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A Qualitative Investigation of the Content of Dental Paper-based
and Computer-based Patient Record Formats
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A b s t r a c t Objective: Approximately 25% of all general dentists practicing in the United States use a
computer in the dental operatory. Only 1.8% maintain completely electronic records. Anecdotal evidence suggests
that dental computer-based patient records (CPR) do not represent clinical information with the same degree of
completeness and fidelity as paper records. The objective of this study was to develop a basic content model for
clinical information in paper-based records and examine its degree of coverage by CPRs.

Design: We compiled a baseline dental record (BDR) from a purposive sample of 10 paper record formats (two
from dental schools and four each from dental practices and commercial sources). We extracted all clinical data
fields, removed duplicates, and organized the resulting collection in categories/subcategories. We then mapped
the fields in four market-leading dental CPRs to the BDR.

Measurements: We calculated frequency counts of BDR categories and data fields for all paper-based and computer-
based record formats, and cross-mapped information coverage at both the category and the data field level.

Results: The BDR had 20 categories and 363 data fields. On average, paper records and CPRs contained 14
categories, and 210 and 174 fields, respectively. Only 72, or 20%, of the BDR fields occurred in five or more paper
records. Categories related to diagnosis were missing from most paper-based and computer-based record formats.
The CPRs rarely used the category names and groupings of data fields common in paper formats.

Conclusion: Existing paper records exhibit limited agreement on what information dental records should contain.
The CPRs only cover this information partially, and may thus impede the adoption of electronic patient records.
� J Am Med Inform Assoc. 2007;14:515–526. DOI 10.1197/jamia.M2335.
Introduction
Although most dentists in the United States use computers
for administration and billing, far fewer do so for clinical
purposes. As of 2000, 85.1% of all dentists in the United
States were using a computer in their office.1 One of our
recent studies2 showed that 25% of all general dentists in the
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United States use a computer in the clinical environment
(i.e., in the dental operatory). Nevertheless, only 1.8% main-
tain completely computer-based patient records (CPRs). To
some degree, this situation mirrors the situation in medicine.
Burt and Hing3 found that although 73% of physician offices
used computers for billing, only 17% used them for main-
taining medical records and 8% for ordering prescriptions.
The proportion of U.S. physicians who have adopted electronic
health records is estimated to be between 20% and 25%.4,5

Similar to physicians,6 dentists are struggling with imple-
menting clinical systems. The “persistence of paper” is a
common problem in computerized physician order entry
system implementations6; there is evidence that the situation
is similar with respect to dentists’ efforts to implement
CPRs. As our study showed,2 only 1.8% of all general dental
practices are paperless; all others stored patient information
both on paper and electronically, often with significant
overlap. As Figure 1 illustrates, clinical information associ-
ated with administration and billing, such as appointments
and treatment plans, was stored predominantly on the
computer, whereas other information, such as the medical
history and progress notes, primarily resided on paper. As
Mikkelsen7 and Stausberg8 found, the parallel use of elec-
tronic and paper-based patient records can cause inconsis-
tencies in clinical documentation. This circumstance, in turn,
can lead to a lack of relevant clinical information that can
affect patient care decisions and may negatively impact care

outcomes.9,10
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There are several reasons why paper persists even in dental
practices that have implemented CPRs. An important one is
that commercial software often cannot accommodate all
types of patient information that the dentist wants to
record.2 This certainly is the case with new information,
such as the output of novel diagnostic devices, which did
not exist before system design. Nevertheless, it also applies
to information that has been part of the dental record for a
long time. Evidence for such weaknesses in representation
and content were also found by Atkinson et al.,11 who
evaluated six commercial CPRs for use in a dental school
clinic setting. The primary features of the systems centered
on treatment planning, documentation of completed proce-
dures, financial transactions, and scheduling, i.e., functions
that closely relate to administration. At the same time, the
systems were found to be deficient in, among other aspects,
the medical and dental history, examination results, radio-
graphic interpretation, quality assurance, and a coding sys-
tem for dental diagnoses, i.e., concerns that closely relate to
clinical care. Similar variations in the ability of CPRs to
document specific types of information also have been
found in medicine. For instance, a CPR for pediatrics studied
by Roukema et al.12 was more suitable for documenting
physical examination findings than the patient history.

