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Abstract
Statement of the Problem: Digital workflows (CAD/CAM) have been introduced in dentistry
during recent years. No published information exists on dental technicians use and reporting
of this technology.
Purpose: The aim of this cross sectional survey was to identify the extent digital technology
has infiltrated the workplace and to investigate the factors affecting the use of CAD-CAM
technology by dental laboratory technicians within Ireland and the UK.
Materials and Methods: A web-based questionnaire was composed (Opinio, Object Planet
Inc. Oslo, Norway) and distributed to UK and Irish dental technicians. Answers to all questions
were anonymous and grouped such that general information was gathered initially, followed
by branching of the survey into two sections depending on whether or not the respondent
worked with CAD-CAM technology. Results were compiled and statistical analysis (Fisher’s
Exact test, SPSS, IBM, Armonk, New York, USA) was performed in order to investigate any
correlation between various demographic variables and the answers provided.
Results: The survey was distributed to 760 UK technicians and 77 Irish technicians. The total
number of completed surveys was 105, which yielded a total response rate of 14%. Most
technicians reported using some form of CAD/CAM aspect in the workflow, and this was more
significant for technicians working in large laboratories. Most training received was companyled. Large laboratories were also significantly correlated with less outsourcing of CAD/CAM
work and a change in dental material use leading to the increase of zirconia and the decrease
of noble alloys.

Dental technicians did not report any significant change in working

relationships and staffing as a result of CAD/CAM incorporation. High initial investment cost
was the most common reason quoted from non-users, along with the lack of such technology
in their working environment.

_________________________________________________________________________
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INTRODUCTION

The application of computer-aided design/computer-aided manufacture (CAD/CAM)
technology has evolved rapidly and has led to changes in the traditional workflow which affect
both clinicians and dental laboratory technicians.1,2 The demand for aesthetic and metal-free
restorations has led to the development of high strength ceramics in dentistry,3 which may only
be used in conjunction with CAD/CAM technology.4-6 Following on from the success of
CAD/CAM in the fabrication of crown and bridgework, CAD/CAM was incorporated into the
production of implant abutments and frameworks in the 1990s7 and it has also shown to be
reliable in constructing implant abutments, crowns and superstructures.5
Despite the aforementioned advances in technology and materials, there are currently no
published studies regarding the actual utilisation of CAD/CAM aspects by either dentists or
dental care professionals. This holds true for both the UK and global markets. The only
available data comes from sourcing of private market research companies. Millennium
Research Group, a Canadian medical devices research provider, in a 2012 report stated that
the global dental CAD/CAM market would grow strongly to reach more than $540 million by
2016 despite the economic slowdown.8 The same group updated this in 2014 to estimate total
market worth of over $740 million in 2022 as the awareness of CAD/CAM increases.9 This
report9 also estimated that the entry of new competitors would generate new market interest
whilst intra-oral scanners would see particularly rapid adoption as dentists would increasingly
use these devices to incorporate CAD/CAM technology into their surgeries rather than
purchasing complete chairside systems. A report series by iData Research broadly came to
similar conclusions and also predicted that all-ceramic restorations would approach the
porcelain fused to metal share by 2019.10 A recently published study11 provided some
independent information regarding CAD/CAM use by UK dentists.
The aim of this study, by means of a survey of UK and Irish dental technicians, was to
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investigate the level of infiltration of CAD-CAM technology into the workflow of dental
laboratories, and to investigate the relationship of various demographic factors to the answers
regarding use or non-use of this technology.
___________________________________________________________________________
MATERIALS AND METHODS

