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AbstracI--CADL4G-2/RHEUMA ts a medical expert system developed to assist in the d~fferentlal dtagnosls of rheumatw diseases Based on fuzzy set theory and fuzzy logtc, It supports the formahzatton
of vague and uncertain medical reformation (t e, medtcal entities and relattonshtps between them)
and draws justifiable conclusions from these tmprecise data Given a patwnt's findmg pattern, CADIAG2 provtdes confirmed and excluded dzagnoses, dtagnosttc hypotheses, and suggesttons for further
examlnattons The knowledge base o f CAD1AG-2 has been destgned to contain slmple findmg/dlsease
relattonshlps as well as diagnostic rules of high complextty to confirm or hypothestze dtseases We
shall present results obtained wtth 300 chntcal cases from a hospttal for rheumatic diseases Different
rules for the dtagnosts of rheumatoid arthrttls based upon classtficatlon criteria issued by the Amertcan
Rheumatism Assoctatton were tested against each other That dlagnosttc rule whtch had shown the
best results was then further improved by a rheumatology expert, whtch finally ytelded a sensmvtty
of 83.3% and a specificity of 95.3%

This system applies fuzzy set theory to model inherent
vagueness of medical concepts and fuzzy logic to infer
diagnostic conclusions.
At present, the knowledge base of CADIAG-2 contains disease profiles and diagnostic rules for 267 diseases, among them 185 rheumatic diseases (diagnostic
group CADIAG-2/RHEUMA, with 69 joint diseases, 12
diseases of the spinal column, 38 diseases of the soft
tissue and connective tissue systems, 45 diseases of cartilage and bone, and 21 regional pain syndromes (Kolarz & Adlassnig, 1986)) and 82 gastroenterological
diseases (diagnostic group CADIAG-2/GALLwith 35 gall
bladder and bile duct diseases (Adlassnig & AkhavanHeidari, 1989), diagnostic group CADIAG-2/PANCREAS
with l0 pancreatic diseases (Adlassnig & Scheithauer,
1989; Adlassnig, Scheithauer, & Grabner, 1984), and
diagnostic group C A D I A G - 2 / C O L O N with 37 colon diseases). All these diagnostic groups reside in the CADIAG2 shell and are self-contained to allow differential diagnosis.
The CADIAG-2 system is integrated into the medical
information system WAMIS (the German acronym for
Wiener Allgemeines Medizinisches Informations-System, Vienna General Medical Information System of
the Vienna General Hospital (Adlassnig, Kolarz,

