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ABSTRACT
Research on dance lower extremity joint motion has been limited. Thus, the purpose of this study was to investigate the lower limb biomechanics differences between the side chasse step (SCS) and the bounce step (BS) of the
second landing phase in Jive. Thirteen female recreational Latin dancers (Age: 22 ± 2.5 years; Height:
1.65 ± 0.05 m; Weight: 50 ± 4.5 kg; Dance experience: 4 ± 2 years) were involved in the experiment. The same
music was used throughout the data collection period. We intended to determine whether these two steps generate different kinematic and kinetic data. The ankle, hip, and knee joint angle, moment, velocity, and ground
reaction force were calculated for each step. Results demonstrated that the lower limb biomechanics of the
two different steps showed signiﬁcant differences. As a result, strengthening the lower limb muscles (gastrocnemius, Tibialis muscle, and quadriceps) is signiﬁcantly important to balance the joint strength and prevent foot
injury. According to the training time reasonably increasing the heel height should be recognized as important.
The current study could provide new insights into reducing lower extremity injuries and improving dance
performance.
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1 Introduction
In the 1960s, Sports dance normatively developed from art and sports and has become a popular dance
globally [1]. Latin dance, as a category of Sports dance, due to ﬁerce competition, requires high levels of
physiological movement of muscles, resulting in injury occurring frequently [2]. Biomechanical analysis
has been applied to various types of dancing which including ﬂamenco [3], ballet [4], samba [2], and
swing dance [5]. Nevertheless, less research has been done on the Jive, which is a part of Latin dance [6].
Latin dance is a very vigorous dance requiring repeatedly ankle bouncy movements, lifting the knees, and
bending or rocking the hips [7]. During the competition, Jive is dancing occurs at a rate of 176 beats per
minute, although in some cases this is reduced to between 128 and 160 beats per minute. This type of
movement on each limb causes high joint loading with the potential for lower limb injuries. A good
understanding of the biomechanical relationships between dancers and the environment is essential to
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improving training and dance performance [8]. Despite the growing popularity of Latin dance, our theoretical
knowledge of associated biomechanics is limited [7].
Previous articles [9,10] suggested that the most vulnerable part of a dancer was the lower limbs. The
movements involved in dancing, perhaps, could be responsible for the types of injuries observed [11].
Bouncing is one of the most basic movements used in Jive. The strength of the bounce mainly comes
from the combined joint work of the forefoot, ankles, and calves. Repeated ﬂexion and extension of the
knee and dorsiﬂexion and plantarﬂexion of the ankle of one leg during BS were needed to produce a
“free fall” descent. This occurs while the center of mass is supported by the forefoot of the leg. The
rhythm of this step can be described as 1-2 3-a-4 5-a-6. During this sequence, the center of mass always
follows the dancer’s dominant leg. Another overlooked basic component of Jive dancing is completing
the SCS by swinging the hips. This is also based on a simple six-beat sequence: 1-2 3-a-4 5-a-6. The
count begins with the rock step (left foot step back, right foot in place), followed by the two triple steps
(chasse) that are counted: 3-a-4, 5-a-6. These are two basic elements in Jive, which do not only aim to
follow the high-frequency music and show different styles but as a competitive dance, it also requires
additional techniques.
There is a certain similarity in the two basic steps in jive such as the same music rhythm. However, it is
worth mentioning that bouncing and swinging are the most important movements and basic, but they can
easily produce fatigue and injury in Jive. Thus, from a biomechanical point of view, the interaction
between the ﬂoor and the foot are preconditions to completing these two steps perfectly [12].
Biomechanics is the study of normal mechanics (kinetics and kinematics) used in the musculoskeletal
system by analyzing forces and their effects on anatomical structures [13,14]. This theory has been
widely used in various ﬁelds except for the Jive used in Latin dance.
However, there are few studies on the lower extremity biomechanics of two steps. Therefore, the main
purpose of this study was to measure the lower limb biomechanics differences in sport dancing players in the
movement of the landing phase in the SCS and BS. We hypothesized that kinetics measurement would be
different between two dancing conditions based on discussion with Dance athletes. Speciﬁcally, we
hypothesized that the hip angle of the two steps would provide signiﬁcant differences. As a result, we
hoped to conclude that information could be provided to dance trainers and athletes to improve technique
and therefore prevent dance injury.
2 Methods
2.1 Participants
The sample size was calculated using the G-Power software (Version. 3.1.9.7; Henley University
Dusseldorf, Dusseldorf, Germany). A power analysis for single-sample t-test analysis of variance was
performed for an effect size of 0.8 (signiﬁcance level: 0.05; power: 0.08). The power analysis indicated
that thirteen female recreational Latin dancers (age: 22 ± 2.5 years; Height: 1.65 ± 0.05 m; Weight:
50 ± 4.5 kg; Training experience: 4 ± 2 years), were included in the study. Any dancers with known
cardiovascular, neurological, or musculoskeletal conditions were excluded from the study. All participants
included practiced Latin dance in classes three times a week for at least four years. All participants,
having had the purpose and procedures of the experiment explained to them, read, and signed an
informed consent form. Ethical permission for the study was granted by the Ethical Institutional Review
Board of Ningbo University. This was obtained prior to any participation in the study (protocol code:
RAGH20210918).
2.2 Footwear Conditions
Latin shoes were selected randomly by participants. There were three different sizes used, but all had the
same heel height, were the same brand and were made from the same materials. Typical dancing shoes are
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made from leather. Women’s Latin dance shoes are lightweight, ﬂexible, and have suede soles, which provide
the right blend of grip and slide for moving across the ﬂoor [15]. An illustration of the dance shoe is provided
in Fig. 1a.

