THE DENTAL
CLINICS OF

S NORTH
AMERICA
Dent Clin N Am 46 (2002) 521-538

Clinical decision-making using computers:
opportunities and limitations
Hikmet Umar, DMD, MSIS, DIC, PhD (pend)a’b’*

#Center for Biomedical Informatics, Forbes Tower, Suite 8084,
200 Lothrop Street, Pittsburgh, PA 15213, USA
®Department of Dental Informatics, Temple University School of Dentistry,
3223 North Broad Street, Philadelphia, PA 19140, USA

“For to err in opinion, though it be not the part of wise men, is at least
human.” These words from Plutarch (AD 46?-AD c. 120) describe well the
current dilemma of too many human errors in medicine, which cause an esti-
mated 44,000 to 98,000 people to be killed each year by mistakes made by
doctors, pharmacists, and hospitals. Even with the lowest estimate, the num-
ber of people who die from medical human error is more than the number of
people killed by traffic deaths, AIDS, or breast cancer, according to the
Institute of Medicine (IOM) [1]. The editors say that the problem is not a
matter of inconsiderate behavior on the part of people treating patients; it
is just basic flaws within the system. The report released by the IOM gener-
ated public interest, and the number of deaths were discussed controver-
sially [2,3] and resulted in a white paper about quality improvement in
medicine [4]. Bates et al [4] reviewed the use of information technology in
medicine and described well some major flaws that lead to medical errors
generated by information technology and management issues of health care
providers in hospitals and industry. The authors gave general suggestions
relevant to many specialties to reduce errors for using information technol-
ogy and gave specific recommendations on how to implement certain
aspects important for overcoming life-threatening conditions.

Fortunately, dentistry is not a “life and death” discipline of health care
and will never cause those dramatic figures. Computers are all over the den-
tal office and grow exponentially in their number and frequency of usage;
errors occur using these computers and during dental treatment per se.
Although dental practice differs from medical practice, we can learn from
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the efforts and strategies using information technology in medicine toward
the implementation of comparable and tailored systems in dentistry.

Many questions arise here: What exactly is the need for information tech-
nology and where in the dental office or clinic can it be used? Which com-
ponents are necessary? How can one use computers to reduce the error
rate? For information technology to be implemented, it must be clear that
the return on investment is sufficient.

Answers to these questions are given in this article. The author first
describes efforts using information technology at various phases in dental
treatment as they represent prerequisites for decision making and prepares
recommendations for the further development of computers for clinical den-
tal decision making.

It is beyond the scope of this article to discuss every dental discipline, and
the reader might miss other areas of interest. After a thorough literature
search and market studies, topics discussed herein are in accordance with
areas of heavy use (and need?) of information technology in dentistry.

The best way to begin is to look along the path of a dental patient enter-
ing and leaving a dental office. Most of the stages are similar at many dental
schools or hospitals and private offices, except for the time spent in each
phase related to the availability of sophisticated procedures, equipment, and
human experts. Usually the patient enters a private office first before deci-
ding to go or being referred to a larger clinical site, at which the overall time
for completion of diagnostics, assessment for treatment plan, pretreatment,
and treatment is longer. Depending on the complexity of the case, patients
can remain or reenter each stage several times.

The encounters of a dental patient

If one defines “death of a patient” in medicine as the final or absorbing
stage of treatment, then a comparable health state occurs in dentistry as the
patient becomes and stays edentulous (without any resting teeth but with
dentures in general; however, in the endstage patients cannot even use any
dentures because of extreme bone atrophy). This can happen for several rea-
sons, for instance, caries or periodontal diseases, radiotherapy, or treatment
failure. Human error in dentistry is seldom life threatening to the patient but
is detrimental to a particular tooth. Because we have only a limited number
of teeth, it is only a matter of time before a patient enters this edentulous
phase. Although court cases are frequently settled for the benefit of a pa-
tient, replacement of the secondary dentition is critical in many aspects,
particularly for esthetics, masticatory efficiency, speech, oral space main-
tenance, and sociopsychological patterns.

