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Abstract

This study compared the kinetic roles of the upper extremities in
racket impact force generation between the open stance (OS)
and square stance (SS) for tennis players with different skill
levels in two-handed backhand strokes. Twelve male tennis
players were divided into an advanced group (AG) (L3-L2 skill
level) and intermediate group (IG) (L7-L6 skill level), and their
data were used in a three-dimensional kinetic analysis. Their
motions were captured using 21 reflective markers attached to
anatomic landmarks for two-handed backhand stroke motion
data collection. During the acceleration phase, significant differ-
ences were not observed between both stances, but they were
observed between the groups with different skill levels for the
force of the upper extremities (p = 0.027). The joint forces were
significantly lower in the AG than in the IG. Players performing
the SS had significantly larger pronation and supination of the
wrist joint moment than those in the OS (p = 0.032) during the
acceleration phase, irrespective of the playing level. Higher
internal rotation moment after impact was observed at each
joint, particularly among young intermediate tennis players,
regardless of their stance. The AG demonstrated a higher joint
force and moment at every joint compared with the IG at im-
pact. Moreover, the AG demonstrated superior stroke efficiency
and effectively reduced joint moment after impact and sports
injury.

Key words: Biomechanics, upper extremity, Kinetic, accelera-
tion, open stance, square stance.

Introduction

Because tennis is a racket sport, effective integration of
the entire body segments is essential for transferring the
ground reaction force to the racket through the trunk and
upper extremity. Repeat impact from the ball hitting the
racket when one-handed backhand stroke is performed is
believed to be related to tennis elbow syndrome (Roetert
and Groppel, 2001). Moreover, typical tennis activities
require an intact kinetic chain to create energy and trans-
fer the force through the joints. Disruption of the kinetic
chain can increase the loading on the other joints in the
sequence of movements and cause potential injury (Kibler,
1995; Kibler and Sciascia, 2004; Marshall and Elliott,
2000).

Studies on backhand stroke mechanics have com-
pared elbow muscle activities in one- and two-handed
backhand strokes (Giangarra, et al., 1993) and quantified
joint angular movement differences between the two
stroke styles (Akutagawa and Kojima, 2005; Genevois, et

al., 2015; Kawasaki, et al., 2005; Reid, 2002). The joint
loading on the smaller lower lumbar spine and hip joint in
the one- and two-handed backhand strokes as well as the
momentum transfer during a two-handed backhand stroke
(Stepien, et al., 2011; Wang, et al., 2010) can be predicted
through an inverse dynamic analysis of foot loading and
kinematic data (Akutagawa and Kojima, 2005; Kawasaki,
et al., 2005). Although body movement and joint loading
information are provided through these kinematic, kinetic,
and kinesiology data, the energy or force transfer during a
stroke still cannot be identified. Because of the fast tempo
of modern tennis competitions, the open stance (OS)
stroke is more widely adopted (Wang, et al., 2010). Pre-
vious studies have compared the differences between the
OS and square stance (SS) in two-handed backhand
strokes; however, only Wang (2010) focused on the mo-
mentum transfer from the racket to the ball during the
ball-racket contact. Regardless of the skill level of play-
ers, significantly higher backward linear momentum con-
tribution (p < 0.05) in the trunk and upper arm was ob-
served in the SS and higher shoulder rotational angular
momentum was observed in the OS. The external rotators
in the upper arm generate the power in a backhand stroke.
The two-handed backhand stroke is powered not only by
the trunk rotation, but also by the same amount of angular
momentum generated at the shoulder and wrist.

This study compared the kinetic roles of the upper
extremities in the racket impact force generation between
the OS and the SS for different-skill-level tennis players
in two-handed backhand strokes. We hypothesized that
the stroke stance and skill-level differences exist in the
measures of the impact force, advanced group (AG)
demonstrates more efficient force generation than the
intermediate group (IG), and SS is responsible for more
efficient force transfer. This knowledge of the biomechan-
ics of the upper-limb joints will be helpful in improving
the efficiency of training protocol designs and can assist
physiotherapists in rehabilitation planning.