Figure 1: a) illustration of standard footwear with 7.5 cm high-heeled and leather fabric. b) illustration of
experiment design for collecting the kinematics and kinetics data during the BS and SCS. The numbers
1–8 represent the sequence of the step (BS: Bounce step; SCS: Side Chasse step)
2.3 Instrumentation
All tests of this study were performed in the Biomechanics Laboratory of Ningbo University Research
Academy of Grand Health. A motion capture system (Oxford Metrics, Ltd., Oxford, UK) with eight cameras
and a force plate (Kistler, Switzerland) placed in the middle of the cameras embedded in the ﬂoor which used
to collect the kinematics and kinetics data for each participant (data collection of the kinetics and kinematics
were synchronized). The kinematics and kinetics data were captured at frequencies of 200 and 1000 Hz,
respectively.
2.4 Protocol
After changing into tightly ﬁtted clothing and standardized Latin shoes, standard anthropometric
measurements of participants were taken including body height and mass, leg length, and knee and ankle
width. Following a ten-minute warm-up and ﬁve-minute familiarity with the laboratory, 20 retroreﬂective
markers and four tracking clusters were applied to anatomical landmarks on the participants’ bodies based
on a modiﬁed Double-6DOF marker set [16,17].
The test was randomly divided into two parts: the BS test and the SCS test. Before the dynamics data
test, statics coordinates were captured by asking each participant to stand parallel to the Y-axis of the force
platform whilst crossing their arms on the shoulder with eyes looking forward. During the kinematics and
dynamics data collection, hands were put on the waist, to reduce experimental error, and two sessions of
step testing were used with the same frequency of music which was familiar to all participants.
Participants performed BS and SCS respectively in random order. In Latin dance, both BS and SCS have
shown a signiﬁcant similarity with each other, reﬂected in their direction and number of steps. The
starting position of BS and SCS was executed from the right foot, and the sequence used is brieﬂy
outlined here. The ﬁrst and second steps landed on the force plate, and the third and fourth steps landed
outside the plate. Using the left leg (Fig. 1b). 1) subjects then stepped back with the right foot, and the
left foot remains in place, then the weight shifted onto that leg. 2). A sidestep to the force plate takes
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place with the right foot. 3) a small step from the left foot to the right foot. 4). A sidestep to the right using
the right foot. 5) Left foot is in place, then the weight shifts onto the left foot. 6) Sidestep to the left using the
right foot. 7) Sidestep to the left with the right foot and sidestep left with the left foot after the right foot
touches the ground.
However, a technical difference existed between the two steps. For BS, repeated ﬂexion and extension of
the knee were required in dancers, an extension of the knee was needed in the ﬁrst and third steps when the
forefoot landed on the ground. The leg was then lifted as fast as possible until landing on the ground. For
SCS, more hip swing was involved to complete the dance moves. This study focuses on the landing
phase of each participant in the second landing phase in SCS and BS (the right foot landing phase), due
to the strong guidance pattern of the lower right leg being more common in this group of female dancers
[18]. A total of ﬁve successful trials were collected for each subject, excluded data where the right foot
landing outside the force plate or the action did not meet the criterion formulated by a professional dance
athlete.
2.5 Data Collection Processing
All outcome measures were calculated over the determined second landing phase of the right foot. The
landing stage was deﬁned as the right foot’s initial contact with the force platform until the right foot leaves
the force platform. Then, the initial contact was deﬁned as the vertical ground reaction force exceeding 10 N
[19]. The data of lower extremity joint angle, velocity, moment, and GRF in three planes (sagittal, frontal,
and transverse) were recorded during the entire landing phase of the two steps.
Three planes were analyzed. The three joints were deﬁned as follows: we deﬁned the ﬂexion as a
positive value (adduction, internal rotation); the extension deﬁned as a negative value (abduction, external
rotation). The GRF was determined as the bodyweight of each participant.
Both the kinematics and GRF data for each participant were acquired from Vicon Nexus 1.8.6 software
and then exported into a c3d format ﬁle then imported to visual 3D software for static modeling. The residual
analysis of vertical ground reaction force (VGRF) was put into effect in the subsets to determine which was
the most appropriate signal-to-noise ratio. The data of VGRF and kinematics were ﬁltered by 10 and 20 Hz
fourth-order zero-phase lag Butterworth low-pass ﬁlters based on Winter’s description of the selected
frequency of the ﬁlter [20].
2.6 Statistical Analysis
All of the data were imported into the MATLAB R2021a (The MathWorks, MA, USA), then a coda edit
was employed for further analysis. All statistical analysis was performed in SPSS. Before formal analysis, the
normality test was inspected for all variables using Shapiro Wilk Test. For the non-parametric, Wilcoxon
matched-pairs signed-rank test was used for it. Whilst, single sample t-test (SPSS Inc., Chicago, IL) was
applied to assess data differences for kinematic and kinetic parameters between different step strategies.
Meanwhile, Statistical Parameter Mapping (SPM) was used to analyze the kinematic and dynamics
time-series curves, which has been widely used in biomechanical research [21–23]. SPM is a method for
comparing the complete time series curves by considering the correlation of adjacent time points when
calculating the appropriate signiﬁcance threshold [24,25]. All kinematic kinetic variables in these two
steps were extracted in the One-Dimensional Statistical Parametric Mapping (SPM1D) analysis. Then, a
data point expanded into a timing series curve of 101 data points using a customized MATLAB script.
We used the open-source SPM1d script of the single-sample t-test for statistical analysis, 0.05 was the
signiﬁcance alpha level setting [24,25].
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Respecting the analysis of traditional discrete variables, the customized MATLAB script was written to
extract all data from the second landing phase of the BS and SCS. Using SPSS 25.0 for Windows software
(IBM, Armonk, NY, USA), all analyses of traditional discrete variables were carried out by it.
3 Results
3.1 Statistical Parametric Mapping
For the time of the landing phase, there were no differences (P = 0.38) between SCS (189.6 ± 20.2 m/s)
and BS (191.7 ± 22.9 m/s) landing phase. For the ﬂight time of the landing phase, there were no signiﬁcant
differences (P = 0.10) between SCS (0.72 ± 0.06 s) and BS (0.69 ± 0.05) landing phase.
Differences were found between the two steps. The initial contact of the right leg on the force plate was
deﬁned as the landing phase. Figs. 2–4 show the SPM analysis using single-sample t-tests between BS and
SCS. Fig. 5 displayed signiﬁcant differences found in sagittal, frontal, and transverse ground reaction force.