The variation in treatment strategies of modern dentistry also can be the
reason why patients face the risk of becoming edentulous at a relative early
age. This is supported by demographic studies, which show that the elderly
population in the United States (age 85 and over) increased 25-fold from
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1900 to 1990, and projections of the total US population show an increase
from 1.6% in 2000 to 1.9% for 2010 and 4.6% in 2050 [5]. The average life
expectancy was 79.6 years for women and 72.9 years for men in the United
States in the year 1999 [5].

An assessment of dissatisfaction with oral health in an older adult popu-
lation identified the factors associated with dissatisfaction and showed that
edentulous patients were more likely to be dissatisfied than dentate subjects.
The authors concluded that demographic, clinical, and psychosocial impact
variables are associated with oral health [6].

Patient history and dental record

During the history-taking part of the appointment and after the oral
examination, the dentist dictates findings to the dental assistant, who pre-
pares a clinical record. Although the dental assistant is busy with completing
the clinical record, he or she also might assist with instruments and position-
ing in the chair-lamp-tray triad. Speech recognition systems are necessary
but are not standardized yet. A study of this technology for clinicians shows
that it has advanced considerably in recent years and is a serious contender
for replacing the increasingly expensive methods of dictation with human
transcription [7]. Many applications are already available for radiology
[8], although the technology is still evolving. A comparison of data from
5072 reports generated with a commercially implemented system and 4552
reports produced during the same period 1 year earlier shows that continu-
ous speech recognition markedly improved report turnaround time and
proved to be cost effective [9].

Despite this ongoing interest in the medical domain, no dental speech rec-
ognition systems known for typical documentation or voice-controlled
positioning of chair-lamp-tray systems are available. Research and imple-
mentation of information technology on dental-related speech focus on the
functional integration of simple and complex human functions that involve
the odontostomatognathic functional system [10].

An important general issue that arises with speech technology is audio
information retrieval; there are currently no search engines for audio data
comparable to “Yahoo!” or “Alta Vista”. Because the development of mul-
timedia applications involves audio features, intelligent interfaces for navi-
gating and browsing become necessary [11].

Looking closer at dental clinical records, we know that they are as impor-
tant as in medicine but differ greatly in the moderate use of pictographic
symbols, codes, and colors. Traditional dental records frequently are filled
out using colored pens and codes, and the dentist enters intraoral and radio-
graphic findings into the chart by hand. Depending on the specific domain,
such as periodontology or prosthodontics, additional symbols and classifi-
cations are being used and differ regionally. This also varies because of con-
ventions introduced by different dental schools. Because there is no national
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or international chart standard, various electronic chart systems are avail-
able for dentistry.

The incentives for a computer-based oral health record were developed
by a collaboration of seven dental schools in the United States [12,13] and
described features and concepts of basic data elements [14]. Currently, this
is administered by the American Dental Association (ADA). The develop-
ment of a multimedia electronic dental record is highly desirable but far
from being completed, as described by Lowe for the medical domain [15].
The described system is not transferable on a one-to-one basis to dentistry;
there is no equivalent to a dental electronic chart in medicine.

There are, however, several marketed proprietary systems, but only few
are available for scientific documentation and publication, such as developed
by Benn et al [16,17]. Their system (March/April 2000 version) is described
in detail to represent a typical example of a computer-based oral health re-
cord. Like all other available systems, it shows good and improvable features.

First, it combines several features at once, for instance, documentation
for medical and dental history, pictorial caries charting, including radio-
graphic classifications, periodontal findings, and iconized representation for
possible treatment. The authors admit that the new chart may seem compli-
cated to use but it shows an error rate of less 3% after standardized testing
with 24 users [18].