A short online survey of 22 questions (Figure 1) was designed and piloted, in order to
encourage participation and provide information on demographics and CAD/CAM use, which
could be statistically analysed. An online rather than postal approach was decided in order to
increase sample size, maximise response and decrease costs. The data being collected in a
digital format would also be more readily collated and analysed.
The survey was anonymous and addressed to both users and non-users of CAD/CAM and most
questions were multiple-choice closed questions, but an option was offered for further
comments at the end of relevant questions. The survey was distributed using a web-based
survey tool administered by University College London, Opinio (ObjectPlanet Inc. Oslo.
Norway) in June 2015. This software was able to send to all email addresses a covering letter
explaining the use of the survey with a link to the survey embedded in this. The letter stated
the purpose of the study and emphasised that anonymity would be preserved. Two databases
were used with the assistance of the respective professional bodies: for access to UK dental
technicians, the Dental Laboratory Association (DLA, Nottingham, UK) which is the
professional body for dental laboratory owners in the UK, for Irish dental technicians, the
Dental Technicians Association (DTA, Dublin, Ireland); this latter association represents
individuals rather than laboratory owners.
The survey was accessible for a 5-week period and the Opinio survey system was programmed
to send out 5 reminders over this period to individuals who had not yet responded to the survey.
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Reminders were sent at different times of the day and on both weekdays and weekends to target
as many dental technicians as possible.
The answers were collated through Opinio software as Microsoft Excel (Microsoft, Redmond,
USA) spreadsheets. Statistical analysis via Fisher's Exact Test (SPSS, IBM, Armonk, New
York, USA) was performed in order to examine potential associations between the survey
responses and the various demographic variables i.e. country of work, operator age, operator
level of training, size of workplace, and type of work predominantly carried out (NHS or
private). A significance level of 2.5% was used rather than a conventional 5% level to reduce
the potential effects of multiple testing.
___________________________________________________________________________

RESULTS

The survey was distributed to 760 UK technicians and 77 Irish technicians. The total number
of completed surveys was 105, which yielded a total response rate of 14% (11% and 29% for
UK and Ireland respectively). The complete survey along with the percentage results for each
question can be found in Figure 1. The majority of respondents worked in England, followed
by the Republic of Ireland. No responses were received from Wales. Most respondents had
obtained their training either through some form of apprenticeship or Diploma. Most dental
technicians (43.3%) had obtained CAD-CAM training from companies and manufacturers.
Very few (6.3%) had training from educational institutes. More than twice as many technicians
who answered were in the 41-60 age bracket than in the 20-40 year age bracket. The majority
(44.7%) of the respondents worked in small laboratories, undertaking predominantly private
work (69.1%). The vast majority of respondents (82%) stated that CAD/CAM technology was
utilised. The statistical analysis showed that technicians in larger laboratories in this survey
were more likely to report using CAD/CAM (P=0.015).
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The majority of dental technicians who responded constructed all kinds of restorations through
CAD-CAM, with the exception of removable partial denture frameworks. Most respondents
considered implant-supported crowns as the most challenging prostheses to make. Almost half
of the respondents reported doing the majority of CAD/CAM work “in-house” as opposed to
outsourcing. This was significantly correlated with the size of the laboratory (P=0.007) with
larger ones outsourcing less. The results of this survey also highlighted that the adoption of
CAD/CAM led to a decrease in the use of noble alloys and an increase in the use of Zirconia.
These changes in material use were statistically significant for larger laboratories (P=0.007).
The main reasons for this change, mentioned in the comments, were that dentists were now
asking for metal-free restorations, and that zirconia production was cheaper and more efficient
compared to the use of metal alloys.
Various reasons were reported for embracing CAD/CAM, especially the desire for new
technology, and the expectation for increased productivity and reliability. Most respondents
felt that it was still early days to assess whether their investment had delivered on expectations;
however many of them reported that productivity and quality had improved. The adoption of
CAD/CAM did not lead to changes in staffing according to the majority of respondents, who
also felt that it had improved their role. However, additional comments form a large number
of dental technicians highlighted what was perceived as significant inaccuracies in the scanning
process and the need for further improvement in reliability as well as cost effectiveness of this
technology. A number of respondents also highlighted the problem of the technology being
outdated soon after the investment.
Non-users of CAD/CAM quoted the high financial commitment as the primary reason for this,
along with the lack of such technology in their laboratory. This group was also split in half
regarding their intention to use CAD/CAM in the future.

__________________________________________________________________
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DISCUSSION
An online rather than postal method of delivery was used for the survey even though lower
responses have been recorded with online surveys.12,13 This allowed for a potentially larger
sample size and decreased the costs of this project. However, the response rate was very low,
especially for UK-based dental technicians, even compared to another recent survey14 of the
same group utilising the same method.

