materials to make the intermediate models 
and their shipping can provide cost and time savings. In the presented implant model 

the transitions that will be affected by this are the ones where a restoration product is 

transferred from dentist to dental technician and vice versa. 
 

Another effect of integrating technology is the changing of activities and roles. As 

stated in the previous chapter the role of the dental technicians will change from the 

emphasis on a craftsman to a role with the emphasis more as a computer technician. 

Manual labor activities are going to be replaced by screen time. One would assume 
that this change shall decrease the restorations development time.  

 
It should be noted that in the web-forms only one depiction of the implant workflow 

is used, with the idea to measure the time differences when new technology is applied. 

However, by applying new technology in an existing workflow not only the time per 
workflow step changes, entire steps and roles can change and redefining their purpose 

and contents. Some steps will disappear and other will steps appear. Thus, the dental 
workflow with or without new technology are different one and another.  

 

To get a view of what exactly changes in a dental workflow a thorough analysis of a 
dental practice when integrating new technology is proposed. Before the integration 

document the relevant processes/treatments which are carried out at the practice. After 

integration of new technology perform a post analysis where the new processes are 

again documented, thus creating an overview of the processes pre- and post- 

integration.  The changes in the processes can then be perceived, possibly identifying 

some best practices heuristics of Reijers & Liman Mansar (2005). Since dental 

practices can be existent in various settings (e.g. hospitals, dental practices with single 
or multiple practitioners) processes can differ between these settings. Therefore it is 

proposed to perform such a pre-/post analysis in different environments.   

 
Observing, grouping and documenting the dental activities in a correct manner can 

become an elaborate and complex task depending on the number of processes present 

in a particular setting. Concepts that can provide some support are discussed in the 

next subparagraph. 

8.1.3 Modeling aspect 
As noted in the previous chapter, during the interviews held with the dentists, most of 

the participants commented on the presented implant workflow. Although they agreed 

the implant workflow mostly depicted what happens in reality, they disagreed on the 

details.   
 

Particularly they disagreed on the steps depicted and the sequence of the steps. The 

implant workflow that was used was defined and documented together with several 
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dental experts of Straumann. It was surprising to see that other dental practitioners 

had their own ideas on the treatment process and went on to explain the different 
discrepancies with the presented workflow. Their disagreements consisted of 

redundant steps, such as the making of two provisional models during the treatment 
and the x-ray evaluation of the evaluation. Also they commented that certain aspects 

would influence the continuation of the treatment; such as the state of the patient (lack 

of adequate maxillary or mandibular bone), materials used (porcelain or alloys) and 

treatment procedures (drilling into the jawbone with or without flap). Furthermore the 

workflow would only be sequential if during the treatment no irregularities present 
themselves.   

 

Because of all these different aspects that can influence a treatment, each patient has 
their own treatment process considering their situation. No treatment would be alike 

in each detail. This would make the modeling and defining of the different dental 

workflows difficult. To make it even more complex, because dentists and surgeons 

work independently and individually (e.g. private practices) their approach towards 

treating a patient would differ. Considering that a single simple abstract implant 
workflow that was presented in this research received different critiques, creating a 

consensus on how to depict dental workflows in a modeling manner would be tough.  
 

Thus relevant steps in the treatment process need to be identified and defined 

properly. To do this the heuristics of Vanderfeesten et al. (2008) can be applied. 
Along this heuristic the proper size of individual activities in a process can be defined. 

Activities of operations on information elements can be properly clustered. As 
Vanderfeesten et al. indicates, badly chosen sizes of activities in a process may affect 

the process performance negatively. If too many individual activities are included in 

the dental workflow models, the models can become too complex to handle and 
maintain. Through the cohesion and coupling metrics the various dependent dental 

activities can be measured. Different individual operations can be grouped into 

activities that can make modeling of the dental treatment simpler. In the paper of 

Vanderfeesten et al. the heuristic was used in an example of administrative setting. At 

the moment it is not sure if the heuristic has been applied in a medical/dental setting. 

It would be interesting to see if such a mathematical heuristic is applicable in a 

different setting.  
 

