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Abstract
To prevent scoliosis development at early stage of growth in elementary school students, we assessed how body posture-namely the school bag
carrying method and head position-can affect the morphology of the spinal column. We applied various data mining techniques and multicriteria
decision-making to compare the important attributes of scoliosis, in addition to using entropy and principal component analysis to identify the
relationship between scoliosis and the various examined attributes. Decision trees were constructed to classify the scoliosis condition of students
based on their school bag carrying method, visual acuity, and head position. Association rules were then discovered to represent the associations
among different attributes in the database. In this paper, we present several findings, including that the apex of the scoliosis curve in elementary
school students is highly dependent on the side on which they carry their backpack, head position, ocular height, and pupil distance. Our analysis
results indicate that scoliosis also affects students’ visions. The findings of this study provide a new perspective on the treatment of scoliosis in
elementary school students at an early stage and preventing the condition from worsening later on in their development.
Keywords: Scoliosis; Left and Right Tilt; Head Position; Data Mining; Association Rules

Abbreviations: DP: Dorsal Pain; LBP: Low Back Pain; PCA: Principal Component Analysis; MCDM: Multicriteria Decision Making; AHP: Analytical
Hierarchy Process; CR: Consistency Ratio; CI: Consistency Index ; RI: Random Index

Introduction
Scoliosis is defined as the lateral curvature of the spine that
occurs most often during the growth spurt immediately prior to
juvenility. Scoliosis, a segment of the spine being curved sideways,
is a common condition that affects many children and adolescents.
Idiopathic scoliosis occurs in both genders. The condition
progressively worsens during the growth spurt. At the age of
16 years, some juveniles exhibit spinal curvature exceeding 40°.
Although scoliosis can be caused by conditions such as cerebral
palsy and muscular dystrophy, the causes of most scoliosis cases
are unknown. When a person with scoliosis is viewed from the Xray,
the spine appears to be curved. Severe scoliosis can be disabling
because the severe spinal curve can reduce the amount of space
within the chest, hindering proper lung function and causing
back pain. One shoulder being higher than the other displaces the
head from being centered over the pelvis. Scoliosis is diagnosed
Biomedical Journal of
Scientific & Technical Research (BJSTR)

through physical examination of the back. If scoliosis is present,
the physician then obtains measurements using radiographs and
provides a numerical value in degrees. Children can be screened at
any age, although idiopathic scoliosis is more commonly discovered
during the growth spurt.

Few studies have assessed the association between scoliosis
and the backpack carrying methods or head positions of school
children. A previous study revealed that older age, walking to and
from school, and the backpack carrying method showed statistically
significant associations with the severity of back pain [1]. Korovessis
et al. investigated the correlation of backpack carrying method,
spinal curvature, and athletic activities with dorsal pain (DP) and
low back pain (LBP) in 3,441 schoolchildren [2]. Their findings
indicate a differential DP and LBP prevalence in schoolchildren
and adolescents carrying backpacks in terms of gender and age.
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Moore et al. studied the association of relative backpack weight
with back pain in 531 students from 5th to 12th grades in Northern
California and found that carrying heavier backpacks is associated
with upper and mid-back pain but not neck or lower back pain [3].
Haselgrove et al. reported that neck pain is as common as back pain
among adolescents. Weight of the backpack, duration of carrying,
and transportation to and from school are associated with back
and neck pain [4]. The asymmetric carrying of backpacks results
in the shifting of the upper trunk and shoulder and causes cervical
lordosis, which may increase back pain overtime [5].

statement and previous work. Results are presented in section 3.
Section 4 discusses the interpretation of our results. The final section concludes our research.

