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M   
uch has been written about the advancement of com-
puter aided design/computer aided manufacturing 
(CAD/CAM) technology over the past 30 years. Be-
ginning as a niche experiment in single-unit res-
toration workflows, CAD/CAM has evolved to be-

come a major part of the current dental landscape. Dr François 
Duret, considered by many to be the father of digital dentistry,1 

was indeed correct when he wrote in 1991, “CAD/CAM … will 
be a part of routine dental practice [in] the 21st century.”2 As 
this technology has become more broadly accepted, its applica-
tions have been increasingly fine-tuned to the needs of dental 
practitioners and patients alike. This article will review the de-
velopment of CAD/CAM applications in dentistry and explore 
how recent advances are helping foster greater access to dental 
care for vulnerable populations in the United States. 

LEARNING OBJECTIVES

DISCLOSURE: Dr. Kariya is a KOL for various dental companies including SprintRay, Desktop Health, Carestream, and Axsys Dental Solutions. 

• �Discuss the history of CAD/CAM in dentistry

 
 
 

•	Describe the current advances in CAD/CAM 
	 workflows, and the open and closed  
	 CAD/CAM systems

 

•	Explain how CAD/CAM technology may  
	 offer a potential solution to access to 
	 care issues

HISTORY OF CAD/CAM IN DENTISTRY
Dental applications in CAD/CAM technology began in the ear-
ly 1970s, just as the computer revolution was gaining momen-
tum.3 Pioneers in the development of dental CAD/CAM sys-
tems took what initially seemed to be a strictly theoretical 
approach to the fabrication of ceramic restorations, and within 
one decade brought it into commercial production.4 These ef-
forts were aimed at providing patients with restorations of the 
highest quality that could be produced in a single visit, within 
less than 1 hour of fabrication time, if possible.5

Early developers of this technology pursued a number of dif-
ferent approaches to create a viable workflow, which ultimately 
resulted in a system consisting of the following steps: 1) data 
acquisition, 2) design of the dental restoration (CAD), and 3) 
fabrication of the restoration (CAM).5 This basic approach to 
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ABSTRACT
The introduction of computer aided design/computer aided manufacturing (CAD/CAM) technology to dentistry has been one of the major developments in 
the profession of the past 30 years. Improvements in CAD/CAM systems over the last several years have resulted in a workflow that enables practitioners 
to provide patients with high-quality restorations during a single office visit, and at lower costs than have been possible with traditional analog workflows. 
This article reviews the financial considerations for dental practices in implementing CAD/CAM technology, and considers how this technology may serve 
as a solution to access to care challenges for underserved populations by enabling fast and affordable design and fabrication of restorations. 
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digital dentistry has served as the foundation on which the tech-
nology continues to grow today.

Data Acquisition
Various methods have been used for image capture of the tar-
get tooth, including image triangulation, stereophotogrammetry, 
confocal imaging, and active wavefront sampling. Using active 
or passive light capture, these methods have been employed for 
the recording of the data necessary for model and die reconstruc-
tion.6 Examples of early acquisition units include specially mod-
ified cameras with dual lenses to capture the needed data, and la-
ser probes that had been repurposed from other industries.5

Design of the Dental Restoration (CAD)
Several CAD programs were initially developed for the design 
of indirect dental restorations, including the Sopha Biocon-
cept System (Sopha Bioconcept, Inc) and Chairside Econom-
ical Restoration of Esthetic Ceramic (CEREC®, Sirona Dental 
Systems GmbH).7 Integrating the information from the data ac-
quisition unit, early CAD systems worked much the same way 
they do today. The margin would be marked on the restoration 
and an ideal crown proposal made based on the location of the 
tooth in the mouth. Automatic and custom adjustments could 
then be made to the crown before fabrication. However, early 
versions of the CEREC software allowed only for design of in-
lays and onlays, owing to the restrictions in milling that existed 
during that period.4 