Figure 2: Display the mean and standard deviation on lower limb joint angle over the landing phase of the
BS and SCS conditions in sagittal, frontal, and transverse planes during the landing phase. Statistically
signiﬁcant differences in the step, time, and interaction (P < 0.05) and values of t* of the SPM for all
participants are highlighted (grey shaded areas) at the bottom of each picture. The value of 0%–100%
below in each image presents a landing phase (BS: Bounce step; SCS: Side Chasse step)
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3.1.1 Ankle, Knee, and Hip Angle
Fig. 2 had shown that BS revealed a signiﬁcantly greater ankle plantarﬂexion than SCS during the
22.43%–63.21% (SCS: −21.53°∼−6.24°, BS: −25.24∼−7.93, P = 0.004) landing phase, a signiﬁcantly
smaller knee ﬂexion than BS during the 13.10%–64.20% (SCS: 7.47°∼56.25°, BS: 5.56°∼61.55°, P <
0.001), landing phase, and smaller hip ﬂexion than BS during the 3.56%–56.54% (SCS: 34.14°∼2.58°,
BS: 33.92°∼2.45°, P < 0.001) landing phase; a larger ankle inversion and hip abduction were found
during the 12.46%–25.58% (SCS: 7.54°∼−3.63°, BS: 5.33°∼−4.41°, P = 0.038) and 37.99%–96.54%
(SCS: 14.96°∼−13.79°, BS: 8.53°∼−5.84°, P = 0.047) SCS landing phase, a greater knee abduction and
external rotation were found during the 0%–5.19% (SCS: 5.51°∼−3.64°, BS: 7.25°∼−2.02°, P = 0.047)
and 56.45%–100% (SCS: −11.85°∼13.59°, BS: −7.43°∼9.82°, P < 0.001) BS landing phase.

