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Objective: The purpose of this study was to examined the kinematic relationship and differences through the range of motion (ROM),
muscle activity, and vertical ground reaction force (VGRF) during forward and backward lunge movements, which are effective in
improving muscle strength and balance ability of the lower extremities, and to provide clinical information on more efficient lunge
movements.

Design: Cross-sectional study

Methods: Fifteen adult males who met the selection criteria were tested for their dominant feet.Forward and backward lunges were
then performed, and the ROM, muscle activity, and VGRF were measured for kinematic analysis during the lunge movement.The
differences betweenthe forward lunge and backward lunge intervention were examined using a paired t-test.

Results: A significant increase in the ROM of the knee and ankle was observed during the forward and backward lunges (p < 0.05).
In addition, in terms of the muscle activity, the peak values of the vastus medialis oblique (VMO) and VGRF also showed a
significant increase in the forward lunge compared to the backward lunge (p < 0.05).

Conclusions: This study showed an increase in VGRF peak value, knee and ankle ROM, and VMO muscle activity during
forward lunge. Based on these results, it is considered necessary to apply differently depending on the direction of progress in

consideration of the musculoskeletal situation and physical ability during the lunge movement.
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Introduction

The patella is located between the femur and tibia,
and the knee joint acts as a pulley [1]. In general, the
area of contact between the patella and the femur is
larger and thicker than the medial articular surface,
resulting in a more significant load [2]. Abnormal
alignment of the patella and an imbalance in muscle
strength are pathological causes of patellofemoral pain
syndrome (PFPS) [3]. The imbalance of muscle strength
causes chronic pain by repeating functionally incorrect

movements and decreasing motor performance [4]. For

the correct alignment of the patella, strength exercises
are essential for ensuring the balance and stability of
the medial and lateral masses [5].

Strength training can be divided into a closed-kinetic
chain (CKC) exercise that is performed while the
distal limb is fixed and an open-kinetic chain (OKC)
exercise that is performed in the free state without a
distal limb [6]. Among these exercises, CKC exercise
mobilizes many muscles of the body segment. Moreover,
as the distal limb is fixed, it provides stability through
a joint compression force and promotes a proprioceptive
sensation[7]. CKC exercise is essential for rehabilitation
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exercise for static and dynamic stabilization of the
joints [8]. Proper exercise prescription improves the
function of the musculoskeletal system significantly [9].

Typical CKC exercises include squat, lunge, and
step-up. These exercises can train multiple muscles
simultaneously without any equipment through multi-joint,
weight bearing through the lower extremities [10]. The
lunge is a difficult exercise among CKC exercises because
it requires physical abilities, such as physical strength,
agility, and muscular endurance [11]. This exercise
effectively increases the strength of the hip, knee, and
ankle joints and increases the eccentric contraction of
the quadriceps muscle. In particular, it is an effective
exercise to maintain the balance of the left and right
muscle strength around the knee joint by increasing
the ratio of the muscle activity of the vastus medialis
oblique (VMO) to vastus lateralis (VL) [12].

The lunge moves the other foot forward, backward,
or sideward while one foot supports the weight. Moreover,
the demand for a sense of balance is added compared
to the squat because it performs a movement [13]. In
addition, due to the movement of the center of gravity
(COG) on the ground, the lunge regulates the external
force applied to the body between movements, and
many muscles are mobilized to maintain stability [14].
Therefore, the types of lunges selected for exercise
design for various purposes are classified into the forward
lunge, backward lunge, and side lunge according to the
direction of the lower limb to be moved [13]. The
forward lunge and the backward lunge have a common
point in which movement occurs around the mediolateral
axis inthe sagittal plane. It is a bilateral movement in
which an external force from COG movement is applied
to both lower limbs [15].

Several studies have shown that lunge exercise is
effective in improving the muscle strength and balance
ability of the lower extremities [16]. On the other hand,
research on biomechanical analysis according to the
insufficient[13].
Accordingly, the purpose of this study is to investigate

forward and backward lunges is

the kinematic relationship and difference through range
of motion (ROM), muscle activity, and vertical ground
reaction force (VGRF) during forward and backward
lunge movements, and to provide clinical information

on efficient lunge movements.