Fabrication of the Restoration (CAM)
Early fabrication of CAD/CAM restorations used subtractive 
manufacturing techniques similar to those used in many milling 
machines today. Preformed blocks were inserted into the mill-
ing machine, and the CAM processes were run to create the fi-
nal restoration. This portion of the software would calculate the 
toolpaths necessary to remove the excess material in the incre-
mental reduction of material.8 

COMMERCIAL VIABILITY OF CAD/CAM SYSTEMS
Today there are more than a dozen CAD/CAM systems avail-
able for in-office use.9 Initially, the CEREC 1 system (Siro-
na Dental Systems GmbH) was the first commercially viable 
product on the market.4,7,8 While the subsequent iterations of 
CEREC have produced a more refined system, much of the cur-
rently available CAD/CAM systems is still the same as it was 
with the first CAD/CAM units that were created more than 30 
years ago. As materials have continued to evolve over the past 
four decades, the options for restoration creation have expand-
ed from simple indirect fixed restorations to include a much 
wider selection of restorations.7 

Currently, additive manufacturing (eg, 3D printing) has be-
come a growing feature of  CAD/CAM dentistry, with current 
resin profiles being planned for long-term restorations in the 
mouth.10 Advances in chip manufacturing and materials devel-
opment are allowing laboratory technicians and clinicians to 
provide patients with restorations that were previously avail-
able only through an analog workflow. Although these ana-
log approaches have been tested and have proved to be reli-
able, they are often labor intensive and time consuming. With 
the recent improvements in CAD/CAM workflows, viable 

restorations can be made not only much more quickly than with 
analog counterparts, but at a fraction of the cost. 

While there are many ways this new technology can be lev-
eraged, perhaps the most impactful potential outcome will be 
providing greater access to dental care for all patients.

ACCESS TO CARE
Access to dental care has been a growing concern in the Unit-
ed States for the past 20 years.11 The term “access to care,” 
popularly used in public health policy, may be used to refer 
to the availability of a sufficient supply of healthcare services 
and, more particularly, to an individual's ability to utilize those 
services, especially those needed for general well-being.11 Ac-
cess to care has been described as comprising four interrelated 
aspects: affordability of services, physical accessibility of ser-
vices, acceptability of services, and adequacy of supply.11 Re-
garding dental healthcare in the United States, all of these fac-
tors play a role in the composite well-being of the communities 
in which dental professionals serve. 

Affordability
Among the four barriers to access to care, the inability of some 
patients to afford healthcare looms especially large.12 Surveys 
have found that up to two out of five people report that they 
limit or delay dental treatment because of financial concerns.13 

The Centers for Disease Control and Prevention (CDC) reports 
that only half of Americans have dental insurance, and those 
without dental insurance coverage are much less likely to have 
had a dental visit than those with coverage.14 

Physical Accessibility
Based on figures from the US Health and Human services, 
only about 30% of individuals located in Health Profession-
al Shortage Areas (HPSAs)—ie, geographic areas that have in-
sufficient primary care, dental, and mental healthcare provid-
ers—have adequate access to care.15 This means that of the 60 
million Americans who live in these designated areas, 42 mil-
lion Americans do not have physical access to dental care. 

While the number of general practitioners in HPSAs through-
out the United States is limited, access to specialists in these re-
gions is even more restricted. To see the same number of patients 
as general practitioners, specialists would require a referral area 
that is much broader, owing to the specialized nature of their care 
services; as a result, the services of specialists tend to be concen-
trated in more densely populated areas. Vulnerable populations 
outside of these regions are thus forced to travel long distances 
for healthcare services or are left without adequate care.