To model dental workflows correctly and the necessary steps the 7PMG of Mendling 

et al. (2010) can be used. As described in the literature background along 7 guidelines 
builders of business process models can be guided towards improving the quality of 

their models or building them from scratch. This framework is claimed to be of good 

use when non-expert modelers are involved and less error-prone. Considering that in 

this situation we are dealing with dentists and surgeons, who are possible not 

experienced in modeling. As for the heuristic of Vanderfeesten et al., it would be 
insightful if a framework can be applied in a setting other than an administrative one.  

8.2 Evaluation of data collection method 
The data collection method that was used in this research was a data collection tool 

derived from the tool presented in Pavlovic & Miklavcic (2007).  A similar tool was 

developed with an implant workflow in mind. The tool was used to interview the 
dentists and surgeons at the congresses in Eindhoven and Geneva.  
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Although the collection application was developed to gather a lot of data, the results 

captured and the interviews taken was less than anticipated. It was chosen to perform 
these interviews on location in person with the participants to guide them though the 

forms and to observe how they would react to these. Even though the interviews were 
held at conventions and a lot of implantologists were present still the number of 

participants was low. An overestimation of the acquainted dentists and surgeons 

willing to help at the congresses could be an explanation of the low number of 

participants. Their busy schedules during the congress and diverse backgrounds and 

interests of these people made it sometimes difficult to approach them and convince 
them to take part.  

 

The tools itself was doing what it should be doing, collecting the data entered and 
storing it in the database. After a short explanation about the research and the forms 

most of the participants understood the objective and could enter the values without 

much trouble, despite the stated disagreements on the content. 

 

A possibility which was not utilized during the data collection phase was the data 
collection via internet. The collection tool was developed to be accessible on the 

internet. As described in chapter 6 to application was uploaded on a web- and 
database server provided by the university. However because of time constraints and 

no availability of dentist’s contact information no real use was made of the “web” 

version of the application, only the “local” version (tool running on a laptop) was 
used. Because that these dentists and surgeons all have their practices around the 

country the idea of making a web-application to collect a large amount of data sounds 
reasonable, as of the ease in storing and analyzing. 

 

It has been demonstrated that electronic systems can save time, lower personnel costs 
and reduce errors, and helps in processing data more flexible (Lopez-Carrero et al., 

2005). If in the future such a similar tool would be used for data collection on dental 

workflows there are several factors that should be considered.  

 

Language and dental jargon 

The surgeons that participated with the research came from different countries, most 

of them from the Netherlands. The web-forms were presented with only one language 
to describe the research objective and the implant workflow. Participants for whom 

English is not their first language this may be an obstacle in providing the adequate 

data. Workflow steps described and vocabulary used in English may not be 
understood or interpreted correctly. A recommendation is to provide the web-forms 

and dental workflows indifferent languages for better comprehension.  

 

Also an understanding on the background of participants is necessary to make correct 

assumptions about the skills and abilities of the users. As in this research both 
surgeons and dental technicians were involved. Both roles have a different view of the 

workflow to consider. In general, it was noticed during the data collection that both 
the surgeons and dental technicians do not have a clear view on what the other does in 

terms of times and treatment steps. They mostly commented on their own part of the 
treatment process.   

Interface and usability 

Interface of the forms can be improved. Poor usability leads to user mistakes, for 
electronic data collection this may severely compromise the quantity and quality of 
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the data. As Schmier et al. (2005) explains, poor usability can increase the time 

required to learn a new application. A steep learning curve increases training expenses 
for an EDC effort and may consume expected savings as well as discourage study 

participation. For this research the interface of the EDC tool was, as described in 
chapter 6, build with the help of dental professionals of Straumann. The basis used 

was an excel spreadsheet provided by Straumann. If there is going to be a 

continuation with such an approach the usability can be expanded. The interface was 

designed on what we wanted to know about the dental workflows. It was decided to 

collect data about time on a fixed predefined implant workflow. As mentioned several 
times before, during the interviews participants made remarks that the presented 

workflow was not considered correct or complete. Therefore a proposal for expansion 

can be let the participants make their own workflow. Provide a web-form where the 
participant can describe how they perform their treatment step by step. The form can 

be made up of dropdown boxes. Each dropdown box contains a wide array of possible 

treatment steps. The participant is asked to depict their treatment process step by step, 

from beginning till end using the dropdown boxes. Each time the step which applies 

the best to the situation is chosen to form a workflow. An example of such form can 
be seen in the following figure.   

