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Abstract

Objective Tennis is characterised by repetitive serves and strokes predominately performed with one arm. This can
lead to differences in upper quarter mobility/stability between the stroke and non-stroke arm, which could even
enlarge with increasing training experience and negatively affect serve velocity. Thus, we determined side differences
(ie, limb symmetry index) in upper quarter mobility/stability and their association with flat and slice serve velocity in
advanced (ITN <4) female and male tennis players (N=42, mean age =23.9+9.3 years) with different levels of training
experience (<2 years:n=14,2-5years:n=17,6-8 years:n=11).

Results Y Balance Test-Upper Quarter (YBT-UQ) side difference (i.e., composite score) and performances (i.e,,

medial reach) were largest in players with the lowest level of training experience (i.e., < 2 years). Further, YBT-UQ
performances (i.e,, medial reach and composite score) but not side differences were significantly correlated with flat
and slice serve velocity, particularly in less experienced players. Our results suggest that significant side differences in
upper quarter mobility/stability occur in less experienced players (indicative of increased injury risk) but they are not
related to tennis-specific performance (i.e, serve velocity).
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Introduction

Tennis is characterised by mainly unilateral hitting
actions (e.g., serve, groundstroke, etc.). This may result in
side differences (i.e., inter-limb asymmetry) between the
stroke arm and non-stroke arm in terms of upper limbs’
performance, which can further increase with years
of training. This experience-related change has been
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interpreted as ‘functional specialisation’ [1], whereby
structural and functional adaptations in the neuromus-
cular system occur because of long-term motor prac-
tice. Even if the appearance of a functional specialisation
initially suggests an advantage (e.g., hard and fast hit-
ting actions), there is evidence [2] for the occurrence of
physical performance decrements if asymmetry increases
above a certain level (~ 10%). For example, Gonzalo-Skok
et al. [3] reported that neuromuscular asymmetry was
associated with inferior physical performance (i.e., lower
vertical jump height) in young elite athletes. Moreover,
Madruga-Parera et al. [4] investigated elite youth tennis
players and found significant side differences in the lower
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limbs for measures of muscle power, change of direction
speed, and balance.

Despite the evidence of negative effects of neuromus-
cular asymmetry on athletic performance of the lower
limbs, studies about the influence on upper limb per-
formance are lacking. This is surprising, since neuro-
muscular asymmetry in upper quarter mobility/stability
has been previously associated with an increased risk
(i.e., risk ratio: 1.2) for a future time-loss musculoskel-
etal injury [5]. Therefore, the objectives of the present
study were to assess side differences between the stroke
arm and non-stroke arm in upper quarter mobility/sta-
bility and their association with serve velocity in tennis
players with different levels of training experience. We
hypothesised that due to the tennis-specific unilateral
hitting actions side differences in upper quarter mobility/
stability between arms would be present, increase with
advancing level of training experience, and are negatively
associated with serve velocity.

Main text

Methods

Participants

Forty-two advanced (ITN<4) tennis players who were
free of any musculoskeletal dysfunction, neurological
impairment, or orthopaedic pathology participated in
this study (Table 1). In accordance with Swann et al. [6],
players were divided into three groups differing in the
level of training experience (<2 years: n=14, 2—5 years:
n=17, 6-8 years: n=11).

Testing procedures

After entering the outdoor clay court, the players
received verbal information about the testing procedure
and a live demonstration of both serve types (i.e., flat and
slice) performed by the experimenter. Thereafter, their
body mass, body height, and arm length were measured
followed by a 10-minutes standardised warm-up includ-
ing speed, agility, and stretching exercises as well as 10
serves at submaximal speed. Subsequently, each player
was required to execute flat and slice serves at maximum
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speed in a randomised order until a total of five serves
of each type successfully reached the service box. Right-
handed players performed the serves from the deuce
side, while left-handed players served from the advantage
side. Every player used their own racket and new balls.
The order of both serve types was randomised between
players. Lastly, the upper quarter mobility/stability was
assessed.

Assessment of anthropometric variables

Body mass was measured with an electronic scale (Seca
803, Basel, Switzerland) to the nearest 100 g and body
height was measured using a stadiometer (Seca 217,
Basel, Switzerland) to the nearest 0.1 cm, with par-
ticipants wearing light clothing, standing straight and
upright without shoes. Arm length (to the nearest
0.1 cm) was measured from the distal tip of the middle
finger, with the shoulder at 90-degree abduction, to the
seventh cervical spinous process using a measuring tape

[7].

