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Abstract: - An association rule mining has potential to discover important information of disorder in data. The
purpose of this study was to show analysis process of the clinical data to acquire significant information
effectively between the foot disorder groups and biomechanical parameters related to symptom by the
association rule discovery. The first clinical health records of the total 279 pediatric patients diagnosed with the
complex foot disorder, including pes planus basically, were used for study. The Apriori algorithm was applied
to discover rule of the foot disorder groups. As the results, we were able to discover 8 rules of the complex foot
disorder and confirm major information. In next study, another data mining methodology like neural network
will be applied with a careful preprocessing for better analysis of the pediatric foot disorder from now on.
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1 Introduction

In medical field, massive data sets like the
electronic health records is created by fast
development of hospital information technology.
The clinical data includes quantitative data (e.g.
laboratory values), qualitative data (e.g. text-based
documents and demographics), and transactional
data (e.g. record of medication delivery) [1]. When
utilization of medical big data, value production of
330 billion dollars is expected every year on the US
medical field. If effective treatment method by
analysis data of diagnostic pattern, prognosis, cost,
etc., direct effect of about 165 billion dollars is
expected [2]. Data mining is the extraction
technology of hidden and valuable information, and
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it has been recognized for a large amount of the
clinical data by many study [3]. It is method to deal
with large data and to discover meaningful
knowledge with application of pattern recognition
technology, statistics or mathematic algorithm [4].
An association rule discovery, is first introduced by
Agrawal, Imielinski, and Swami, has potential to
discover important information of disorder in data
[5]-[7]. It is the most valid methodology to explore
attributes pairs which contain useful knowledge in
nonrestrictive patterns. In other words, rules from
this method mean the relation between particular
transaction and other transaction appeared
progressively or simultaneously when specific
transaction occurred. Accordingly, the advantage of
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the association rule discovery is to be able to
analyze a correlation of variables in data at the same
time by searching items to set of rules.

According to previous studies, the data mining was
applied for analysis of the clinical data. Kim
presented that age, pathology scale, related disease,
hospitalization period, respiratory failure and
congestive heart failure were came out to be danger
factors on death of pneumonia by using Apriori
modeling algorithm in study for analysis of death
factor on pneumonia patient [8]. Breault, Goodall
and Fos utilized Classification and Regression Trees
(CART) of data mining for analysis of diabetic data
warehouse. They figured out that the most important
variable associated with bad glycemic control was
younger age, not the comorbidity index or whether
patients had related disorders [9]. In addition, Duru
used four decision tree algorithms for analysis
postoperative status in the ovarian endometriosis
patient under different conditions, and reported new
meaningful information about recurrent ovarian
endometriosis [10]. However, these data mining
technology was not tried to utilize yet in terms of
podiatric medicine. So far the earlier studies have
verified significance only through a simple
statistical method.

The lower limbs are the most important organ for
movement action of human and basic activity of
daily living [11]. Most of all, the foot have 26
bones, 33 joints, more than 100 muscles, tendons
and ligaments, even if it is just 5% of the entire
surface in the body. In addition, it works organically
as a highly complex anatomical- and biomechanical
structure in gait with supporting the whole weight
and ground reaction force [12]. These pressure,
weight and ground reaction force by push-off
exercise, causes stress or soft tissue strain [13]. In
this condition, there are close connections between
form of the foot and disorder the lower limbs.
However, complex correlation analysis is necessary
than simple quantitative analysis between the foot
disorder and symptom because the foot disorder
appear with complex symptoms, and this symptoms
are not commonly clear.

Accordingly, the purpose of this study was to show
analysis process of the clinical data to acquire
significant information effectively between the foot
disorder groups and biomechanical parameters
related to symptom by the association rule
discovery.

2 Study Procedure

2.1 Subjects
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The first clinical health records of the total 279
pediatric patients diagnosed with the complex foot
disorder, including pes planus basically, were used
for study. The data was collected from the Foot
Clinic of Jeon-ju Pediatrics. 64 patients records with
missing values were excluded, and the complex
disorder groups over 5% of whole data were
selected. Therefore, analysis data was composed of
174 patient records with five groups for the complex
disorder.