Methods

Twelve male tennis players participated in this study after
providing written informed consent. The players were
divided into an AG (Age: 24.2 £ 2.3 yrs; Height: 1.72 £
0.04 m; Weight: 67.3 + 6.7kg; Experience: 9.7 £ 2.4 yrs;
L3-L2 skill level) and 1G (Age: 15.2 + 1.0 yrs; Height:
1.73 £ 0.04 m; Weight: 58.3 + 2.9 kg; Experience: 2.9 +
1.4 yrs; L7-L6 skill level) according to the International
Tennis Number Rating System. This study was approved
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by the National Cheng Kung University Hospital Human
Experiment and Ethics Department (ER-95-121), and all
participants signed committee-approved informed consent
forms.

The two-handed backhand stroke motion was cap-
tured using an eight-camera Eagle® motion system (Mo-
tion Analysis Corp., Santa Rosa, CA, USA) at a sampling
rate of 500 Hz in an indoor tennis court. The tennis ball
machine (Tournament model 401, Lobster Inc., Plainfield,
NJ, USA) was positioned 12 m from the tennis court
baseline, and the ball was served at a speed of 14 m/s. The
same tennis racket (Prince precision spectrum 670, string
tension is 249 N) was used for stroke motion collection.
The racket mass was 0.380 kg, the racket length was
0.686 m, and the center of the racket mass location was
0.344 m from the bottom.

The coordinate system of the trunk, upper arm,
forearm, hand, and racket was defined using 21 reflective
markers attached to the racket and subject. These markers
were attached to the xiphoid process, sternal notch, spi-
nous process of the seventh cervical and eighth thoracic
vertebrae, left and right acromioclavicular joints, medial
and lateral epicondyles of the elbow, radial and ulnar
styloid processes, knuckles Il and V, anterior superior
iliac spine, posterior superior iliac spine, and a triad of
markers on the upper arm. The relationship between the
epicondyle and triad markers on the upper arm defined in
the anatomical neutral position was used to determine the
medial and lateral epicondyle marker positions during
motion. The ball speed after the ball-racket contact was
detected using retroreflective tape wrapped around the
ball. In the testing environment, the subjects were allowed
to practice the two backhand stances. As the motion col-
lection commenced, the subjects stood on the left side of
the tennis court baseline to execute the backhand trials.
Each session involved a 1-s static anatomical neutral
position followed by ten successful strokes with a 3-min
break between the two stroke stances. A stroke was con-
sidered successful only when the ball was hit into a spe-
cific 2 x 2 m area located in the right corner of the oppo-
site baseline. An average of ten successful trials in each
stroke stance was required for this test.

A five-segment linkage system, including the
trunk, upper arm, forearm, hand, and racket, was modeled
in this test. For the spatial kinematic description, each
segment was considered a rigid body and each joint was
assumed to be of the ball and socket type. The anthropo-
metric database by McConville et al. (1980) was adopted.
The racket weight and center of mass position were quan-
tified using a weight scale and suspension method (Brody,
1985). A three-dimensional trajectory of the reflective
markers was smoothed, and the derivatives were calculat-
ed using a generalized cross-validation quintic spline
smoothing routine (Woltring, 1986) at a cutoff frequency
of 7.12 Hz.

Shoulder, elbow, and wrist loads were defined
through the inverse dynamic approach. The complete
Newton—Euler equation of motion of each rigid body is
given as:

F,=ma-F,-F, )
M, =l o+oxlo—(M +1, xFy +1, xF,)

Fp: proximal joint force

F4: distal joint force

F.: gravity

M,: proximal joint moment

Myg: distal joint moment

rp: proximal arm

rq: distal arm

’: local angular velocity of the body segment

Through calculation of the known distal joint force
and joint moment, the proximal joint force and joint mo-
ment can be obtained; further, the force and moment of
each joint can be obtained.

All force and moment components of the segments
in this study were transferred from the segmental coordi-
nate system to the tennis court coordinate system to clari-
fy the segmental contribution in tennis stroke perfor-
mance. The stroke leading direction, in the court coordi-
nate system, was considered the negative X-axis, referring
to the rotation axis of the trunk left-right bending, abduc-
tion-adduction of the shoulder and elbow joints, and
radial-ulnar deviation of the wrist joint at the neutral
position. The Y-axis was the right side of the court, refer-
ring to the rotation axis of the extension—flexion of the
trunk and body segments. The Z-axis, the upward direc-
tion, referred to the rotation axis of internal-external
rotation of the trunk and other segments.

The data from the backswing phase (the initial po-
sition to the maximum trunk left rotation) to the accelera-
tion phase (the maximum trunk left rotation to the ball-
racket contact) and the follow-through phase (from the
ball-racket contact to the highest position of the racket)
were analyzed. At each phase during backstroke, the skill
level and stroke stance effect on impact force generation
were analyzed through -a two-way analysis of variance
with repeated measures at a significance level of 0.05.
The parameter changes during each phase of a stroke
cycle were defined as data variations.

