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The purpose of this pilot case study is to investigate the effects of Pi-
lates training on hamstring/quadriceps ratio, trunk strength, shoulder
strength, and body composition in adolescent baseball players. Eight
adolescent haseball players, 15 years of age, participated in Pilates
program (supervised training, 50 min per session for three times a week
for 8 weeks) using reformer and Cadillac. The intensity of the program
was progressively increased by applying beginner level for 1-2 weeks,
intermediate level for 3-6 weeks, and advance level for 7-8 weeks. To
verify the effect of the Pilates program on hamstring/quadriceps ratio,
trunk strength, shoulder strength and body composition, participants
performed hioelectrical impedance analysis and isokinetic testing at
pre- and posttraining. After the Pilates training, there were significant
increases in body weight (P<0.01), left arm muscle mass (P<0.01), and

INTRODUCTION

Hamstring strain is one of the most common muscle injuries in
various sports (Brooks et al., 2006; Lee et al., 2018). In the case of
baseball, hamstring strain is the most common injuries in both
collegiate and professional levels, and 25% of players injured
hamstring had been sidelined for 1 month or longer (Ahmad et
al., 2014; Dick et al., 2007). Furthermore, recurrence rate of ham-
string strains has been announced to be 20% in major league
baseball players (Ahmad et al., 2014). There are many risk factors
leading to future hamstring strain. These include reduced ham-
string strength (Opar et al., 2015) and lower hamstring to quad-
riceps strength ratio (H/Q ratio) (Lee et al., 2018). Especially, H/

trunk muscle mass (P<0.01). In addition, there were significant increas-
es in left and right knee flexion peak torque (P<0.01 and P<0.05, re-
spectively), right knee extension peak torque (P<0.05), left and right
hamstring/quadriceps ratio (both P<0.01), trunk flexion peak torque
(P<0.05) and shoulder flexion peak torque (P<0.05) after 8 weeks of
training. Therefore, Pilates training increased muscle mass, hamstring/
quadriceps ratio, trunk and shoulder strength, suggesting that it may
help baseball players do better performance and prevent future injuries
in adolescent players.

Keywords: Pilates, Baseball player, Hamstring/quadriceps ratio, Trunk
strength

Q ratio imbalance lowering than 0.6 can be a risk factor for ath-
lete’s noncontact leg injuries which happen during the closed ki-
netic movement such as base running in baseball (Kim and Hong,
2011). Therefore, maintaining adequate hamstring to quadriceps
strength balance could be one of the most important factors to
prevent injuries related to baseball.

In baseball, trunk muscle strength is needed to maximize
pitcher’s performance. Pitching is a total body activity requiring
continuous movements involving the trunk as well as upper and
lower limbs (English and Howe, 2007). It means that trunk plays
a role to transfer energy from the lower limb to the upper limb for
baseball players to make accurate pitch at fast speed (Solomito et
al., 2015). Also, trunk muscle strength is significantly associated
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with athletic performance factors such as sprint, agility, and jump
(Prieske et al., 2015, 2016), and these are essential abilities to
baseball fielders and hitters. Moreover, trunk muscle strength is
also important to prevent injuries of upper extremities. Exhibit-
ing excessive contralateral trunk tilt (CLT) during pitching has
been related to faster ball speed, however this type of movement
puts a strain on the shoulder and elbow joints in adolescent base-
ball pitchers (Oyama et al., 2013). Deficit in trunk muscle strength
has been reported to be one of the most important cause of demon-
strating excessive CLT (Solomito et al., 2015). Taken together, en-
hancing trunk strength could help baseball players do better per-
formance and prevent future injuries.