Methods

Participants

The participants were 22 healthy males in their twenties
recruited through a recruitment questionnaire distributed
in advance to D University in Daejeon City from
September 1to September 30, 2020. The participants
understood the purpose and contents of the study and
voluntarily participated in the intervention. The inclusion
criteria were those who could perform lunge movements,
had no abnormalities in lower extremity muscle strength
and gait, could understand the purpose of the study,
and agreed to participate. Those with the following
were excluded: open wounds at the electrode attachment
site, a history of surgery on both lower extremities,
musculoskeletal disorders in both lower extremities,
and Cumberland ankle instability tool (CAIT) with 24
points or less [18]. Of the 22 participants recruited, the
final 15 people who met the selection criteria
participated in the experiment. All participants
confirmed their participation in the study according to
the Helsinki Declaration.

Procedures

This study was a cross-sectional study design.
G-power 3.19 software was used to calculate the
sample size. The alpha level and power were set to
0.05 and 0.8, respectively. According to previous
studies, the effective size was set to 0.75, meaning
that at least 13 participants were required [19]. The
minimum number of participants to be selected was
15,considering a dropout rate of 10%. Of the 22
recruited participants, 7 were eliminated with a CAIT
score of 24 or higher, and a total of 15 participants
participated. The revised Waterloo Footedness Questionnaire
was used to select the dominant foot for forward and
backward lunges to 15 participants who met the
selection criteria [20]. In the starting position of the
lunge movement, the lower limbs were spread to the
pelvis width. The upper body was stretched, and both
hands were put together. During the lunge movement,
an eccentric contraction for two seconds and an
concentric contraction for two seconds were adjusted
to four beats of a metronome at 60 bpm for four
seconds [21]. Lunge stepping distance was standardized
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to 70% of dominant-leg length, that measured from the

greater trochanter to the lateral malleolus. The
non-predominant feet allowed the body to descend
with the feeling of touching the ground. The dominant
foot moving forward or backward was instructed to
move in the horizontal plane. After sufficient training
on the lunge movement before the measurement, the
posture was practiced three to five times. A three-minute
break was taken between each movementto minimize
muscle fatigue due to repeated measurements. The
ROM, muscle activity, and VGRF were measured
during the forward and backward lunges, and the
average value was measured three times in total and

used for data analysis.

QOutcome measure
Range of motion

A video was recorded using a smartphone (Galaxy
S20, Samsung, Korea) to measure the ROM of the
joint during lunge movement.A tripod was placed 2m
away from the participant, and the tripod height was
70 cm above the floor.Markers were attached to the
greater trochanter, 3cm lateral to the patella, and
lateral malleolus. A video of the lunge movement
performed by the researcher's verbal command
“Lunge” was recorded using a smartphone. The
recorded images were analyzed using the digital video
analysis software program (Dartfish 10, Dartfish,
Switzerland) to analyze the angles of the participant’s
hip, knee, and ankle during the lunge movements. The
test-retest reliabilityof the Dartfish software program

showed high reliability with ICC=0.79~0.91 [22].

Muscle activity

An 8-channel surface electromyography-measuring
device NoraxonMyosystem(1200 EMG, Noraxon Inc.,
USA) was used to measure the muscle activity of the
VMO, VL, gluteus maximus (GM), and biceps femoris
(BF) that act on posture maintenance during lunge
movement. The EMG signals were collected by setting
the sampling rate to 1,000 Hz and the frequency
bandwidth to 40-250 Hz[23]. The collected signal was
subjected to a full-wave rectification, and the root
mean square was stored in a computer. All data were

processed using MyoReserach(2.02 software, Noraxon

Inc., USA). During the forward and backward lunges,
the VMO electrode was attached 2 c¢cm to the comfort
side of the knee bone, and the VL electrode was
attached3 to 5 cm on the lateral side of the knee bone
based on the midline of the femur [24]. The electrode
of the GM was attached to the midline of the muscles
located between the second sacral vertebrae and the
great trochanter. The electrode of the BF was attached
to the midline of the muscles located between the
lateral epicondyle and the sciatic nodule of the femur
[24]. maximal voluntary isometric contraction (MVIC)
was measured and quantified to standardize the EMG

signals of the four muscles used for measurement [25].