2.2 Item sets

A consequent in the study was the foot disorder, and
it was into encoding for more clear classification.
Among them, the consequent in the analysis data
was consisted of five complex disorder groups such
as class A : D1 (Achilles tendinitis), D2 (Pes
planus), class B : D2 (Pes planus), class C : D2 (Pes
planus), D3 (Intoe gait), class D : D2 (Pes planus),
D3 (Intoe gait), D5 (Genu valgum), class E : D2
(Pes planus), D5 (Genu valgum). The foot disorder
commonly appeared complexly like this. An
antecedent was the biomechanical parameters
related to disorder, and it was 26 attributes at first.
To check statue of the foot, the biomechanical
parameters like the Resting Calcaneal Stance
Position (RCSP), the tibia TransMalleolar Angle
(TMA) or the knee Internal Malleolus Distance
(IMD) were measured and recorded into a patient
chart by a podiatrist, as shown in Fig. 1. T hrough
the feature selection node, meaningless antecedents
were excluded. The extracted 13 attributes were
grouped for changing numeric type into nominal
type based on Donatelli’s clinical assessment of the
foot by radiography and Choi, Kim, Won and Kim’s
result of decision tree model [14]-[15]. Finally, 7
antecedents were used for analysis, as follow Table
1.

Fig 1. Measurement of RCSP and patient charts
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2.3 Data analysis
In the study, combination of the antecedent meant
each of the foot disorder group. Therefore, 7
antecedents were inserted into Apriori algorithm of
association rule mining for the consequent. Data
analysis was performed by IBM SPSS statistics 18
(SPSS Inc., Chicago, IL, USA) and IBM SPSS
Modeler 14.2 (SPSS Inc., Chicago, IL, USA). In the
Apriori algorithm, a assocation rule (R) of the
antecedent (X) cause the consequent item (Y), and
this rule can be expressed as follows :
®): (X) = (Y) (1)
For significance, a rule which satisfied with the
minimum support and the minimum confidence set
up by a user is only extracted. In this study, the
Minimum Support (MS) was 5 %, and the Minimum
Confidence (MC) was 85 %. The overall study
process was shown in Fig. 2.

Table 1. Consequent Item

Class Disorder
A D1, D2
B D2
C D2, D3
D D2, D3, D5
E D2, D5

?

The First Clinical health record Data
(N = 279, 26 attributes)

.

Data Cleaning
(Removed record with missing value)

i (N =215, 26 attributes)

Consequent Item Selection
(Criterion: over 5%)

$ (N = 174 (5 groups), 26 attributes)

Feature Selection
(High importance)

(N =174 (5 groups), 13 attributes)

Grouping for Antecedent Item

i (N =174 (5 groups), 7 attributes)

Apriori Algorithm
(Minimum Support: 5%, Minimum Confidence: 85%)

:

Association Rule Sets

Fig 2. Study Process
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3 Result

The first clinical health records of 174 pediatric
patients with the complex foot disorder, including
pes planus basically, were used for this study in the
279 whole data. The Apriori algorithm was applied
to the experimental data to discover rule of the foot
disorder groups.

As a result, total 8 rules which were satisfied
with the minimum support and the minimum
confidence were generated, as follows : Rule 1 :
KneeIMD was abnormal and TibiaTMA was
abnormal = Class D (MS : 14.451%, MC : 92%),
Rule 2 : KneeIMD was abnormal, TibiaTMA was
abnormal and RCSP was 1 group = Class D (MS :
12.139%, MC : 90.476%), Rule 3 : KneeIMD was
abnormal, TibiaTMA was abnormal and
TalarDeclination was 2 group = Class D (MS :
12.717%, MC : 90.909%) Rule 4 : Talocalcaneal
was 3 group, CuboidAbduction was 2 group and
Intermetatarsal was 2 group = Class B (MS :
9.249%, MC : 93.75%), Rule 5 : CuboidAbduction
was 1 group, TibiaTMA was abnormal and RCSP
was 1 group = Class C (MS : 16.763%, MC :
86.207%), Rule 6: KneeIMD was abnormal,
TibiaTMA was abnormal, RCSP was 1 group and
TalarDeclination was 2 group = Class D (MS :
10.405%, MC : 88.889%), Rule 7 : Intermetatarsal
was 1 group, TibiaTMA was abnormal, RCSP was 1
group and TalarDeclination was 2 group = Class C
(MS 12.717%, MC 86.364%), Rule 8:
CuboidAbduction was 1 group, TibiaTMA was
abnormal, RCSP was 1 group and TalarDeclination
was 2 group = Class C (MS : 15.607%, MC :
88.889%), as shown in Fig. 3. In case of class A and
class E, reliable rules were not discovered.