Materials and Methods
Study Participants

From September 2013 to May 2014, 1,535 participants aged
6-12 years were enrolled from elementary schools in Chiayi County,
Taiwan. Written informed consent was obtained from all parents
or guardians. This study was approved by the Institutional Review
Board of the Chang Gung Foundation (IRB-102-4827B). The research
was conducted according to the principles of the Declaration of
Helsinki. In addition to obtaining a detailed personal history, general
pediatric health examination, ophthalmological assessment, and
lifestyle questionnaire were conducted for all participants [16]. Our
data showed that most students with scoliosis were girls (Table 1).
For comparison, (Table 2) provides the details of the 1,500 students
with scoliometer readings of ≤5°. The examined data are presented
in the numerical format or in terms of linguistic terms that were
grouped into subcategories to obtain association rules among
attributes. The data were transformed as follows: head positions
were categorized as left tilt, right tilt, and normal. The backpack
carrying method was categorized as left side, right side, backpack,
and trolley. Ocular heights were represented by left higher, right
higher, and identical. For vision, values ranging from 0.1 to 2 were
decomposed into three subsets: >1 for visual acuity (VA) > 20/20,
= 1 for VA = 20/20, and < 1 for VA < 20/20. Pupil distances ranging
from 1 to 77 mm were divided into the high distance for >56 mm,
normal for between 41 and 56 mm, and low distance for <41 mm.
(Tables 3 & 4) show the mean and standard deviation (SD) values
of students with scoliometer readings of >5° and ≤5°, respectively
[17-20]. We found that students with scoliometer readings of > 5°
had different vision in both left and right eyes. By contrast, students
with scoliometer readings of ≤5° did not exhibit vision differences
in both eyes. This indicates that the higher scoliometer readings
have direct impact on vision. Based on the number of students with
scoliometer readings of >5°, 62.86% of girls had a higher risk of
scoliosis than boys (37.14%).

Carrying backpacks on weekdays causes discomfort for schoolchildren, constituting an indirect relationship between backpack
load and back pain [6]. Bauer et al. applied electromyography, posture and heart rate evaluation, and ratings of perceived exertion
and perceived pain to determine an acceptable backpack load limit
for middle school students. They reported that the Borg-CR10 ratings and the trunk flexion angle for the walking trial indicated a
possible load limit of 10% body mass [7]. Carrying a school bag on
one shoulder has long been considered to be related to LBP and
scoliosis, but only limited direct evidence has been presented to explain this phenomenon [7-12]. The parents of children with scoliosis have complained about the “wait and see” approach that many
doctors use to evaluate children with scoliosis curves between 10°
and 25° [13]. The current medical literature presents no evidence
that physical therapy, electrical stimulation, chiropractic care, or
other treatment options have any impact on scoliosis curves. The
early detection of scoliosis and the application of the correct initial treatment are essential in effective care; therefore, physiotherapists should be aware of the basic criteria for diagnosis and the
indications for treatment [14]. Curves in children who are almost
full-grown may cease worsening if the correct treatment is applied.
Scoliosis can be effectively controlled if the condition can be treated at an early stage [15]. In this study, we investigated the examined data to determine the main causes of scoliosis in young school
children. We applied various methods to assess attributes such
as the backpack carrying method, head position, and ocular conditions, which may cause scoliosis in elementary school students.
The structure of the paper is as follows: Section 2 details problem
Table 1: Details of 35 students with scoliometer readings of >5°.
Boys= 13
Mean
Ages (years)

Girls= 22
SD

10.62

1.71

Mean

SD

10.14

1.81

Height (cm)

137.96

18.50

138.35

19.17

BMI (Kg/m )

21.15

3.93

18.11

2.43

Weight (Kg)
2

36.55

21.56

Table 2: Details of 1,500 students with scoliometer readings of ≤5°.

31.19

Boys= 793
Ages (years)

16.56

Girls= 707

Mean

SD

Mean

SD

9.56

1.76

9.59

1.76

Height (cm)

130.28

16.39

131.08

16.51

BMI (Kg/m2)

18.58

3.91

17.74

3.28

Weight (Kg)

30.29

17.52

28.40

15.13
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Table 3: Vision details of 35 students with scoliometer readings of >5°.
Boys= 13

Girls= 22

Left
VA<20/20 (logMAR)
VA>20/20 (logMAR)

Right

Left

Right

Mean

SD

Mean

SD

Mean

SD

Mean

SD

0.75

0.35

0.69

0.40

0.45

0.36

0.52

0.41

-0.11

0.06

-0.16

0.11

Table 4: Vision details of 1,500 students with scoliometer readings of ≤5°.

-0.18

0.11

Boys= 793

VA>20/20 (logMAR)

Measures

Right

Left

Right

Mean

SD

Mean

SD

Mean

SD

Mean

SD

0.44

0.38

0.43

0.38

0.44

0.38

0.44

0.37

-0.11

0.05

-0.11

Principal Component Analysis: Principal component analysis
(PCA) was applied to reduce the number of candidate attributes
examined in elementary school students without sacrificing the
principal components in the original data set [20-23]. A covariance
matrix was created to associate the changes in one attribute with
changes in others [24]. A positive entry in the matrix implies that
it has a positive correlation with the corresponding attribute. By
contrast, a negative entry indicates that it has a negative correlation
with the other attribute.

