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SUMMARY
Knee pain is frequent in badminton players. The knee joint
serves an important function during diagonal lunge. Besides,
core stability is important for preventing knee injury. The
purposes of this study were to investigate the knee sagittal
angle and trunk movement during lunge, and compare the
differences between the knee injured and uninjured groups.
Three knee pain subjects (2 males, 1 female) and three healthy
subjects (2 males, 1 female) participated. Lower extremity and
trunk kinematics data were obtained while subjects performed
two lunges: right forward (RF) and left forward (LF). The
independent two-sample t test was used to compare variables
between injured and uninjured group. The injured group had
significant decrease in shoulder-arm separation angle in right
and left forward lunges. The hip-shoulder separation angle
was significantly small in injured subjects during left forward
lunge. These movement patterns may increase the loading on
the knee joint in the injured group. This information may help
physical therapists or coaches to design proper exercise
programs for knee injured players.

INTRODUCTION
Badminton is one of the most popular sports in the world. This
is a sport requiring jumps, lunges, quick changes of direction
and rapid arm movements. The lunge is regularly used in
badminton and it requires high physical demands to the lower
extremities [1]. It is important that the players perform lunge
in a correct movement pattern to prevent injury.

Knee pain occurs frequently in badminton players [2]. The
lunge combines quick change direction and large knee
movement that requires high knee dynamic stability and
challenges knee joint stability. Consequently, the knee joint
serves an important function during lunge with different
diagonal directions.

Core stability is important for preventing knee ligament injury.
The central nervous system creates a stable foundation for
distal segments through contraction of the trunk muscles.
Deficiencies in core muscle capacity increase the risk of lower
extremity injury [3]. Moreover, the greatest influence of core
stability was found at knee joint [4].

The purposes of this study were to investigate the knee sagittal
angle and trunk movement during lunge, and compare the
differences between knee injured and uninjured groups. The

results of this study could help us to explain the injury
mechanism and develop appropriate prevention strategies.

METHODS
Three knee pain subjects (injured group: 2 males, 1 female)
and three healthy subjects (uninjured group: 2 males, 1 female)
were recruited to participate in this study. Both groups are age
from twenty to thirty and experienced badminton players. All
experienced badminton players were members of college
badminton team. The injured subjects had knee pain on
racket-hand side in the past 6 months. The knee pain lasted at
least 7 days and influenced or interrupted exercise for at least
3 days.

Before motion data collection, the leg length (LL) and height
of ASIS (from floor to ASIS) were measured. The trajectories
of reflective markers on trunk and lower extremity were
collected using infrared video cameras (Motion Analysis
Corporation, USA) at 200 Hz during lunge.

After warmed up, subjects performed two different diagonal
directions of lunge: right forward (RF) and left forward (LF)
in a random order. Subjects were asked to run to right-anterior
or left-anterior directions, contact the force plate (Kistler Inc.,
Switzerland) with lower extremity of racket-hand side, hit the
shuttlecock and return to a starting point as soon as possible.
The distance between this starting point and the center of
force plate was 2.5 times LL. The height of shuttlecock was
equal to the height of ASIS.

The lunge phase was identified as the duration from initial
contact to the force plate (impact point) to the time contact
was terminated (off point). Impact and off points were
determined from the vertical ground reaction force. The
sagittal knee angle and the trunk movement parameters: hip-
shoulder separation angle, shoulder-arm separation angle
(Figure 1) and trunk tilting angle (Figure 2) were calculated
during lunge phase [5].

The independent two-sample t test was used to compare
variables between injured and uninjured group. Statistical
analysis was performed by the software packages SPSS 17.0
(SPSS Inc., USA). The significant level was set at P＜0.05.



Figure 1: Definition of the hip–shoulder and shoulder–arm
separation angles.

Figure 2: Definition of the trunk tilting angle.

RESULTS AND DISCUSSION
The basic data of two groups was at Table 1. There were no
significant differences in basic data between two groups.

Table 1: Basic data of two groups.
Uninjured group Injured group

Age(yr) 24.0 (3.0) 21.7(2.9)
BH(cm) 169.7 (2.5) 170.7 (5.0)
BW(kg) 64.8(10.3) 67.2(10.6)

No significant differences between two groups in right
forward lunge were found in knee flexion angle (RKF), trunk
tilting angle (TTA) and hip-shoulder separation angle (SHA).
However, the shoulder-arm separation angle (SAA) was
significantly higher in uninjured group during right forward
lunge (Table 2).

Table 2: Knee flexion angle and trunk parameters during right
forward lunge (°).

Uninjured group Injured group P-value
RKF 70.91(9.3) 76.27(9.32) 0.206

TTA 46.74(7.83) 48.37(6.37) 0.589

SHA 117.71(8.15) 111.93(8.36) 0.950

SAA 53.29(10.21) 41.62(10.91) 0.015*
* P＜.05：significant difference between two groups

No significant differences between two groups in the left
forward lunge were found in RKF and TTA. The injured
group had significantly smaller SHA and SAA in left forward
lunge (Table 3).

Table 3: Knee flexion angle and trunk parameters during left
forward lunge (°).

Uninjured group Injured group P-value
RKF 76.15(8.04) 72.61(5.06) 0.233

TTA 49.43(10.30) 48.55(8.32) 0.826

SHA 116.17(7.02) 107.59(7.69) 0.010*

SAA 67.04(4.63) 56.02(5.87) 0.000*
* P＜.05：significant difference between two groups

The injured group had smaller shoulder-arm separation angle
in right and left forward lunges. This suggested that the
injured subjects needed to use more arm forward movement to
compensate the insufficient trunk movement to hit the
shuttlecock. In addition, the hip-shoulder separation angle was
smaller in the injured subjects during left forward lunge. The
uninjured subjects can use more trunk rotation to perform left
forward lunge than injured subjects. This suggested that the
injured subjects may have insufficient core muscle control.
The results also showed that RKF and TTA were slightly
larger in the injured group than uninjured group during right
forward lunge. These movement patterns may increase the
loading on the knee joint [6].

CONCLUSIONS
Knee pain is frequent in badminton players and may affect
badminton players’movement pattern. The injured subjects
needed to use more arm forward movement to compensate the
insufficient trunk rotation. In addition, the injured subjects
used more knee flexion and trunk tilting angle to perform the
forward lunge. These movement patterns may increase the
loading on the knee joint..Our findings may help physical
therapists and coaches to design proper exercise programs for
knee injured players. Future study need to recruit more
subjects and further discuss the effects of knee pain on lower
extremity kinetics and muscle activity.
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