Adequacy of Supply 
According to the HPSA report of 2020, more than 10,000 den-
tal providers are needed to meet the demand of care.15 Based on 
these data, even if providers are physically located in the region 
where need is greatest, there may still not be enough clinicians to 
treat all patients who need care. The report calculates that a ratio 
of one practitioner per 4,000 patients can be considered as meet-
ing the need of an area. Although populations within HPSAs are 
most likely not receiving two dental hygiene visits per year, theo- 
retically 8,000 appointments per year would be required to satis-
fy the hygiene needs of a patient population. For a given clinic, 
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would be an appropriate treatment option for her, owing to the 
poor state of her oral health and dentition and because she had 
limited financial resources and did not think that she could af-
ford restoration of her teeth. The patient reported that she had 
experienced depression and alcohol abuse because of her cancer 
diagnosis, and that she had neglected her dental care during the 
course of her cancer treatment, resulting in generalized moder-
ate-to-severe caries with moderate wear due to bruxism (Figure 
1 through Figure 5). She also presented with significant staining 
of her remaining dentition due to the alcohol abuse. 

 After clinical evaluation and treatment planning, it was de-
termined that the state of the patient’s dentition was not hope-
less and that her teeth could be restored. The patient decided 
that she would like to try to preserve her natural teeth with a 
full-mouth crown and bridge rehabilitation, and to have any 
salvageable teeth treated with root canal therapy instead of 
extraction, if possible. After a thorough examination, it was 
determined that one tooth would need to be extracted (tooth  
No. 19) and one would need root canal therapy (tooth No. 6). 
Twenty-four units of crown and bridge were needed. In order to 
save the patient the cost of sending her crowns out to a labora-
tory for fabrication, it was agreed that the restorations would be 
made in-house. A fully digital workflow was implemented for 
all planning and restorative work, where possible. 

After a dental prophylaxis cleaning, the patient’s mouth was 
scanned with an intraoral scanner for preoperative models (Fig-
ure 6).  An upper and lower dentate scan was obtained with cor-
responding bite records. The bite was recorded at maximum 
intercuspation. Tooth length measurements were made, and it 
was found that the maxillary central incisors were only 8 mm in 
length, owing to prolonged bruxism and incisal wear. 

The digital articulator function was used to open the patient 
approximately to 1.5 mm (Figure 7), and digital wax-up was 
then created for ideal esthetic and functional restorations using 

it would be necessary for four chairs to run eight 1-hour appoint-
ment 5 days per week for 50 weeks out of the year to satisfy this 
need. In many states, this would not even be legal, given the cur-
rent laws established by state dental boards.16,17

A Technological Solution to Access to Care Issues
Over the past decade, health policy reforms have been aimed 
at improving access to care for the greatest number of Ameri-
cans possible. While access to dental care has likely improved 
as a result of these reforms, many believe that the nation’s den-
tal care system needs to undergo significant changes and im-
provements in order to achieve the desired outcomes relating to 
care access.18 Well-intentioned policy will probably take years 
to implement, and even then it may still not be able to solve ac-
cess to care issues reliably across the board. Individual prac-
titioners will likely need to make changes to their practices to 
help achieve any type of sustainable solution. 

Flexible solutions are needed to combat the problems posed 
by the barriers to care.19 The author suggests that one potential 
solution is the adoption and adaptation of CAD/CAM technol-
ogy as a means of providing the highest quality of dental care 
more quickly and efficiently, and at a lower cost to the patient. 
Although the economics of investing in in-office CAD/CAM 
workflows may seem daunting at first, a closer examination of 
the details shows that an investment in digital dental technol-
ogy can provide not only financial benefits to the practice and 
the patient, but improve clinical outcomes as well.20,21 

CASE STUDY
At a clinic treating patients in an underserved population, a 
54-year-old female patient presented requesting extraction of all 
of her teeth and fabrication of dentures for her long-term res-
torations. The patient had a history of breast cancer, which had 
been treated with chemotherapy. She believed that full dentures 

1

Fig 1 through Fig 3. Patient presentation at initial examination. Lips retracted (Fig 2) and lips retracted, open bite (Fig 3). Fig 4 and Fig 5. Preoperative photographs of max-
illary arch (Fig 4) and mandibular arch (Fig 5). Fig 6. Preoperative digital impression loaded into CAD software.

2 3

4 5 6
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then prepared in a similar manner, and digital data were import-
ed into a CAD software. 