To determine what information dental records, both paper-
based and computer-based, should contain, examining the
structure and content of current paper records may be
warranted. Previous studies have shown that both the
format as well as the content of paper records used in dental
practice differ significantly.13,14 In a study of a random
sample of general dentists in Florida,13 forms that were
considered part of complete dental records were used by
between 20% and 96% of all respondents. A comparison of
dental schools and practitioner health history forms showed
that, in general, dental school forms were longer and more
complete.14

As of this writing, no detailed standard for the format and

F i g u r e 1. Storage of major clinical information categori
storage in descending order. Paper � information stored onl
both � information on paper duplicated on the compute
permission.2
content of patient records in dentistry, such as the ASTM
E1384 Practice for Content and Structure of the Electronic
Health Record standard in medicine,15 exists. Several re-
sources16,17 offer general guidance on what a dental record
for general practice should contain. For instance, the Faculty
of General Dental Practitioners in the United Kingdom
requires the patient’s demographic information, the medical
and dental history, an examination of the dentofacial area,
an initial dental examination, a treatment plan, and progress
notes to be part of the patient record.16

The absence of a comprehensive reference about what
information general dental patient records should contain
required us to pursue two goals in the study we report in
this article. The first goal was to develop a basic but
representative model of information in paper-based records.
The second goal was to answer the question to what degree
the four market-leading dental CPRs represented that con-
tent. The answer to this question is significant because
incomplete clinical content coverage may act as a barrier to
CPR adoption, as the studies presented above suggest. A
better understanding of the current strengths and weak-
nesses of clinical content coverage in dental CPRs can help
information technology (IT) vendors improve their products
and dental practitioners evaluate and select CPRs.

Methods
To develop a basic, representative model of information in
paper-based records, we first constructed a “consensus”
record that represented the usual and customary content of
patient records in general dental practice. For the purposes
of this article, we have termed this consensus record the
baseline dental record (BDR). In the second phase, we
mapped the information contained in each of the four
market-leading dental CPRs in the United States to the
information in the BDR. It is important to note that we
focused only on clinical data fields in this study. Although
the boundary between administrative and clinical informa-
tion is somewhat fluid (patient age, for instance, could be

paper/computer, sorted by utilization of computer-based
aper; computer � information stored only on the computer;
at all � information not recorded at all. Reprinted with
es on
y on p
r; not
considered to be both), we addressed the problem by only
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using clinical data forms (such as the health history form
and intraoral chart) to construct the BDR. We examined
information coverage by CPRs both at the level of single
data fields (e.g., blood pressure) as well as categories of data
fields (e.g., vital signs). In our opinion, this approach pre-
sents a meaningful way of comparing record formats be-
cause records can be contrasted at multiple levels of granu-
larity. We first describe how we developed the BDR.

Development of the BDR
Based on our literature review, we expected significant
variation in the content of dental records used by individual
practitioners in various settings. Therefore, we assembled a
purposive sample of 10 paper record formats: four from
practicing dentists (one from Pittsburgh, one from Orlando
and two from San Juan, Puerto Rico), two from dental
schools (University of Pittsburgh School of Dental Medicine
and University of Puerto Rico School of Dentistry), and four
from commercial vendors (Colwell Systems, Shoreview,
MN; Rapidforms, Inc., Thorofare, NJ; SmartHealth, Inc.,
Phoenix, AZ; The Dental Record, Wisconsin Dental Associ-
ation, Milwaukee, WI) to develop the BDR. To help com-
pensate for any local or institutional idiosyncrasies in the
content of the paper records, we also consulted three text-
books18–20 that covered various content areas of dental
records.

To develop the BDR, we extracted and categorized all data
fields from the source records. We defined a data field as the
combination of a descriptive label, such as “Chief com-
plaint,” with a space or area in which the clinician could
record a textual, numeric, or symbolic value. For findings
and planned procedures in the intraoral chart, we used the
numbers, text, annotations, and symbols described by the
textbooks as possible values. We excluded data fields that
only applied to a specific care context (e.g., “Faculty” and
“Student” fields in the progress note forms from dental
schools) or that served primarily administrative and finan-
cial functions (such as “Patient name” and “Fees”). In
addition, we eliminated fields that essentially duplicated the
format, content, or intent of other fields.

We followed up the organization of patient information in
the paper records and textbooks as much as possible in
organizing the data fields. Most of the resulting categories,
such as “Chief complaint,” “Medical history,” “Dental his-
tory,” “Hard tissue and periodontal chart,” “Radiographic
findings,” “Treatment plan,” and “Progress notes,” will be
familiar to any clinician. Where appropriate, we specified
subcategories; for instance, the BDR category “Medical
history” contains the subcategories “Past and present ill-
nesses,” “Health history (problems),” “Allergies,” “Women
only,” and “Vital signs.” The categories and subcategories of
the BDR resemble those used in earlier empirical studies
analyzing the use of dental records.13,21,22

To provide some validity to our categorization of data fields,
we mapped the top-level BDR categories to the American
National Standards Institute/American Dental Association
Specification No. 1000: Standard Clinical Data Architecture
for the Structure and Content of an Electronic Health Record
(ANSI/ADA 1000 Specification).23 The ANSI/ADA 1000
Specification, published by the ADA Standards Committee

for Dental Informatics (SCDI), contains a logical data model
for the content of electronic health records. The specification
includes a hierarchical decomposition of the health care
process, which is augmented by a content model of the data
fields associated with that process. The section “Provide
clinical services” of the process model covers the delivery of
clinical care and is divided into four parts: (1) obtain clinical
data, (2) determine health status, (3) determine service plan,
and (4) deliver patient care. By mapping the BDR categories
to the ANSI/ADA 1000 Specification, we wanted to ensure
that we did not inadvertently create categories that were not
part of this widely accepted standard.

