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ABSTRACT
It is crucially important to predict demographic characteristics of criminals from the footprint area at the crime
scene. Demographic characteristics include age, weight, height and gender. This article has thus investigated
the effect of the tibial rotations on predictions of the demographical characteristics using the K-Means (KM)
clustering algorithms. Satisfactorily important predictions have been carried out through the dataset consisting
of 484 healthy subjects in the designed study here. The produced results revealed that it is of great potentiality
to do also for criminals. The results are therefore believed to be vitally important for most fields of forensic
science. Specifically, it can provide important clues when diagnosing criminals. Note that the KM algorithms
have been found to be very encouraging processing system for modelling in the assessment of the
demographic characteristics.
Keywords: Forensics science, tibial rotation, biomechanics, KM algorithm.

1. INTRODUCTION
One of the most interesting issues of contemporary science is to develop methods and models
for studying various systems. In this way, the knowledge is presented in terms that can be used.
Progressively, the mathematics turns into a language of innovations and smart technologies in the
industrial society. Thus, most problems encountered in nature are usually represented by
mathematical models. To analyse those problems emerged in broad range of science,
mathematical modelling has been considered as an important tool. Advent of computers,
producing algorithms and progress in computer programming have made life easier in solving
such intricate problems of science. This is also the case in problems arisen in biomechanics. To
make the best biomechanical decisions, medical prediction plays a crucial role for health
providers. Notice that demographical prediction can provide important clues when diagnosing
criminals. Many researchers have particularly focused on analysis of the knee motion and many
methods have been suggested in dealing with the tibial motion [1,2].
As underlined in the literature [3,4] the knee joint is very complex joints in the
musculoskeletal system. To assess the motion of the knee joint, various approaches have been
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designed to describe the motion of the knee [5-10]. Due to external rotation related to knee
extension, excess ive internal rotation during the stance phase of walking can postpone the natural
external rotation while the knee extends. Therefore, some researchers [4,8,10] concentrated on
study of the tibial motion involving the internal and external rotations.
Assessment of the tibial motion is of great difficulty for biomechanical points of view. Even
though it is encountered striking studies in the literature, to the best knowledge of the authors,
effects of the tibial rotations on demographical prediction have not been analysed yet. To tackle
this study, the KM clustering algorithm has been introduced. By using various techniques [4,5,1016], most studies have usually focused on specifying the tibial motion through physical
information rather than investigating the effect of the tibial motion on the demographic
characteristics. Since demographic characteristics of an offender plays a vitally important role in
forensic research, this article has investigated the effect of the tibial rotations on demographical
parameters using the KM clustering algorithm. There are several methods like using statistics at
the modelling stage. The algorithm which are being used rather frequently in the last decade
provide an alternative model for many clustering procedures. A great deal of clustering
algorithms and thus the KM clustering algorithm have been encountered in the literature.
Although various versions of the KM algorithm were effectively used in different fields of
science [17], to the best knowledge of the authors, the KM clustering algorithm has not been
implemented to predict the demographical characteristics based on the tibial motion so far. Since
the KM clustering algorithm is more flexible, it has been used for the trustworthy data processing
and consequent interpretations in the current work. The KM algorithm, as a general modelling
instrument, makes the estimation process possible for many different patterns.
The rest of the paper is organized as follows. Section 2 is devoted to the material and method.
Section 3 exhibits discussion and analysis of the produced results. Finally, Section 4 presents final
remarks and recommendation.
2. MATERIAL AND METHOD
2.1. Participants and study design
The data for 484 healthy subjects were provided from the work of Cetiner and Sari [10]. The
subjects do not have any health problems or knee joint injuries. The data includes assessment of
age, weight, height information and gender of 484 volunteers. The physical parameters (age,
weight, height and gender) of each subject are indicated in Figures 1-3.
In the data; tibial rotation values of each subject were given as right tibial external rotation
(RTER), right tibial internal rotation (RTIR), left tibial external rotation (LTER), left tibial
internal rotation (LTIR) as seen in Figure 2. Totally, for every subject, it was 8 parameters as 4 of
them are tibial rotation values (RTER, RTIR, LTER, LTIR) and 4 of them are physical factors
(age, weight, height). The rotation values are input and the physical parameters are output.
All subjects considered in the present study had no musculoskeletal, neurological or systemic
disease that might influence testing. To see effect of the tibial rotations on demographical
characteristics (weight, height, age, gender; N: 484, Female: 238, Male: 246), individuals who
hold the inclusion criteria were studied. The classification of the data is given by taking into
account the BMI obesity ranges of the WHO (see Table 1).
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Table 1. Body mass index (BMI) values and obesity interval for the data
BMI
BMI
Class
Thinness
Normal
Obese