Results

Table 1 lists the peak value of the joint impact force and
its variation during acceleration. The upper arm, forearm,
and hand were in the order of the upper limb mass; there-
fore, a higher impact force was generated at the shoulder
joint during acceleration (F = ma). Table 1 indicates a
gradual decrease in the impact force from the proximal
shoulder joint to the distal wrist joint. Joint moment var-
ies with impact force during acceleration. Each peak joint
moment and its variation are listed in Table 2; the peak
joint moments at the shoulder, elbow, and wrist joints
occurred in sequence (Figure 2).

During the acceleration phase, the shoulder impact
force of the two-handed backhand mainly moved back-
ward and leftward (Figure 1 (a) and (b)). The backward
impact force peaked at early acceleration and then weak-
ened immediately. The upward impact force began to
decline before the impact, and its variation suggested no
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Table 1. Average segmental contribution to the joint force in acceleration phase (N). Data are means (£SD).

Advanced Intermediate
NEEIERE ) Open Square Open Square
Peak values

Shoulder back/fore -11.63 (4.55) -9.62 (4.44) -10.84 (7.27) -19.78 (6.47)
right/left 25.95 (4.13) 29.81 (3.60) 35.03 (8.83) 37.47 (5.05)
up/down 33.98 (1.99) 29.81 (2.67) 35.42 (5.47) 33.27 (2.37)

Elbow back/fore 6.64 (2.50) 4.27 (.79) 13.74 (3.27) 12.94 (2.95)
right/left 5.82 (2.06) 4.32 (1.82) 3.07 (2.64) 9.88 (3.78)
up/down 22.72 (1.65) 25.49 (4.02) 33.13 (8.09) 31.58 (4.30)

Wrist back/fore 9.52 (2.37) 8.76 (1.04) 16.99 (3.67) 19.58 (3.34)
right/left -10.10 (2.23) -10.35 (2.45) -12.13 (5.77) -15.60 (4.22)
up/down 17.92 (1.02) 19.88 (3.53) 24.65 (5.82) 26.41 (5.01)

Variations

Shoulder back/fore 21.13 (14.72) 25.33 (15.75) 31.98 (13.21) 25.18 (6.45)
right/left 16.42 (7.62) 14.67 (3.64) 24.03 (9.35) 20.66 (14.83)
up/down 11.25 (6.23) 16.26 (13.38) 15.67 (6.49) 16.42 (8.84)

Elbow back/fore 9.68 (6.32) 7.47 (4.20) 11.37 (4.21) 10.97 (7.48)
right/left 11.85 (10.99) 15.78 (7.91) 24.68 (7.84) 19.97 (8.33)
up/down 11.63 (6.83) 12.15 (3.34) 18.48 (4.75) 16.58 (14.08)

Wrist back/fore 8.47 (5.06) 6.50 (3.70) 10.06 (5.18) 11.34 (7.56)
right/left 11.37 (3.28) 7.92 (1.94) 9.33 (4.96) 11.76 (5.47)
up/down * 13.55 (7.18) 14.04 (6.66) 22.45 (4.14) 20.86 (6.36)

*p < 0.05 (Intermediate > Advanced).

Table 2. Average segmental contribution to the joint moment in acceleration phase (Nm). Data are means (+SD).

Advanced Intermediate
bR () Open Square Open Square
Peak values

Shoulder flexion/ extension 4.21 (.92) 4.59 (.86) 6.83 (1.94) 5.67 (1.87)
abduction/adduction -2.99 (.26) -3.77 (.80) .05 (2.29) -.62 (1.52)
internal/external rotation -1.91 (1.68) -5.54(2.33) -8.62(2.77) -5.52(1.74)

Elbow flexion/ extension 4.25 (.72) 7.97 (1.72) 6.71 (2.24) 7.71 (2.49)
abduction/adduction 2.07 (.85) 2.54 (1.00) 5.08 (1.78) 2.78 (.58)
internal/external rotation -1.70 (.83) -6.71(1.84)  -4.78(1.40) -5.14 (1.77)

Wrist flexion/ extension 1.94 (.66) 3.02 (.83) 2.79 (.94) 3.78 (1.79)
abduction/adduction 1.48 (.50) 5.71 (1.18) 4.41 (1.80) 4.78 (1.71)
pronation/supination -.93 (.23) -2.99 (.99) -1.43 (.54) -2.28 (.81)