Information Gain: Information gain is one of the most common
measures used in data mining to assess attributes’ importance [25].
It represents the expected amount of information for each attribute.
The results from the calculation of information gain are used to
determine their importance in constructing compact decision trees
when numerous candidate attributes are available.

Multicriteria Decision-Making: Selecting the relevant
attribute is a fundamental issue that substantially contributes to
decision-making, particularly for medical purposes [25-32] In this
study, the selection of attributes in multicriteria decision-making
(MCDM) included multiple criteria: left and right tilt, normal, high
distance, double, trolley, VA < 20/20, VA > 20/20, and VA = 20/20.
Two methods of MCDM-namely the analytical hierarchy process
(AHP) and technique of order preference by similarity to ideal
solution (TOPSIS)-were used to evaluate the criteria that affect
the scoliosis condition of students and determine the scores of
various alternative attributes. Saaty proposed the AHP in 1980 as a
method of solving socioeconomic decision-making problems, and it
has been used to solve a wide range of problems [33]. The method
involves deriving ratio scales from pairwise comparisons. The input
can be obtained from actual measurement values or from subjective
or expert opinions such as satisfaction feelings and judgments.
It provides a measure of judgment consistency derived from the
principal eigenvalue. It derives priorities among the various criteria
and alternatives. Final ratings among decision criteria were used
for pairwise comparisons. The basic procedure is as follows:
Step 1. Develop the weights for criteria as follows:
a)

0.11

Girls= 707

Left
VA<20/20 (logMAR)

-0.16

Develop a pairwise comparison matrix for each criterion.

0.05

b)

-0.10

0.05

Normalize the resulting matrix.

-0.09

0.04

c) Average the values in each row to obtain the corresponding
rating.
d)

Calculate and verify the consistency ratio (CR).

Step 2. Develop the rating of each decision alternative for each
criterion.

Step 3. Calculate the weighted average rating for each decision
alternative. Select the option with the highest score.

In the TOPSIS, two artificial alternatives are considered. The
ideal solution is the solution that has the best level for all attributes
considered. The negative ideal solution is the solution that has
the worst attribute values. The TOPSIS selects the alternative that
is closer to the ideal solution and farther from the negative ideal
solution [34-38]. The TOPSIS assumes that we have m attributes
(options), such as the backpack carrying method, ocular height,
pupil distance, head position, and vision acuity for the left eye,
which has higher information gain values with respect to scoliosis.
MCDM included various criteria such as left, right, normal, high
distance, double, VA < 20/20, VA > 20/20 and VA = 20/20. We
entered the numbers of students for each criterion with respect to
different attributes.
Step 1. Construct a normalized decision matrix.

Step 2. Establish the weighted normalized decision matrix.
Step 3. Determine the ideal and negative ideal solutions.
Ideal solution:

A* ={v1* ,...., vn* }, forv*j ={max(vij ), ifj ∈ j; min(vij ), ifj ∈ j − } . (1)

Negative ideal solution:

A− =
{v1− ,....vn− ), forv −j =(min(vij ), ifj ∈ J ; max(vij ), ifj ∈ J − }. (2)

Step 4. Calculate the separation measure for each alternative.
The separation from the ideal solution:

Si*=

∑

j

(v*j − vij ) 2 , i= 1,..., m.

The separation from the negative ideal solution:
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(v −j − vij ) 2 ,=
i 1,..., m.

(4)

Step 5. Calculate the relative closeness to the ideal solution for
different attributes.

ci* = si− / ( si* + si− ), i= 1,......m.