This system needs further improvements to reduce the time needed to
enter data, click on all findings, or identify the lately entered contents. New
computer icons are introduced to represent clinical caries or radiographic
classifications, periodontal findings, and dynamic icon composition for
implants and endodontic posts. This symbolic specialization might be a
good adaptation to dental needs, but the large set of different icons makes
it difficult to memorize the specific meaning of an icon, particularly once the
chart is printed in black and white. The representation on the screen is filled
with many dissimilar icons because a single tooth’s finding consists of a min-
imum of four rows on the monitor and lacks a quick overview and ease
of use. More importantly, many icons resemble one another in shape and
color, and their total number exceeds the amount of pictorial representa-
tion using traditional charts. The details mentioned are more or less valid
for all known systems.

Another attempt at computerized reporting of aggregated data and devel-
opment of telematic applications linked to dental software systems is the
ORATEL project [19]. It addresses the issue of quality assurance and pro-
vides chair-side decision support and retrospective evaluation of perfor-
mance for general dental practitioners.

Although further development of these systems is warranted, implemen-
ting standard findings known from instructional software design [20-22] and
human—computer interaction [23,24] is important. Recently, preliminary
concepts on the development of standards for the design of educational soft-
ware in dentistry [25] were published.
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Diagnostics

The actual chair-side sessions, which involve the extraoral and intraoral
examination, radiographic, and other imaging modalities, are the most cru-
cial meetings for a patient’s future treatment.

A noninvasive method for detection of precancerous and cancerous oral
lesions uses computer-assisted analysis of the oral brush biopsy and is termed
OralCDx [26]. It can aid in confirming the nature of apparently benign oral
lesions and revealing lesions that are precancerous and cancerous more signi-
ficantly when they are not clinically suspected of being so. Atypical and pos-
itive results are still referred for scalpel biopsy and histology to characterize
the lesion completely. Given the difficulty in clinically differentiating prema-
lignant and malignant lesions from benign lesions with a similar appearance,
OralCDx seems to determine the significance of an oral lesion definitively
and detects innocuous-appearing oral cancers at an early and curable stage.

Caries detection is another major preventive task of a dentist. A newly
developed system called Logicon Caries Detector program (Logicon Inc,
Northrop Grumman Information Technology, Herndon, VA) is designed
to assist dentists in the detection and characterization of proximal caries.
An evaluation of the program showed that the automated caries detection
program was not consistent and provided different opinions on the caries
status in a surface. The interobserver agreement in caries diagnosis also did
not improve using the program [27].

The process of taking impressions is an everyday task and sometimes can
be difficult for dentists and patients. Noncontact impression techniques that
use video scanning of the oral cavity are under development [28,29]. Video
techniques generally are widely used in dentistry, including dental education
and training [30-32], teleradiology [33], prediction of orthodontic treatment
[34-37], and diagnosis and treatment planning [38], most of which represent
stand-alone computer systems.

The collection of clinical data and findings using computer technology is
mostly undertaken in oral radiology [39,40] and with dental imaging tech-
niques [41,42]. Technology advances quickly, and systems reviewed in 1993
for panoramic radiography [43], including common errors in patient posi-
tioning, their effect on the radiographic image, and how to correct the
errors, have improved significantly.

The comparison between extraoral and panoramic systems [44] demon-
strates the newest technologies available in dental radiographic hardware,
such as charge-coupled devices, charge-injection devices, complementary
metal oxide semiconductors, thin-film transistors, and photostimulable
phosphors. The corresponding software goes beyond the scope of pure dis-
playing radiographic images. For instance, the application of a 4-gray level
isodensity filter to the air surrounding the face of a cephalometric image
clearly depicts the soft tissue profile of the patient, which is useful in the
treatment of orthodontic and maxillofacial prosthetic cases.
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Three-dimensional imaging was carried out from the beginning of com-
puted tomography (CT) in the presurgical evaluation of dental implant sites
and implemented in the Sim/Plant software (Columbia Scientific, Columbia,
MD). More advanced procedures include the use of stereolithographic
methods to build three-dimensional plastic models for diagnosis and therapy
planning of oral and maxillofacial disorders and surgery [45,46]. These three-
dimensional methods are not limited to MRI alone [47,48]. Current studies
are investigating the combination of other techniques, such as videofluorog-
raphy [49], spiral CT [50,51], and the accuracy of two-dimensional/three-
dimensional CT data [52].