 

 
Figure 25, Example of expanded web-form 

 
With such a web-form, data on the entire dental value chain can be collected. Each 

participant provides information on how they execute their treatment, in which 

sequence treatment steps are performed. If a large number of such dental workflows 

are collected, it possibly can provide a better general overview of what such 

workflows consist of with or without the use of technology.    

 

Security of data  
Although the security of data is not in the scope of this thesis, it should be noted that 

there are also many issues relevant to electronic data management, including ensuring 

security and privacy of medical data. Researchers who plan to integrate clinical and 
personal health information into databases must address usability in the development 

of the tools completed by the participant and must also comply with the Health 

Insurance Portability and Accountability Act of 1996 (HIPAA), which governs 

privacy and confidentiality of the data (Schmier et al., 2005). In this research the data 

was not of that caliber that extreme measures needed to be taken, however the data 
was treated carefully to insure no data was lost or distributed to other parties.  
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9. Conclusions  
 

In this last chapter the conclusions of this thesis are presented. First, an answer is 
provided to the stated research questions in chapter 2. Second, theoretical and 

practical conclusions are given. Theoretical conclusion is on digital dentistry and 

workflow management and practical conclusion on how Straumann should continue 
with workflow management. Afterwards, the limitations of the research and its 

execution are indicated. And finally, possible directions for future research are 

suggested. 

9.1 Research questions answered 
In chapter 2 the following research question was presented:  
 

How does digitalization of the dental value chain redesign the conventional dental 

workflows? 

 
Together with the three sub-questions: 

1a. How to quantitatively measure redesign aspects of dental workflows?  
1b. How to collect data on the redesign aspects of the dental workflows? 

1c. How can workflow management concepts be applied in the dentistry? 

In the following paragraphs these questions are answered.  

9.1.1 Quantitative measure dental workflow  
During the research the measure of time was chosen to capture the change of the 
dental workflows with respect to digitalization. Based on this measure data on the 

implant workflow was collected. Although there was a low number of participants, 

some data was collected. The results indicated that changes will occur in the 
workflow. The use of pre-operative planning software decreases the time of the actual 

implantation as shown in chapter 7. Better planning results in a more effective surgery 
which is beneficial for surgeon and patient. It could be reasoned that due to the use of 

pre-operative planning some of the work done during the surgery (extended 

examination of the gums and jawbone) is moved to the planning phase (situation 
analysis step). In the planning phase the extra examination work is compensated by 

the use of the software, which enables the surgeon to compose the planning more 
rapidly. In particular complex cases will benefit greatly.  

9.1.2 Data collecting on dental workflows 
The method chosen for collecting data on dental workflows was an electronic data 
collection tool, to be developed and build during the thesis. A simple MySQL and 

PHP web-based tool was set up to collect data during interviews with surgeons and 
dentists. As mentioned in chapter 8, with the low number of interviews conducted this 

method was not as successful as hoped. In 8.2 several suggestions are provided of 

how web-forms can be expanded to acquire better data.  

 

In 8.1.2 a more hands on approach is proposed to collect data by observing the daily 
processes at a dental practice, in different settings, before and after introducing new 

technology in the environment. This may provide more details compared to the EDC 

method.  
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9.1.3 Application workflow management in dentistry 
From the interview with dentists and surgeons several aspects were observed that 
could be of importance when considering introducing workflow management. In 8.1 

the aspects of quality, time, redesign and modeling are discussed together with a 
suggestion of workflow management concepts to be considered.  