(5)

Association Rules: Various data mining techniques have been
proposed to identify interesting patterns in large transactional
databases [4,6,15,28,30,38-40]. In this study, we applied the Apriori
Algorithm data mining technique to extract association rules
among attributes from our vision examination database. Assume
X and Y are two frequent itemset. To measure the interestingness
of a discovered association rule XÞY, three metrics are considered:
support, confidence, and lift [15,30]. Support is defined as the
probability that both X and Y symptoms appeared simultaneously
in the database. Confidence is used to estimate the probability
of Y occurrence under the condition that X has occurred. Lift is a
measure of rule interestingness that involves further evaluating
support thresholds under the existence of both X and Y. The three
metrics, support, confidence and lift, are calculated as follows:

sup p ( X ⇒ Y )= p ( X ∩ Y )

(6)

p( X ∩ Y )
conf ( X ⇒ Y ) =
p( X )

(7)

Table 5: Covariance matrix values.

p( X ∩ Y )
Lift ( X ⇒ Y ) =
p ( X ) * p (Y )

(8)

An association rule that overpasses both support and
confidence metrics is called an interestingness rule.

Decision Tree: A decision tree is based on given attributes
to classify a set of patterns [22,27-28]. The more discriminative
attributes were selected to branch the tree earlier, thereby more
effectively enabling the construction of a compact decision tree to
classify the patterns. The importance of attributes was ranked in
descending order according to information gain. An internal node
in the tree represents an attribute that uses branches to denote
the outcome of the test. A leaf node represents a decision that was
made for classification. The paths from the root node to the leaf
nodes represent classification rules.

Results

Principal Component Analysis (PCA)
Covariance matrices of seven attributes were selected from the
database to support scoliosis. From the covariance matrix, scoliosis
was positively correlated with six attributes, except for ocular
alignment of –0.139 (Table 5). Therefore, in our analysis, ocular
alignment was removed as a variable.

Backpack

Ocular Height

Pupil Distance

Ocular Alignment

Head Position

Scoliosis

VA Left

Backpack

0.232

0.071

0.469

-0.055

0.171

0.050

0.022

Pupil Distance

0.469

1.609

33.676

0.149

0.468

0.466

0.469

0.063

0.468

-0.083

0.469

0.003

Ocular Height

0.071

0.622

Ocular Alignment

-0.055

-0.013

Scoliosis

0.050

0.046

Head Position
VA Left

Information Gain

0.171
0.022

1.609
0.149
0.466

0.063

According to the scoliosis examination database, 35 students
had scoliometer readings of >5°. Among these 35 students, 85.71%
had left tilt scoliosis. We calculated various information gain values
for these students and compared them with those of the remaining
1,500 students. Table 6 shows information gain for the attributes
positively correlated with scoliosis. The results indicated that for
all study subjects, both the backpack carrying method and left
vision attributes had a higher correlation with scoliosis than other
attributes.
Table 6: Information gain.
Attributes
Head position

Pupil distance
Ocular height
VA Left

Backpack

-0.013

Gain Values

0.002728

1

0.014635

5

0.32283283
0.59167278

0.001201
0.025008

-0.083

-0.139

-0.139

0.076

0.126

0.139
0.034

0.076
0.057

0.003
0.034
0.057
0.212

Table 7: Example scale of comparison (Saaty, 1980).

0.28935639
0.30272819

1.997

0.063

The first step in the AHP is to make a pairwise comparison
between the criteria (Saaty, 1980). Saaty and Vargas provided
an example scale (Table 7). In the pairwise comparison method,
criteria and alternatives are presented in pairs of one or more
references [34,38]. It is necessary to evaluate individual alternatives,
derive weights for the criteria, construct the overall rating of the
alternatives, and identify the best option. Our criteria constitute a 9
× 9 matrix that contains nine criteria. The diagonal elements of the
matrix are always 1, and we need only to fill the upper triangular
matrix. Table 8 was used to fill the upper triangular matrix. The
steps to fill the matrix are provided below:

Scoliometer reading of 5°
0.000580

0.046

Multicriteria Decision-Making (MCDM)

Scoliometer reading of >5°
0.19542050

0.063

Scale

Degree of Preferences
Equal importance

3

Moderate importance of one factor over another

7

Very strong importance

Strong or essential importance
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Table 8, the reciprocal value was assigned.

Extreme importance

2,4,6,8

Step 3: Fill up the lower triangular matrix by using the
reciprocal values of the upper triangle as shown in Table 9.

Values for inverse comparison

Table 8: Rules used to fill upper triangular matrix.
More Important Than

Equal

Less Important Than

8765432

1

23456789

Step 4: Normalize the matrix by summing the numbers of each
column. Each entry in the column is divided by the column sum to
yield its normalized score, as shown in Table 10.