1. INTRODUCTION
THE CENTRALAIM of the CADIAG-2 project is the development of a medical consultation system for general
internal medicine. The underlying clinical issue is to
assist in the differential diagnostic process (a) by indicating all possible diseases which might be the cause
of a patient's pathological findings, with special emphasis on rare diseases; (b) by offering further useful
examinations to confirm or to exclude diagnostic hypotheses gained or to find stronger support for them;
and (c) by indicating a patients' pathological findings
not yet accounted for by the expert system's proposed
diagnoses.
After gaining experience with the medical expert
system CADIAG-I which was formally based on firstorder predicate logic and pattern matching (Adlassnig
et at., 1985), the successor system CADIAG-2 was developed and implemented (Adlassnig, 1980; 1986).
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Scheithauer, & Grabner, 1986). This integration allows
collecting a patient's findings for CADIAG-2 via the
routine medical documentation and laboratory system
of WAMIS. Through a data abstraction and aggregation
process (Adlassnig, 1988), patient data are made available to the CADIAG-2 system which tries to infer diagnoses from these abstracted findings in a data-driven
manner. In addition, patient data not routinely collected in WAMIS can be added to CADIAG-2 through
a man-machine interface which processes medical
terms given in natural language. A word segmentation
algorithm allows the usage of medical synonyms and
abbreviations; moreover, it accepts various orthographic variants and takes into account different medical suffixes (Adlassnig & Grabner, 1985).
The diagnostic process of CADIAG-2 is based on both
stored disease profiles and diagnostic rules (usually very
complex ones such as the ARA criteria for rheumatic
diseases (Arnett et al., 1988; Ropes et al., 1958). Two
relationships define the association between findings
and diseases in these disease profiles: (a) the necessity
of occurrence of a certain finding with a given disease
(frequency of occurrence degree) and (b) its sufficiency
to infer that disease (strength of confirmation degree).
The same relationships are applicable to define the associations between the antecedents and consequents
of diagnostic rules.
The inference process of CADIAG-2 aims at generating one or more differential diagnoses a n d - - a t the
same time--at excluding some or all remaining diagnoses. A diagnosis is either established as definitely
confirmed or proposed as a diagnostic hypothesis to
be confirmed or excluded after additional examinations
are performed.
Diagnoses are indicated as definitely confirmed if
pathognomonic findings were found in the patient or
if confirming rules were triggered by the patient's findings. Because of the hierarchical relationships among
diseases in CADIAG-2, diagnoses at a higher level in
the disease hierarchy are confirmed as well if subdiagnoses are indicated as being confirmed.
Excluded diagnoses are established either by present
excluding criteria or by absent obligatory criteria. Excluding criteria may be single excluding findings, excluding rules or other, already established diagnoses
that exclude other diagnoses. Findings and rule criteria
which are defined to be obligatorily present in the patient to establish a certain diagnosis but which are definitely absent consequently exclude the respective diagnosis. Definitely excluded disease categories in the
disease hierarchy also cause the exclusion of the respective entire set of existing subdiagnoses.
Diagnoses confirmed and excluded at the same
time--which might happen due to contradictory patient data and/or knowledge base errors--are termed
as diagnostic contradictions. They are displayed separately, with the inference process made transparent.
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Diagnostic hypotheses are generated (a) if a diagnosis
is neither confirmed nor excluded nor a contradictory
result and (b) if the strength of confirmation of at least
one present finding, one triggered rule, or one already
established subdiagnosis is equal to, or higher than, a
given threshold ~ (0 < ~ < 1). Since the application of
fuzzy set theory allows for mathematical modeling of
borderline findings, the degree of presence of a finding
(degree of membership in a fuzzy set) is combined with
its strength of confirmation. If the resulting value,
which is a measure of confirmation for the concluded
disease, lies between threshold, and unity (unity means
full confirmation), the respective disease has to be taken
into consideration as a diagnostic hypothesis. In addition, diagnostic hypotheses are ranked according to
a score of support. This score is calculated on the basis
of (a) the number of single findings present, or present
to a certain degree, and having a relationship to the
disease under consideration; (b) the degree of presence
of these findings; and (c) the degrees for frequency of
occurrence and strength of confirmation between these
findings and the respective disease.
Diagnoses which are neither confirmed nor excluded
nor diagnostic hypotheses nor contradictory results are
put into a category termed "diagnoses not generated."
This allows the physician to obtain a complete survey
of all diseases included in the knowledge base of
CADIAG-2.
In CADIAG-2, two forms of knowledge acquisition
have been applied: (a) acquisition of knowledge from
medical experts and (b) semiautomatic acquisition of
medical knowledge from a patient data base. Medical
experts provide definitional and judgmental knowledge
from textbooks and their own practical experience. The
estimation of appropriate values for the frequency of
occurrence and strength of confirmation degrees ~s assisted by an automatic procedure which calculates the
respective values from stored records of patients with
established diagnoses (Adlassnig & Kolarz, 1986).
CADIAG-2/RHEUMA, being part of the CADIAG-2
host system, was developed to support differential diagnosis of rheumatic diseases. In a prior evaluation,
the diagnostic accuracy of CADIAG-2/RHEUMA attained a sensitivity of 93.7%, evaluating 426 patients
with rheumatoid arthritis, gout, ankylosing spondylitis,
psoriatic arthritis, Sj6gren's disease, systemic lupus erythematosus, Reiter's disease, and systemic sclerosis
(Adlassnig & Grabner, 1985).
This study is focused on the diagnosis of rheumatoid
arthritis (RA) only. Three different sets of RA diagnostic criteria were used and applied to both RA patients and a control group with non-RA rheumatic diseases. All three sets were based on RA classification
criteria issued by The American Rheumatism Association (ARA, now The American College of Rheumatology) (Arnett et al.. 1988; Ropes et al., 1958). In
CADIAG-2/RHEUMA,each set of diagnostic cnterm was
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TABLE 1
RA Staging According to Steibrocker et al. (1949)
Stage 1
Stage 2
Stage 3
Stage 4

