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Reliability of Lower Limb Kinematics during the
Arm-Throw Wrestling Technique

D. Stordopoulos,1 E. Giannakou,1 P. Manaveli,1 I. Barbas,1 V. Gourgoulis,1 and N. Aggeloussis1

ABSTRACT. The purpose of this article was to study the reliability of kinematic parameters during
the arm-throw wrestling technique. Two experienced wrestlers (age: 18.5 ± 0.7 years, body mass:
73.5 ± 0.7 kg, height: 174 ± 1.4 cm) voluntarily served as subjects. Their arm-throw technique was
recorded by an optoelectronic system (Vicon MX) with six infrared video cameras operated at 100
Hz. Each wrestler performed five trials using the arm-throw technique against a wrestling dummy
with a 30-kg mass and 1.6-meter height. The results showed that the pelvic, hip, knee, and ankle
kinematics showed high to very high reliability during the performance of an arm-throw technique.
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INTRODUCTION

Wrestling performance strongly depends on the wrestler’s
ability to disturb an opponent’s balance by applying rota-
tional forces, using a case-sensitive optimal technique. This
optimal technique is a very difficult task (Petrov, 1986) and
involves several simple or more complex movements of the
wrestler’s body and limbs that have to be fully coordinated
and take full advantage of the athlete’s physical capacities
and mental skills (Wang, Liou, & Liou, 2000).

Modern wrestling biomechanics use state of the art
equipment and advanced techniques in order to record, to
analyze, to quantify, to describe, and to explain the mechan-
isms underlying a successful technique or the technical
errors that lead to a diminished performance. Such informa-
tion about the relationship among several mechanical factors
and performance is critical for the coach who has to decide
upon the optimal strategy to develop a young wrestler’s
technique or to improve his senior athlete’s technical per-
formance in those small details that could make the differ-
ence and lead to success (Mason & Portus, 2005).

A very popular technique, the arm-throw wrestling tech-
nique, requires higher levels of neuromuscular-coordination

ability than muscle force. According to Tunnemann (2016),
throwing techniques are performed by all three wrestling
styles (Greco-Roman, Freestyle, and Women Freestyle) in
all body-weight categories and significantly contribute to
scoring. However, there is no quantitative evidence in terms
of the frequency or other objective measure regarding the
execution of arm-throw techniques in any wrestling style.

In the arm-throw technique, the wrestler’s body and
segments have to move in a continuous and coordinated
manner to make one act as a lever and to take full advantage
of an opponent’s momentum to lead the opponent in a
throwing path on the wrestling mat (Wang et al., 2000).
Because of the complexity of this technique, younger wres-
tlers find some difficulty in understanding the exact mechan-
ism that is activated and in applying it properly in
competitive conditions during their training. Current scien-
tific literature involves a lot of qualitative information about
the mechanics of arm throw in wrestling but there is a lack
of quantitative data regarding the segment/joint kinematics.
The use of such quantitative information could facilitate the
training process, enhance its outcomes and improve the
young wrestler’s performance (Kazarian, 2010).

According to Tunnemann (2010), an integrated approach
for the development of a technique in young wrestlers should
incorporate all possible information about the kinematics and
the kinetics of every simple movement involved in a given
technique. However, such information has to be derived by
accurate and reliable biomechanical data, recorded by valid
measurement equipment and advanced biomechanical meth-
ods (Mason & Portus, 2005). Fortunately, modern biomecha-
nical systems are more than valid and capable of analyzing

1Department of Physical Education and Sport Science, Democritus
University of Thrace, Komotini, Greece

Correspondence should be addressed to Dr. Nikos Aggeloussis, T.E.F.
A.A., D.U.Th., University Campus, 69100 Komotini, Greece. E-mail:
nagelous@phyed.duth.gr

Color versions of one or more of the figures in the article can be found
online at www.tandfonline.com/uijw.

INTERNATIONAL JOURNAL OF WRESTLING SCIENCE, 6: 67–73, 2016
Copyright © The Curby Research Group, LLC
ISSN: 2161-5667 print / 2161-3524 online
DOI: https://doi.org/10.1080/21615667.2017.1324541

http://www.tandfonline.com/uijw
https://crossmark.crossref.org/dialog/?doi=10.1080/21615667.2017.1324541&domain=pdf&date_stamp=2017-06-14


even the most complex wrestling technique. The reliability of
the exported data, however, is not solely an issue of the system
and the method used.