Variations

Shoulder flexion/ extension 5.76+4.90 6.05 (2.77) 6.40 (3.69) 7.60 (3.26)
abduction/adduction 5.83+3.09 7.77 (1.91) 6.64 (2.04) 6.86 (4.49)
internal/external rotation 8.82+4.94 11.15(4.71) 10.45(4.58) 10.42(5.07)

Elbow flexion/ extension 5.83+2.28 7.44 (1.66) 6.35 (3.89) 6.08 (1.18)
abduction/adduction 5.24+2.50 7.08 (2.85) 4.95 (1.88) 6.82 (4.02)
internal/external rotation 6.01+3.26 9.08 (2.57) 7.70 (4.49) 9.03 (4.00)

Wrist flexion/ extension 3.95+2.00 5.88 (2.09) 4.85 (3.27) 7.78 (4.10)
abduction/adduction 6.11+3.40 10.21 (4.93) 6.89 (2.32) 5.66 (2.56)
pronation/supination * 2.80+1.21 5.26 (1.42) 3.93 (2.51) 6.11 (2.90)

*p < 0.05 (Square > Open).

significant difference between levels or stances (Figure
1(c)). The shoulder joint’s peak upward impact force was
the highest among the other upper extremity joints. Dur-
ing the initial acceleration phase, the shoulder joint mo-
ment was observed in major flexion, adduction, and ex-
ternal rotation (Table 2). Abduction occurred at impact
and continued to increase with the internal rotation mo-
ment after impact. Neither levels nor stances had a signif-
icant influence on the peak joint moment and its variation
(Table 2).

Discussion

This study compared the kinetic roles of the upper ex-
tremities in the racket impact force generation in two-

handed backhand strokes between the OS and SS among
tennis players with different skill levels. In this section,
we discuss the variation in the upper limb joint impact
force and joint moment during the acceleration phase
when the two-handed backhand was performed in the OS
and SS, as well as the joint force and joint moment at
impact. Figures 1 and 2 show all the joint impact forces
and moments; the values at the moment of impact were
excluded to simplify the analysis. This exclusion did not
affect the analysis. Only the impact phase data were ana-
lyzed, and the coordinate system of the segment was used
to describe the direction of the impact force.

Acceleration phase
The higher impact force gradually decreased from the
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with the AG, the IG generated higher upward impact
force at the wrist joint during the acceleration phase. To
avoid backhand stroke failure, tennis players tend to de-
velop an upward spin impact force to raise the racket;
therefore, the upward impact force at each joint is higher

Figure 2. Joint moment f shoulder, elbow, wrist, and racket:
(a) extension and flexion; (b) adduction and abduction; (c)
external rotation and internal rotation (BS: backswing;
ACC: acceleration; FTH: follow-through; IMP: impact).
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The internal rotation moment, which constantly
swelled from preimpact to follow-through, exerted a
heavy load on the rotator cuff (Figure 2 (c)), and this was
particularly true for the IG. This suggests that, to deceler-
ate, intermediate players swing with considerable effort in
the follow-through phase, leading to a continual increase
in the joint moment in this phase. In addition, studies on
shoulder strength and injury have shown that people gen-
erally demonstrate greater joint supination strength than
pronation strength, which is particularly true of athletes in
throwing or racket sports. No difference was observed in
the application of shoulder joint strength, regardless of
whether the backhand was performed with a single hand
or both hands. Shoulder joint injury is most often ob-
served in young tennis players; this is believed to be
caused by overuse of the rear rotator cuff (Silva et al.,
2006; Bylak and Hutchinson, 1998). Young intermediate
players should enhance their follow-through movement
after impact and avoid decelerating with considerable
strength to minimize the shoulder joint internal rotation
moment and avoid injury.

The elbow joint’s force direction during accelera-
tion was in line with that of the shoulder joint. The elbow
joint’s rightward and forward forces peaked at midaccel-
eration and then began to decrease. The peak—decelerate
phenomenon at the elbow joint occurred later than that at
the shoulder joint, indicating that the elbow joint’s impact
force was transferred through the limbs. The upward
impact force continued to increase until preimpact, and its
peak value and variation, as shown in Figure 1 (c),
showed no significant differences in the three directions.
According to a study by Riek et al. (1999) on the one-
handed backhand technique, the forearm muscles contin-
ue to move substantially after the impact, and the right-
ward impact force peaks in the follow-through phase and
is then decelerated by the antagonist muscle. Therefore,
the horizontal force peaks during the follow-through
phase and then declines swiftly; moreover, a leftward
force is believed to be generated by the joint impact force
moving rightward, which then decelerates.