There are several exercise methods to improve risk factors for
athletic injuries. One of them is Pilates which was created in the
1920s by Joseph Pilates (Latey, 2001). It focuses on enhancing
strength, flexibility, core stability, control of trunk and pelvic seg-
ments, posture and breathing (Kliziene et al., 2017; Wells et al.,
2012). Because of these benefits, it has become popular with pa-
tients who suffer from chronic low back pain. It has been reported
that there were significant beneficial effects of regular Pilates train-
ing on low back pain intensity by activating the deep muscles to
stabilize the lumbar-pelvic region (Rydeard et al., 2006) and in-
creasing isometric trunk extension and flexion strength (Kliziene
et al., 2017). Considering the effects of trunk muscle strength on
baseball performance and injury prevention explained above, it is
likely that Pilates training could have beneficial effects on baseball
players.

Many studies have reported that H/Q ratio in well-trained ath-
letes has been improved through various exercise methods such as
traditional resistance training (Ibis et al., 2018), stretching (Lima
et al., 2018), and nordic hamstring curl (Mjglsnes et al., 2004).
Also, there was a study that trunk strength has been improved
through bodyweight core training (Prieske et al., 2016). However,
to the best of our knowledge, there are few studies using Pilates as
an exercise program in baseball players on risk factors for athletic
injuries such as H/Q ratio and trunk strength. English and Howe
(2007) reported the case study on effects of Pilates training on
trunk strength by measuring a double leg lowering test (DLLT).
DLLT is one of the most popular methods to evaluate trunk strength
for its simplicity, but there has been a problem in terms of its va-
lidity. Ladeira et al. (2005) reported that DLLT may be a useful
method to evaluate spine stability, but it is not suitable for esti-
mating trunk strength because of its low validity. Therefore, fur-
ther studies are needed to investigate the effects of Pilates training
on athletic performance related factors via more valid methods
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like isokinetic testing for assessing muscle strength.

The purpose of this pilot case study is to investigate whether
8-week Pilates training program in adolescent baseball players has
beneficial effects on H/Q ratio, trunk strength, shoulder strength,
and body composition. We expect the preliminary results to pro-
vide relevant information for designing further research and facili-
tating planning of the Pilates training program to athletes.

MATERIALS AND METHODS

Subjects

Eight subjects were openly recruited from a convenience sample
of adolescent baseball players. All of them were middle school
players (ages 15 years) in Seoul, Korea. All players provided writ-
ten informed consent after explanation of the study and exercise
program. The study protocol was approved by the Institutional
Review Board (IRB) Committee of the Korea National Sport
University (IRB No. 20181214-085). The anthropometric char-
acteristics of the subjects are shown in Table 1.

Procedures

One week prior to the baseline measurements, the subjects vis-
ited the laboratory for familiarization with a pretest. They were
required to avoid performing any vigorous physical activity 24 hr
prior to the study. Also, they were recommended to get enough
sleep. To investigate the effects of the 8-week Pilates training on
H/Q ratio, trunk strength, shoulder strength, and body composi-
tion, isokinetic testing and bioelectrical impedance analysis were
performed. All subjects participated in Pilates program during
the 8-week training period.

Pilates training program

Pilates training program using equipment such as reformer and

Table 1. Participant demographics

Age Weight Height BMI H/Qratio
{yr) (ka) em)  (ka/m?)  (eft Right

Male 15 675 1802 208 0.40 043
Male 15 602 1677 214 055 0.50
Male 15 535 1726 200 0.67 0.70
Male 15 760 1736 252 0.49 0.51
Male 15 864 1780 273 042 039
Male 15 599 1773 191 0.53 0.50
Male 15 728 1725 245 045 042
Male 15 553 1690 194 059 057

Participant ~ Sex

0 N OO N =

BMI, body mass index; H/Q ratio, hamstring to quadriceps strength ratio.
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Cadillac is shown in Table 2. During the 8-week intervention pe-
riod, all subjects participated in the supervised training program
for 50 min per session for 3 times a week under an instruction of
Pilates expert and a supervision of an exercise physiologist. The
program consists of three phases: (a) warm-up (5 min), (b) main
exercise (40 min), and (c) cool-down (5 min). The intensity of the
program was progressively increased by applying beginner level

Table 2. Pilates training program

Program level Contents
Warm up (5 min) 1. Breathing
2. Hip release
3. Roll-up preparation
4. Arm circles