Step 1: If the judgment value is on the left-hand side of 1 in
Table 8, the actual judgment value was assigned.

The relative weight for each criterion can then be determined
by dividing the sum of the normalized column of matrix by the number of criteria 9 to generate a weighted matrix (Table 11) as follows:

Step 2: If the judgment value is on the right-hand side of 1 in

Table 9: Full pairwise comparison matrix for different criteria.
Left

Right

Normal

High Dist.

Trolley

Double

VA<20/20

VA>20/20

VA=20/20

Left

1

1

0.5

0.25

0.5

0.25

3

3

0.5

Normal

2

2

1

0.5

1

1

0.5

2

2

1

0.5

1

0.5

0.33

1

0.5

Right

High Dist.
Trolley

Double

1

1

4

2

2

2

4

Va<20/20

0.33

Va=20/20

2

Va>20/20

0.33

2

0.5

0.33
2

0.5
2
1
1
2

0.5
0.5

0.5

0.5

1

0.5

2

2

2
0.5

0.5

0.5

0.5

Table 10: Normalized pairwise comparison matrix for different criteria.

0.5
2

2
2

1

3
1

0.5

0.5
1

3

0.5

2

0.5

2

2

2

1

2

1

1

1

1

1

Left

Right

Normal

High Dist.

Trolley

Double

VA<20/20

VA>20/20

VA=20/20

Left

0.06

0.08

0.06

0.03

0.07

0.05

0.20

0.17

0.05

Normal

0.12

0.16

0.11

0.06

0.13

0.20

0.03

0.11

0.18

Right

High Dist.
Trolley

Double

Va<20/20
Va>20/20
Va=20/20

0.06
0.24
0.12
0.24
0.02
0.02
0.12

0.08
0.16
0.16
0.16
0.04
0.03
0.16

Table 11: Normalized weight for criteria..

0.06
0.22
0.11
0.11
0.22
0.06
0.06

0.06

0.07

0.13

0.07

0.26

0.13

0.26

0.27

0.06

0.07

0.06

0.07

0.06

0.13

0.10
0.10
0.10
0.20
0.07
0.10
0.10

0.13
0.13
0.13
0.20
0.07
0.03
0.07

0.17
0.11
0.11
0.11
0.11
0.06
0.06

0.05
0.18
0.09
0.18
0.09
0.09
0.09

Different Criteria

Wij

Sum Of The Columns Of Normalized Matrix Sij

Left

0.084

16.67

Normal

0.123

9.00

Right

High Dist.
Trolley

Double

VA<20/20
VA>20/20
VA=20/20

0.085
0.149
0.135
0.191

12.83
7.75
7.50
5.08

0.083

15.00

0.093

11.00

0.057

18.00
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= 1nij

j

n

W11 
W 
 12 
=
WIJ =
W13 
 ... 
W 
 19 

where CI is calculated as follows:

(9)

 Left

 Right



 Normal

 ...

VA
= 20 / 20 

CI =

λmax − n

(12)

n −1

where is obtained from the summation of products between
each element of an eigenvector and the sum of columns of the
reciprocal matrix as follows:

(10)

∑ (s

=
λmax

ij

* w=
1,....
=
m; j 1......n.
ij ), fori

(13)

Then, we have lmax = 10.028 and CI = 0.128.

Calculating and verifying the CR: The purpose of calculating the
CR is to ensure that the original preference ratings are consistent.
The CR identifies whether comparisons between criteria are
subjective judgments [25]. The CR is calculated as the ratio between
the Consistency Index (CI) and Random Index (RI), as follows:
CI
(11)
CR =
RI

Random Index (RI) Saaty provided RI numbers for different
sizes of matrix, as shown in Table 12 [29]. Hence, we can obtain CR
= 0.089 or 8.90% for a pairwise comparison under different criteria.
If the value is less than or equal to 10%, then the CR is acceptable.
By contrast, if the CR is higher than 10%, the subjective judgment
needs to be revised. In this study, CR was 8.90%; therefore, our
subjective judgment was acceptable.

Table 12: Random index to the order of matrix. Note: n is the order of matrix.
n

1

2

3

4

5

6

7

8

9

10

RI

0

0

0.58

0.9

1.12

1.24

1.32

1.41

1.45

1.49

The next step involved verifying the CR for different criteria
with respect to different alternatives. Table 13 shows that the ratio
was designed in such a way that they were less than 10%. This
value indicates a reasonable level of consistency in the pairwise
comparison between criteria with respect to different alternatives.