4 Conclusion

The purpose of this study was to perform analysis
process of the clinical data to acquire significant
information between the foot disorder groups and
biomechanical parameters related to symptom by
the association rule discovery. The first clinical
health records of 174 pediatric patients with the
complex foot disorder were analyzed for this study,
in the 279 whole data. Through preprocessing like
grouping, the experimental data was composed of a
consequent, five classes, and 7 antecedent. The
Apriori algorithm was applied to the experimental
data to discover rule of the foot disorder groups.

As the results, we were able to discover 8 rules of
the complex foot disorder and confirm major
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Table 2. Antecedent Item

Variable Type Value Description
RCSP Nominal 1: below -6°, 2: over -5°, 3: asymmetry Resting ga}caneal
stance position angle
o Angle of the tibi
Tibia TMA Flag 1: abnoraml, 0: normal ngle of the tibia
transmalleolar
Knee IMD Flag 1: abnoraml, 0: normal The knee mternal
malleolus distance
. Angle bet the tal
Talocalcaneal Nominal 1: below 28°, 2: over 27°, 3: asymmetry ngle between the talus
and the calcaneus
Cuboidabduction | Nominal | 0: normal, 1: below -1°, 2: over 6°, 3: asymmetry Angle of thg cuboid
abduction
. Angle of th tat
Intermetatarsal | Nominal | 0: normal, 1: below -7°, 2: over 9°, 3: asymmetry ngle o the metatarsus
primus adductus
Talardeclination | Nominal 1: below 20°, 2: over 22°, 3: asymmetry Angle O.f th.e talus
declination
class C and D, especially, we were able to know that
Consequent Antecedent Rule ID Support % Confidence % key faCtOI‘ Wthh decided genu Valgum was the kllee
Class =D :’;?9::‘12 | 14454 020 internal malleolus distance. In case of the class B,
1alvls . . . .
— pes planus, there is likely to appear highly if the
TibiaThA 2 12,139 90.476 talocalcaneal angle was asymmetry between both
RCSP=1.0 feet, the cuboid abduction angle was over 6° and the
Class=D KneelMD .
= . S o intermetatarsal gngle was over 9°. Gen.erally, the pes
TalarDeclination = 2.0 planus was diagnosed by the resting calcaneal
Class=B  [TaloCalcaneal = 3.0 stance position angle [16]. All of classes had pes
sl i s planus basically because the highest value of RCSP
Intermetatarsal = 2.0 . o * .
T T ——— was just -4° in the experimental data. However, the
TibiaTMA 5 16.763 86.207 result of the class B showed a new rule with other
. RCSE 10 parameters, instead of RCSP. In other words, it
class =0 :Ir:::rﬁ meant that RCSP was a factor for diagnosis of pes
RCSP =10 i i S planus-nothing more and nothing less.
TalarDeclination = 2.0 A massive amount of medical data is available now
Class =C 'T”i:;”;ﬁt:tarsa'ﬂ'ﬂ with hospital system, and an intelligent analysis
i 7 A £ method is necessary to get meaningful information
TalarDeclination = 2.0 effectively in complex data [17]. However, these
Class=C ?_t?";?;‘:d”““’” =10 efforts were not attempted yet in the podiatric
1a s . . .
e - L 88.829 medicine field, and the pattern analysis of foot
TalarDeclination = 2.0 disorder in pediatric patient was particularly

Fig 3. Result of Association Rules

information. In case of the class D, pes planus, intoe
gait and genu valgum, there was possibility to occur
with high probability if the knee internal malleolus
distance and the tibia transmalleolar angle were
abnormal, RCSP was below -6° and the talar
declination angle was over 22°. The class C, pes
planus and intoe gait, was likely to appear highly in
condition of that the tibia transmalleolar angle was
abnormal, RCSP was below -6°, the talar
declination angle was over 22° and the
cuboidabduction angle was below -1°, or the
intermetatarsal angle was below -7°. As the result of
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insufficient. Through this study, we were able to get
useful information with the result that we tried to
discover rule of the podiatric foot disorder.
However, rules of two classes were not confirmed.
This result would be judged by reason of that the
foot disorder had commonly complex symptoms and
the symptoms were not clear. This being so, more
detailed data preprocessing like grouping is very
important in the foot clinical data. In next study,
another data mining methodology like neural
network will be applied with a careful preprocessing
for better analysis of the pediatric foot disorder from
now on.
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