Main exercise (40 min)
1-2 Weeks 1. Single leg stretch

2. Double leg stretch

3. Rolling like a ball

4. Swimming (modification)

5. Obliques

6. Spine twist

7. Spine stretch forward

1. Roll up

2. Rolling like a ball

3. Side bend

4. Spine stretch forward

5. Side leg series

6. Criss cross

7. Mermaid (modification)

1. The hundred

2. Single leg circles

3. Leg pull back

4. Leg pull front

5. Roll over

6. Side bend

7. Spine stretch forward

8. Side leg series

1. The hundred

2. Side kick: front/back

3. Side kick: small circles

4. Rowing

5. Swan

6. Teaser

7. Side bend

1. Head nods

2. Hiprolls

3. Breast stroke prep

4. Cat stretch

34 Weeks

56 Weeks

7-8 Weeks

Cool down (5 min)
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for 1-2 weeks, intermediate level for 3—6 weeks, and advance lev-
el for 7-8 weeks to participants (Table 2).

Outcome measures
Anthropometric measures

Anthropometric data included body weight (kg), body mass in-
dex (kg/m®), and muscle mass (kg) were measured using bioelec-
trical impedance analysis (InBody 720, Biospace, Seoul, Korea).
Body weight and height presented to the nearest 0.1 kg and 0.1
cm, respectively.

Isokinetic testing

The knee extension and flexion peak torque (PT) of each leg,
trunk extension and flexion PT, and shoulder extension and flex-
ion PT of dominant side were concentrically measured at 240°/sec
(15 repetitions) using Humac NORM isokinetic dynamometers
(CSMi, Stoughton, MA, USA). PT is recorded in Newton-meters
(Nm). All subjects had prior exposures (23 testing) on the isoki-
netic dynamometers to familiarize them to the machine and the
testing procedures.

Data analysis

Since the sample size is too small (n=8), our quantitative data
is presented individually. Data were analyzed using mean change
scores, with Cohen effect sizes (ES) and associated confidence lim-
its applied to quantify magnitude of change. Data were presented
as means *standard deviations. We also applied a paired #-test to
indicate the statistical meaning of the change by using IBM SPSS
Statistics ver. 25.0 (IBM Co., Armonk, NY, USA). Statistical sig-
nificance was set at P <0.05. We recognize that using the statisti-
cal analysis have limited meaning in this context, and we do not
intend to deduce athlete populations from our outcomes.

RESULTS

Body composition

Fig. 1 demonstrates the individual responses on body composi-
tion variables between pre- and posttraining. Mean body weight
was increased by 2.99+2.04 kg (P <0.01; ES, 1.46). Mean left
arm muscle mass was increased by 0.22+0.64 kg (P <0.01; ES,
1.31), and also mean trunk muscle mass by 1.17+0.68 kg (P<
0.01; ES, 1.73). Other variables (muscle mass of right arm, left
and right leg) tended to increase after training, but were not sta-
tistically significant.
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Park JH, etal. ® Effects of Pilates on muscle function in athletes J

ES: 1.46 (CL: 0.62; 2.29) ES:1.32(CL: 0.49; 2.16) ES:0.61(CL:0.22; 1.45)
100 36 - 36
w0l " B 34 B 34 -
= G—mo % 32 P 32 L
S 80r . —3 € 30+ £
S @/9 2 5 2 30
2 ol e/@ S 281 2
Z 2 26 E 28
gar  o——3% Ear T srr
= =
50 3 22 2 24
0 1 1 J 0 1 1 1 0 1 1 J
Pre Post Pre Post Pre Post
ES: 0.55(CL: 0.29; 1.38) ES:0.76 (CL: 0.07; 1.60) ES:1.73(CL: 0.89; 2.56)
12 12 r 28 r
g nt . 2 nt 5
2 a —° = %
@ g &
E 10f e 10F . g £
S 2 2
2 : g u
Sk Rl — E
2 F— £ —" —
3 3 2 8 )
0 1 1 J 0 1 1 1 0 1 1 J
Pre Post Pre Post Pre Post