We illustrate this process using fields describing conditions
of the temporomandibular joint (TMJ). We extracted the
following fields related to the TMJ from the BDR source
records: “TMJ evaluation,” “Jaw sounds/pain,” “Deviation
on closing,” “Tenderness to palpation,” “Maximum open-
ing,” “Previous TMJ therapy,” “Requires further TMJ eval-
uation,” “Difficulty opening/closing,” “Difficulty chewing,”
and “Muscles.” We grouped those fields in the subcategory
“Temporomandibular joint (TMJ).” The TMJ examination is
part of the diagnostic workup, and we thus assigned it to the
part “Obtain clinical data” of the ANSI/ADA 1000 Specifi-
cation.

The only category for which this process was not feasible
was the “Hard tissue and periodontal chart.” The corre-
sponding paper forms consist, mainly, of tooth diagrams
that clinicians annotate using symbols, numbers, and text.24

Although some general conventions for charting exist, such
as using the color red to indicate a problem, there is no
standardized set of what information to chart. Thus, we
could not extract data fields from those forms as we did for
others. We therefore used two textbooks on clinical chart-
ing19,25 as reference guides to determine which findings,
such as “caries,” “fractured tooth,” and “existing restora-
tion,” to include in the BDR. We selected 26 common hard
tissue and 28 common periodontal findings from the text-
books. We used the ADA’s Current Dental Terminology
(CDT)26 as the source for representative procedures. The
CDT is the set of codes used by virtually all dentists for
third-party billing. We selected 20 commonly used proce-
dures/groups of procedures, such as “amalgam restora-
tion,” “implant,” and “crown,” from the CDT to represent
procedures in the BDR. Because we had to treat findings and
procedures differently from other data fields, they are not
included in the totals of the BDR.

The BDR should not be understood as a gold standard for
record-keeping in dental practice. It is simply an empirical
collection of data fields compiled from 10 paper-based
record formats, verified by a review of three textbooks,
without a judgment of the value or relevance of these fields
to clinical practice.

Comparison of Paper and Electronic Record
Formats with the BDR
After developing the BDR, we selected four dental CPRs for
the comparison. The programs were Dentrix V. 10.0.36.0
(Dentrix Dental Systems, American Fork, UT), EagleSoft V.
10.08 (Patterson Dental, St. Paul, MN), and SoftDent V.
10.0.2.94 and PracticeWorks V. 5.0.2.034 (both Kodak Corp.,
Rochester, NY). The four programs are dental CPRs, and,

taken together, have 80% of the market among general



518 SCHLEYER et al., Dental CPR Formats
dentists who are using computers at chairside.2 We installed
working demonstration versions of the applications accord-
ing to the manufacturers’ instructions. Although all of the
systems can be customized to some degree to suit the
preferences of the user (for instance, in terms of what
information is displayed in the clinical chart), we evaluated
them in the default mode because it can reasonably be
expected that this is how most dentists will first use them.
One of the investigators (P.H.) learned the features and
functions of each CPR with the help of the printed program
documentation and online help, and entered simulated
patient information into each system to explore all clinical
data fields.

We then compared the information content of the four CPRs
to the BDR. For each data field in the BDR, we first checked
whether a corresponding field with an identical label could
be found in the system under comparison. If that was not the
case, we looked for a label that either was a synonym of the
BDR label (e.g., “heart rate” and “pulse”) or clearly commu-
nicated the same intent (e.g., “chief complaint” and “reason
for your visit”). If one of those conditions was met, we
marked the BDR element as “present” in the respective
system; otherwise as “absent.” In mapping the BDR to the
CPR, we only measured the presence or absence of each
field, and not whether data type or possible values were the
same. (For instance, we only noted the presence of the data
field “pain” in the assessment of the temporomandibular
joint, but not whether the possible values were “yes/no” or
“slight/moderate/severe.”) If at least one data field in a
category was present in the program, we marked the cate-
gory as present.

To determine how well the CPRs represented findings and
procedures, we attempted to record each selected finding/
procedure on the appropriate chart (either “hard tissue” or
“periodontal”). We regarded each information item as
“chartable” if the graphical chart displayed a symbol, text
string, or other notation in response to the entry. (See Fig. 2
for a sample section of a hard tissue chart.) Some programs
display information that cannot be charted graphically in a
table below the chart; however, this capability did not meet
our criteria for representation.