No sagnsof destructionof cartilage or bone;
osteoporosis may be present
Eros=onsand bony decalcificationadjacent to the jo=nt
involved without jo,nt deform=ty
As in Stage 2 plus subluxat~on.
As ~nStage 3 plus ankylosis

implemented as one IF-THEN rule. The three established IF-THEN rules are:
• rule 1 was implemented according to the revised 1958
ARA criteria for the classification of definite RA
(Ropes et al., 1958);
• rule 2 was implemented according to the revised 1987
ARA criteria for the classification of (definite) RA
(Arnett et al., 1988);
• rule 3 combined both literature definition and specific clinical experience of a rheumatology expert:
Like rule 1, it was implemented according to the
revised 1958 ARA criteria for the classification of
definite RA (Ropes et al., 1958); however, several
criteria were changed and redefined by the rheumatology expert.
The aims of the study were to find out: (a) which of
the two initial sets of RA diagnostic criteria performed
best; (b) whether the best performing set of criteria
could still be improved; and (c) whether splitting both
RA patients and control subjects into subsets (according to disease stages, disease characteristics, and concomitant diseases) would give a more detailed picture
of the accuracy obtained with the expert system.
2. PATIENT DATA
All 150 RA patients and 150 control subjects of this
study underwent treatment in a 140-bed hospital for
rheumatic diseases in Baden/Austria. Only adults with
disease onset after age 16 were included in this study.
The mean ages of RA and non-RA patients were sim-

ilar, whereas sex percentages differed due to a higher
number of female RA patients (RA group: 79.3% females, control group: 38.7% females). Two completed
questionnaires for medical history and the results of
the physical examination, as well as X-ray findings of
the hands and feet and laboratory test results including
serum rheumatoid factor were available for each patient.
RA patients: All 150 RA patients had a confirmed
clinical diagnosis of RA (no classification criteria were
applied to select study participants). They were additionally subdivided according to the following conditions: (a) disease stage (the disease staging used in this
study is based on radiographic findings and was introduced by Steinbrocker, Traeger, & Batterman (1949)
(Table l); (b) presence or absence of rheumatoid factor
(seropositivity/seronegativity), determined by WaalerRose test and defined as being positive with a titer of
at least 1:24; and (c) concomitant rheumatic diseases
with no relation to RA according to the following categorization: (a) concomitant diseases of the vertebral
column; and (b) concomitant osteoporosis.
Control subjects" Any patient with a rheumatic disease other than RA was designated a control subject.
The clinical diagnoses represent a cross-section of patients that were treated in the hospital mentioned
above.
3. M E T H O D
The results shown in Tables 2-6 were obtained by
comparing the diagnostic results of CADIAG-2/
RHEUMA with the available confirmed clinical diagnoses. It should be mentioned that a CADIAG-2/
RHEUMA diagnosis was taken to be established if it was
either a confirmed diagnosis or a diagnostic hypothesis
with a degree of confirmation of at least 0.5 (cf., Adlassnig, 1986; Adlassnig et al., 1986). Moreover, only
a partial diagnostic inference process was carried out.
Simple finding/disease relationships were left out of

