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Diagnostic Assistance System Based on
Possibility for Evaluation of Long
Bone Tumorous Lesions

Tatsumi Hamada, Kouichi Fujii, Masaaki Inoue,
Yutaka Araki, Hidemi Ebara,
Motoki Higashikawa and Osamu Ishida

We constructed a diagnostic assistance system for long
bone lesions using a relational data base management sys-
tem, in which we categorized radiographic findings of all
parameters in various lesions and stored them as degrees of
possibility. Possible diagnoses of unknown lesions were listed
by max-min calculation between the data base and findings
of the lesions. Integration of parameters narrowed the scope
of possible diagnoses. Fifty-six cases with long bone lesions
were tested. Experts diagnosed correctly up to 64 percent,
while the system showed a correct diagnosis rate of 43 persent
as the first rank of possibility. However, the system gave 75
percent correct diagnosis when listed up to the third rank,
and this increased up to 100 percent at the ninth rank. The
rate of true diagnosis by experts did not exceed 73 percent.
The diagnostic assistance system based on possibility analysis
proved to be useful for suggesting differential diagnoses in
diagnosing long bone tumorous lesions from plain radio-
graphs.
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Fig.1 Explanation of rough sats(from reference 6 with slight
alteration). Z : A given pattern.
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Table 1 Materials . Table 2 Parameters of radiological findings
Osteosarcoma 5 Age
Chondrosarcoma 2 Sex
Malignant fibrous histiocytoma 1 Skeletal distribution
Mali t 1 .
slgrEnt inphoms MNumber of lesions
Fibrous dysplasia 13 .
Site
Giant cell tumor 8 .
Location
Solitary bone cyst 8
Marginal pattern
Enchondroma 4
Nonossifying fibroma 3 Metrix patioim
Benign fibrous histiocytoma 4 Cortical or periosteal reaction
Osteoid osteorna 3 Nidus
Aneurysmai bone cyst 2 Soft tissue invasion
Chondroblastoma 1 = S O —
Medial suprachondylar defect of the femur 1
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Fig.2 A picture of input data of the site. Findings of a lesion to Fig.3 A picture of input data of the marginal pattern
be diagnosed are input as degrees from 0 to 1[0, 1]for each cat-

egory. In this case, the lesion was located in the epiphysis with

some possibility of invasion to the metaepiphysis.
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Fig.4 A picture of input data of the matrix pattern. Fig.6 This is the result of the max-min operation betwsen the input
data (Fig.2)and the membership function in the data base (Fig.5). The
first column shows tumor cords and the last column shows the degrees
of possibility obtained from the site data for each disease. Zero means
that the disease is ruled out. Dise:ases with values more than zero remain
possible. They are rearranged in the descending order of the possibil-
ity degree and output.

Steps of procedure

1) Production of data base fer the degree of possibility xy, of
category a; (j=1...m) that disease X (k=1...n) may take for
item A, (i=1...1)

2) Input of degree y; of unknown lesion Y; for item A; (i==1...1)

3) Calculation of degree of coincidence x.; by max-min operation
between the unknown lesion Y; and disease Xx (k=1...n)

4) Output of diseases with high possibility for each parameter A,

(i=1...1)
5) Integration of the degree of possibility x, that disease X
(k=1...n) may take for parameter A; (i=1...) %

6) Output of diszases with high possibility by integration of

parameters
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Fig.5 Membership functions between diseases and sites inthe  Fig.7 Steps of diagnostic procedure by possibility.
data base. The possibilities of the site that a lesion can be located

at are stored as degrees[0, 1]in the fields of the data base man-

agement system for each disease. The first column shows tumor

cords and the first row shows categories of the site. This makes a

kind of fuzzy relationship.

Fig.8 Radiograph of a 14-year-old male with chondroblastoma show-
ing a lytic lesion in the epiphysis of the tibia(A). The true diagnosis
“chondroblastoma”was ranked first with a possibility degree of 1.0 in
the list of possible diseases obtained from integration of all parameters
(B). However, some other diseases remained to be diffarentiated with
smaller possibilities.
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Fig.9 Radiograph of osteoid osteoma that occurred in the ulna of a 10-
year-old female showing a mineralized pattern with a nidus (A). The true
diagnosis“osteoid osteoma’”was ranked first with a possibility degree of
0.6 in the list of possible diseases obtained from integration of all pa-
rameters (B). Although the pathognomonic finding “nidus” was overlooked,
the true diagnosis “osteoid osteoma” was output in the second rank from
other findings, which was a manifestation of the robustness that fuzzy

logic has in itself.
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Fig.10 Radiograph of a 16-year-old female with osteosarcoma show-
ing an ill-defined lesion in the distal metaphysis of the femur(A). The
true diagnosis “osteosarcoma” was output in the first rank with a possi-
bility degree of 1.0 in the list of possible diseases obtained from inte-
gration of all parameters, and other diseases were shown with lower pos-
sibilities (B).
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Fig.11 The rank of true diagnoses that appeared in the list of
possible diagnoses obtained by the possibility system was recorded.
White columns show the number of cases for each rank and gray
columns show the cumulative number. Cumulative percentage
curve is also shown. Cases with rank 1 are the correct diagnoses
and account for 41%. If we take the cases with rank 2 into con-
sideration as well, correct diagnoses are included in 57%, and if
we add the cases with rank 3, correct diagnoses are included in
75% and so on.
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Fig.12 Two experts diagnosed the cases with a list of differen-
tial diagnoses for each case, and the ranking of correct diagnoses
was recorded. Their cumulative curves (DR1 and DR2) with the
curve by possibility (FOSS)are shown. Experts diagnosed correctly
up to 642, which was better than the 41% obtained by possibil-
ity. However, the cumulative correct diagnosis did not exceed 73
% even when the cases of up to the ninth rank were added.

Table 3 Correlation of ranking by possibility and an expert

Ranking by possibility
Rankingby 4 » 3 4 5 6 ¢ sum
expert
1 i8 4 6 2 0 0 0 30
2 0 3 2 0 2 1 0 8
4 0 1 0 0 o0 o0 o0 1
7 0 0 o 1 0 0 o0 1
8 i ¢ 0 0 o 0 0 1
X 4 1 2 2 3 2 1 15
SUM 23 g 10 5 5 3 1 56

(X : cases not suggested by expert)
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