Higher CR indicates lack of information or lack of understanding.
The rating weight for each decision alternative was obtained
through a pairwise comparison between different alternatives with
respect to various criteria, as shown in Table 14.

Table 13: Consistency ratio (CR) for different criteria with respect to pairwise comparison for different alternatives.
Different Criteria

CR

Left

0.039

Normal

0.086

Right

0.075

High Dist.

0.056

Trolley

0.086

Double

0.074

VA<20/20

0.098

VA>20/20

0.095

VA=20/20

0.061

Table 14: Weight for each alternative from pairwise comparison between alternatives with respect to criteria.
Left

Right

Normal

High Dist.

Trolley

Double

VA<20/20

VA>20/20

VA=20/20

Head Position

0.214

0.125

0.208

0.206

0.180

0.177

0.334

0.185

0.088

VA Left

0.212

0.235

0.277

0.224

0.253

0.267

0.180

0.122

0.144

Backpack

Ocular Height

Pupil Distance

0.302
0.091
0.181

0.336
0.127
0.177

0.312
0.072
0.132

0.320
0.094
0.156

0.348
0.082
0.137

0.348
0.074
0.134

0.194
0.187
0.105

0.260
0.233
0.200
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The weighted average rating for each decision alternative can
be calculated as follows:

∑h

CompositeWeight
=
i

ij

*=
Wij , fori 1,....,
=
m; j 1,....., n. (14)

where hij is the weight for a pairwise comparison between
different alternatives with respect to various criteria. Wij is the
weight for a pairwise comparison between different criteria. Table
15 shows that the backpack carrying method has the highest value,
at 29.1% association with scoliosis, followed by VA for left eye with
a value of 22.6%. Ocular height, pupil distance, and head position
have lower composite weights.
Table 15: Weighted average rating for different alternatives.
Different Alternatives

Composite Weight

Head Position

0.115

Pupil Distance

0.189

Ocular Height

VA Left

0.226

Backpack

0.291

Technique of Order Preference by Similarity to Ideal Solution
(TOPSIS)

(Table 16) provides the scores of alternatives or the numbers of
students from the database, with respect to their attributes. Scores
in Table 16 can be further normalized as follows:
xij

=
rij

, fori 1,....,
=
=
m; j 1,....., n.

∑ (x )
ij

(15)

2

We can then construct the weighted normalized decision matrix
as follows:

vij = wij * rij*

(16)

The assumed weight for each criterion is provided in Table 17.
After constructing the weighted normalized decision matrix, the
ideal and negative ideal solutions can be determined using Eqs. (1)
and (2); the results are shown in Table 18.

0.180

Table 16: Scores for different attributes with respect to their criteria.
Left

Right

Normal

High dist.

Trolley

Double

VA<20/20

VA>20/20

Backpack

30

0

0

0

1

4

0

0

Pupil Distance

0

15

20

0

0

0

0

0

0

Ocular Height

Head Position
VA Left

7

11

17

1

30

4

0

0

0

Table 17: Assumed weight for each criterion.

Weight

A-

0

0

0

0

0

0

0
0

22

Trolley

Double

VA<20/20

VA>20/20

0.27

0.2

0.1

0.1

0.01

0.01

0.25

0.05

Left

Right

Normal

High Dist.

Trolley

Double

VA<20/20

VA>20/20

0.263

0.000

0.074

0.100

0.010

0.010

0.250

0.050

0.000

For scoliometer readings of >5°, we selected the ideal and
negative ideal solutions according to our assumption. We could
then determine the ideal and negative ideal separation values for
each alternative by using Eqs. (3) and (4); the values are provided
in Table 19. The final step involved calculating the relative closeness
to the ideal solution for different attributes by using Eq. (5); the
results are shown in Table 20.
Table 19: Ideal and negative ideal separation values.
Separation From The
Ideal Solution

Separation From The Negative Ideal
Solution

Si*

Si-

0.080249

0.102897
0.022694

0.000

0.000

0.000

0.050

0.134363

0.050219

0.084412

0.098138

0.179302

0
0

8

High Dist.