 

As discussed the best practices of Reijers & Mansar (2005) can be consulted in how 

dental workflow can be redesigned and what the potential effects there can be. The 

question will be if these best practices will have the same effect in this particular 
setting as the dentistry. The use of new technology itself can redesign the dental value 

chain as demonstrated with the implant workflow.  

 
The modeling of dental workflows can present a challenge in identifying and defining 

the relevant activities. Workflow management can support the digitalized process. To 

create a better insight on the dental value chain workflow management concepts can 

be applied. It is proposed to consider the heuristic of Vanderfeesten et al. (2008) and 

the 7PMG of Mendling et al. (2010) to model the workflows accordingly and 
accurately. 

9.1.4 Digitalization of the dental value chain 
With help of the three sub-questions an answer can be provided for the main research 

question. The digitalization of the dental value chain does bring changes in the dental 

workflow. Cases can be treated more efficiently and in less time, costs of materials 

can be decreased because analogue products are substituted by digital media. In this 

thesis only the throughput time of an implant workflow was analyzed, however a lot 
more changes will occur when introducing new technology. The workflow with 

application of new technology will not resemble the conventional workflow. 

Activities and roles in the workflow will change as manual labor will be replaced by 
bits and bytes. Work intensity will shift within the chain.  

 

9.2 Theoretical and Practical conclusion  

9.2.1 Theoretical conclusion 
As stated in chapter 4, the theoretical background the combination of the areas of 

dentistry and workflow management is new and not a lot of research has been done on 

it. Only a few academic articles mention the need for workflow management in the 

dentistry (Schleyer et al., 2006, Farman et al., 2008 Irwin et al., 2009) and 

acknowledge that more research is needed.  This thesis tried to acquire an insight on 

how dental processes evolve when technology is introduced and suggest how 
workflow management can be applied in the dentistry. An EDC tool based on 

Pavlovic & Miklavcic (2007) was developed to see if it was possible to collect data on 

the subject in this manner. Although it was not very successful, it could be an option 
for data collection albeit with the necessary modifications. Because this is a new area 

for workflow management there is a lot to gain. It would be interesting to see if 
workflow concepts, such as heuristic of Vanderfeesten et al. (2008) and the 7PMG of 

Mendling et al. (2010), can be effectively applied in an area as the dentistry. Also if 

the best practices heuristics of Reijers & Liman Mansar (2005) will behave in the 
same manner as presented in their paper.  
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9.2.2 Practical conclusion 
As for Straumann in order to get more insight in how dental workflows will change 
and how to apply workflow management more research is needed. In this thesis a 

method is tried out on how to collect data on dental workflows. If it is chosen to 
collect data on a large scale this would be an option with of course modifications. 

Another option that has been suggested is to analyze a couple of selected dental 

environments by observation which would provide much more details on the 

processes that occur. Because that each dental practice will differ in details on how 

they perform their treatments the challenge will be on trying to make accurate 
depictions of dental workflows that are accepted by both Straumann and their 

associated dentists and surgeons. Workflow management modeling concepts 

presented can provide and solid basis as a starting point.    

9.3 Limitations 
There are several limitations in this research. The first is obviously the low number of 

participants. When collecting quantitative data a large quantity is more desirable for 

statistical validity purposes. With the few participants the quantitative results are not 

generalizable and only provide an indication of the change in workflow times.  
 

Secondly, the focus during the research has been only on the time aspect of the dental 

workflow. As mentioned before, when redesigning a workflow more changes then 
only the throughput time. Activities and roles also change; these have not been taken 

into consideration during the research. 
 

The core of the ECD tool was developed with the help of good Samaritan 

programmers. Adjustments and were done by the student with limited programming 
knowledge. With more knowledge of programming the tool could have been more 

elaborated and possibly an improved version could have been used during the data 
collection.  