Assessment of serve velocity

Ball speed was assessed using a “Stalker Pro” Doppler
radar gun (working frequency: 35.1 GHz, measuring
range: 0—400 km/h, accuracy: 0.16 km/h; Applied Con-
cepts Inc., Plano, TX, USA). The radar gun was posi-
tioned on the centre of the baseline, 4.0 m behind the
player, aligned at a height of ~2.2 m (approximate height
of ball contact) and pointing down to the centre of the
court [8]. The achieved ball speed was verbally provided
after each serve and the fastest serve (km/h) for each type
was used for subsequent analysis. Reliability of the radar
gun has been shown in a previous study [9].

Assessment of upper quarter mobility/stability

Upper quarter mobility/stability was assessed using the Y
Balance Test-Upper Quarter (YBT-UQ). While maintain-
ing a single arm push up position on the central platform
of the test kit (Move2Perform, Evansville, IN, United
States), participants were asked to push the reach indi-
cator along three pipes with the contralateral arm in the

Table 1 Characteristics of the tennis players by level of training experience

Characteristic All players (N=42) YoT<2(n=14) YoT 2-5 (n=17) YoT 6-8 (n=11) p-value (qu)
Sex [f/m] 16/24 3/M 5/12 8/3 -

Age [years] 239+93 22.7£10.0 239+110 255+4.7 0.772 (0.01)
Body height [cm] 1776485 180.2+7.6 176.6+9.9 1760+6.9 0.383 (0.05)
Body mass [kg] 714+11.1 71.8+£108 727124 68.5+9.8 0.622 (0.02)
Body mass index [kg/mz] 225424 221426 231425 220+2.1 0371 (0.05)
Stroke arm [I/1] 3/39 0/14 0/17 3/8 -

Stroke arm length [cm] 90.6+4.3 92.1+3.6 89.9+46 90.0+4.5 0.242 (0.07)
Non-stroke arm length [cm] 89.4+45 91.1+38 88.7+45 88.5+5.1 0.015(0.19)

Values are expressed as meantstandard deviation. Figures in brackets are effect sizes (npz) with O.OZSUDZSOJZ indicating small, o.13snpzso.25 indicating medium,
and np220.26 indicating large effects. f: female; I: left; m: male, r: right, YoT: years of training
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following order: (1) medial (MD), (2) inferolateral (IL),
and (3) superolateral (SL) reach direction (see Additional
file 1). Players performed three trials for each arm sepa-
rated by 30 s and the greatest reach distance (cm) in each
direction was used for subsequent analysis. A trial was
discarded and repeated if the player (1) failed to maintain
the single arm push up position (i.e., touched the floor
with the reach arm), (2) failed to remain in contact with
the reach indicator at the most distal point (i.e., pushed
the reach indicator to achieve greater distance), (3) used
the reach indicator to support weight (i.e., mechanical
support), or (4) failed to return the reach arm to the cen-
tre of the test kit. Reach distance was normalised to arm
length (i.e., (reach distance / arm length) * 100)) and the
composite score was calculated (i.e., [(MD+IL+SL) / (3 *
arm length)] * 100) [10]. Lastly, the limb symmetry index
(LSI) was calculated as the mean score for the non-stroke
arm divided by the mean score for the stroke arm, and
then multiplied by 100 [11].

Statistical analysis

Data were analysed using JASP version 0.16.4.0 (Amster-
dam, The Netherlands) and are presented as mean +stan-
dard deviation. After normal distribution (Shapiro-Wilk
test) and homogeneity of within variance/sphericity
(Levene test) was confirmed, a univariate ANOVA was
performed to detect between-group differences. Bon-
ferroni-adjusted post-hoc analyses were performed if a
significant difference occurred. Partial eta-squared (iypz)
was calculated and reported as small (0.02S;7p230.12),
medium (.13;7P2S0.25), or large (17p220.26) for the
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ANOVA and Cohen’s d was determined and interpreted
as trivial (0<£4<0.19), small (0.20<d<0.49), moderate
(0.50<d<0.79), or large (d=>0.80) for the post-hoc analy-
ses. Further, associations between YBT-UQ side differ-
ence and performance with serve velocity were separately
calculated for each serve type using Pearson’s product
moment correlation coefficient. Coefficients were inter-
preted as weak (r=.10-0.35), moderate (r=.36-0.67), or
strong (r=.68-1.00) [12]. The alpha value was a priori set
at p<.05 for all analyses.

Results

The ANOVA showed small to medium group discrep-
ancies in YBT-UQ side difference, that were significant
for the composite score (LSI: p=.012, 17p2=O.20) only
(Table 2). Post-hoc analyses yielded a large-sized differ-
ence between means (p=.009, d=1.26), with the group
with the lowest training experience (YoT: <2) show-
ing higher values compared to those with the highest
(YoT: 6-8) experience level. Further, we detected small
to medium group differences in YBT-UQ performance,
that reached the level of significance for the medial reach
direction (stroke arm: p=.040, 17p2=O.15; non-stroke
arm: p=.037, 17p2=O.16) only. Again, post-hoc analyses
revealed large-sized differences between means (stroke
arm: p=.031, d=1.1; non-stroke arm: p=.029, d=1.1),
with players with the lowest training experience (YoT:
<2) achieving higher values compared to those with the
highest (YoT: 6-8) experience level. Concerning tennis-
specific performance, flat and slice serve velocity did not
significantly differ between groups.