Once all programs had been analyzed, we prepared sum-
mary figures and tables showing the characteristics of the
BDR and the mapping to CPRs. We verified those results
with the CPR vendors to ensure that we had not overlooked
any system capabilities for storing clinical information. In
our results, we also included how each paper source format
mapped to the BDR to provide information about the
relative agreement of paper records. A Web appendix (avail-
able at www.jamia.org) provides the raw data for the record
format comparisons. In the Web appendix, we also list fields
that were found only in the CPRs. We omit a description of
those fields in this article because of space reasons.

Results
Table 1 provides a summary of the BDR, listing the infor-
mation categories, the number of data fields in each (includ-
ing representative examples where appropriate), and how
the information categories were mapped to the sections of
the ANSI/ADA 1000 Specification. The BDR has 20 main

categories, most of which fall under the “Obtain clinical
data” section of the ANSI/ADA 1000 Specification, and 363
data fields (excluding findings and procedures on the hard
tissue and periodontal chart). Within the data fields, we
observed several data types, such as free text (sample data
fields: “Chief oral complaint” and “List any prescribed (or
over-the-counter) drugs”), yes/no answers (sample data
fields: “Angina,” “Skin rash,” and “Ulcers or colitis”), check
boxes (sample data fields: “Pulse rhythm: □ regular □
irregular”), numbers (sample data field: “Pulse rate”) and
date (sample data field: “Date of last dental visit”). In some
categories, such as the “Medication history,” some record
formats provide free-text fields (e.g., “List any prescribed (or
over-the-counter) drugs”), whereas others list answer cate-
gories (e.g., “Anticoagulants”) or items (e.g., “Aspirin”). We
retained these variations in documenting patient informa-
tion to provide an accurate reflection of the source records.
In the BDR, particularly large numbers of data fields appear
in the categories “Medical history,” “Dental/social history,”
“Temporomandibular joint/occlusion,” “Intraoral soft tis-
sue examination,” and “Radiographic history and findings.”

Representation of the BDR in Paper-based Records
Table 2 shows a summary of how each paper-based and
computer-based patient record format covers the informa-
tion contained in the BDR. We first discuss the representa-
tion of information in the BDR among paper-based record
formats. As the columns titled “Baseline dental record (BDR)
sources” show, paper-based formats are not uniform in their
coverage of clinical information. The BDR categories “Chief
complaint,” “Medication history,” “Medical history,” “Den-
tal/social history,” “Physician information,” “Treatment
plan,” and “Progress notes” are represented in virtually all
paper records. Other categories, such as “Intraoral soft tissue
examination,” “Alert/summary box,” “Medical history up-
date,” and “Dental diagnoses” are found in most paper
records. The categories contained in the fewest paper

F i g u r e 2. Sample section of a dental hard tissue chart
illustrating findings (such as “cervical caries”) and proce-
dures (such as “root canal”).
records include “Systemic diagnoses,” the “Problem list,”

http://www.jamia.org
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“Prognosis, risk assessment, and etiology,” and “Prescrip-
tions.” (The category “Prescriptions” is an outlier because it
is common practice for dentists to document prescriptions in
the progress notes and/or by retaining a copy of the
prescription[s]. The absence of a separate form for prescrip-
tions was therefore expected.) In total, the paper-based
record formats contained between eight and 18 of the BDR
categories, with a mean of 13.9. Dental school records
contained more categories18 than either dentists’12 and ven-
dors’14 records, and also had more comprehensive health
history forms (average number of fields in medical history:
dentists, 34; dental schools, 45; vendors, 49).

A comprehensive, standard textbook on treatment planning
in dentistry20 covered all information categories of the BDR,
whereas a more general work on clinical dentistry18 covered
most of them. A book on clinical charting19 focused only on
a few categories of findings and diagnoses.

The paper records contain between 172 and 279 fields, with
an average of 210 fields (omitting an outlier paper format
[D1] that covered fewer than half the data fields of any other
record). Records from dentists (excluding D1) average 186
fields, dental schools 211 fields, and vendors 227 fields. The
number of fields in paper-based formats varies within each
category. For instance, the “Alert/summary box” consists of
only 1 free-text field in all records. The “Chief complaint”
includes 1 or more of 3 fields in the BDR (the “Chief oral
complaint,” “Do you have any discomfort/problems?” and
“History of chief complaint”). At the other end of the
spectrum, paper-based formats contain between 25 and 70 of
a total of 120 fields in the BDR’s “Medical history.”