Fig. 1. Individual responses and effect sizes of weight, left and right arm muscle mass, left and right leg muscle mass, and trunk muscle mass between pre- and
posttraining. ES, effect size; CL, confidence limits. ES were interpreted as < 0.2 small, 0.5 moderate, > 0.8 large. **P<0.01.
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Fig. 2. Individual responses and effect sizes of left and right knee extension peak torque, left and right knee flexion peak torque, and left and right knee hamstring to
quadriceps strength ratio between pre- and posttraining. ES, effect size; CL, confidence limits; Nm, newton meter; H/Q ratio, hamstring to quadriceps strength ratio;
PT, peak torque. ES were interpreted as <0.2 small, 0.5 moderate, >0.8 large. *P<0.05. **P<0.01.
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Isokinetic strength of knee DISCUSSION

Fig. 2 demonstrates the individual responses on muscle strength
of knee between pre- and posttraining. Mean left and right knee
flexion PT was increased by 33.74+23 Nm (P <0.01; ES, 1.47)
and 41.13£39.3 Nm (P < 0.05; ES, 1.05), respectively. Mean right
knee extension PT was increased by 35.81+35.87 Nm (P <0.05;
ES, 1.00), and mean left knee extension PT tended to be increased
by 14.81+28.59 Nm (P=0.19; ES, 0.52). Mean left and right
leg H/Q ratio was increased by 0.09+0.06 (P <0.01; ES, 1.44)
and 0.07£0.05 (P<0.01; ES, 1.33), respectively.

Isokinetic strength of trunk

Fig. 3 demonstrates the individual responses on muscle strength
of trunk between pre- and posttraining. Mean trunk flexion PT
was increased by 31.65+36.09 Nm (P < 0.05; ES, 0.88), and mean
trunk extension PT tended to be increased by 41.34+57.18 Nm
(P=0.08; ES, 0.72).

Isokinetic strength of shoulder

Fig. 3 demonstrates the individual responses on muscle strength
of shoulder of dominant side between pre- and posttraining. Mean
shoulder flexion PT was increased by 15.56+11.96 Nm (P < 0.05;
ES, 1.30), and mean shoulder extension PT tended to be increased
by 12.75+16.22 Nm (P =0.08; ES, 0.79).
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To our knowledge, this is the first study to investigate whether
8-week Pilates training using reformer and Cadillac in adolescent
baseball players has beneficial effects on H/Q ratio, trunk and
shoulder strength, and body composition. The key findings of this
pilot case study were that subjects were able to increase the mus-
cle mass, H/Q ratio, trunk and shoulder strength via 8-week Pi-
lates training program.

There were significant increases in left arm and trunk muscle
mass between pre- and posttraining. This indicates that the Pi-
lates training may have a beneficial effect on muscle mass in ado-
lescent baseball players. Hoffman et al. (2009) compared anthro-
pometric and performance variables in professional baseball play-
ers. According to them, the players playing in major league team
had significantly higher muscle mass than the players playing in
minor league team, even if they were all professional level. Also,
muscle mass was significantly correlated to baseball performance
such as total bases, home runs, and slugging percentage (Hoffman
et al., 2009). Taken together, increasing muscle mass could be an
important factor for adolescent baseball players. However, most
research on Pilates have studied the effects on body composition
in nonthletic subjects such as sedentary adults (Vaquero-Cristébal
et al., 2015, 2016) or patients with nonspecific low back pain
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(Lopes et al., 2017). While Lopes et al. (2017) did not compare
muscle mass between pre- and posttraining program, significant
increases were observed for muscle mass after 16 weeks of reform-
er Pilates program (Vaquero-CristGbal et al., 2016) as well as 16
weeks of mat Pilates program (Vaquero-Cristébal et al., 2015).
Meanwhile, there were studies of Pilates training in healthy sub-
jects such as baseball players (English and Howe, 2007) and fe-
male dancers (Ahearn et al., 2018), but they did not measure
muscle mass related variables. Taken together, to the best of our
knowledge, this is the first study to report that Pilates training
significantly increased muscle mass in adolescent baseball players.