Table 2 Y Balance Test-Upper Quarter (YBT-UQ) side differences and performance and tennis-specific performance by level of training

experience

Outcome YoT: <2 (n=14)

YoT: 2-5 (n=17) YoT:6-8 (n=11) p-value (%)

YBT-UQ: side difference

LSI for the medial reach [% AL] 47433
LS for the inferolateral reach [% AL] 11.5+8.1
LSI for the superolateral reach [% AL] 94+78
LSl for the composite score [% AL] 6.6+4.3
YBT-UQ: performance

SA: medial reach [% AL] 1155+10.2
SA: inferolateral reach [% AL] 100.7 +12.1
SA: superolateral reach [% AL] 80.0+10.7
SA: composite score [% AL] 98.7+8.5
NSA: medial reach [% AL] 1163+89
NSA: inferolateral reach [% AL] 105.0+£10.8
NSA: superolateral reach [% AL] 782+12.3
NSA: composite score [% AL] 998+7.7
Tennis-specific performance

Flat serve velocity [km/h] 1604+189
Slice serve velocity [km/h] 1451+£19.0

38+28 39+28 0.700 (0.02)

94+77 53+32 0.105 (0.11)

75+49 6.3£53 0437 (0.04)

43+29 25+19 0.012(0.20)
111.6+89 1053+99 0.040 (0.15)
106.2+10.9 994+113 0.245 (0.07)
76.8+£10.0 76.8x£11.1 0.663 (0.02)
98.2+6.0 93.8+10.0 0.272(0.07)
110.7+85 1058123 0.037(0.16)
108.7+10.3 101.4+13.3 0.257 (0.07)
752123 778%+122 0.770(0.01)
98.2+6.6 95.0£10.6 0.348 (0.05)
1586+16.7 150.8+153 0.357 (0.05)
1415+16.1 1294+158 0.071(0.13)

Values are expressed as meantstandard deviation. Figures in brackets are effect sizes (npz) with O.OZSnPZSOJZ indicating small, 0.13Snp2S0.25 indicating medium,
and np220.26 indicating large effects. AL: arm length, LSI: limb symmetry index, NSA: Non-stroke arm; SA: stroke arm; YBT-UQ: Y Balance Test-Upper Quarter; YoT:

years of training
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Non-significant weak to moderate positive and nega-
tive correlations were observed between YBT-UQ reach
asymmetry and flat/slice serve velocity, regardless of
training experience (Table 3). However, YBT-UQ reach
performance (i.e., medial direction) was significantly
positively correlated (r=.36 to 0.65, p<.05 to 0.001) with
flat and slice serve velocity in all players and in those with
YoT: <2 and YoT: 2-5.

Discussion

We investigated side differences between the stroke arm
and non-stroke arm in upper quarter mobility/stability
and their association with serve velocity in tennis play-
ers with different levels of training experience. Two novel
results emerged: First, YBT-UQ side difference (i.e., com-
posite score) and performance (i.e., medial reach) was
larger in players with the least training experience (i.e.,
less than 2 years of training). Second, YBT-UQ perfor-
mances (i.e., medial reach and composite score) but not
side differences were significantly positively correlated
with flat and slice serve velocity.

The first finding is contrary to our hypothesis stat-
ing that side differences would increase with advancing
level of training experience. An increase in inter-limb
asymmetry with increasing years of training has so far
only been reported for the lower extremities [2] and thus
cannot be transferred to the upper limbs. The detection
of larger side differences in the composite score among
players with the least versus highest training experi-
ence argues against the notion of a ‘functional speciali-
sation’ due to long-term motor practice [1]. One reason
could be that functional specialisation only occurs in

Page 4 of 6

sport-specific test conditions but not in non-specific
ones [1]. In addition, the larger side differences in players
with the least training experience indicate an increased
injury risk [5]. Thus, injury prevention programs should
be implemented in the tennis training routine, especially
for less experienced players. On the other hand, the lower
side differences for players with the highest experience
level suggest that they may be more engaged in exten-
sive fitness routines aimed at reducing such asymmetries,
which may partly explain the lack of increased asymme-
tries [13].

The YBT-UQ performance (i.e., medial reach) was also
greater in players with the least training experience when
compared with the other two groups. This finding is in
contrast to previous studies [14, 15] that reported better
YBT-UQ performance with increasing competition level.
For example, Bullock et al. [14] investigated high school
and collegiate swimmers and found significantly better
values for the medial reach direction in favour of the lat-
ter group of swimmers. The significantly greater reach
distance in medial direction for players with the least
training experience suggests a better direction-specific
upper quarter mobility/stability compared to the other
two groups of players.