TABLE 2
True Positive Results (= Sensitivity Rates) Obtained by the ARA Criteria-Based Rules 1 and 2 in
Patients With Rheumatoid Arthritis (RA)

Diagnosis

Total Number
of Patients

Rule 1
(ARA 1958 Definite)

Rule 2
(ARA 1987 Definite)

Seropositive RA, Stage 1

9

7

6

Seronegatwe RA, Stage 1
Seroposltwe RA, Stage 2
Seronegatwe RA, Stage 2
Seroposltwe RA, Stage 3
Seronegative RA, Stage 3
Seropositive RA, Stage 4
Seronegatwe RA, Stage 4

19
25
26
28
20
17

10
22
17
23
18
13

10
21
16
25
15
12

6

5

5

Total number of diagnoses

150

115

110

Sensitwity rates

76.7%

73.3%
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TABLE 3
True Positive Results (= Sensitivity Rates) Obtained by the ARA Criteria-Based
Rules 1 and 2 in RA Patients, Disease Stages 1-4

Dmgnosls
RA,
RA,
RA,
RA,

Stage
Stage
Stage
Stage

1
2
3
4

Total Number
of Patients

Rule 1
(ARA 1958 Definite)

Rule 2
(ARA 1987 Definite)

28
51
48
23

17 (60.7%)
39 (76 5%)
41 (85 4%)
18 (78.2%)

16 (57.1%)
37 (72.6%)
40 (83.3%)
17 (73.9%)

consideration m this study; only the respective diagnostic rules provided the diagnostic results. The primary goal was to test the available ARA criteria for
applicability in CADIAG-2/RHEUMA. This implies,
however, that a complete inference process of CADIAG2/RHEUMA might improve the reported sensitivity and
specificity results achieved with the single ARA criteria.
4. R E S U L T S
4.1. Results Obtained with Rules 1 and 2 (Based on
ARA Criteria Definition Only)

True posztwe results (= sensitwlty rates) with RA patwnts As shown in Table 2, rule 1 performed better
than rule 2 reaching a sensitivity of 76.7%. Tables 35 show the different diagnostic results obtained in the
RA subgroups. Cases with early disease stage (stage 1),
cases with seronegative RA, and cases with concomitant diseases of the vertebral column tended to cause
a lower sensitivity.
False posttzve results (= 100% - specificity rates) with
control subjects As shown in Table 6, rule 1 performed
better than rule 2 reaching a specificity of 88.0%. A
substantial number of patients with psoriatic arthritis
and systemic lupus erythematosus yielded incorrect
results, a fact which led to further developments, as
described in Section 4.2.
4.2. Development of an Improved Rule 3 (Based on
ARA Criteria Definition and Clinical Experience)
To improve the diagnostic accuracy of CADIAG-2/
RHEUMA, clinical experience of a rheumatology expert
was needed to modify the established rules. Rule 1 was
selected for further improvement because of the higher

sensitivities and specificities obtained with it. Its criteria
were consecutively changed to reach higher rates of
both sensitivity and specificity. The problem was successfully approached in two different ways:
1. RedefiniUon of diagnostic criteria:
The symptom "morning stiffness" was redefined; it
had to last for only 30 minutes instead of 60 minutes.
The sign "symmetrical joint swelling," which had
to be observed by a physician, was remodelled to
"symmetrical joint involvement," observed by a
phys]cmn or reported in the patient history.
2. Addmon of further exclusion criteria:
To avoid false positive results in cases of psoriatic
arthritis, an exclusion m case of present psoriasis
was added to rule 1. This exclusion prevents the
diagnosis of definite RA if there is sufficient evidence
that a patient might actually suffer from psoriatic
arthritis.
A comparison ofaU diagnostic and excluding criteria
included in rules 1-3 is shown in Tables 7 and 8. In
rules 1 and 3, a patient must fit at least 5 out of 11
criteria and none of the exclusions to establish RA as
the confirmed diagnosis, whereas in rule 2 at least 4
out of 7 criteria must be present; no exclusion criteria
are contained in rule 2.