There were also significant increases in trunk and shoulder flex-
ion strength between pre- and posttraining. According to the re-
view paper, increasing muscular strength can enhance athletic
performance and decrease the risk of athletic injuries (Suchomel et
al., 2016). Especially, trunk muscle strength is significantly asso-
ciated with athletic performance factors like sprint, agility, and
jump (Prieske et al., 2015, 2016), and these are essential for base-
ball fielders and hitters playing competitively. Moreover, trunk
muscle strength is needed to maximize pitch speed via transfer-
ring energy from the lower limb to the upper limb (Solomito et
al., 2015). Therefore, increasing trunk muscle strength could be
essential for adolescent baseball players. It has been reported that
significant beneficial effects of Pilates training on isometric trunk
extension and flexion strength in patients with chronic low back
pain (Kliziene et al., 2017). However, these results cannot be gen-
eralized to all athletes. In another study, there were significant in-
creases in trunk strength in baseball player after 10-week Pilates
training (English and Howe, 2007). They measured trunk
strength by using DLLT, however this method has been criticized
for its low validity (Ladeira et al., 2005). As an isokinetic testing
is considered the gold standard for measuring dynamic muscle
function and strength (Duarte et al., 2018), we additionally inves-
tigated the effects of Pilates training on trunk strength by using
this method. As a result, trunk flexion PT was significantly in-
creased, and trunk extension PT also tended to be increased after
8 weeks Pilates training in adolescent baseball players.

H/Q ratio imbalance lowering than 0.6 may be a risk factor for
athlete’s noncontact leg injuries which can happen during the
closed kinetic movement such as base running in baseball (Kim
and Hong, 2011). So, it is one of the most important factors to
maintain adequate H/Q ratio balance for preventing injuries in
baseball players. Unexpectedly, seven out of eight participants in
our study had low left and right H/Q ratio at pretraining (0.51 +
0.09 and 0.50£0.10, respectively). After the Pilates training, mean
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left H/Q ratio was increased by 0.09+0.06 (P <0.01; ES, 1.44),
and mean right H/Q ratio by 0.07+0.05 (P<0.01; ES, 1.33). It
is remarkable that left H/Q ratio changed to normal range (0.60 +
0.09) and right H/Q ratio changed close to normal range (0.57 +
0.07) after the Pilates training. Especially, the results are import-
ant in that they were accompanied by an increase in both knee ex-
tension and flexion strength concurrently. To the best of our knowl-
edge, there are no data on the effects of Pilates training on H/Q
ratio in baseball player. Although it was not the case of baseball
players, it was reported that the H/Q ratio decreased with age,
and particularly the ratio decreased sharply between 11 and 12
years old (0.82 to 0.65) in high-level youth football players (Peck
et al., 2018). While it is hard to generalize their findings to base-
ball players directly, it is clear that early detection of an imbalance
H/Q ratio is important to avoid future hamstring injuries in ado-
lescent players. Taken together, Pilates program could be a proper
alternative to prevent an imbalance in H/Q ratio.

Our study has several limitations. First, as this study was a pilot
case study including only treatment group, we cannot ensure that
the results were totally due to the Pilates training. Thus, further
studies should include control groups to investigate the interaction
effects. Second, as we could not control team training and person-
al nutrition of each athlete, we cannot assure the results were com-
pletely attributable to our Pilates training program. Therefore,
further studies tracking daily training volume and food intake of
each athlete which might have occurred during the intervention
period are needed to establish the effects of Pilates training.

In summary, the purpose of this pilot case study is to investi-
gate whether 8 weeks Pilates training in adolescent baseball play-
ers has beneficial effects on H/Q ratio, trunk and shoulder strength,
and body composition. The results from this study suggest that
Pilates training may contribute to increase muscle mass, H/Q ra-
tio, trunk and shoulder strength. Taken together, our results sug-
gest that Pilates training may help baseball players do better pet-
formance and prevent future injuries in adolescent players.
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