Elbow joint abduction occurred at early accelera-
tion, at which point the external rotation moment of the
elbow joint peaked. The peak external rotation moment
during acceleration was 4.78 + 1.40 Nm for the IG in the
OS and 6.71 £+ 1.84 Nm for the AG in the SS. After accel-
eration, the elbow joint adduction occurred immediately
and rotated internally until postimpact. The peak value of
the internal rotation moment was reached in the follow-
through phase, which was attributed to the higher elbow
joint impact force after impact. The doubled-handed
backhand generated a higher internal rotation moment
than did the one-handed backhand, which, according to
Kelley et al. (1994), is because the force transferred to the
forearm after impact is evenly distributed in the entire
elbow in the two-handed backhand but absorbed by the
extensor in the one-handed backhand. The two-handed
backhand, therefore, generated a lower joint moment than
did the one-handed backhand, and this partly explains
why tennis elbow occurs more easily when performing a
one-handed backhand. Moreover, compared with a one-
handed backhand, a two-handed backhand causes fewer

sports injuries to the elbow joint (Groppel, 1992).

In addition to the extensor and flexor as the main
muscles used at the wrist joint when performing a back-
hand, Ellenbecker et al. (2006) demonstrated the im-
portance of forearm pronation strength and of pronation
strength being greater than supination strength (p < 0.01)
in the dominant arm. This is believed to be the result of
sports adaptation. Figure 1 shows that the impact force at
the wrist joint varied significantly in the acceleration
phase. During the initial acceleration stage, because of the
two-handed style, the joint impact force was not applied
right forward. The wrist joint impact force did not start to
move upward and rightward until midacceleration and
preimpact. The upward impact force, similar to the shoul-
der and elbow impact force, continued to increase after
impact. According to Figure 1, at this moment, the hands
were holding the racket and were ready for impact. After
impact, the racket was raised high. The peak values and
variation in the forward/backward and rightward/leftward
impact forces were relatively close between levels and
stances. The IG showed higher upward impact force than
the AG (Table 1). This corresponds with the previous
statement on sports adaptation and shows the irrelevance
of different stances. In addition, electromyography con-
ducted on the one-handed backhand of an AG and IG by
Wei et al. (2006) indicated that experienced tennis players
are significantly more effective at containing the force
and vibration at impact (p < 0.05). Therefore, tiny injuries
caused by the forearm muscles at impact, force transmis-
sion, and the possibility of the occurrence of tennis elbow
can be reduced. The AG demonstrated lower wrist joint
force during the acceleration phase. This corresponds with
the preceding statement that force transmission is re-
duced, and the variation in the shoulder and elbow joint
force is not significant.

All players demonstrated significantly higher varia-
tion in the pronation/supination of the wrist joint moment
in the SS than in the OS (p = 0.032) during the accelera-
tion phase, irrespective of the playing level. According to
the figures of each joint’s impact force and joint moment
during the acceleration phase, the wrist joint was the only
joint demonstrating significant differences in the upward
impact force between different levels (IG > AG) and in
the joint moment between stances (SS > OS). The shoul-
der joint’s peak impact force and joint moment were the
highest, whereas those of the wrist joint were the lowest.
The IG’s upward impact force at the elbow joint during
acceleration in both stances showed higher peak values
than that of the AG (Table 1). This was associated with
the IG’s higher internal rotation moment at the elbow
joint after impact (Figure 2). Therefore, this was attribut-
ed to experience and proficiency. Previous studies (Wei,
et al., 2006) have reported that more experienced players
could effectively reduce the vibration transmitted to the
forearm and elbow joints at impact, releasing the forearm
muscle and avoiding subsequent impact force after im-
pact. Inexperienced players, however, hold the racket
tightly before and after impact. Thus, to eliminate the
postimpact moment and prevent the increase in impact
force and joint moment, players must hold the racket
tightly before impact, relax their forearm muscles after



306

Ball-and-racket impact force in tennis two-handed backhand stroke

impact, and avoid decelerating with considerable strength
in the follow-through phase.