Veertical Ground reaction force

The VGREF, according to the forward and backward
lunge movements, was measured using a Will balance
board (WBB, Nintendo, Japan). The WBB is a force
plate measuring 20.5 x 13.2 x 3.2 inches. The change
in weight and center of gravity can be observed using
four load cells located at the corners. In addition,
because of its low price and convenient portability, it
is used to measure the movement of the VGRF and
center of pressure (CoP) in clinical practice. The WBB
is equipment with very high validity (ICC=0.701~
0.994) and reliability between inspection and retest
(ICC =0.676~0.946) compared to the existing widely
used force plate [26]. During the forward and
backward lunge movements, the VGRF was measured
by placing the WBB on the
non-dominant feet, respectively (Figure 1). The data

dominant and

collected through WBB was stored on a computer
connected via Bluetooth using a balancia program
(Balancia, Mintosys Inc., Republic of Korea). The
average value measured three times in total was
extracted with Excel and calculated by integrating with
the VGRF value over time. The highest peak value
was used for data analysis (Figure 2).

Statistical analysis

SPSS for Windows (ver 25.0, IBM Co., USA) was
used for statistical analysis. The general characteristics
of the participants are reported using the mean and
standard deviation through descriptive statistics. The
ROM, muscle activity, and VGRF between the forward
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Figure 2. Vertical ground reaction force

lunge and the backward lunge were compared by
comparative analysis using the paired t-test. Statistical
significance was set at p<<0.05.

Results

Table 1 lists the general characteristics of the 15
participants in the study. A significant increase in the ROM
of the knee and ankle was observed during the forward
and backward lunges (p<0.05). In addition, in terms
of the muscle activity, the peak values of the VMO and
VGREF also showed a significant increase in the forward
lunge compared to the backward Iunge (p<0.05)
(Table 2).
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Discussion

This study examined the kinematic relationship and
difference through the ROM, muscle activity, and VGRF
during forward and backward lunge movements in 15
adult males in their twenties. Significant differences in
the knee, ankle ROM, muscle activity in VMO, and
peak values of VGRF were confirmed in the forward
lunge compared to the backward lunge (p<<0.05).
Among the CKC exercises, squat and lunge are the
most frequently performed full-body exercises. The lunge
provides more left and right instability than the squat,
providing considerable stimulation to various muscles
of the lower limb [27]. The weight is placed on the
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Table 1. General characteristics of the participants (n=15)
General characteristic Participant

Age (Years) 2947 (3.81)

Height (cm) 173.93 (5.78)

Weight (kg) 72.44  (9.25)

BMI (kg/m?) 23.94 (2.80)

Dominantfoot(Rt/Lt) 13/2

Values are presented as mean (SD).
BMI: Body mass index

Table 2. Comparison of the dependent variables according to the intervention between the groups.

Dependent variables Forward lunge Backward lunge Diff t(p)

Range of motion (°)

Hip 98.74 (12.86) 93.83 (11.90) —4.92(9.32) —2.042 (0.060)
Knee 105.49 (5.18) 99.52 (8.22) —5.97 (10.20) —2.267 (0.040)*
Ankle 15.81 (4.50) 13.74 (4.13) —2.07 (3.62) —2.211 (0.044)*
Electromyography (%)

BF 14.77 (9.22) 13.51 (9.66) —1.26 (5.72) —.850(0.410)
VL 36.96 (22.61) 31.15(20.21) —5.81(20.07) —1.121(0.281)
VMO 54.28 (23.71) 45.77 (16.18) —8.51 (13.40) —2.459 (0.028)*
GM 16.99 (7.69) 15.71 (6.56) —1.28 (2.56) —1.941 (0.073)
Ground reaction force (W, %)

Peak 142.81 (13.26) 135.14 (13.80) —7.67 (12.70) —2.340 (0.035)*

Values are presented as mean (SD).