For many years, distortions and artifacts in CT data caused by a patient’s
metallic restorations were a hurdle in three-dimensional image reconstruc-
tion that was needed in the diagnosis and treatment of dental implants,
impacted teeth, and temporomandibular joint disorders. Befu et al [53]
performed special algorithms for noise reduction by moving an average of
8 voxel intervals to two-dimensional images and other edge detection meth-
ods. The three-dimensional image was finally obtained from multidirec-
tional interpolation [53]—free and clear of those artifacts. Their clinical
model of limited cone-beam x-ray CT for dental use is called “3DX multi-
image micro CT” and is currently available only in Japan (J. Morita Mfg
Co, Kyoto, Japan).

A stereoradiographic system termed ‘“‘tuned aperture computed tomogra-
phy” (TACT), which is a method to produce three-dimensional images from
a series of two-dimensional images [54,55], has been licensed by Instrumen-
tarium Imaging (Tuusala, Finland). The use of TACT for dental applica-
tions is currently in progress for diagnostic efficacy in primary caries
detection [56], diagnosis of external root resorption [57], the accuracy of
depth discrimination [55], assessment of bone defects at implant sites [5§],
and determination of the orientation of a tooth root or titanium dental
implant to an inferior alveolar canal in three dimensions [59].

Besides these image specific hardware improvements, software modalities
concentrate on automatic densitometric image analysis, termed CADIA, in
periodontal radiographs [60] and digital subtraction methods to quantify
alveolar bone density changes caused by periodontal surgery. To make sub-
traction radiography more accessible to researchers and practitioners, a
method has been developed to align dental radiographs automatically for
digital subtraction radiography [61]. A series of applications of computer-
assisted interpretation in radiographic diagnosis [62] and accuracy [63,64]
are being developed constantly. Examples include automatic interpretation
of periapical bone lesions [65], data handling capabilities merged with algo-
rithms to ideally produce diagnostic outcomes of equal or greater accuracy
than those made by accepted experts [41], and the automated detection of
caries [66], which measures bone loss to adjacent dental implants [67].

Digital radiographic and imaging modalities offer many advantages that
may sometimes be in the patient’s best interest, including fast transmission
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to consulting dentists, insurance companies, and after-hours interpretation.
Once scanning of radiographs becomes unnecessary, all data in digital for-
mat also will be transmitted more frequently, making teledentistry and tele-
radiology standard [68—71]. The side effect of using teleradiology systems is
the change of work practices in terms of collaboration, reorganization of
work, and education [72].

A recent development in the diagnostic field is the virtual articulator for
the analysis of dysfunctions and the dysmorphology of dental occlusion.
Results of a three-dimensional scan of a single tooth and complete denture
models, including their centric relation, are combined with data from a jaw
movement analyzer, which enables the virtual movement and diagnosis of
dynamic occlusal contacts and interferences [73].

Treatment planning, pretreatment, and treatment:
steps of clinical decision making

This phase of “clinical data mining” is decisive and is based on the den-
tist’s expertise in the particular domain. For instance, if the dentist considers
implant treatment, effects of findings, such as bone condition, jaw site, and
age, are important parameters for the long-term outcome [74]. Prosthodontic
determinants for successful long-term treatment outcomes are challenging
in defining the best application. Consensus among professionals is neces-
sary but has not met the broad context of prosthodontic options [75]. As
described recently by Umar [76], the patient can remain in or change to dif-
ferent clinical states. The prediction of clinical states of individual patients
can be vital and is modeled using probabilistic inference for definitive surgi-
cal therapy for primary cutaneous melanoma [77] and clinical pathology
using image-guided decision support systems [78]. These modeling tech-
niques are superior to traditional statistical procedures of multivariate logis-
tic analysis [79,80] in acquiring incomplete data for prediction [81-83].