Figure 3: Display the mean and standard deviation on lower limb joint moment over the landing phase of
the BS and SCS conditions in the sagittal, frontal and transverse plane during the landing phase. Statistically
signiﬁcant differences in the step, time, and interaction (P < 0.05) and values of t* of the SPM for all
participants are highlighted (grey shaded areas) at the bottom of each picture. The value of 0%–100%
below in each image presents a landing phase (BS: Bounce step; SCS: Side Chasse step)
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3.1.2 Ankle, Knee, and Hip Moment
Fig. 3 had shown that SCS depicted a signiﬁcantly larger ankle plantarﬂexion moment during
the 27.81%–54.92% (SCS: −0.61∼0.02 Nm/kg, BS: −0.68∼0.03 Nm/kg, P = 0.007) landing phase; BS
depicted a signiﬁcantly greater knee extension moment (SCS: −0.13∼−1.03 Nm/kg,
BS: −0.92∼−0.21 Nm/kg, P = 0.047) and hip ﬂexion moment during the 4.29%–6.09% and
3.12%–6.05% (SCS: −0.35∼0.43 Nm/kg, BS: −0.54∼0.86 Nm/kg, P = 0.017) landing phase. There is a
signiﬁcantly greater hip abduction moment was found during the 34.10%–68.24%
(SCS: −1.46∼0.19 Nm/kg, BS: −1.26∼0.29 Nm/kg, P < 0.001) SCS landing phase. BS depicted a
signiﬁcantly greater ankle external rotation moment and a smaller knee internal rotation during the
6.11%–27.00% (SCS: −0.10∼0.04 Nm/kg, BS: −0.10∼0.03 Nm/kg, P < 0.001) and 30.10%–58.54%
(SCS: −0.11∼0.28 Nm/kg, BS: −0.13∼0.26 Nm/kg, P < 0.001) landing phase.
3.1.3 Ankle, Knee, and Hip Velocity
Fig. 4 had shown that BS revealed larger ankle dorsiﬂexion than SCS during the 8.59%–30.43% (SCS:
−237.79°/s∼90.77°/s, BS: −357.27°/s∼142.35°/s, P < 0.001) landing phase, a greater knee extension
velocity than SCS during the 0%–27.10% (SCS: −157.93°/s∼220.41°/s, BS: −176.26°/s∼359.49°/s,
P < 0.001) landing phase, and a larger hip ﬂexion velocity than SCS during the 0%–10.44% (SCS:
−100.32°/s∼149.93°/s, BS: −107.70°/s∼298.30°/s, P = 0.001) landing phase. SPM revealed that SCS
depicted a greater hip abduction velocity than BS during the 69.54%–100% (SCS: −139.43°/s∼76.12°/s,
BS: −94.77∼61.08°/s, P < 0.001) landing phase. BS depicted a greater hip external rotation velocity than
SCS during the 0%–8.66% (SCS: −106.04°/s∼127.67°/s, BS: −123.54°/s∼93.69°/s, P < 0.001) landing phase.
3.1.4 Ground Reaction Forces
Fig. 5 revealed that BS depicted a greater VGRF than SCS during the 1.10%–11.43% (SCS: 1.12,
BS: 1.26, P < 0.001) landing phase. SCS depicted a larger medial GRF than BS during the
30.85%–72.40% (SCS: −0.09∼0.09, BS: −0.13∼0.13, P < 0.001) landing phase.
3.2 Traditional SPSS Analysis
Using single-sample t-test to compare the lower limb kinematics (peak angle, peak angular velocity) and
kinetics (peak moment, peak GRF) differences between the two steps during the second landing stage.
3.2.1 Peak Value of Joint Angle
For the ankle joint angle, Table 1 displayed that BS depicted a signiﬁcantly greater peak plantarﬂexion
(P < 0.001), SCS depicted a signiﬁcantly larger inversion (P = 0.001), and SCS depicted a larger external
rotation (P = 0.007). There is a signiﬁcantly larger hip peak abduction (P < 0.001) in SCS, adduction