0.017

0

0

Normal

0.188

0

0

Right

0.009

0.120634

0

Left

Table 18: Ideal and negative ideal solutions.

A*

0

VA=20/20

5
VA=20/20
0.01

VA=20/20
0.010
0.010

0.002600

Table 20: Relative closeness to the ideal solution for different
attributes.
Attributes

Ci* values

Head position

0.01

Pupil distance

0.27

Ocular height
VA Left

Backpack

0.16
0.54
0.56
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Association Rules
Association rules were discovered to represent associations
among different items in the transaction databases. In this section,
we presented interesting association rules obtained from the
attributes, namely backpack carrying method, VA, ocular height,
pupil distance, and head position with high information gain
values from (Table 6). The backpack carrying method had the
components of left side, double, and trolley. The ocular height had
the components of left higher, right higher, and identical height. The
Table 21: L3 association rules.
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pupil distance had the components of high and normal distance.
The head position had the components of left and right tilt. VA
had the components of VA < 20/20, VA > 20/20, and VA = 20/20.
The thresholds for support and confidence values were set to 0.05
and 0.5, respectively. A lower support threshold results in many
redundant rules that may not be truly interesting. By contrast, a
higher threshold filters out interesting rules at the early mining
stage. (Tables 21-23) provide some of the interesting rules from
thresholds of support = 0.05 and confidence = 0.5. Note that in
Tables 21-23, Li represents the large i-itemset.

L3 Association Rules

Support

{Left side, High distance} => {Left tilt scoliosis}

0.49

{Left side, Right tilt head position} => {Left tilt scoliosis}

0.86

{Left side, High distance} => {VA<20/20}

0.34

{Left side, Right tilt head position} => {VA<20/20}

0.60

{Left higher, Right tilt head position} => {Left tilt scoliosis}

0.20

{Right higher, Right tilt head position} => {Left tilt scoliosis}

0.26

{Right tilt head position, Left tilt scoliosis} => {VA<20/20}

0.60

Table 22: L4 association rules.

L4 Association Rules

Support

{Left side, High distance, Right tilt head position} => {VA<20/20}

0.34

{Left side, High distance, VA<20/20} => {Left tilt scoliosis}

0.34

{Left side, High distance, Right tilt head position} => {Left tilt scoliosis}

0.49

{Left higher, High distance, Right tilt head position} => {Left tilt scoliosis}

0.17

{Right higher, High distance, Right tilt head position} => {Left tilt scoliosis}

0.11

{High distance, Right tilt head position, Left tilt scoliosis} => {VA<20/20}

0.34

{Right tilt head position, Left tilt scoliosis} => {VA<20/20}

0.60

Table 23: L5 association rules.

L5 Association Rules

Support

{Left side, High distance, Right tilt head position, Left tilt scoliosis} => {VA<20/20}

0.34

{Left side, High distance, Right tilt head position, VA<20/20} => {Left tilt scoliosis}

Decision Tree
A decision tree was constructed to facilitate rapid judgement
of whether a new subject has right or left scoliosis. Because the
backpack carrying method had the highest information gain of

0.26

Confidence

Lift

1.00

1.17

1.00

1.17

0.71
0.70
1.00
1.00
0.70
Confidence

1.12
1.11
1.17
1.17
2.23
Lift

0.71

1.12

1.00

1.17

1.00
1.00
1.00
0.71
0.70
Confidence
0.71
0.60

1.17
1.17
1.17
1.12
2.23
Lift

1.12
0.88

0.59, it was selected as the top priority for constructing the decision
tree. The branching of the tree continues until a decisive leaf node
is reached or until all the attributes are used up. Figure 1 shows a
decision tree constructed for judging if a student has right or left
scoliosis.
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Figure 1: Different cognitive examinations.