4.3. Diagnostic Results Obtained with the Improved
Rule 3 (Based on ARA Criteria Definition and
Clinical Experience)
All improvements led to a definite (confirming) rule
for RA which showed a sensitivity of 83.3% and a specificity of 95.3%, thus reaching a total accuracy of 89.3%
(the mean of sensitivity and specifioty rates) as shown
in Table 9.

TABLE 4
True Positive Results (= Sensitivity Rates) Obtained by the ARA Criteria-Based Rules 1
and 2 in Seropositive and Seronegative RA Patients

Diagnosis

Total Number
of Patients

Rule 1
(ARA 1958 Definite)

Rule 2
(ARA 1987 Definite)

Seroposltwe RA
Seronegabve RA

79
71

65 (82 3%)
50 (70.4%)

64 (81 0%)
46 (64 8%)
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TABLE 5
True Positive Results (= Sensitivity Rates) Obtained by the ARA Criteria Based Rules 1 and 2 in RA Patients
With and Without Concomitant Spinal Diseases

Dmgnosls

Total Number
of Patients

Rule 1
(ARA 1958 Definite)

Rule 2
(ARA 1987 Definite)

No concomitant diseases
Diseases of the vertebral column
Osteoporos~s

74
50
26

59 (79.7%)
36 (72.0%)
20 (76.9%)

54 (73.0%)
34 (68.0%)
22 (84.6%)

5. D I S C U S S I O N
Computer-assisted differential diagnoses for rheumatic
diseases has been an issue of clinical interest for more
than 20 years.
A very early approach ~s already described by Horak,
et al. (1968). This system was based on a method for
computer-assisted differential diagnosis m internal
medicine that employs Boolean logic and heuristic
pattern matching (Splndelberger & Grabner, 1968). It
was later redesigned and termed CADIAG-1 (Adlassnig
& Grabner, 1985) that finally initiated the work on
CADIAG-2 (Adlassnig, 1980, 1986). The earhest versions of these programs were not tested systematically
with real cases. Evaluation studies of CADIAG-1/
RHEUMA and CAD1AG-2/RHEUMAincluding 282 clinically verified RA cases were described first in Adlassmg
(1980). For these RA cases, sensitivity rates of 99.3%
and 93.7%, respectively, could be obtained. It should
be mentioned, however, that prompting RA as either
a confirmed diagnosis, diagnostic hypothesis, or possible diagnosis (the latter in CADIAG- 1/RHEUMA only)
was judged to be a correct outcome. The presently described evaluation study is based on a more rigid definition of a correct diagnosis (hypothesis threshold ~ >_
0.5, cf., Section 3).
Similar performance studies in the area of rheumatology including RA cases were carried out with the
AI/RHEUMA consultant system (Kingsland & Lind-

berg, 1986; Kingsland, Lindberg, & Sharp, 1986; Porter
et al., 1988). In Porter et al. (1988), its diagnostic accuracy was evaluated using information that was supplied by Japanese rheumatologists on 59 patients with
connective tissue diseases (two RA cases overlapping
with other diseases were included). The diagnoses of
the AI/RHEUMA model were in full or partial agreement with those of the Japanese rheumatologists in 54
of 59 cases (91.5%). Preliminary evaluation of the criteria used by this model to diagnose mixed connective
tissue disease showed a sensitivity of 90% and a specificity of 96%.
An earlier study on the performance of AI/RHEUMA
that included a total of 384 cases (254 connective tissue
diseases, 34 spondyloarthropathies, 19 crystal-induced
arthritides, 30 infection-induced arthntides, 17 juvenile
rheumatoid arthritis, and 30 other rheumatic disorders)
is described in Kingsland et al. (1986). Here, an overall
sensitivity rate of 94% could be obtained.
A further, extended evaluation of AI/RHEUMA with
1,570 consecutive outpatients of a Dutch rheumatological clinic was carried out and described in Bernelot
Moens and Kingsland (1990). After a complete revision
of the knowledge base of AI/RHEUMA, 93 definite RA
cases. 95 possible RA cases, and 1,392 non-RA cases
were tested. The definite RA cases yielded a sensitivity
of 99%, the possible RA cases 62%, and the obtained
specificity rate amounted to 98%.
The prospective application of the +RHEUMA expert