A quantitative comparison of data fields is made difficult by

Table 1 y Summary of Information in the Baseline Den

The table lists the 20 general information categories typically contain
data fields. The table also specifies which section of the ANSI/ADA 1
values for “Findings” and “Planned Procedures.”
the fact that the granularity of the data fields is not equiva-
lent. For instance, the “Medication history” in all paper
records includes a free-text field “List any prescribed (or
over-the-counter) drugs”; some formats offer additional
discrete choices, such as drug categories (e.g., “Tranquiliz-
ers”) and single drugs (e.g., “Cortisone” and “Fen-Phen/
Redux”). Another example for different levels of granularity
is the “Temporomandibular joint/occlusion” category,
which includes a general data field for “TMJ evaluation” in
seven records. Several of those offer the capability to record
additional detail, such as “Jaw sounds/pain,” “Deviation on
closing,” and “Difficulty chewing.”

Based on the frequency with which specific fields are
observed in our sample, the relative importance of data
fields varies. For instance, almost all paper records contain
at least one data field describing the patient’s chief com-
plaint, medication history, and allergies. Nevertheless, other
findings relevant to general and dental health (number of
occurrences in brackets, maximum � 10), such as “Blood
pressure” [6], “Alcohol” [3], and “Chemotherapy/Radio-
therapy” [7], are not found in all paper records. The category
“Past and present illnesses” illustrates this point very well.
The BDR contains a total of 89 fields for this category, of
which only 31 appear in five or more of the paper-based
records; 47 appear in only one or two paper-based formats
(examples: “Prosthetic valves or joints,” “Syphilis,” and
“Tobacco habit”).

Representation of the BDR in Computer-based
Records
Viewed from the aspect of categories, the CPRs’ coverage of
the BDR information was similar to that of paper records
(Table 2). The four CPRs contained between 11 and 16 of the

ecord (BDR)

ental records, the number of corresponding data fields and sample
ecification each information category belongs to. �: selected possible
tal R
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categories, with a mean of 14. The average number of fields



d num

520 SCHLEYER et al., Dental CPR Formats
for all CPRs was 174. The three categories that were com-
pletely absent in CPRs were “Chief complaint,” “Systemic
diagnoses,” and “Problem list.” All other categories, with
the exception of “Medication history,” “Radiographic his-
tory and findings,” “Physician information,” “Medical his-
tory update,” “Consultations,” “Dental diagnoses,” and
“Prognosis, risk assessment, and etiology” were represented
in all CPRs.

During the review, we noted that CPRs often do not use the
same labels for categories common in paper records. For
instance, the label “Medical history” was only found in
EagleSoft and SoftDent, whereas Dentrix and PracticeWorks
provided only a “Medical alert” field. “Progress notes” was
contained only in Dentrix, and “Extraoral head and neck
exam” and “Dental history” in none of the CPRs. Not only
did CPRs rarely use the category labels common in paper
records, but also data fields typically grouped in a category
on paper were often spread out over multiple dialog boxes
and tabs in the programs. This design necessitated a screen-
by-screen, field-by-field review of each CPR to match the

Table 2 y Mapping of Data Fields in Paper- and Comp

Each cell lists the number of data fields contained in each record
readability. Data fields are not reported for textbooks, since typica
Tissue and Periodontal Chart,” since paper forms combine a limite
information content to the BDR. One example is the clinical
exam in EagleSoft (Fig. 3), in which the tabs “Habits,”
“General,” and “History” contain items typically associated
with the category “Dental and social history.”

As noted in the Methods section, we could not follow up the
process of mapping data fields between paper-based and
computer-based records for the category “Hard tissue and
periodontal chart.” Table 3 shows which CPRs displayed a
symbol, text string, or other notation on the respective chart
in response to the entry of a finding or procedure. Of the
hard tissue findings, six common conditions, such as “Miss-
ing tooth” and “Caries,” could be charted in all 4 CPRs. Most
other conditions could only be charted in SoftDent because
SoftDent was the only application that implemented textual
annotations for each single tooth. The other CPRs used
predominantly symbols to chart conditions. Because the
universe of potentially usable symbols is much more con-
strained than free text, they could chart fewer conditions
than SoftDent. The proportion of chartable hard tissue
conditions ranged from 31% to 88%. The review of the
periodontal portion resulted in similar findings. Six of the 28

based Patient Records to BDR Categories

t. Cells containing values greater than zero are shaded for better
do not provide patient record forms, and for the category “Hard

ber of fields with free-form entries.
uter-

forma
lly they
conditions could be charted in all systems, whereas 5 could
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not be charted at all. The range of chartable periodontal
conditions was 39% to 64%. The coverage of procedures in
the CPRs was, in general, better. Seven of the 20 procedures
could be charted in all CPRs. The range of chartable proce-
dures was between 45% and 85%.

