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The use of computers in the 1980’s for work or play has
reached the level where the television ads assume that each
of us needs, wants, and will buy a personal computer (PC)
today for use either at home or the office. The constantly
changing technology and proliferation of computers into
every corner of our lives have occurred with such rapidity
that it is no longer possible for even the most experienced
computer users to keep abreast of technological changes in
today’s market.

Along with the computer changes come newer, more
sophisticated programs that do everything you’ve ever
thought of and still have time left to chat with you while
generating volumes of information in a few seconds. How
can dental researchers in the 1980°s make the best use of
modern electronic data processing to facilitate their re-
search? In the area of clinical trials and epidemiology, it
is not uncommon to collect, process, and analyze very
large data bases. The efficient use of computers and com-
puter programs can reduce the magnitude of this task to a
reasonably manageable routine.

One of the most important considerations for clinical
trials — one often receiving the least attention from clini-
cians — is the method used for collecting information in

an accurate, useful manner. Various recording systems

have been used over the last fifteen years, many of them
complicated or tedious, and some tending to increase the
volume of error or omissions in the data: Ethically, it is
as indefensible to collect useless or unusable information
from patients as it is to conduct a clinical trial which
doesn’t answer the question it purports to answer.

Today, most clinical investigators use some variation of
a classification system of letters and.numbers for desig-
nating the condition of each permanent or deciduous
tooth or tooth surface, as indicated in Fig. 1. This type

of system originated with Klein and Palmer in 1940 and

is still used with various modifications today.5 Klein also
devised one of the first automated systems combining
mark sensing with punched cards.3 Manual recording and
punched cards are still in use; however, these methods may
add significant processing time and may generate a large
error factor in data collection. One swifter and more
efficient method, particularly for large clinical trials, is
the use of optical mark readers (OMR). This method
greatly reduces error created by hand tallies or keypunch-
ing.
Once the data from the examination record are stored
on the computer files, editing can be accomplished by
programs written to detect missing or illogical observations.
Corrections can be made vig interactive terminals, so that
a complete edited data set is then ready for analysis. Sta-
tistical programs can be designed and used to do basic
tabulations of information. If a large volume of records is
involved, analysis can be facilitated by using large com-
puters with access to standard statistical packages (so-
called “canned routines™).

Data tabulations usually include the means and variances
(standard deviation, standard error of the mean) of the
basic components of decayed, missing, or filled (DMF)
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EXAMINER CODES

Tooth Status Call
Deciduocus Caries Free D
Permanent Unerupted U

" Caries Free S

" Extracted (caries) E

" Extracted (no caries) Y

or
Excluded from population

Surface Carious Filled
Occlusal X 5
Lingual 0 6
Buccal 1 7
Mesial .2 8
Distal 3 9

Fig. 1 — Coding system for classifying tooth and surface status
on caries examinations.

surfaces or teeth. These can be obtained for any single
tooth or combination of teeth or surface types. Distribu-
tion of the dependent variable DMF surfaces or teeth by
age, sex, and initial DMFS may be included. Examination
of these basic tabulations helps the examiner to deter-
mine if the information is logical and in proper order.
User-written programs or statistical packages can then be
applied to particular analyses of the data, depending on
the design of a specific clinical trial and the hypothesis
being tested. .

However, the efficiency of any system to produce
accurate information is quite dependent on the data col-
lection process. Examiners must be calibrated as accurately
as possible in the use of criteria and coding for measuring
the disease. The record sheet must be designed to be
functional for the examiner, for the persons recording the
information, and for the person or machine transferring
the information into the computer. Forms for optical
mark readers in the early 1970°s had design limitations.
As machines have become smaller and more flexible, the
forms have become easier to organize to make them more
usable by everyone. Only a few minutes are required to
train field personnel to mark the form accurately. However,
it is necessary to follow directions precisely, or errors will
be created which increase the correction time. Well-trained

recorders are an asset, since they will be able to check at -

the time of examination for missing data or illogical tooth
patterns.
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Fig. 2 — Flow chart of NIDR data processing system for caries
clinical trials.

It has been suggested that a microprocessor can be used
in the field at the time of the dental examination to enter
data directly viz a keyboard for storage on a magnetic disk !
This technique — using a forms image on the video monitor,
with an editing program signaling for certain obvious errors,
such as blanks or numbers out of range - is certainly a
more direct way of entering information onto computer
disks. This would be a successful mechanism for small
studies on patients in a clinic, but I believe it has two
possible drawbacks in large-scale clinical trials. First, it
would definitely need a trained person to enter the informa-
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tion rapidly, understand the error messages, and know how
to correct them. Thus, local people at a study site would
need to be familiar with keyboard data entry procedures
to be used as “recorders”. Second, if anything happens to
the storage device, there is no hard-copy back-up to revert
to later. It would probably also take longer to examine
each individual.

At NIDR, a system which is used to process and analyze
a large number of clinical studies and epidemiological
surveys within the same year has evolved over time. The
flow chart of the current NIDR processing system for caries
clinical trials is shown in Fig. 2. The current use of optical
readers has progressed from the cumbersome punching of
cards by mark sense machines, first suggested by Klein, to
optical mark readers which transmit coded data dlrectly
from one- or two-sided documents to a computer disk or
tape via direct transmission lines.

The record file is then available for editing, re-coding,
and sorting of the measured variable into any order desired.
The OMR machines are capable of some editing. Or, user-
designed edits written in a higher-level language, such as
Fortran or PL/1, can search for missing identification, such
as case number, sex, age, or missing tooth or surface data.
Corrections are made directly to the disk file by.means of
an interactive computer terminal. The records are sorted in
some uniform manner, such as case number, age, or grade
within treatment group, for further analysis. A safety pre-
caution is the production of a copy of edited data stored on
a separate disk file or tape for back-up in case of loss or
scrambling of the original data base.

In the second or subsequent years of a clinical trial, the
records from baseline and earlier years must be merged with
the current records, creating a new master file containing
all examinations for each person. To facilitate programing
of longitudinal studies, missing records for individuals have
a place-holder record, so that a uniform system of five
records per individual is always counstructed (Master B
tape). Again, a back-up of master records is a wise addition.

Standard programs have been designed to do simple
tabulations and cross-sectional or longitudinal analysis the
same way on each clinical trial. This helps us evaluate the
basic findings in light of previous experience. A cross-
sectional program currently written in Fortran produces
the basic tabulations listed earlier (Fig. 3.)

Other programs available for our use have been written
by various users over the last ten years in several compu-
ter languages — Fortran, PL/1, Basic, and SAS. These
programs can analyze change between any two exams for
a dependent variable — usually DMFS, but sometimes
others, such as DMFT or any sub-set, such as first molar
decayed and filled occlusal surfaces — by any classifying
variable, such as age, sex, initial DMFS, or treatment group.

X-5 L.I. APF AND CLEANING PERMANENT DENTITION
BOTH
AGE N ADJ H MEAN DMF ST DEV
ALL 484 484 4.083 4.279
10 73 78 3.103 3.282
11 226 226 3.646 3.569
12 170 170 4.988 5.063
13 10 10 6.200 7.554

GROUP 1 PAGE 48 10716779
ALL SURFACES

% DMF %0/DMF XF/DMF XM/DMF
4.59 25.61 71.61 2.78
4. 24 31.82 68.18 ¢.00
4.37 27.06 70.51 2.43
4.93 23.11 73.94 2.95

5

.02 16.13 67.74 16.13

Fig. 3 — Example of basic tabulations produced by standard cross-sectional program.