BF: biceps femoris, VL: vastus lateralis, VM: vastus medialis oblique, GM: gluteus maximus.

*p<0.05

supporting lower limbs, absorbs the propulsion, and is
stored as elastic energy, which is converted to
returning propulsion [28]. Latash [29] reported that the
front lower limb supports the ground with the sole
during the lunge movement, while the rear lower limb
supports the ground with the heel upright. Hence, it is
effective for simultaneous contraction for joint stabilization
because the exercise is performed in an unstable state.

In the case of a general standard lunge, hip flexion
90°, knee flexion 100°, and ankle dorsiflexion 12°
appear on average at the maximum bending angle
[30]. In this study, the average knee flexion was
105.49°, and the ankle dorsiflexion was 15.81° in the
forward lunge, showing a significant difference compared
to the backward lunge (p<0.05). Although there was
no significant difference in hip flexion, there was a

significant difference with an average hip flexion of
98.74° at the forward lunge and 93.93° in the backward
lunge. Goulette et al. [13] reported a significant
difference in the average knee-bending angle and the
maximum knee-bending angle during a forward lunge
according to the lunge direction, which is consistent
with the present results.In this study, the primary role
of the dominant foot is the dynamic motion of
stepping on the foot when performing a forward lunge.
The main role is the static role supported by the
dominant foot when performing the backward lunge.
Therefore, the difference in the angle according to the
lunge motion is caused by the difference in the
process for performing the motion of the lower limb.

The lunge, a typical CKC exercise, can increase the
muscle activity of VMO and VL relatively significantly
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because it uses force more intensively on only one
lower extremity than a squat [31]. According to the
study ofComfort et al. [32], the compressive load and
shear force of the tibiofemoral joint in the forward
lunge increased gradually as the knee flexion angle
increased compared to the backward lunge.In a study
by Kim et al. [33], the muscle activity of VMO and
VL was higher than that of the rectus femoris during
the forward lunge (p<0.05). In addition, according to
the position of the ankle, the muscle activity of the
VMO had the largest activity among the thighs.In this
study, the
difference in the VMO compared to the backward
lunge (p<0.05). The dominant foot in the front plays

forward lunge showed a significant

a static role during the backward lunge, while during
the forward lunge, the dominant foot plays a dynamic
role that extends forward.It is thought that the activity
of VMO increased due to the momentary momentum.

During CKC exercise, VGRF can explain the exercise
load during lunge movement by the action and
reaction with the ground. Wurm et al. [34] argued that
the efficiency increased with increasing ground repulsion
when performing exercises to increase muscle strength.
According to Comfort et al. [35], there was no significant
difference in the maximum eccentric contraction and
the efferent contraction in the forward and backward
lunges. They recommended the posterior lunge rather
than the forward lunge for PFPS patients. Goulette et
al. [13] reported that the joint load on the knee joint
during the forward lunge was significantly greater than
that of the backward lunge. In this study, there was a
significant difference in the peakvalue of VGRF in the
forward lunge compared to the backward lunge (p <0.05).
Therefore, the VGRF should be considered according
to the situation of the participant, consistent with the
direction of movement during lunge movement in
relation to the load on the knee joint.

Based on these results, compared to the backward
lunge, the forward lunge hasclinical utility as an
effective method to improve the ROM of the knee and
ankle, muscle activity of VMO, and peak value of
VGRF. This study had several limitations. First, the
study participants were limited to adult males in their
twenties due to errors in motion analysis during lunge
movement. Therefore, it was somewhat difficult to
generalize men and women of all ages and the elderly.

Second, there was no limit on the interval according to
the length of the lower limbs during the forward and
backward lunge. Third, there was no investigation of the
posterior lower extremities during the lunge. Therefore,
continuous research will be needed to supplement
these limitations and suggest a more efficient lunge

exercise method.
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