9.4 Possible future research directions 
During this thesis several suggestions have been made for possible future research 

directions. The first was the suggestion of observing a dental practice and 

documenting the processes pre- and post introduction of new technology. Secondly, if 

it is chosen to continue, an improvement of the EDC tool to collect more data. 
Thirdly, it has been mentioned several times that it would be interesting to see how 

workflow management concepts would used and behave in a new field as the 

dentistry.     
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Appendix I: Implants in the Netherlands 2007/2008  
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Appendix II: Interview Prof. D. Wismeijer, Starget April 2010 
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Appendix III: Straumann Group 
 

Straumann Group is an international dental company with its headquarters in Basel, 
Switzerland. The company is a global leader in implant and restorative dentistry and 

oral tissue regeneration. They have pioneered many of the most influential 

technologies and techniques in the field of dentistry, with a tradition of doing more to 
advance dental regeneration, restoration and replacement, as well as patient care 

(Straumann, 2010).  

 

Straumann is active in the fast-growing field of restorative dentistry. Straumann offers 

surgical, restorative and regenerative solutions, ranging from bone and tissue 

regeneration through dental implants and prosthetics, to individualized crows and 

bridges. In collaboration with leading dental clinics, research institutes and 
universities around the world, the company develops implants, CAD/CAM prosthetics 

and tissue regeneration products for tooth replacement or to prevent tooth loss.  

 
Straumann conducts business with 

thousands of customers around the 
world. The customer base of 

Straumann consists mostly of dental 

professionals (dentists, dental 
specialists and dental laboratories). 

These groups use products and services 
provided by Straumann to treat their 

patients.   
 

Figure 26, Relation with customer groups 

 

Straumann products and services span the continuum of dental care from the rescue 

and restoration of damaged natural teeth to complete tooth replacement. The main 
product is a dental implant system that has been perfected over two decades. It 

comprises surgical implants and prosthetic components that connect the implant with 

the crown of the replacement tooth. These are complemented by a range of matching 
precision instruments and handling components.  
 

Figure 27, Illustration summarizing Straumann's range of products and applications 

 

Also there is a portfolio of products for use in the regeneration of soft and hard oral 

tissues, including gum tissue, periodontal ligament and bone, either to support implant 

procedures or to help preserve teeth after treatment for periodontal disease. 

Furthermore Straumann offers CAD/CAM dental prosthetics, including single-tooth 
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inlays and crowns, right up to 14-unit bridges. These are all made using the most 

advanced computer and machining technology in state-of-the-art ceramics or metals. 
 

As mentioned Straumann is an international company. It employs some 2,200 people 
in more than 25 countries. Their products and services are available in more than 60 

countries through subsidiaries and a broad network of distributors. Products are 

manufactured on different locations; implants and treatment instruments are produced 

in Switzerland and the United States, dental tissue regeneration products are 

manufactured in Sweden, the CAD/CAM prosthetics and scanning technology are 
produced in Germany and US.  

 

 
Figure 28, Legal structure of Straumann Group as of 2009 (straumann.com) 

  
Straumann was founded more than a half century ago. In 1954 Dr. Ing. Reinhard 

Straumann began the company in the Swiss village of Waldenburg. In the first phase 

of the company’s history (1954-1970) it was specialized in alloys used in timing 

instruments and materials testing. The second phase began through a breakthrough in 

the use of non-corroding alloys for treating bone fractures, prompting Dr. Fritz 

Straumann to enter the fields of orthopedics and dental implantology. Between 1970 

and 1990, Straumann became a leading manufacturer of osteosynthesis implants. 1990 
marked the beginning of the Straumann Group as it is known today. Thomas 

Straumann, grandson of the founder, headed the firm, which employed just 25 people 

focused exclusively on dental implants. In 1998, Straumann Holding AG became a 
publicly traded company on the Swiss exchange. Through the acquisition of Kuros 

Therapeutics (2002) and Biora (2003), Straumann entered the field of oral tissue 

regeneration. With the acquisition of etkon in 2007, Straumann became involved in 

CAD/CAM tooth restoration.  
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Appendix IV: Process for guided surgery 
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Figure 29, gonyX fabrication tool 

 

 
Figure 30, Cadent iTero intra-oral scanning 
system 

 

 

Figure 31, iTero intra oral scanning process 
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Appendix V: Process models 
A. Preliminary implant process model 
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B. Improved process model implant workflow 
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Appendix VI: Database structure 
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Appendix VII: Data collection forms 
 

Login Page 

 
Registration Page 

 
 

Workflow selection 
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Implant workflow web-form
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Appendix VIII: Example Participant Feedback Report 
 

Dental workflow research results 

Eindhoven University of Technology  

Guillaume Figaroa  

May 2010 

Participant:  

                              Userid 18  

 

Research information 
• Data collection on the topic of dental workflows: how does the use of new 

technology influence the conventional way of working. 