In the CAD software, restorations were designed based on 
the ideal wax-up, and adjustments were made based on the ac-
tual fit in the patient’s mouth. Because of her history of brux-
ism and severe staining, a 3Y zirconia material was chosen for 
the final restorations. After the designs were completed, a nest-
ing software was used to generate the toolpaths for the five- 
axis Versamill 5x200 (Axsys Dental Solutions). This type of 
mill boasts the advantages of being able to mill many differ-
ent materials, including lithium disilicate, zirconia, polymethyl 
methacrylate, and even titanium. In contrast to most in-office 
milling systems that mill from single-unit blocks of material, 
five-axis mills often are able to mill out of a single puck, which 
allows faster milling times and a reduction in the cost of ma-
terials. Other examples of five-axis milling machines include 
DWX-52D (Roland), Ceramill® Motion 2 (Amann Girrbach), 
and inLab MC X5 (Dentsply Sirona).

After the restorations were milled, they were sintered and 
polished for final effect. It was decided that these restorations 
should not be glazed to avoid the added abrasivity that ac-
companies this finish to the restoration.22 The patient was then 
scheduled for temporary crown removal. The final crowns were 
fitted on the prepared teeth, and the contacts adjusted. The pa-
tient reported that she was pleased with the feel and esthetics of 
the restorations, and the restorations were cemented (Figure 14 
through Figure 19). 

a CAD software (Figure 8). This ideal wax-up was then print-
ed using a 3D printer, and a putty matrix was created over the 
model for mock-up in the patient’s mouth (Figure 9). All exist-
ing decay was then treated, and build-ups were performed on 
any needed teeth. 

Once the existing decay was treated, the ideal wax-up was 
transferred to the patient’s mouth via a putty matrix and tested 
for occlusal harmony and patient comfort using a bis-acryl tem-
porary crown material (Figure 10). The patient wore the tempo-
rary ideal wax-up for 2 weeks, and occlusal adjustments were 
made where necessary to calibrate the occlusion. The patient 
reported that she was satisfied with the function and esthetics 
of the ideal wax-up, and the teeth were then prepared, starting 
with the lower arch. 

Tooth preparation was done in segments, with the transferred 
wax-up still remaining on the teeth to preserve the opened ver-
tical dimension of occlusion (VDO) (Figure 11). Starting with 
the lower anterior sextant, the teeth were prepared for full cov-
erage restorations, and a progressive bite registration was used 
to maintain the occlusal record (Figure 12). The remaining 
sextants were prepared and bite records taken. A double-cord 
retraction technique was used, and the prepared teeth were 
scanned with an intraoral scanner (Figure 13). The bite record 
was placed on the right side of the mouth while the bite scan 
was completed, and the same steps were then performed on the 
other side of the mouth. In this way, the entire arch was able 
to be scanned while maintaining the VDO. The upper jaw was 

7

Fig 7. Models loaded onto digital articulator.  
Fig 8. Creation of the digital wax-up. Fig 9. The digital 
wax-up was loaded onto 3D printer platform.  
Fig 10. Temporary crowns were transferred from 
the ideal wax-up. Fig 11. The mandibular teeth were 
prepared after ideal wax-up had been transferred to the 
mouth. Fig 12. A progressive bite registration was used 
to maintain increased vertical dimension of occlusion. 
Fig 13. Digital impression of the prepared teeth.

10 11

12

8 9

13
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are considered “open” are defined as such because the differ-
ent components of the workflow can be paired with products 
from different manufacturers.24 Open systems have the advan-
tage of being flexible and can be used for multiple different 
applications. Numerous workflows are available with the open 
system architecture, as dentures, custom implant abutments, 
night guards, and other dental indications are easily fabricat-
ed with training.25 Open systems also tend to be less expensive 
than closed systems. 