Biomechanical measurements like every measurement
are subjected to various sorts of errors, which cause the
measured value to differ from the true value. The reliability
of biomechanical data relates the magnitude of the error
involved in the actual measurement (measurement error) to
the inherent data variability in an ideal (free from errors) or
true measurement within or between subjects. High relia-
bility means that measurement errors are small in relation to
the true differences between performance trials of a single
subject or between a single trial performed by several sub-
jects, so that subjects can be relatively well described and
distinguished by the quantified variable that is measured
(Bartlett & Frost, 2008). Conversely, low reliability means
that measurement errors tend to be large in comparison to
the true differences between trials or subjects, and differ-
ences between data from measurements of different trials or
subjects might be due to error rather than to a real difference
in their true (error-free) values (Bartlett & Frost, 2008).
Because of its importance, reliability has been extensively
studied in the literature, and several methods and indices
have been used to test it. A popular reliability parameter is
the intraclass correlation coefficient (ICC; Koch, 1982). The
intraclass correlation coefficient in biomechanical measure-
ments is commonly used to quantify the degree to which
movement-data arrays from different trials or subjects
resemble each other in terms of a quantitative trait.

ICC takes values between 0 and 1, with a value of 1
corresponding to zero measurement error and a perfect
match, while a value of 0 means that all the variability in
measurements is due to measurement error.

Despite its importance, the reliability of biomechanical
parameters used in quantifying wrestling techniques has not
been studied yet. In fact, only two reliability studies con-
cerning wrestling-movement parameters have been found in
the literature and none of them involved biomechanical
parameters critical for wrestling performance.

Recently, López-González and Miarka (2013) studied the
reliability of a new time-motion analysis (TMA) model
based on technical–tactical interactions in the three
Olympic wrestling styles: freestyle (FS), female wrestling
(FW), and Greco-Roman (GR). They used a semi-quantita-
tive method involving two raters to analyze two video-
recorded combats per style downloaded from FILA’s
World Senior Championships ‘11 WebTV site, using 11
categories as indicators for classification and to determine
the duration of the wrestlers’ actions in both activity and
rest time. The reliability of the TMA model was estimated
by Cohen’s kappa and the intraclass correlation coefficient
(ICC) for the categorical and duration data, respectively.
The results showed that their TMA model could be consid-
ered a reliable tool when being used by different raters
(Lopez-Gonzalez & Miarka, 2013).

Wright, Isaacson, Malecek, and Steffen (2015) studied the
reliability of a sport-specific conditioning test for wrestling
that will incorporate the physiological demands of a match.
Sixteen collegiate wrestlers performed the new sandbag test
using a bag filled with sand that was repeatedly thrown over a
course of seven 1-minute rounds. Average time per throw (T/
T) was determined in each round. Test-retest reliability for the
sandbag test was found to be almost perfect (intraclass corre-
lation coefficient, r = .96) using the T/T (Wright et al., 2015).

The purpose of this article was to study the reliability of
kinematic parameters used for the quantification of the
movements of the lower body segments (lower limbs and
pelvis) during the knee-drop arm-throw wrestling technique.

METHODS

Participants

Two experienced wrestlers voluntarily served as subjects.
They had a mean age of 18.5 ± 0.7 years, a mean body mass
of 73.5 ± 0.7 kg, a mean body height of 174 ± 1.4 cm, and
similar training age (about 10 years).

Instruments and Procedures

All measurements were performed in the Biomechanics
Laboratory of the Department of Physical Education and
Sport Science of Democritus University of Thrace in
Komotini within the project entitled “Integrated Young
Wrestlers Development” that aimed in developing an interac-
tive wrestling training manual for the development of young
wrestlers that incorporated three major modules: physical test-
ing and training; technical training; and tactical training.

The knee-drop arm-throw technique was recorded by an
optoelectronic system (Vicon MX) with six infrared video
cameras operated at 100 Hz. All cameras were connected to a
synchronization unit (MXnet) and then to a computer. Space
calibration was performed prior to the recording by a specific
wand that was moved by the tester in all directions for a short
time period. The NEXUS (Vicon, Oxford, UK) and MatLab
(Mathworks, Natick, MA, USA) software were used for both
the recording and the processing of the kinematic data
sequences. Prior to each recording, reflective markers were
placed in specific anatomical landmarks (see Figure 1). By
these markers, the body was modeled in theoretically rigid
segments that were defined as follows: head (four markers in a
circular arrangement), torso (7th cervical, 10th thoracic verteb-
rae, clavicle, sternum, and right back), right and left upper limb
(shoulder, upper arm, elbow, forearm, medial and lateral wrist,
and 2nd metatarsal head), pelvis (four markers in anterior and
posterior iliac spines), and left and right lower limbs (thigh,
knee, tibia, ankle, toe, and heel). In this article, only the data
describing themovement of the lower body segments were used
in further processing and analysis.
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Data processing involved the reconstruction of the three-
dimensional coordinates of the markers, the calculation of
the segment’s anatomical reference systems, the smoothing
of the raw data using fourth-order Butterworth digital filters
with a cutoff frequency of 6 Hz, and the calculation of the
anatomical angles in each lower limb joint (hip, knee, and
ankle) and the pelvis, for each 1% interval of the total arm-
throw duration. The output of the analysis was the wave-
forms of the following angular movements: (a) in the ante-
rior-posterior plane of movement: anterior/posterior pelvic
tilt, hip flexion/extension, knee flexion/extension, ankle dor-
sal/plantar flexion; (b) in the frontal plane of movement:
right/left pelvic tilt and hip adduction/abduction; (c) in the
transverse plane of movement: right/left pelvic rotation and
hip internal/external rotation. Figure 2 shows typical values
of these waveforms for each segment and joint (pelvis, hip,
knee, and ankle).