(P < 0.001) in BS, internal rotation (P = 0.004) in SCS. For the knee angle, Table 1 depicted a
signiﬁcantly greater extension (P < 0.001) in BS, a smaller abduction (P = 0.041) in BS, signiﬁcantly
greater adduction (P = 0.022) in BS, a small external rotation (P = 0.003), and a larger internal rotation
(P < 0.001) in BS.
3.2.2 Peak Value of the Joint Moment
For the joint moment, Table 2 displayed that BS depicted a signiﬁcantly larger ankle peak dorsiﬂexion
(P = 0.027) and plantarﬂexion (P = 0.029); there is a signiﬁcantly greater ankle peak eversion (P = 0.016) in
BS, a signiﬁcantly greater peak internal rotation (P = 0.003) in SCS. For the hip joint moment, a signiﬁcantly
greater peak extension (P < 0.001), ﬂexion (P < 0.001), internal rotation (P = 0.003) and adduction
(P = 0.007) in BS, a signiﬁcantly greater abduction (P = 0.001) in SCS. For the knee joint moment,
Table 2 depicted a signiﬁcantly larger peak extension (P < 0.001) in BS, and a smaller adduction (P =
0.038) in SCS.
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Figure 4: Display the mean and standard deviation on lower limb joint velocity over the landing phase of the
BS and SCS conditions in the sagittal, frontal, and transverse plane during the landing phase. Statistically
signiﬁcant differences in the step, time, and interaction (P < 0.05) and values of t* of the SPM for all
participants are highlighted (grey shaded areas) at the bottom of each picture. The value of 0%–100%
below in each image presents a landing phase (BS: Bounce step; SCS: Side Chasse step)
3.2.3 Peak Value of Joint Velocity
For the ankle joint velocity, Table 3 had shown that BS depicted a signiﬁcantly greater peak dorsiﬂexion
(P < 0.001), plantarﬂexion (P < 0.001), and eversion (P < 0.001). For the hip velocity, we found that BS
depicted a signiﬁcantly larger peak ﬂexion (P < 0.001) and internal rotation (P = 0.008), and SCS depicted
a smaller abduction (P < 0.001). For the knee joint velocity, a signiﬁcantly greater peak ﬂexion
(P < 0.001), and adduction (P = 0.004) were found in the BS.
3.2.4 Peak Value of GRF
For the ground reaction force, Table 4 show that BS depicted a signiﬁcantly greater peak lateral, vertical
ground reaction force (P < 0.001), and medial ground reaction force (P = 0.001, P < 0.001). BS depicted a
signiﬁcantly small peak braking force (P = 0.006).
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Figure 5: Descriptive results between BS and SCS lower-limb statistical parametric mapping results for
vertical ground reaction force, sagittal ground reaction force, and frontal ground reaction force during the
landing phase of the second step in this test. for all participants, t-values of the SPM (post hoc results,
dashed red lines represent P = 0.05 level). Statistically signiﬁcant differences were shown in the grey shaded
areas. The bottom of each picture displays the change in the joint angle and the value of t*. The scale of
0–100 below each image presents a landing phase in two steps (BS: Bounce step; SCS: Side Chasse step)
Table 1: Comparison of all joint angle variables change between BS and SCS during the landing phase
Joint kinematics