Therefore the results of this survey should be

interpreted with caution as the respondents may not be representative of the dental technician
population in the UK and the Republic of Ireland. Despite the low response rate, to the
knowledge of the authors, this is the first attempt worldwide, in order to explore the issue of
CAD/CAM use by dental technicians in an independent way, and the results do permit some
meaningful conclusions, within the limitations mentioned.
The majority of dental technicians who completed the survey came from England, were in the
mid-age group, and delivered predominantly private laboratory work.

The geographic

distribution correlated well with the actual percentages found in the GDC’s ‘Facts and
Figures’.15 The latter 2 demographic variables (age group and type of work) might suggest that
more experienced individuals, delivering mostly private laboratory work were more likely to
have filled out the survey.
The majority of respondents reported using some kind of CAD/CAM aspect in the dental
laboratory workflow, especially if they worked in large laboratories. This is the first time that
a statistic on CAD/CAM use by dental technicians has been reported in a peer-reviewed study
and the first of its kind for the UK. The lack of similar studies does not allow for meaningful
comparisons of the results of the current study with the existing literature. The percentage
seems relatively high and may partially reflect a more selective cohort of respondents. It also
highlighted the increased ability of larger laboratories to fund this technology and possibly take
advantage of the increased productivity workflow that was reported. This effect was also
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compounded by the finding that these larger laboratories were also reporting significantly less
outsourcing.
An important result was the fact that most dental technicians had obtained relative CAD/CAM
training from companies and manufacturers with educational institutions playing a minor role.
This finding highlights a potential deficiency and knowledge gap as the whole process appears
to be company-led with the obvious ramifications regarding the lack of objectivity during the
appraisal and selection of CAD/CAM machinery and resulting products. A similar outcome
was recorded in a recently published survey of UK dentists.11
An alarming finding of this survey was the apparent effect that CAD/CAM technology has had
on material selection for fixed prostheses, with a reported reduction in the use of noble alloys
and an increase of the use of zirconia, titanium, and base metal alloys. Once, again these
changes were more significant for larger laboratories.

Although material choice is the

responsibility of the prescribing dentist, it seems that the profession might be facing a push for
the use of materials potentially based not on clinical evidence16,17, but rather on production
costs, efficiency, and the need for ‘metal-free’ restorations. The effect of this technology on
the use of various dental materials was also highlighted in a recent survey of UK dentists.11
The decreased use of noble alloys has been also reported before18 but may have some future
consequences regarding corrosion resistance.19
An interesting finding of the survey was the fact that CAD/CAM technology appeared not to
have disrupted the working relationships and staffing of the respondents. This is contrary to
the popular assumption that machines might replace human labour, but this result might also
reflect the potential bias of the group who responded to this survey.
High investment cost and ongoing commitments were highlighted as one of the primary reasons
for not adopting CAD/CAM use in the workflow, along with the concern of the technology
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being outdated soon after investment. This appears to be a genuine issue among the non-users
of digital technology in dentistry.11,20

CONCLUSION
Within the limits of this study, the following conclusions could be drawn:
1. Most of the respondents used some form of CAD/CAM technology in their workflow.
2. Initial costs and short shelf life of this technology were highlighted as factors
influencing non-users.
3. CAD/CAM use has led to a change in dental material use.
4. Most dental technicians received training from companies or manufacturers.
5. Larger laboratories were more likely to take advantage of CAD/CAM technology.
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FIGURE LEGEND

Figure 1: Survey with results for each question.