The second finding is also contrary with our hypothesis
stating that YBT-UQ side differences would be negatively
associated with serve velocity. Meanwhile, our finding of
positive correlations between YBT-UQ performance and
serve velocity highlights that players with large medial
reach values achieve higher serve velocities during flat
and slice tennis serves, indicative of better upper quarter
neuromuscular control. These correlations were observed

Table 3 Correlations of Y Balance Test-Upper Quarter side differences and performance with serve velocity by level of training

experience
Outcome Flat serve velocity [km/h] Slice serve velocity [km/h]
All players  YoT: <2 YoT: 2-5 YoT: 6-8 All players YoT: <2 YoT: 2-5 YoT:
(N=42) (n=14) (n=17) (n=11) (N=42) (n=14) (n=17) 6-8
(n=11)
YBT-UQ: side difference
LSI for the medial reach [% AL] 0.14 -0.26 0.39 043 0.04 -0.39 0.30 0.31
LS for the inferolateral reach [% AL] -0.15 -048 -0.15 0.22 —-0.05 -023 —-0.20 -0.06
LSI for the superolateral reach [% AL] 0.08 0.12 -0.15 0.19 0.28 0.31 0.01 042
LSl for the composite score [% AL] —0.05 -0.32 -0.09 0.20 0.12 -0.14 0.06 0.07
YBT-UQ: performance
SA: medial reach [% AL] 0.38* 048 032 0.11 0.57%** 0.57* 0.54* 0.35
SA:inferolateral reach [% AL] —-0.01 0.18 -0.13 -0.24 0.14 0.18 0.07 0.07
SA: superolateral reach [% AL] 0.10 043 —-0.06 -021 0.12 0.28 —0.05 0.04
SA: composite score [% AL] 0.20 0.46 0.05 -0.13 0.36% 043 0.29 0.16
NSA: medial reach [% AL] 041%* 0.65* 0.26 0.20 0.55%** 0.53* 047 049
NSA: inferolateral reach [% AL] -0.10 -0.09 -0.10 -0.33 -0.02 -0.03 -0.12 -0.15
NSA: superolateral reach [% AL] 0.10 035 -0.07 0.03 0.07 0.26 -0.14 0.19
NSA: composite score [% AL] 017 0.39 0.02 —0.05 0.26 033 0.05 0.20

*p<.05; **p<.01; ***p<.001. AL: arm length, LSI: limb symmetry index; NSA: Non-stroke arm; SA: stroke arm; YBT-UQ: Y Balance Test-Upper Quarter; YoT: years of

training



Lambrich et al. BMC Research Notes (2024) 17:275

when considering at all players, and the less experienced
players in particular. This suggests that the level of upper
quarter mobility/stability explains a greater proportion of
variance with respect to serve velocity in players with a
low compared to high level of training experience. From
a practitioner’s perspective, it can be deduced that train-
ing-induced gains in upper quarter mobility/stability can
be transferred to improvements in serve velocity, particu-
larly in less experienced players.

Conclusion

We determined whether side differences in upper quar-
ter mobility/stability differ between tennis players with
diverging levels of training experience and if they are
related with serve velocity. Our results highlight that
YBT-UQ side differences (i.e., composite score) and per-
formances (i.e., medial reach) were largest in players with
the lowest level of training experience (i.e., <2 years). We
further found that YBT-UQ performances (i.e., medial
reach and composite score) but not side differences were
significantly positively correlated with flat and slice serve
velocity, particularly in less experienced players. These
findings suggest meaningful inter-limb asymmetry in
upper quarter mobility/stability in less experienced play-
ers, indicating an increased injury risk but no relationship
with tennis-specific performance (i.e., serve velocity).

Limitations

+ Advanced players (ITN <4) were examined, which
limits the transfer of findings to players with a lower
skill level (i.e., intermediate or recreational).

+ Assessment of side differences in upper quarter
mobility/stability was restricted to a frequently
used field test (i.e., YBT-UQ), which does not allow
statements about other instrumented measures (e.g.,
shoulder strength or range of motion).

« The YBT-UQ represents a closed kinetic chain test
and thus, our results cannot transfer to open chain
assessments.

+ The number of attempts to reach five successful
strokes varied between the players.

Abbreviations

AL Arm length

ANOVA  Analysis of variance

IL Inferolateral

TN International Tennis Number
LSI Limb symmetry index

MD Medial

NSA Non-stroke arm

SA Stroke arm

SL Superolateral

YBT-UQ Y Balance Test-Upper Quarter
YoT Years of training
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