Peak value

SCS mean ± SD

BS mean ± SD

P-value

Ankle angle

Dorsiﬂexion
Plantarﬂexion
Eversion
Inversion
External rotation
Internal rotation

−6.24(9.46)
−21.53(6.23)
−3.63(4.90)
7.54(5.15)
−6.74(5.12)
5.15(8.68)

−7.93(6.98)
−25.24(5.55)
−4.41(5.21)
5.33(6.48)
−5.17(5.90)
4.35(7.47)

P = 0.130
P < 0.001*
P = 0.192
P = 0.001*
P = 0.007*
P = 0.305
(Continued)
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Table 1 (continued)

Joint kinematics

Hip angle

Knee angle

Peak value

SCS mean ± SD

BS mean ± SD

P-value

Extension
Flexion
Abduction
Adduction
External rotation
Internal rotation

2.58(4.64)
34.14(3.71)
−13.79(5.69)
14.96(5.19)
−9.61(6.44)
3.76(7.93)

2.45(5.84)
33.92(4.95)
−5.84(2.93)
8.53(5.62)
−11.39(8.17)
0.49(10.18)

P = 0.838
P = 0.832
P < 0.001*
P < 0.001*
P = 0.106
P = 0.004*

Extension
Flexion
Abduction
Adduction
External rotation
Internal rotation

56.25(8.40)
7.47(6.07)
−3.64(5.55)
5.51(3.37)
−11.85(5.11)
13.59(4.59)

61.55(7.71)
5.56(10.02)
−2.02(3.19)
7.25(5.05)
−7.43(5.84)
9.82(4.06)

P < 0.001*
P = 0.100
P = 0.041*
P = 0.022*
P = 0.003*
P < 0.001*

(Note: *means signiﬁcant with P < 0.05, SD: standard deviation).

Table 2: Comparison of all joint moment variables change between BS and SCS during the landing phase
Joint kinetics

Ankle moment

Hip moment

Knee moment

Peak value

SCS mean ± SD

BS mean ± SD

P-value

Dorsiﬂexion
Plantarﬂexion
Eversion
Inversion
External rotation
Internal rotation

0.02(0.05)
−0.61(0.11)
−0.18(0.10)
0.04(0.04)
−0.10(0.05)
0.04(0.03)

0.03(0.06)
−0.68(0.24)
−0.22(0.13)
0.04(0.04)
−0.10(0.05)
0.03(0.03)

P = 0.027*
P = 0.029*
P = 0.016*
P = 0.524
P = 0.889
P = 0.003*

Extension
Flexion
Abduction
Adduction
External rotation
Internal rotation

−0.35(0.14)
0.43(0.19)
−1.46(0.31)
0.19(0.11)
−0.42(0.19)
0.07(0.06)

−0.54(0.25)
0.86 (0.41)
−1.26(0.48)
0.29(0.20)
−0.40(0.19)
0.13(0.10)