Each wrestler performed a number of trials using the
arm-throw technique against a wrestling dummy with a
30-kg mass and 1.6-meter height. The arm-throw techni-
que in each trial started from the same starting position
for both the wrestler and the dummy, which was assured
by marking the boundaries of the dummy’s base and the
wrestler’s feet on the ground with adhesive tape.
Furthermore, the wrestler had to perform the arm throw
at approximately his “preferred” time, which was the
mean time for the execution of five arm throws that he
was asked to perform two hours before the actual mea-
surement, during his familiarization period. During the

actual measurement, the wrestler was asked to perform
successive arm throws until he succeeded five valid trials.
A valid trial was performed within +/- 5% of his “pre-
ferred” execution time.

Statistical Analysis

The intraclass correlation coefficient (ICC) was used to
quantify the reliability of each kinematic waveform. The
ICC in the current research was calculated through a two-
way analysis of variance (ANOVA) according to the follow-
ing formula (Baumgartner, 1989):

ICC ¼ MSs �MSi
MSs

; (1)

where, ICC is the intraclass correlation coefficient between
the five trials, MSs is the mean square difference between
the trials, and MSi is the mean square difference of the
interaction between the trials and the time intervals of
each waveform (100).

FIGURE 1 Full body-marker placement protocol.

FIGURE 2 Typical kinematic waveforms of all joint angles (a) of the
lower limbs and (b) of the pelvis during a single arm-throw performance
(hip_1: hip flexion/extention, hip_2: hip adduction/abduction, hip_3: hip
internal/external rotation, pel_1: pelvic anterior/posterior tilt, pel_2: pelvic
right/left tilt, pel_3: pelvic right/left rotation).

RELIABILITY OF ARM-THROW WRESTLING KINEMATICS 69



Next, the least number of trials needed to obtain an ICC
greater than or equal to .80 was estimated using the
Spearman-Brown prophecy formula (Baumgartner, 1989):

rICC ¼ K � ðICC1Þ
1þ ½ðK � 1Þ � ðICC1Þ� ) K

¼ rICC � ð1� ICC1Þ
ICC1 � ð1� rICCÞ ; (2)

where ICC1 is the ICC that was estimated for a single trial, K is
the least number of trials, and rICC is the desired ICC value (.80).

RESULTS

For each trial, an average kinematic waveform was calcu-
lated from the respective waveforms of the two wrestlers in
the respective trial. The five average kinematic waveforms
of the right hip-joint movements in the three dimensions
(flexion/extension, adduction/abduction, and internal/exter-
nal rotation) during the arm throw in the five trials are
shown in Figure 3. As can be seen, the hip internal/external
rotation and hip adduction/abduction patterns showed great
similarities during the different trials, while the hip flexion/
extension patterns were more dissimilar. This was also the
case for the movements of the left hip.

The five average kinematic waveforms of the right knee- and
ankle-joint movements in the sagittal plane (flexion/extension
and dorsal/plantar flexion) during the arm throw in the five trials
are shown in Figure 4. As can be seen, both joints showed very
similar waveforms in the different trials.Moreover, this was also
presented in the left knee and ankle movements.

The five average kinematic waveforms of the pelvis move-
ments in the three dimensions (anterior/posterior pelvic tilt,
right/left pelvic tilt, and right/left pelvic rotation) during the
arm throw in the five trials are shown in Figure 5. As it can be
seen, all movement patterns showed great similarities during the
different trials.

The reliability of each kinematic waveform was quantified
by the intraclass correlation coefficient. The ICCs for all kine-
matic waveforms of the pelvis and the lower limb joints in all
planes of motion are shown in Table 1. In the same table, one
can see that up to four trials are needed in order to obtain reliable
data for some kinematic parameters, although just a single trial
can be enough in the case of some others (see Table 1).