TABLE 6
False Positive Results (= 100%-Specificity Rates) Obtained by ARA Criteria-Based Rules 1 and 2 in Control
Subjects

Diagnosis

Total Number
of Patients

Osteoarthrosis
Gouty arthntts
Ankylosing spondyhtls
Psormtic arthritis
Bactenal arthnt~s
ReJter's disease
Systemic lupus erythematosus
Systemic sclerosis
Polymyosltls
Chondrocalcmosls
Polymyalgm rheumat~ca

44
32
30
20
4
4
4
4
3
3
2

2
0
2
10
1
0
2
0
0
1
0

0
4
0
10
1
0
3
0
1
0
0

150

18

19

88.0%

87.3%

Total number of diagnoses
SpecIficity rates

Rule 1
(ARA 1958 Definite)

Rule 2
(ARA 1987 Definite)
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TABLE 7
Comparison of All Diagnostic Criteria to be Fulfilled in Rules 1-3
Dmgnostic Critena

Morning stiffness 60 mm
Morning stiffness 30 min.
Pare on motion or tenderness in at
least one joint
Swelhng in at least one joint
Swelling on at least one other joint
Arthritis of three or more joint areas
Arthritis of hand joints
Symmetrical joint swelhng
Symmetrical joint involvement
Subcutaneous nodules
X-ray changes typical of RA
Positive serum rheumatoid factor
Poor muon precipitate from
synovial fluid
Characteristic hlstologic changes in
synovium
Characteristic histologic changes in
nodules
Total number of cntena

Rule 1
(ARA 1958 Definite)

Rule 2
(ARA 1987 Definite)

Rule 3
(Improved Rule 1)

yes
--

yes
--

-yes

yes
yes
yes

---

yes
yes
yes

-

-

yes
yes
yes
-yes
yes
yes

yes
yes
yes
yes

yes
yes
yes
yes

yes

yes

yes

yes

yes

yes

5 out of 11 and
excluding criteria
in Table 8

system for the medical history of joint pare (Schewe,
Herzer, & Kriiger, 1990; Schewe, Kriiger, Herzer, &
Schattenkirchner, J991; Schewe, Sherrman, & Gierl,
1988) is reported in Schewe et al. (1990). Sixty-seven
cases of RA yielded a sensitivity rate of 89.5%. The hit
rates of the other rheumatic diseases included in this
study (lupus erythematosus, ankylosing spondylitis,

4 out of 7

5 out of 11 and
excluding
criteria
in Table 8

psoriatic arthritis, osteoarthritis of greater joints, spinal
osteoarthritis, systemic sclerosis, infectious arthritis,
polymyalgia rheumatica, and osteoarthritis of the fingers) range from 58.2% for osteoarthritis of the greater
joints to 100% for systemic sclerosis.
Both CADIAG-2/RHEUMAand AI/RHEUMA employ
criteria sets for the formal representation of RA deft-

TABLE 8
Comparison of all Excluding Criteria in Rules 1-3 (Some Excluding Criteria Given in Ropes et al. (1958) and Arnett et al. (1988)
Were Simplified and Substituted by Their Respective Disease Terms)
Excluding Cnteria

Rule 1
(ARA 1958 Definite)

Rule 2
(ARA 1987 Definite)

Rule 3
(Improved Rule 1)