• Objective: fill out a form for the presented workflow (2 implants and 3-unit bridge) 

• Data collected on two occasions: 

• 25 - 26 March at 3D-Facial Imaging Research Group congress in Eindhoven, 

Netherlands 

• 14 - 16 April at ITI world symposium in Geneva, Switzerland  

 

Basic results 

 Conventional  With pre-

operative 

planning  

Time 

difference 

(min)  

Time 

difference % 

 

Number of respondents  21  21     

Average workflow length 

(min)  

720.8  675.2  45.6  6.3  

Maximum length (min)  940  850  110   

Minimum length (min)  302  357  -55   

St. deviation (min)  145.6  121.6     

Average number of 

implants per year/ surgeon 

84 84    

 

The results displayed above represent the entire modeled implant workflow.  During the 

data collection it was explained that the workflow consisted of two actors: dentists/surgeons 

and the dental laboratory. Both of these actors can be analyzed separately.   

 

Dentist/Surgeon 

 Conventional  With pre-operative 

planning  

Time difference 

(min)  

Time difference 

% 

Average workflow length (min)  376.0 334.5 40.5 10.7 

Maximum length (min)  550 490   

Minimum length (min) 140 135   

St. deviation (min)  113.7 105.3   

 

Dental laboratory 

 Conventional  With pre-operative 

planning  

Time difference 

(min)  

Time difference 

% 

Average workflow length (min)  344.8 339.3 5.5 1.6 

Maximum length (min)  390 360   

Minimum length (min) 80 155   

St. deviation (min)  63.3 48.4   

 

From the tables above it can be seen that the most time is gained by the surgeon.  The data 

suggests that 40 minutes can be gained per case using pre-operative planning, that is 10% 

less time per case. Comparing that to results of the overall workflow, the majority of the 
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time gained is in favor of the surgeon. The dental laboratory does not gain much time 

according to the data.  

Implant workflow comparison 

In the graph below the average workflow times of both the ‘conventional’ and ‘with pre-

operative planning’ depicted. 

 
As can be noted at several steps a difference can be spotted between the two lines. The 

‘with pre-operative planning’ line appears to be below the ‘conventional’ line at some steps. 

In the graph below these workflow steps are highlighted in more detail.   

 
 Implantation Provisional1 Expose 

Implant 

Impression 

Taking 

Working/ 

Master 

model 

Insertion of 

the 

restoration 

Conventional 

(min) 

62.9 20.0 26.9 30.5 92.1 43.6 

With pre-op. 

planning (min) 

46.2 15.5 22.6 25.7 87.1 38.8 

Time gain (min) 16.7 4.5 4.3 4.8 5.0 4.8 

Time gain (%)  26.5 22.5 16.0 15.7 5.4 11.0 

 
The data above suggests that the most notable time savings can be gained by using ‘pre-

operative planning’ is during the implantation step.  Approximately 17 minutes can be saved 
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in this step.  Considering the presented surgeons time savings in the previous section, the 40 

minutes that are saved comes large part of a reduction of the implantation time.  

 

Remarks of participants 

In the data collection the participants were also asked to explain their input and provide 

some remarks on the presented workflow and the use of pre-operative planning technology. 

In the following a summary is presented of these remarks. 

 

On the use of pre-operative planning: 

• Analog vs. Digital 

The conversion from analog to digital saves time. Digital planning is more efficient, 

dependable and more accurate. More information is available together with the 

CBCT, which saves time and provides improved treatment quality. The improvement 

of accuracy and dependability provides better safety for the patients, with the 

reduced risk of something going wrong.  