P < 0.001*
P < 0.001*
P = 0.001*
P = 0.007*
P = 0.398
P = 0.003*

Extension
Flexion
Abduction
Adduction
External rotation
Internal rotation

−0.13(0.09)
−1.03(0.26)
−0.70(0.24)
0.34(0.28)
−0.11(0.05)
0.28(0.12)

−0.21(0.11)
−0.92(0.41)
−0.63(0.34)
0.28(0.19)
−0.13(0.06)
0.26(0.17)

P < 0.001*
P = 0.063
P = 0.091
P = 0.038*
P = 0.114
P = 0.448

(Note: *means signiﬁcant with P < 0.05, SD: standard deviation).
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Table 3: Comparison of all joint velocity variables changes between BS and SCS during the landing phase
Joint kinematics

Ankle velocity

Hip velocity

Knee velocity

Peak value

SCS mean ± SD

BS mean ± SD

P-value

Dorsiﬂexion
Plantarﬂexion
Eversion
Inversion
External rotation
Internal rotation

90.77(50.61)
−237.79(90.55)
−82.63(46.45)
121.49(48.42)
−174.34(94.30)
83.18(34.60)

142.35(48.98)
−357.27(114.55)
−128.57(64.99)
112.38(37.03)
−175.24(68.57)
97.39(39.33)

P < 0.001*
P < 0.001*
P < 0.001*
P = 0.363
P = 0.968
P = 0.113

Flexion
Extension
Abduction
Adduction
External rotation
Internal rotation

149.93(60.16)
−100.32(51.51)
−139.43(30.62)
76.12(38.95)
−106.04(35.06)
127.67(52.52)

298.30(77.05)
−107.70(57.64)
−94.77(27.46)
61.08(29.88)
−123.54(42.44)
93.69(33.01)

P < 0.001*
P = 0.519
P < 0.001*
P = 0.086
P = 0.067
P = 0.008*

Extension
Flexion
Abduction
Adduction
External rotation
Internal rotation

−157.93(78.51)
220.41(95.17)
−93.66(34.47)
75.65(33.60)
−193.53(67.77)
153.49(106.47)

−176.26(64.98)
359.49(116.39)
−90.27(38.59)
108.29(56.95)
−187.17(40.15)
154.17(67.07)

P = 0.213
P < 0.001*
P = 0.645
P = 0.004*
P = 0.586
P = 0.974

(Note: *means signiﬁcant with P < 0.05, SD: standard deviation).

Table 4: Comparison of the peak ground reaction force of sagittal, frontal, and transverse plane changes
between BS and SCS during landing

Lateral
Medial
Anterior
Posterior
Vertical

SCS mean ± SD

BS mean ± SD

P-value

0.09(0.04)
−0.09(0.04)
0.19(0.04)
−0.003(0.0049)
1.12(0.13)

0.13(0.06)
−0.13(0.05)
0.17(0.34)
−0.047(0.01)
1.26(0.18)

P = 0.001*
P < 0.001*
P = 0.006*
P = 0.131
P < 0.001*

(Note: *means signiﬁcant with P < 0.05, SD: standard deviation).