The use of computer technology for clinical decision making started in
the late 1970s and early 1980s, particularly in medical domains that imple-
mented knowledge and transferring strategies that were developed and iden-
tified by cognitive scientists [84-86]. A good overview of this period for
medical decision making in primary care can be found in a 1990 article by
Taylor [87] that describes the target values of making knowledge accessible
to the clinician at the point of decision. The three dimensions of formal eval-
uation for primary care settings emphasized by Corey as accurate for predic-
tion, useful, and acceptable for clinicians are still valid [88]. The primary
focus of constructing these decision-making systems for primary health care
settings was based initially on statistically available findings and knowledge-
based data [89,90].

During the early 1990s, decision-making systems in primary care
improved further in conjunction with new strategies on implementations
of judgment under uncertainty [91-94] and the use of guidelines to construct
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decision-making systems [95-97], with special emphasis on probability
theory and Bayesian approach [98-100]. The effectiveness of active and pas-
sive diagnostic decision-making systems is reviewed and discussed in a 1995
article by Elson and Connelly [101].

To determine whether an artificial system can distinguish novice and
expert strategies during complex medical diagnostics, artificial neural net-
works were able to identify a small number of expert-like strategies after
training the system [102]. Monitoring an expert system performance can
be achieved using continuous user feedback, in which the design of an expert
system incorporates measures of system performance. These metrics can be
collected and monitored during the routine use of the system [103]. During
the past few years, the number of expert systems increased steadily, as re-
viewed in 1996 by Durkin [104]. The elicitation of domain knowledge from
a human expert to build an artificial system is complex and time consum-
ing because it is mainly based on intuitive strategies as opposed to theoret-
ically sound reasoning rules; however, errors and inconsistencies in their
judgment are apparent. The processes of decomposing and formalizing a
decision problem into simpler components are well defined and understood
[89,95,99].

The description of various medical systems being developed is not with-
in the scope of this article. Studies of influence of expert systems on train-
ing [105,106], testing and validation [107], implications for systems design
[108], guidelines to improve compliance with care standards [109], and
effects on physician performance and patient outcomes [110] show impor-
tant findings that are also valid in the dental domain.

Needs and different modalities for dental decision-making systems are
described in several articles [17,111-113]. First, dental systems evolved in
histopathologic diagnosis of salivary gland neoplasms [114], orthodontic
diagnosis [115], caries diagnosis [16], oral radiology [116], oral surgery
[117], and partial denture design [118—120].

Only a few expert systems or other types of mathematical models have
been developed in clinical dentistry and prosthodontics, respectively. For
instance, oral radiographic differential diagnosis’ (ORADs) designation is
to evaluate radiographic and clinical features of patients with intrabony
lesions to assist in their identification using Bayes’ theorem [116]. After rec-
ognizing a dental problem and invoking the program, patient-specific infor-
mation is entered to characterize the lesion in question. ORADs output is a
listing of each of the diseases in the program associated with the probability
for that described condition. It also computes a pattern match that estimates
how closely the set of entered characteristics matches the typical presentation
of each of the considered program’s conditions. An online version is avail-
able at http://www.orad.org/.

Another approach using probabilistic reasoning to accomplish a dental
clinical advisory system is described in by Umar and is currently a work
in progress [121,122].
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One example for prosthodontic treatment plan and design transfers active
shape models and oral images into a computer-aided device (CAD)-like,
knowledge-based assistant to design a removable partial denture [120].
Computer-assisted milling (CAM) of dental restorations using CAD/CAM
techniques is under development [123-126], with few systems available for
dental practitioners [127,128].