Comparison of Paper-based and Computer-based
Record Formats
Figure 4 compares the representation of the BDR categories
in paper records to that in computer-based records. The 12
categories in the top right quadrant are observed frequently
in both record formats, and include key items such as the
“Medical history,” the “Treatment plan,” and “Progress
notes.” “Consultations” are found commonly in computer-
based records, but not on paper. (“Prescriptions” as an
outlier in this category have already been discussed above.)
The “Chief complaint” is the only category that is found in
all paper records, but not in computer-based records. The
lower left quadrant shows categories that appear rarely in
both paper-based and computer-based formats, which in-
clude “Medical history update,” “Problem list,” “Systemic
diagnoses,” and “Prognosis, risk assessment, and etiology.”

The high degree of agreement apparent in categories is not
reflected to the same extent when comparing the data fields
within those categories. Note that a category was marked as
present if at least one corresponding data field was con-
tained in the specific record format—an admittedly low
threshold. As Table 2 shows, the number of data fields
within each category varies significantly among individual
record formats. For instance, sample ranges for the number
of data fields are: “Medication history,” 1–6 (paper), 0–3
(computer); “Medical history,” 25–70 (paper), 19–70 (com-
puter); “Extraoral head and neck exam,” 0–6 (paper), 1–2
(computer); and “Progress notes,” 2–6 (paper) and 4–5

F i g u r e 3. Clinical examination dialog box in EagleSoft. Th
contained in a section called “Dental and social history” on
(computer).
In total, 72 of the 363 BDR fields occur in five or more paper
records (Table 4). The 10 most common fields include items
such as “Chief oral complaint,” “List any prescribed (or
over-the-counter) drugs,” several relevant medical condi-
tions, and “Date” and “Treatment” in the progress notes.
The 13 fields that occur either eight or nine times in paper
records include several medical conditions, “Smoking/to-
bacco use,” “Proposed treatment,” the date of the last dental
visit, soft tissue findings for the lips and tongue, and
whether the patient is under the care of a physician. The
remaining 49 data fields, which occur fewer than eight
times, are mainly contained in the categories “Medical
history” and updates to it, “Dental history,” “Temporoman-
dibular joint/occlusion,” “Intraoral soft tissue examination,”
and “Physician information.” Table 4 shows an almost linear
relationship between the frequency of data fields in paper
records and their frequency in computer-based records;
fields that occur less frequently in paper records also occur
less frequently in computer-based records. Nevertheless,
there are clear disagreements between the paper and the
computer world. Fields found in the majority of paper
records are sometimes found rarely or not at all in paper
records, and vice versa.

Feedback from Vendors on Study Results
All three vendors reviewed and commented on the results of
this study. The only change to the results was that the
periodontal finding “Recession” was changed to “Chart-
able” in Dentrix and EagleSoft. In addition, the vendors
made the following comments.

One vendor argued that any of the clinical information we
found missing could be entered as text in progress notes.
Because all four CPRs offer free-text progress note fields,
this assertion is true for all systems. Dental practitioners

“Habits,” “General,” and “History” contain items typically
r forms.
e tabs
use free text fields, whether on paper or computer, to
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record a variety of data. Nevertheless, there are two main
problems with the vendor’s suggestion. First, the progress
notes are not the appropriate place for all types of data

Table 3 y Ability of Four CPRs to Record Selected Fin
Periodontal Chart.” A. 26 Hard Tissue Conditions (Co
Conditions. C. 20 Treatment Procedures.
that cannot otherwise be accommodated by the system.
For example, although the numerical reading of a caries
test for a single tooth can be recorded in the progress
notes, a much better place would be the hard tissue chart,

and Procedures in the Category “Hard Tissue and
ons Associated with Teeth). B. 28 Periodontal
dings
nditi
where it can be directly associated with the tooth and
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related data. Second, as the study of structured versus
unstructured data in medical informatics has shown,
embedding structured data in free-text progress notes
reduces the efficiency and effectiveness with which those
data can be queried and retrieved.

Several vendors commented on the capabilities of their
product to chart hard tissue and periodontal conditions, as
well as procedures, in places other than the actual chart
itself. In reviewing the hard tissue and periodontal charts,
we focused only on each CPR’s ability to record information
as either text, numbers, or a symbol in each chart. Several
applications were able to chart any of the information items
using diagnoses or procedure codes; however, those records
were displayed in tables below the clinical chart, and thus
did not meet our condition that they had to be visible in the
chart itself. One vendor emphasized the fact that the pro-
gram provided custom draw types for charting, which
allowed the user to create any type of symbol. Because we
used all programs in their default mode after installation,
this capability did not influence the result of our study.

Some comparison of the BDR and CPRs evidenced repre-

F i g u r e 4. Frequency of baseline dental record categories
record formats.
sentational mismatches. For instance, on several paper forms
the “Medical history update” is separate from the “Medical
history” and typically comprises a dedicated set of fields to
allow the practitioner to record changes in the patient’s
health. Several CPRs lacked the “Medical history update”
category, but were able to store multiple copies of the
“Medical history.” Thus, updating the medical history was
possible in CPRs, but in a manner different from paper
records.