Closed systems, on the other hand, are tailored to guide the user 
from start to finish, and generally tend to be slightly less com-
plex. Usually, one company will manufacture all of the equipment 
needed for the fabrication process and bundle it together.24 The 
disadvantage of closed systems is that they tend to be more rigid, 
being capable of use for only a fraction of the applications used 
with their open-system counterparts. Closed systems also tend to 
be more expensive. The individual clinician must ultimately de-
cide which system will best suit his or her needs. 

Costs and Return on Investment
Acquiring and learning to use the different components that are 
necessary to complete a CAD/CAM system for in-office use by 
the general practitioner may seem daunting at first. However, 
while it does take time to gain the skills and knowledge neces-
sary to utilize these new workflows, it can be well worth the 
investment. It is also worthwhile to consider training an inter-
ested dental assistant in these workflows, to help offload any 
additional work that the dentist may need to take on to fully im-
plement these systems. A hybrid dental assistant/lab technician 
is a role that is increasingly being incorporated into dental prac-
tices, thus helping to increase the value of the practice’s invest-
ment in CAD/CAM systems. 

A breakdown of the costs of the equipment used in the 
case study described earlier is shown in Table 1. As shown in 
this breakdown, the total cost of a CAD/CAM system can be 

Discussion
This case study illustrates how CAD/CAM technology can be 
used to achieve life-changing results for individuals who would 
otherwise have limited or no access to appropriate dental care. 
This patient, a woman living in an underserved community, had 
believed that full-mouth dental extractions would be necessary 
to achieve functional and esthetic rehabilitation of her dentition. 

Due to the comprehensive needs in this particular case, treat-
ment was broken up into four different appointments. While this 
schedule suited the patient because she had the necessary trans-
portation, chairside same-day restorations could also be com-
pleted depending on patient needs. Compared with traditional 
workflows that would require cases to be sent out to external lab-
oratories, in-office CAD/CAM workflows can allow for greater 
flexibility in scheduling of patients, which can provide a distinct 
advantage when working with vulnerable patient populations. 

FINANCIAL CONSIDERATIONS WITH CAD/CAM SYSTEMS
Comparison of Open Systems and Closed Systems
In digital dentistry, there are two broad categories of CAD/
CAM systems: open systems and closed systems.23 Systems that 

Fig 14 through Fig 18. Treatment outcomes at delivery 
appointment. Retracted smile (Fig 15); retracted smile 
open (Fig 16); maxillary arch (Fig 17); and lower arch 
(Fig 18). 

Equipment Cost
Intraoral scanner $20,000
3D Printer $5,000
CAD/CAM Software $10,000
Mill $35,000
Sintering Oven $10,000

Total: $80,000

Table 1. Example of Costs Associated With the Design and 
Fabrication of CAD/CAM Restorations

14 15

17 18

16
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approximately $80,000. While such a capital outlay may seem 
a heavy cost at first glance, it is important to note that not all 
system components need to be acquired at once, and that even 
before all the components are in place, laboratory costs may be 
reduced for the practice. Design services from digital labora-
tory technicians exist through which a crown can be designed 
within a matter of minutes for as little as $5.00. If the clinician 
does not feel confident in taking on this portion of the digital 
workflow, such design services can serve as a great way to be-
gin implementing CAD/CAM technology in-office in a gradual 
manner. Additionally, dental laboratories or dental 3D printing 
centers can print models for minimal costs if the clinician does 
not want to take on that aspect of the workflow as well. 

Although much has been written elsewhere on the topic,26, 27 a 
full analysis on the return on investment (ROI) seen with imple-
mentation of CAD/CAM systems in dentistry is beyond the scope 
of this article. However, the following is a simple example of a po-
tential ROI that can occur with CAD/CAM for in-office use:

 A puck of zirconia costs $125, and therefore 20 restorations 
can be milled from a single puck at a cost of $6.25 per unit. Af-
ter calculating the costs of the equipment and the labor involved 
in the creation of the restorations, the cost of processing a sin-
gle-unit zirconia crown would be approximately $25. If it is as-
sumed that the dental office is scheduling 30 crowns per month, 
with a laboratory cost of $100 per unit, this equates to a savings 
of more than $27,000 per year. In this scenario, which does not 
include consideration of the additional restorations that can be 
fabricated with these systems, it would take less than 3 years to 
break even on the investment. 