Section 1 - Demographics
1. Where do you currently work?
England (67%)
Wales (0%)
Scotland (7.5.0%)
Northern Ireland (2.1%)
Republic of Ireland (23.4%)
2. What is the highest level of dental laboratory technology training you have achieved?
(Please tick all that apply)
On the job training or Apprenticeship (35.2%)
Degree (17.6%)
Diploma (33.3%)
Other - please specify (13.9%)
3. What is your age bracket?
20-40 yrs (26.6%)
41- 60 yrs (70.2%)
Over 60 years (3.2%)
4. How many other dental technicians do you work with?
Sole trader or I work with 3 or less technicians (44.7%)
Work with 4-9 technicians (33%)
Work with more than 10 technicians (22.3%)
5. Is your work: (Please tick answer that applies)
Predominantly NHS (30.9%)
Predominantly Private (69.1%)
6. Do you use any form of CAD-CAM technology, (either “in-house” or outsourced to
another facility) in your place of work?
Yes (82%)
No (18%)
Section 2 – Questions for CAD/CAM Users
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7. How did you obtain the knowledge to undertake CAD-CAM fabrication of prostheses?
(Please tick all that apply)
Self-taught (22%)
Companies or manufacturers (43.3%)
Educational Institutes (6.3%)
Occasional courses (27.6%)
Other-please specify (0.8%)
8. Which element of CAD-CAM technology do you work with primarily? (please tick all
that apply)
I receive digital intra-oral impressions from dentists (8.7%)
I perform laboratory scanning of models and impressions (33.5%)
I perform CAD (design on computer) (32.3%)
I perform CAM (manufacture of prosthesis including outsourcing) (25.5%)
9. What do you construct using CAD-CAM technology? (Please tick all that apply)
All ceramic restorations (35.3%)
Crown and bridge tooth supported frameworks (30.5%)
Crown and bridge implant supported frameworks (29.3%)
Removable partial dentures (4.9%)
10. Is your CAD-CAM work carried out “in house” or is it outsourced to another facility?
Less than 25 % is carried out in-house (34.3%)
26%-70% is carried out in-house (17.9%)
More than 71% is carried out in-house (47.8%)
11. What factors enticed you to embrace digital technology in the workplace? (Please tick
all that apply)
Requests from dentists (12.3%)
Desire to use new technology (26.8%)
Fear of becoming outdated (17.8%)
The hope of obtaining smoother work- flow and increased productivity (22.1%)
To automate procedures in the hope of gaining increased reliability (21%)
12. Has the adoption of CAD-CAM fabrication led directly to a change in the number of
staff in your place of work?
Reduction in staff (6%)
Increase in staff (7.5%)
No change (86.5%)
13. Are dentists aware if their prosthesis is fabricated using CAD-CAM technology?
Yes (70.1%)
No (3%)
Sometimes (26.9%)
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14. Do you feel that CAD-CAM has proven to be beneficial in the following areas? (Please
tick all that apply)
Better quality assurance i.e. more predictable means of prosthesis fabrication
(45.5%)
Delivers improved productivity (31.7%)
Facilitates improved communication between dentist and technician (14.6%)
Other (Please specify) (8.2%)
15. What do you find the most challenging prosthesis to make by means of CAD-CAM
technology? (Please tick all that apply)
Single all ceramic crowns (9.8%)
Metal substructure crowns (9.8%)
Fixed bridges (20.7%)
Resin bonded bridges (23.2%)
Implant supported crowns (36.5%)

16. Has the use of CAD-CAM technology led to an INCREASE in your use of the
following materials? (Please tick all that apply)
Zirconium (53.7%)
Titanium (24.1%)
Precious metal alloys (2.8%)
Base metal alloys (including titanium) (19.4%)
Why? (Please specify)
17. Has the use of CAD-CAM technology led to a DECREASE in your use of the following
materials? (Please tick all that apply)
Zirconium (4%)
Titanium (2.6%)
Precious metal alloys (77.4%)
Base metal alloys (including titanium) (16%)
Why? (Please specify)
18. Within the CAD-CAM work- flow, which elements do you feel need improvement in
order to facilitate and streamline your work? (Please tick all that apply)
Intra or Extra oral scanning (52.3%)
CAD-Design on computer (29%)
CAM-Manufacture of prosthesis (18.6%)
Please state why
19. How do you feel the digital work- flow affects the role of the dental technician?
It doesn't affect it at all (12%)
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It improves my role (76.1%)
It is threatening my role (12%)

20. Do you feel that your investment in CAD-CAM has delivered on your expectations?
Yes (48.1%)
No (3.7%)
In the most part (25.9%)
It is too early to tell (22.3%)
Please state why
Section 4 – Questions for non CAD/CAM Users
21. Why do you not use CAD-CAM technology? (Please tick all that apply)
I work in a laboratory that does not use CAD-CAM (43.5%)
I think CAD-CAM technology is too immature / untested for me to change my
practice habits at this stage (4.3%)
The financial commitment involved is too high (30.4%)
I do not have sufficient technical training in the procedures involved in CADCAM (13%)
Other (Please specify) (8.8%)

22. Do you plan to use CAD-CAM technology in the future?
Yes (50%)
No (50%)