Discussion
This qualitative study resulted in several important findings
with implications both for the content of paper-based dental
records as well as the representation of that content in dental
CPRs. The 10 paper records in this study contained a total of
363 clinical data fields. Nevertheless, the BDR source records
as a group, as well as the CPRs, contained on average only
about 60% of those fields. Only 20% of all BDR fields were
contained in five or more paper records. Our first conclusion
is that although dental records contain a relatively large
number of fields, there is little agreement on what those

g 10 paper record formats and four computer-based patient
amon
fields should be.
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Table 4 y The 72 Data Fields That Were Contained in Five or More Paper Records, Their Category/Subcategory, the
Frequency of Occurrence in Paper/Computer Records, and the Average Frequency of Occurrence in Computer Records.

sRPC .qerFrepap .qerFeman yrogetaCeman dleiF Avg. freq. CPRs
001tnialpmoC feihCtnialpmoc laro feihC

List any prescribed (or OTC) drugs Medication History 10 2
401sessenlli tneserp dna tsaPsetebaiD

Hepatitis, jaundice, or liver disease Past and present illnesses 10 4
High or low blood pressure Past and present illnesses 10 4
Kidney disease or malfunction Past and present illnesses 10 3
Rheumatic fever or heart murmur Past and present illnesses 10 4

401 seton ssergorPetaD
401 seton ssergorPtnemtaerT
301ylno nemoW?tnangerp uoy erA
29sessenlli tneserp dna tsaPseigrellA
49sessenlli tneserp dna tsaPamhtsA
49sessenlli tneserp dna tsaPseruzies ro/yspelipE
49sessenlli tneserp dna tsaP+DPP ro sisolucrebuT
39yrotsih laicoSesu occabot/gnikomS
49nalp tnemtaerTtnemtaert desoporP
38yrotsih latneDmaxe/tisiv latned tsal ruoy fo etaD

tanimaxe eussit tfos laroartnIspiL i 8 4
tanimaxe eussit tfos laroartnIeugnoT i 8 4

38sessenlli tneserp dna tsaPllec elkcis ro aimenA
Heart: disease, attack, or angina Past and present illnesses 8 3

48sessenlli tneserp dna tsaPSDIA/+VIH
Are you under the care of a physician? Physician information 8 1

17yrotsih latneD?detatirri ro ,rednet leef ,deelb smug ruoy oD
axe kcen dna daeh laroartxEsedon hpmyL m 7 3
tanimaxe eussit tfos laroartnIhtuom fo roolF i 7 4

37sessenlli tneserp dna tsaPsitirhtrA
Chemotherapy/Radiotherapy Past and present illnesses 7 3
Heart: defect or heart murmur Past and present illnesses 7 2
Thyroid disease or malfunction Past and present illnesses 7 3

37sessenlli tneserp dna tsaPsitiloc ro sreclU
37sessenlli tneserp dna tsaPesaesid laereneV
27noitamrofni naicisyhPeman s'naicisyhP
17JMTnoitaulave JMT
26seigrellAcitehtsena lacoL
46seigrellAnillicineP

Are your teeth sensitive to co 16yrotsih latneD?steews/toh/dl
Do you floss your teeth/ty 06yrotsih latneD?ssolf ep

16yrotsih latneD?tnemtaert mug dah reve uoy evaH
16yrotsih latneD?ssolf/hsurb uoy od yad a semit ynam woH
06yrotsih latneDnehw/gnidnirg ro gnihcnelc hteeT
36sessenlli tneserp dna tsaPstnioj laicifitrA
36sessenlli tneserp dna tsaPromut ro recnaC
36sessenlli tneserp dna tsaPgnitniaF
36sessenlli tneserp dna tsaPrehtO

Sinusitis or sinus problems Past and present illnesses 6 3
Physician's name, address, phone number Physician information 6 1

46 seton ssergorPecafrus dna rebmun htooT
46nalp tnemtaerTetaD
26sngis latiVerusserp doolB
35seigrellAniripsA
15yrotsih latneD?ohtro/secarb raew reve uoy diD

Does food wedge between cert 05yrotsih latneD?hteet nia
15)smelborp( yrotsih htlaeHsnoitazilatipsoH
05)smelborp( yrotsih htlaeHlacisyhp tsaL

tanimaxe eussit tfos laroartnIasocum laccuB i 5 4
tanimaxe eussit tfos laroartnIxnyrahP i 5 3
tanimaxe eussit tfos laroartnIaera lisnoT i 5 2

05etadpu yrotsih lacideMsegnahc htlaeH
15noisulccOsuluclaC

Blood disorder such as anemia, leukemia, etc Past and present illnesses 5 2
25sessenlli tneserp dna tsaPsnoisufsnart doolB