For the case study discussed earlier, in which the patient re-
quired 24 units of crown and bridge, if each unit cost $25, the 
total cost would be $600—or, a savings of $1,800. 

CONCLUSION
The introduction of CAD/CAM systems to dentistry has been 
one of the major developments in the profession of the past 30 
years. Every year, improvements in these systems have creat-
ed more flexible and predictable treatment options. Additional-
ly, the costs associated with the implementation of CAD/CAM 
systems are decreasing as the technology continues to advance. 

Fig 19. Comparison of initial presentation and final outcome.

CAD/CAM dentistry allows the practitioner to change the dy-
namics of the traditional model of dentistry, and thereby change 
what we as a profession can offer to our patients. The ability of 
these tools to improve access to care for underserved patients, 
by providing them with restorations quickly and affordably, is a 
potential significant benefit of this technological advancement 
that requires further exploration.
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1.	 Dental applications in CAD/CAM technology began in:
	 A. the 1950s.
	 B. the early 1970s.
	 C. the mid-1990s.
	 D. the last 10 years.

2.	 Early versions of some CAD software allowed only for:
	 A.	crown proposal based on the location of the tooth.
	 B.	design of inlays and onlays.
	 C.	marking of the margin on the restoration.
	 D.	 integration of the information from the data  

	 acquisition unit.

3.	 Early fabrication of CAD/CAM restorations used:
	 A.	subtractive manufacturing techniques similar to 

	 those used in many milling machines today.
	 B.	 subtractive manufacturing techniques that were 

	 much less advanced than those used in most milling 
	 machines today.

	 C.	3D views of scanned images.
	 D.	B and C

4.	 Which of the following represent advances in or 
growing features of CAD/CAM dentistry?

	 A.	Additive manufacturing (3D printing)
	 B.	Advances in chip manufacturing and materials 

	 development
	 C.	Viable restorations can be made more quickly than 

	 with analog counterparts, but at a fraction of the 
	 cost

	 D.	All of the above

5.	 Access to care has been described as comprising 
which four interrelated aspects?

	 A.	Affordability of services; cultural accessibility of 
	 services; acceptability of services; and availability of 
	 services

	 B.	Accessibility of services; equity of access; afford- 
	 ability of services; and availability of services

	 C.	Affordability of services; physical accessibility of 
	 services; acceptability of services; and adequacy of 
	 supply

	 D.	Accessibility of services; equity of access;  
	 affordability of services; and adequacy of supply

6.	 The CDC reports that how many Americans have  
dental insurance?

	 A.	Three-fourths
	 B.	Two-thirds
	 C.	Half
	 D.	Approximately one-fourth

7.	 What percentage of individuals located in Health 
Professional Shortage Areas (HPSAs) have adequate 
access to care?

	 A.	About 75%
	 B.	About 50%
	 C.	About 30%
	 D.	About 15%

8.	 According to the HPSA report of 2020, what number 
of dental practitioners is necessary to be considered 
as meeting the need of an area?

	 A.	One practitioner per 4,000 patients
	 B.	One practitioner per 10,000 patients
	 C.	The number of practitioners necessary to cover 

	 10,000 appointments per year
	 D.	The number of practitioners necessary to cover 

	 4,000 appointments per year

9.	 Which of the following are characteristics of “open” 
CAD/CAM systems?

	 A.	The different components of the workflow can be 
	 paired with products from different manufacturers

	 B.	The needed equipment for the fabrication process 
	 tends to be bundled together

	 C.	 It is less expensive than closed systems
	 D.	A and C

10.	Which of the following are characteristics of “closed” 
CAD/CAM systems?

	 A.	They are tailored to guide the user from start to 
	 finish

	 B.	They have the advantage of being flexible
	 C.	They can be used for multiple different applications
	 D.	A and C
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