DISCUSSION

The current article studied the reliability of kinematic para-
meters that are usually recorded during a biomechanical
analysis for the quantification of the movements of the

FIGURE 3 Average kinematic waveforms of the hip-joint movements during the arm throw in five performed trials: (a) flexion/extension, (b) adduction/
abduction, and (c) internal/external rotation.
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lower body segments (lower limbs and pelvis) during a
popular wrestling technique, the arm-throw wrestling
technique.

The results showed that, for the knee and anklemovements in
the sagittal plane (knee flexion/extension angle and ankle dorsal/
plantar flexion angle), the reliability coefficients (ICC) were
excellent and one trial was more than enough in order to record
representative data (see Table 1). This was in agreement with the
reliability of knee and ankle movements in other sports, such as
running (Giannakou, Aggeloussis, & Arampatzis, 2011).

Concerning the hip joint, an excellent reliability was found
for its movements on the frontal (hip abduction/adduction
angle) and transverse planes (hip internal/external rotation
angle), while, in the sagittal plane, hip flexion/extension
angle was attributed with less but still more than accepted
reliability (see Table 1). In any case, two trials are needed to
record fully reliable data concerning the hip movements in real
three-dimensional space. This finding is also in accordance
with the findings of previous research about running
(Karamanidis, Arampatzis, & Bruggemann, 2003).

On the other hand, pelvic movements showed less relia-
bility than the lower limb joint movements (see Table 1).
More specifically, pelvis right/left rotation angle showed the
greatest reliability among them, while pelvis anterior/poster-
ior tilt angle and pelvis right/left tilt angle showed the low-
est reliability among all the examined kinematic parameters.
As a result, up to four trials were needed to reliably record
kinematic data about the pelvic movements when

FIGURE 4 Average kinematic waveforms of the knee- and ankle-joint
movements in the sagittal plane during the arm throw in five performed
trials: (a) flexion/extension and (b) dorsal/plantar flexion.

FIGURE 5 Average kinematic waveforms of the pelvic movements during the arm throw in five performed trials: (a) anterior/posterior pelvic tilt, (b) right/
left pelvic tilt, and (c) right/left pelvic rotation.
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performing a wrestling arm throw. This might be explained
by the fact that, although hip, knee, and angle movements
are joint movements, pelvic movements are recorded as
segment movements. Consequently, pelvic angles in each
plane are recorded as the angle that a pelvis axis (e.g., the
sagittal axis) has in relation with the respective axis (sagit-
tal) of the global space of the movement. As so, pelvic
angles are more sensitive to measurement errors in relation
with the lower limb joint movements (hip, knee, and ankle)
that are recorded by the angles between a segment and its
next segment throughout the motion. However, even in this
case, the problem can be solved by recording more trials for
each athlete, an easy task for most current motion analysis
system.

In a previous article (Barbas et al. 2012), the important
issue of the variability of each separated segment or joint
movement involved in the performance of the total arm-
throw movement has been discussed. In that article, it was
found that some of the discrete movements that the athlete’s
segments and joints performed were characterized by high
reproducibility (reliability) and were considered as the con-
tinuum of “standard movements” that form the typical (stan-
dard) biokinematic profile of the arm-throw technique. On
the contrary, some other joint movements showed greater
instability (lower reliability) and were considered as “vari-
able movements” that constitute a temporal biokinematic
profile that is opponent dependent and, thus, is continuously
altered in successive performances (Barbas et al., 2012).

This article’s data seemed to support such a speculation
and one can distribute examined parameters on the two
biokinematic profiles based on their reliability coefficients.
In this direction, pelvis right/left rotation angle, hip flexion/
extension angle, hip abduction/adduction angle, hip internal/

external rotation angle, knee flexion/extension angle, and
ankle dorsal/plantar flexion angle could be considered the
“standard biokinematic profile” of the arm-throw wrestling
technique. On the other hand, pelvis anterior/posterior tilt
angle and pelvis right/left tilt angle could be considered as
the temporal biokinematic profile of the arm-throw techni-
que. However, more research is needed towards the study or
reliability of the above kinematic parameters in real compe-
titive environments against an active opponent before valid
conclusion could be drawn about this issue.

In addition, it has been shown (Bartlett & Frost, 2008)
that the reliability of any examined parameter or method
also depends on the spreading of its true values around
the population mean. Because of this, it is suggested that
the current research’s design should be applied in other
wrestling samples with several characteristics (age, gen-
der, experience level, background, etc.) as well as in other
wrestling styles in order to establish a reliable general
kinematic evaluation protocol for all wrestling categories
and styles.

In conclusion, the pelvic, hip, knee, and ankle kinematics
showed high to very high reliability during the performance
of an arm-throw technique. This means that these specific
parameters could be used for the quantification of the ath-
lete’s lower body movements, in addition to any qualitative
analysis that a coach may apply during training towards the
more faster and injury-free development of the optimal arm-
throw wrestling technique.
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