Heart: surgery or pacemaker Past and present illnesses 5 1
Hemophilia or abnormal bleeding Past and present illnesses 5 2
Lung disease or breathing problems Past and present illnesses 5 2

35sessenlli tneserp dna tsaPespalorp evlav lartiM
Pacemaker or artificial heart valve Past and present illnesses 5 3

35sessenlli tneserp dna tsaPekortS
Explanation of medical care Physician information 5 0

45JMTniap/sdnuos waJ
25ylno nemoWsllip lortnoc htriB

Date of delivery Women only 5 1

2.19

1.82

3.20

3.50

3.14

2.55
Data are sorted by their frequency in paper records, the category/subcategory, and data field name.
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The BDR should not be construed as a gold standard for
dental record keeping; thus, a discussion of which record
formats perform better or worse in representing their con-
tent should be interpreted cautiously. Both paper-based and
computer-based formats contain about 14 of the 20 BDR
information categories, with dental schools’ records cover-
ing slightly more categories18 than dentists’12 and vendors’
records.14 Dental schools also use more comprehensive
medical history forms, which echoes Minden’s findings.21

There was a relatively high level of agreement on categories
among paper-based and computer-based record formats,
with some notable differences (such as for “Chief com-
plaint,” “Medical history update,” “Problem list,” “Systemic
diagnoses,” and “Prognosis, risk assessment, and etiology”).
Nevertheless, that level of agreement did not extend to data
fields, as only 57% of the data fields occurring in five or more
paper records were contained in more than two CPRs.
Limitations in information representation in CPRs also were
evident in charting hard tissue and periodontal findings,
and procedures. The CPRs could only chart between 38%
and 77% of the representative set of information items. It is
thus evident that CPRs can place potentially significant
constraints on a practitioner’s ability to store clinical informa-
tion, despite vendors’ claims that free-text fields can accommo-
date any data clinicians want to record and that users can
custom-configure a program to enhance its capability to rep-
resent data. It is currently unknown to what degree end users
actually take advantage of these capabilities.

The paucity of records containing information categories
and data fields typically associated with developing prob-
lem lists or making diagnoses adds another piece of evi-
dence to the view that dentists typically do not record
diagnoses.27–30 The absence of dedicated fields reduces the
likelihood that dentists routinely record this information.
This situation, if verified through empirical studies, may
present important structural and behavioral hurdles to more
widespread recording of diagnoses in dentistry.27,29

The comparatively more limited information coverage of
clinical information by CPRs, combined with the disassoci-
ation of data fields that typically are grouped together in
paper records, has important implications for the clinical
usefulness and ease-of-use of dental CPRs. The evidence
from our study suggests that dental CPRs require more
intensive navigation and short-term memorization of patient
information than paper records, a phenomenon also ob-
served in medical CPRs.31,32 Given other emerging evidence
for significant design and usability problems in dental
CPRs,33 new approaches to user interface design for dental
CPRs seem sorely needed.

This study has several important limitations. First, we drew
on a purposive convenience sample of paper records, which
may have biased and constrained the content of our BDR to
some extent. Although additional record formats would
have been easily obtainable, we were primarily constrained
by the availability of personnel to conduct the record re-
views. We attempted to balance this limitation by verifying
the categories and data fields in the paper records through
textbooks. Second, one may consider the 20 BDR categories
as somewhat arbitrary, which is certainly true. Nevertheless,

the categories were based on the way information was
organized in most paper records, and thus will be intelligi-
ble to most dental clinicians. A last limitation was the
subjective judgments we had to make in selecting the BDR
data fields and mapping them to both paper-based and
computer-based records. A related constraint was that not
all data fields in the BDR had the same level of granularity.
Nevertheless, data fields that encompassed other informa-
tion within a category were relatively rare, and thus did not
significantly affect our calculations.

This study motivates future work on a number of issues. The
first one is to answer the question of what clinical informa-
tion dental records must or should contain. As a result of
this study, the ADA’s SCDI has approved the work item
“NWI 1053: General dental electronic health record informa-
tion model,” which will extend the existing ANSI/ADA
1000 Specification. Once developed, this specification can
serve as a basis for the design of physical databases as well
as presentation layers for future dental CPRs. A second
question is how the storage medium affects the quality of
clinical documentation. In one study,34 physicians who used
a CPR produced more complete documentation and docu-
mented more appropriate clinical decisions than those who
used paper. We currently have few data on the documenta-
tion habits of dentists using paper records.13,21,22 Portions of
the BDR could serve as a framework for assessing the
current information content of dental records, and the
outcomes of such studies could inform multiple efforts, such
as quality assurance, outcomes assessment, epidemiological
studies, and practice-based research.
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