Subjects
Interval
0 –18.5
18.5 – 25
25+

Female
37
178
23

Male
4
203
39

Total
41
381
62

Figure 1. Scatter plot of the male data consisted of age, weight and height parameters.
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Figure 2. Scatter plot of the female data consisted of age, weight and height parameters.
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Figure 3. Scatter plot of all data consisted of age, weight and height parameters.
2.2. K-Means Algorithm
K-Means (KM) clustering was, for the first time, explored by MacQueen [18]. The KM
clustering algorithm is one of the fastest, simplest and the most commonly used one among
clustering methods for the problems of interest. The algorithm leads 𝑁 sample data to categorize
𝐾 clusters according to their distance to each other. The KM algorithm aims at finding the best
cluster centre for each iteration. Centre of the clusters are updated for each iteration. The
algorithm must have an objective function and the corresponding function is to be minimization
problem. The distance is computed using the algorithm as, in the Euclidean sense [19,20].
𝑁
𝐷 = ∑𝐾
𝑗=1 ∑𝑖=1‖𝑥𝑖 − 𝐶𝑗 ‖

2

(1)

where 𝑥𝑖 , 1 ≤ 𝑖 ≤ 𝑁, and 𝐶𝑗 , 1 ≤ 𝑗 ≤ 𝐾, indicate the set of 𝑁 data and set of cluster
centroids, respectively. The distance between any two 𝑝-dimensional points 𝑋𝑖 and 𝑋𝑗 is
calculated by Das et al. [21]
𝑝

𝑑(𝑋𝑖 , 𝑋𝑗 ) = √∑𝑚=1(𝑋𝑖𝑚 − 𝑋𝑗𝑚 )

2

(2)

The flow chart of the KM algorithm has been exhibited in Figure 4. The pseudocode of the
KM algorithm has been presented as shown in Pseudocode 1.
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Figure 4. Flow diagram of the K-Means clustering algorithm

Pseudocode 1. Pseudocode of the KM clustering algorithm
3. DISCUSSION AND ANALYSIS
Since the day that they were found, the KM clustering have been used as very successful
algorithm in different disciplines. In this study, the algorithm has been applied to the prediction of
the demographical characteristics based on the tibial rotations for the first time. It was tested if it
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would be successful in this area as is the case other areas of science. The proposed algorithm has
produced very encouraging results in the prediction through the tibial rotation types (see Tables 26). The application in this field is strongly believed to be an important milestone in forensic
search and to help professional workers in predicting the characteristic factors of
individuals/criminals through their tibial rotations.
The proposed algorithm works much better when relatively enough data is considered. Since
the data consists of subjects mostly younger than 30 years old, this work may not be very decisive
enough for that subjects who are older than 30 years old in this data.
Table 2. Comparison of the results produced by the KM algorithm with the real values
Real
Case
1

2
3
4
5

Inputs
RTER
RTIR
LTER
LTIR
LTER
LTIR
RTER
LTER
RTER
RTIR
RTIR
LTIR

KM Algorithm
Female
Male

Female

Male

238

246

208

205

238

246

193

208

238

246

218

172

238

246

209

191

238

246

159

191

Table 3. Comparison of the KM results with the real gender data (the input variables: RTER,
RTIR, LTER, LTIR)

Real Values

Classification
Female
Male
Total

Accuracy

K-Means Results
Female
Male
208
41
30
205
238
246
85.33%

Total
249
235
484

Table 4. Comparison of the results of the KM algorithm with the real obesity data for female
subjects (the input variables: RTER, RTIR, LTER, LTIR)

Real Values
Accuracy

Classification
Thinness
Normal
Obese
Total

K-Means Results
Thinness
Normal
23
57
10
91
4
30
37
178
54.20%
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Obese
0
8
15
23

Total
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109
49
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Table 5. Comparison of the results of the KM algorithm with the real obesity data for male
subjects (the input variables: RTER, RTIR, LTER, LTIR)

Real Values

Classification
Thinness
Normal
Obese
Total

Accuracy

K-Means Results
Thinness
Normal
2
30
2
108
0
65
4
203
54.07%

Obese
1
15
23
39

Total
33
125
88
246

Table 6. Comparison of the results of the KM algorithm with the real obesity data for all subjects
(the input variables: RTER, RTIR, LTER, LTIR)
Real
KM Algorithm
Rate

Thinness
41
28
68.29%

Normal
381
172
45.14%

Obese
62
40
64.52%

4. CONCLUSIONS AND RECOMMENDATION
Knowing demographic characteristics of individuals is a vital issue, and thus this paper has
concentrated on the prediction of the characteristics from a population through various tibial
rotations using the KM algorithm. The results of the algorithm for a population revealed that
demographic characteristics (gender and obesity level) of the subjects can be estimated from their
tibial rotations. It has been concluded that findings are expected to be very useful in giving
directions to perform their occupations. The algorithm has been found to be very encouraging
processing system for modelling in the assessment of the demographic characteristics. This study
encourages tremendously us to specifically design a research for a dataset of subjects.
Additionally, in the future, a more systematic data might be more useful for the prediction. In the
forthcoming works, more detailed and thus more illustrative results can be produced with various
datasets.
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