4 Discussion
The current study aims to compare lower extremity stance results of landing phase mechanics between
the Bounce step and Side Chasse step. Especially, the lower limb joint angle, moment, velocity, and ground
reaction force are recorded to identify differences between the two steps. Therefore, this study can provide
new insights into reducing lower extremity injuries and improving dance performance.
Our ﬁndings demonstrate that the peak vertical ground reaction force of BS is larger during the landing
phase. There is a signiﬁcantly greater inversion ankle angle and dorsiﬂexion ankle angle during SCS than BS
during the landing phase. A previous study mentioned that the motion of the ankle angle of the sagittal plane
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would affect the movement of the hip joint [26]. We found greater hip ﬂexion at 3.56%−56.54% of SCS, this
may be related to the feature of the movement which needs to place the center of body mass on the forefoot
and ﬂex the hip joint. Therefore, more muscle control is needed in SCS. Comparing BS, a larger ﬂexion angle
of the hip joint during landing may be reducing the joint reaction force and increasing shock absorption of the
body thereby reducing joint injury [26].
Our results show that a greater hip abduction moment existed in SCS, moreover, a greater knee ﬂexion
moment was observed in BS. As two basic steps of Jive, BS and SCS are heavily used in competitions and
daily practice. However, BS requires more knee and ankle ﬂexion and extension, and more swing of the hip
joint in the SCS. This could account for the larger hip angle and moment of SCS in the frontal plane during
the landing phase. In the 20%–75% of the landing phase in BS, a greater ankle plantarﬂexion was found. This
could account for greater plantarﬂexion required in the process of acceleration and signiﬁcant differences in
velocity of the hip in sagittal and frontal planes were detected. Additionally, considering the biomechanical
possibility that the second step of SCS produces the greatest impact as Jive dancers generally take a step from
the ﬁrst step to the second step followed by a single-legged landing and subsequent push-off while stepping
into the third step. According to previous studies, dancing is a good way to promote public health [27–29].
This has only been proposed from the aspects of physical and psychological consideration, ignoring the
damage caused to the lower extremity of dancers, especially female dancers due to the footwear used. It
is worth mentioning that the biological structure of the human body, as opposed to a rigid body, allows
the production of strength through muscle contraction [30], in dance, both the amplitude and speed of
movement are positively related to the aesthetic experience of audiences [31–33]. The degrees of freedom
of the lower limbs are also increased which increases the risk of injury [34]. As a result. the motion of
Latin dance in relation to biomechanical characteristics should not be ignored in dance research.
From the above analysis, we can conclude that some similarities exist in SCS and BS of Jive. For
instance, in Jive, a successful athletic performance relies on a high degree of amplitude control, especially
in the knees and ankles. For certain dance moves, hips provide stability, allowing the ankles and knees to
move quickly at high amplitudes, creating the BS and SC to make the Jive Dance ﬂexible and brisk.
However, the kinetic and dynamics parametric of the two steps are reﬂecting differences. The height of
7.5 cm high heels footwear is required in Latin dance. Higher heels exist in Latin Dance and perhaps
contribute to changes in lower limb biomechanics and injury [35]. Most movements of dancers are
accompanied by quick support of the ﬂoor using the forefoot. Such a technique increases the instability
of the ankle joint. Therefore, in dance training, according to the characteristics of movement performance,
the practices are crucial to avoid joint overuse and reduce the risk of injury to the lower extremity. Jive as
a high frequency lower limb movement requires a high intensity of muscle activity [36]. Muscular
strength seems to be important for all Latin dancers in all steps, especially for female dancers, greater
power in the muscle can enhance the control of movement and reduce the joint torque [37–41].
There are some limitations in our current study that should be considered. Each participant is unique and
their biomechanical skills to complete each dance movement, as well as physiological differences including
muscle power and control ability will be different for each participant. We strictly controlled the dancing age
of the subjects, and the laboratory environment will also impact the subject differently; the laboratory ﬂoor is
different from the dance studio although we did control the experimental process as much as possible. We
used the same footwear and the same frequency Jive music for each participant. Further research should
focus on the change of joint power and the effects of different heel heights for Latin footwear on lower
limb biomechanics. This study investigated the biomechanics of the lower extremity in female Latin
dancers. Male dancers are also an important group linked with an injury; therefore, future studies should
focus on male dancers’ lower limb biomechanics.
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5 Conclusions
In present investigation examined the differences between the BS and SCS during the landing phase of
Jive. Differences in joint angle, velocity, moment, and GRF between BS and SCS were revealed. These
kinetic measurements compared two different steps (bounce step and side chasse step) of Jive.
Strengthening lower limb muscles, including gastrocnemius, tibialis, and quadriceps plays an important
role in preventing foot injuries and balancing joint strength. According to the training experience,
reasonably controlling dance training time could reduce the risk of injury caused by muscle and joint
overuse. These ﬁndings in the current study provide new insights into reducing lower extremity injuries
and improving dance performance.
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