Discussion
Association Analysis
This study assessed the association of scoliosis with the
backpack carrying method, head position, and ocular condition
in young school children. Of 1,535 students, 35 students with
scoliometer readings larger than 5° were studied. This study
found that girls had worse scoliosis than boys, consistent with the
findings of previous studies. As a child grows, the development
of the musculoskeletal system occurs through different phases.
In particular, the skeletal stature and height exhibit a constant
increase from the age of 5 years. During this period, regularly
carrying heavy backpacks either on the left or right shoulder to,
from, and at school results in spinal curvature. Numerous previous
studies have reported that carrying heavy backpacks causes back
pain. To the best of our knowledge, previous studies have been
based on data collected from clinics or hospitals. Furthermore, only
a few studies have been conducted on elementary school children
[7]. Our data set was collected by our coauthor (Dr. Lai), who has
long-term experience as a volunteer setting up temporary clinics to
examine students’ vision before examining school children in each
elementary school. Scoliosis starts to develop at an early age, and its
severity continues to adolescence. The backpack carrying method
used by students depends on their preferences and their lack of
awareness of the consequences. Backpacks should preferably be
carried over both shoulders to distribute the weight equally on
the spine and shoulders. However, students tend to choose the
backpack carrying method based on fashion criteria rather than
ergonomic characteristics. Carrying heavy backpacks over one
shoulder during early childhood generates a high torque around
the spine, which may cause scoliosis.

To identify the most important attributes among the considered
attributes, we compared two multicriteria decision-making
processes, namely the AHP and TOPSIS. The results of both methods
indicated that the backpack carrying method had the highest
composite weight. After comparing the results obtained through
other methods, we found that the tilt side was highly related to the
method used students to carry their backpack, head position, pupil
distance, and ocular height. Students’ vision was also affected by
scoliosis. If students with a high pupil distance carry their backpack
on their left side, with their head position tilted to the right side,
and have left tilt scoliosis, then their chance of having worsened
vision has a support value of 0.34, confidence value of 0.71, and lift
value of 1.12. Table 6 indicates that the backpack carrying method
and vision are the top two attributes with higher information gain
for students possessing scoliometer readings of >5°.

Our association analysis revealed that if students carry
backpacks on their left shoulder, then their scoliosis is tilted to the
left, and their head positions are tilted to the right. By contrast, if
students carry their backpacks on their right shoulder, then their
scoliosis is tilted to the right, and their head positions are tilted to
the left. This finding indicates that students carrying backpacks
on one shoulder need to compensate for the bag weight by tilting
their head position to the opposite side. If the practice of carrying a
backpack on one shoulder to, from, and at school occurs for a long
period, then it causes scoliosis in young school children.

Strengths and Limitations of the Study

Various factors affect scoliosis in elementary school students.
In this study, initially, the PCA method was applied to select
important and correlated attributes of scoliosis. Information gain
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was then used to recognize how many attributes were correlated
with scoliosis. The AHP and TOPSIS methods of MCDM were
applied to identify which attributes had high scores with respect
to scoliosis. A decision tree was constructed by using the ranked
attributes to classify the training subjects’ patterns. An effective
decision tree could later be used to classify new subjects’ scoliosis
tilt side and conditions. Furthermore, by scanning the database, we
could discover many interesting association rules that relate one or
more attributes to others. Numerous notable results were revealed
in this study. For example, if students carry their backpack on their
left shoulder and have a high pupil distance and a right-tilted head
position, then they have a chance of left tilt scoliosis with a support
value of 0.49, confidence value of 1.00, and lift value of 1.17. This
study is limited to analysis of abnormal scoliometer degrees. Of
1,535 students, 35 had tilt scoliosis higher than 5°. The results of
this study were confined to the limited information available in
examined records showing only that tilt scoliosis was either larger
than or smaller than 5°, rather than the exact figures. Future studies
should develop a method that can automatically weigh backpacks
and record the time for which the bag is carried each day.

Conclusion

Juvenile idiopathic scoliosis was found in children aged 6-12
years and continued to cause curvature of the spinal column up
to 30-40° at the stage of adolescence if the children did not take
proper medication and undergo proper treatment. Prevention is
better than cure; therefore, in our research, we applied various
methods to identify the main causes of scoliosis for students who
developed scoliosis at a young age to prevent their scoliosis from
further worsening at the stage of adolescence. Our analytical results
indicated that scoliosis was substantially affected by the backpack
carrying method, head position, pupil distance, and ocular height.
Furthermore, our data indicated that girl students were more
susceptible to scoliosis than boys. Scoliosis was also associated
with the vision of elementary school students. Without proper
intervention or medication, scoliosis may become worse. It would
be interesting to follow-up the students evaluated in the present
study to observe for any improvement of scoliometer degrees after
2-3 years of medication use. Further research can provide more
evidence to compare with current results because adolescent
idiopathic scoliosis is age-related.
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