The next step in automated dental treatment is the use of robotics [129],
neural interfaces to control computers [130], or virtual reality interaction
techniques, which have been reported for medical imaging applications,
such as virtual bronchoscopy and virtual angioscopy [8,131]. The first sim-
ulations for dental implant planning using virtual reality environment are
described in a 1998 article by Seipel et al [132].

The ongoing interest, growth, and use of Internet resources is also
used for medical and dental decision making [113,133]. The World Wide
Web is ideal for distributing developed applications from medical and
dental domains, such as knowledge bases [134,135] and dental records
[136]. Health care professionals are expected to use information services
via the Internet and wide-band multimedia intranets more frequently for
home care telemedicine, patient education, and online clinical decision
making [137].

Diagnostic tools versus clinical decision making

“It may be part of human nature to err, but it is also part of human
nature to create solutions, find better alternatives, and meet the challenges
ahead” [1]. Perhaps this is the reason why so many solutions exist already
in dentistry.

As described thus far, most of the computer systems or programs avail-
able in dentistry are designed to visualize some kind of result obtained dur-
ing clinical assessment or other diagnostic procedures and represent more or
less stand-alone systems. Even for treatment planning and carrying out and
validation of dental treatment, computers are simpler than less intelligent
assisting tools. Few of the systems make a clinical decision in lieu of the den-
tist. For example, the final touch and responsibility for extracting a tooth is
still in the hand of the human expert. The fear of use and hesitation of
implementing information technology at dental schools and in private offi-
ces are unfounded if we reflect on replacing dentists with computers.

Information technology and informatics as “the science of informa-
tion technology” can do much more for dentistry than display nice charts
and images. It is easier to develop stand-alone solutions and make prompt
money with them, but who can afford at least three different digital radio-
graphic systems (one for endodontics, one for periodontology, another for
orthodontics, and possibly one for implant surgery), one or two charting
systems, several databases, and one billing system? In the worst case, none
of these systems can communicate or exchange data with the others. Vendors
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and developers are encouraged to take care of this problem and implement
the digital imaging and communications in medicine (DICOM) standard,
which defines a format for storing and exchanging digital images, including
radiographic and images in general. Implementing DICOM allows dentists
to combine imaging devices and software packages from different vendors.
For more details, see the article on DICOM elsewhere in this issue.

Although most data required to implement a significant clinical decision
are already available in some kind of electronic format at many dental
schools or offices, they cannot be brought together because of analogous
interface or format issues. Again, standards for exchange information such
as HL7 and coding of these data are necessary. Prevalent problems unsolved
include deciding which information should be coded, how it should be struc-
tured, and how unstructured free text should be used to provide decision-
making support.

The use of computer-based decision-making systems does not mean
results obtained are always true. Although computers can help reduce
error and accident rates, they also can cause errors [4]. A reliability study
on CAD of breast cancer showed that all tested CAD methods are still un-
reliable despite high accuracy of cancer diagnosis reported in the literature
[138]. This situation clearly must be improved by thoroughly conducting
evaluation studies repeatedly; otherwise, they will provide a false sense of
security.

Further aspects to deal with are the economic downturn, the real and per-
ceived vendor stability, after-sales service, training in use, press from opin-
ion leaders, and issues of interoperability and portability. Any system
developed for dentistry also should be useable by a dentist.

Recommendations

It is difficult to give recommendations to a dental practitioner regarding
what to buy or implement because this decision depends on his or her spe-
cialty, readiness to get training on the new system, and available money.
Only general suggestions can be made. The limit of the available budget
in most cases is reached quickly and requires long-term planning. For costly
systems such as digital radiographic solutions, including CT, the future
trend is to purchase those packages in teams of three or more dentists. It
is not necessary for all team members to be located in the same office
because data can be accessed and transferred easily via telecommunication
lines such as integrated services digital network (ISDN) or digital subscriber
line (DSL). This arrangement ensures working to capacity and reaching the
break-even point of investment earlier.