Systemic lupus erythematosus
Panarteritis nodosa
Polymyositis/dermatomyositm
Systemic sclerosis
Rheumatic fever
Gouty arthritis
Infectious arthritis
Joint tuberculosIs
Reiter's disease
Shoulder-hand syndrome
Hypertrophic pulmonary osteoarthropathy
Neuroarthropathy
Ochronosis
Sarcoidosis
Multiple myeloma
Erythema nodosum
LeukemIa or lymphoma
Psoriatic arthnt~s

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
--

-------------------

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

17

--

18

Total number of criteria
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TABLE 9
Sensitivity, Specificity, and Accuracy Rates Obtained by Rules 1 and 2 and
Improved Rule 3

Sensttwity
Specifioty
Accuracy

Rule 1
(ARA 1958 Definite)

Rule 2
(ARA 1987 Definite)

Rule 3
(Improved Rule 1)

76.7%
88.0%
82.4%

73.3%
87.3%
80.3%

83.3%
95.3%
89 3%

nitions. The +RHEUMA system contains a large rule
base for representing medical knowledge on rheumatic
diseases.
Our study especially analyzes the applicability of
the different ARA criteria for representing knowledge
on RA. Historically, a committee of the American
Rheumatism Association proposed the (revised) 11 diagnostic criteria for RA with 20 exclusions in 1958. A
diagnosis of classical RA required at least seven criteria,
definite RA required at least five criteria, probable RA
required at least three criteria and in all disease categories none of the exclusions was allowed to be fulfilled.
The 1958 criteria have been applied for more than
30 years; they assisted in a more uniform definition of
RA, while over the same period several new forms of
arthritis such as H L A B-27 associated spondylarthropathies were classified separately.
In 1987, a new ARA committee reviewed the 1958
RA criteria and issued an updated set of criteria allowing only one single (definite) disease category and requiting neither invasive diagnostic procedures (which
were performed rarely) nor exclusionary criteria (which
were difficult to handle in practice). Instead of formulating diagnostic criteria as had been done in 1958,
the 1987 criteria were formed to facilitate the classification of RA (i.e., the selection of more uniform patient
cohorts for RA studies).
Though it seems meaningful to use classification
criteria for diagnostic purposes, there are limitations-limitations with respect to the achievable sensitivity
and specificity rates. Since classification criteria contain
features of typical RA cases, sensitivity rates may only
be as good as the frequency rates of typical RA cases
within the whole disease spectrum. RA patients who
do not fit in the typical disease picture of RA might be
easily misdiagnosed. Two RA patient groups with such
features are shown in Table 3 and Table 4. Both seronegative RA patients and those with early disease
stage yield lower sensitivity rates. But since the majority
of RA patients exhibits typical disease features, an expert system can still perform successfully even if it were
purely based on classification criteria. (However, the
sensitivity and specificity rates obtained in our study
are not as high as those published by the ARA committee in Arnett et al. (1988).)
Moreover, it was not surprising to find out that the
1958 set of criteria (rule 1) performed better than the

1987 set (rule 2) because the former was especially designed to support diagnosis. Even though a list of 20
exclusions might not be handled easily in clinical practice, computer expert systems with direct connection
to a central patient data base containing all necessary
information can manage this without problems. The
inclusion of psoriatic arthritis as a further exclusion
criterion, an arthritis form not yet classified separately
in 1958, was one of the reasons why rule 3 showed
higher rates of specificity.
Furthermore, the obtained results were shown to be
highly sensitive to s y m p t o m definitions. In our study,
the redefinition of two symptoms led to improved rates
of sensitivity and specificity, a goal which usually is
not easily accomplished due to the mutual trade-off
between sensitivity and specificity. The increase in performance of rule 3 compared to rule 1 (which it is
based upon) proved that the subjective clinical experience of a medical specialist is helpful in achieving a
better expert system's performance.
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