Impact

Not every direction of joint loading could contribute to
the impact force. The only force in the ball impact direc-
tion benefited from the ball acceleration. The joint impact
force and joint moment were generated by angular
movements at each joint. Moreover, the contact between
the racket and speeding ball (the speed of the serve in this
study was approximately 14 m/s) caused a rapid increase
in the impact force, which was transferred to the shoulder
joint through the wrist joint. Tables 1 and 2 present the
two-handed backhand’s impact force and moment while
the players were in different stances. The AG in the SS
generated higher impact force and joint moment than the
IG in the OS. The analysis results in Table 2 show that the
difference between the stances was significant in the wrist
joint moment, and that between the levels was significant
in the wrist joint impact force.

Although the SS helped generate a higher impact
force and joint moment, the difference between the SS
and OS was not significant except in the wrist joint mo-
ment. Compared with the IG, the AG demonstrated signif-
icantly higher impact force and joint moment in both the
SS and OS. Only the shoulder joint’s upward impact force
of the I1G was higher than that of the AG. This was be-
cause the 1G achieved a significantly higher impact force
than the AG before impact (Figure 1). Riek, Chapman,
and Milner (1999) examined a potential injury mechanism
from a typical backhand tennis stroke performed by nov-
ice and advanced players and observed a significantly
higher impact force at the moment of impact for the ad-
vanced players. Our results support their findings.

Bahamonde and Kundson (2003) investigated the
kinetics of the tennis forehand stroke in different stances
and observed that the SS helped generate a higher shoul-
der joint internal rotation moment than did the OS (p <
.05), and professional players demonstrated a higher wrist
joint flexion moment compared with amateur players (p <
.05). Compared with their study, the present study reports
no significant difference between the two stances, and the
AG showed a significantly higher pronation moment at
impact than did the IG. In addition to the difference in
laboratory equipment or the type of forehand and back-
hand, the two-handed style is believed to yield different
study results because it helps distribute the impact force
evenly in each limb segment and prevent the impact force
from being absorbed directly by a tendon (Kelley at al.,
1994; Groppel, 1992).

The AG generated a significantly higher impact
force and joint moment at each joint at impact but lower
impact force and joint moment before impact than did the
IG (Tables 1 and 2). After impact, the impact force and
moment of the AG remained lower, but the impact veloci-
ty of the AG was similar that of the 1G. According to Wei
et al. (2006), experienced athletes reduce the racket im-
pact on the elbow joint by 89.2%; however, amateur play-
ers reduce it by only 61.8%. Thus, experienced athletes
can effectively reduce the impact force transmitted to
proximal joints. Because of the lower impact force and

joint moment generated in both the SS and OS, the AG
was believed to be able to generate ball velocity and re-
duce sports injury more effectively. The IG, however,
exerted more strength in both stances with no significant
influence on ball velocity. Exerting more strength is as-
sumed to be associated with a higher possibility of sports
injury.

Conclusion

Different stances did not cause significant differences in
the joint force or joint moment, and minimal differences
were observed between the different skill levels during
the acceleration phase. A higher internal rotation moment
after impact was observed at each joint, particularly for
young intermediate tennis players, regardless of their
stances. Therefore, during training, young players must
avoid exerting excessive strength during follow-through
movements after impact to avoid sports injury. The joint
force and joint moment at impact in the two stances did
not differ significantly; however, the AG demonstrated a
higher joint force and moment at every joint than did the
IG (except the shoulder joint’s upward impact force).
Moreover, the AG demonstrated higher stroke efficiency
and effectively reduced both the joint moment after im-
pact and the risk of sports injury. A potential limitation of
this study is the force distribution that was used in the
calculation. In calculations of the joint force and joint
moment through the inverse dynamics approach, it must
be remembered that the racket is held in two hands and
the force distribution on two hands has an influence on
the calculation. Because of the unavailability of related
studies on force distribution on both hands in the two-
handed backhand, an even force distribution on two hands
was assumed in the present study.
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Key points

e Advanced players, regardless of open stance or
square stance, have larger joint force and moment
at each joint before ball impact resulting in better
stroke efficiency and reduced chance of injury.

e Intermediate players, regardless of stance, have
higher internal rotation moment at each joint in-
stead of larger joint force as compared to advanced
players before ball impact. The higher internal ro-
tation moment will induce higher joint impact
force which makes the player injury-prone.

e Young intermediate tennis players may want to
avoid excessive follow-through movement after
ball impact to prevent injury in their early career.
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