Despite the growing number of available digital systems, we can identify
a five-step development with basic and advanced modules toward the digi-
talization of a dental office. They are listed in the order of increasing com-
plexity and lead to a computer-aided decision-making support system.
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Specific recommendations are given if applicable. Some of the submodules
may not yet be available.

Basic or “independent” components (can be implemented
and used in all dental disciplines)

1.

3A.

Computer-based oral health record (COHR), including scheduling and
recall program. On the patient’s side, an anonymous smart card con-
tains his or her encrypted complete health record, which can be
unlocked by the patient (eg, by his or her fingerprint). Emergency med-
ication, allergies, and other contraindications are available without fur-
ther lock or encryption. On the dentist’s side, an intelligent card reader
accesses a patient’s file, presents all recent radiographic images for
endodontic treatment, and shows a to-do list for the actual session and
further planned treatment. A holographic or other three-dimensional
display enables the dentist and the patient to discuss findings and pos-
sible treatments while performing virtual simulations on the particular
case. The scheduling and recall program automatically sends a
reminder e-mail or voice message 1 day before the next appointment.
The tech laboratory automatically verifies both parties’ completion of
the next lab/processing step during making of a denture (eg, model,
wax-up, articulation, etc). Findings and procedures of the treatment
session are recognized by the voice of the dentist or dental assistant and
are saved as standard codes in the record. During treatment, the chair,
lamp, and tray are automatically repositioned by voice.

. Practice management. Codes relevant for billing are accessed from the

COHR and are prepared for electronic claims submission and financial
management and indicate if payment is received.

Trouble-free imaging devices. Start with a basic digital extraoral camera
and connect it to the COHR. One can train documenting before-and-after
results in orthodontics, for example, or fixed and removable dentures. Try
video conferencing with colleagues, the tech laboartory, and patients.
Expand one’s system with an intraoral digital camera also connected to
the COHR to explain and visualize findings to the patient. Start docu-
menting before-and-after results in areas such as periodontics, restorative
dentistry, and prosthodontics. Expand the system with a digital impres-
sion-taking system; typically, a noncontact impression takes 5 seconds for
upper and lower jaw together. One should make sure that all cameras and
COHR can communicate with each other.

Advanced modules

3B.

Special imaging devices. Depending on one’s discipline and needs in
radiographic images, intraoral and extraoral digital radiographic sys-
tems, including micro-CT, might become necessary. Talk to colleagues
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and discuss options of purchasing these pricey systems as a team. Make
sure that all these devices talk DICOM and can communicate with each
of the COHR systems. Proprictary file formats or databases are not rec-
ommended.

4. Centralized database. As one reaches this step of digitalization, it is time
to implement a database that contains not only the name and SSN of
patients. The reason to add COHR data, including all radiographic and
intraoral and extraoral images, of other colleagues and offices is to build
a knowledge base useable by all participating dentists. The structured
knowledge base contains problem-oriented input with all necessary his-
torical, diagnostic, and treatment data. This enables other dentists to see
how certain problems can be treated successfully using a particular type
of material or technique. All identifying personal patient data are
scrambled and are available only to the actual practitioner.

5. Intelligent dental assistant (IDEA). This system has access to all find-
ings stored in the centralized database and takes comparable cases into
consideration before providing an evidence-based intelligent dental
assistant and information on how to treat a particular patient. It meas-
ures and prevents adverse consequences, monitors continuously, and
makes quality structures meaningful. This information is used to make
ongoing changes. Vendors refuse or “water down” action-oriented clin-
ical decision-making support in their proprietary systems because they
fear being sued. Using this large data set can help to solve the problem,
however, as algorithms are being developed to calculate ongoing risk
and cost-effective analyses become available.

These recommendations reveal that many things are not done yet, but
they show a path toward the development and implementation of action-
oriented clinical decision making in dentistry.
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