Planning’s software can help in composing the treatment, by the wide range of 

options that are provided.  

Even for experienced surgeons there is a learning curve in using the new techniques. 

• Use of pre-operative planning 

Depending on the complexity of the case the digital pre-operative planning is used 

(e.g. 6 implants, 12-unit bridge). For relative simple procedures (e.g. 2 implants, 3-

unit bridge) the conventional way is preferred.   

Furthermore, the environment of the surgeon also plays a role in the use of digital 

planning. Hospital environments and specialty practices have a more liking towards 

using pre-operative planning compared to private practices. The number of patients 

(implantation) is a factor.  

The technology is still in its development stage, which at the moment may lead to 

longer treatment times when using the technology.  

• Better patient care 

Because of pre-operative planning better patient care can be provided. Digital 

planning and design can reduce the time involved in the patient treatment phase, 

e.g. providing the possibility to go to a flapless approach, which has a shorter 

recovery period.  

There is an improved collaboration with dental laboratory because of the planning. 

Each patient is consulted individually, which leads to better quality of work. 

With better efficient planning there are fewer complications. 

• Improved experience for patient 

By using the pre-operative planning the patient can spend less time sitting in the 

chair. Because of the pre-operative planning more work can be done upfront. With 

proper planning the procedure can be executed quicker, which can reduces stress 

for both patient and surgeon especially in complex cases.  

Less complications in the future means less revisiting of same patients.    

 

On the presented implant workflow (2 implants and 3-unit bridge):  

• Workflow times 

The presented typical times are reasonable but still on the high side. Treatments 

times can depend on the experience of the surgeon. Experienced surgeons can carry 

out treatments faster than beginning surgeons.   

• Workflow steps 

Presented workflow largely depicts what happens in reality.  
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Workflow needs to be modeled more precise, different situations call for different 

approaches. Several steps in the workflow are not modeled correctly. Not necessary 

to make two provisional’s during the treatment process.  

 

Participant’s follow-up: 

• 90% of the participants indicated that they wanted to receive feedback on this 

research. 

• 85% of the participants indicated that they can be contacted for a possible follow-up 

of this research.  

 

Conclusions of data collection 

From the data collection and the remarks several conclusions can be made.  

• The large majority of participants agreed that the use of pre-operative planning does 

shorten the time that a surgeon spends on a case and can provide a more efficient 

way of working. 

• The most time is gained during the implantation step.  

• Dental lab is not influenced on pre-operative planning. 

• Complex cases (surgeon and patient) can benefit greatly from the use of pre-

operative planning.  

 

In conclusion, this research provides a narrow overview of how the new digital techniques 

can change the dental value chain. As can be seen from the presented data the use of pre-

operative planning can improve the dental workflow, from the perspective of time but also 

from the perspective of quality towards the patient.  Right now pre-operative planning helps 

mostly the surgeons, dental lab technicians may feel the effect more in the future. For more 

in-depth analysis on such effects more data needs to be collected and also improving the 

knowledge on how such data can be collected.    

 

Individual feedback 

As described during the conversations an individual feedback is provided to the participant. 

In the graphs below the entries given by the participant are compared to the average times. 

 

 

 

Conventional  With pre-

operative 

planning  

Time 

difference 

(min) 

Time 

difference % 

Number of 

respondents  

21  21    

Average workflow 

length (min)  

720.8  675.2  45.6  6.3 

Maximum length 

(min)  

940  850    

Minimum length 

(min)  

302  357    

St. deviation (min)  145.6  121.6    

     

Time UserID 18 

(min) 

670 640 30 4.5 
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Participant vs. Average Conventional 

 
 

Participant vs. Average ‘New with technology’ 
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“dance if you wanna dance 
please brother take a chance 
you know they're gonna go 

which way they wanna go 
all we know is that we don't 

know how it's gonna be 
please brother let it be 
life on the other hand 

won't make us understand 
we're all part of the masterplan” 

 
 The Masterplan, Noel Gallagher 
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