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Background: Pitching induces elbow valgus stress, which can lead to an increase in medial elbow joint-
space gapping when repeated. Previous basic research on the medial elbow joint shows that the
contraction associated with gripping reduces medial elbow joint-space gapping. However, no studies
have investigated the relationship between grip strength and increased medial elbow joint-space gap-
ping during repetitive pitching. The purpose of this study was to investigate whether grip strength is
related to medial elbow joint-space gapping during repetitive pitching. Our hypothesis was that
increased grip strength would correlate with a reduction in medial elbow joint-space gapping.
Methods: A total of 25 high school baseball players participated in this study. Each subject pitched 100
times. The medial elbow joint-space gapping and grip strength were measured before and after pitching.
Correlation analysis was used to identify the relationship between medial elbow joint-space gapping and
grip strength.
Results: Medial elbow joint-space gapping (mm) increased by 25.5% ± 8.0% after 100 pitches (gapping
before, 5.0 ± 0.9; gapping after, 6.2 ± 1.1; P < .001). Grip strength (kg) after 100 pitches decreased by 2.8% ±
7.4% to that before pitching (before, 40.4± 5.5; after 39.2± 5.6; P< .05). Therewas no significant correlation
between the change rate ofmedial elbow joint gapping and grip strength at any time (grip strength: before
pitching, P ¼ .74; after pitching, P ¼ .40; change rate from before to after pitching, P ¼ .24).
Conclusions: Grip strength is not related to increased medial elbow joint-space gapping induced by
repetitive pitching. This indicates that physical ability expressed by grip strength is not associated with
preventing increases in medial elbow joint-space gapping during repetitive pitching. Further studies are
required to investigate the stabilization mechanism of the medial elbow joint during pitching.

© 2020 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
The throwing motion induces 64 N m valgus stress across the joint during repetitive pitching in high school baseball players, it

elbow joint and a tensile stress in the medial elbow joint shortly
before the arm reaches maximum external rotation during this
motion.10 The main stabilizer preventing elbow valgus stress as
well as tensile stress on other tissues such as the ulnar nerve is the
anterior bundle of the ulnar collateral ligament (UCL).18 The num-
ber of UCL reconstructions in 15- to 19-year-old amateur and
adolescent baseball players has shown a rapid increase in recent
years, and it is important to protect their elbows.17 In a previous
study that investigated the immediate change of the medial elbow
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was shown that more than 60 pitches lead to an increase in medial
elbow joint-space gapping, which places an immediate burden on
the medial elbow joint structures.13 Baseball pitchers have a risk of
medial elbow injury and instability due to this repetitive elbow
valgus stress.

Dynamic stabilization of the medial elbow joint is provided by
the forearm flexor-pronator muscles (FPMs).3,21 Previous studies
have reported that gripping contributes to a reduction in themedial
elbow joint-space gapping,14,22 and it is suggested that the forearm
muscles involved in gripping contribute to protecting the medial
elbow joint during repetitive pitching. In addition, DiGiovine et al7

reported that the FPMs showed high levels of muscle activation
during the cocking phase of pitching, which occur at extreme elbow
valgus stress. The activity of the FPMs was believed to be important
ulder and Elbow Surgeons. This is an open access article under the CC BY-NC-ND

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:akasaka-smc@umin.ac.jp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jseint.2020.07.007&domain=pdf
www.sciencedirect.com/science/journal/26666383
http://www.jsesinternational.org
https://doi.org/10.1016/j.jseint.2020.07.007
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jseint.2020.07.007
https://doi.org/10.1016/j.jseint.2020.07.007


H. Hattori et al. JSES International 4 (2020) 1026e1030
in maintaining tension across themedial elbow joint structures and
resisting elbow valgus stress during the pitching motion. Anec-
dotally, many baseball pitchers believe that increasing grip
strength, including contraction of the FPMs, can help to prevent
medial elbow injuries and improve performance.

To our knowledge, there are no reports that have investigated
whether the forearm muscles involved in gripping can prevent
increasing medial elbow joint-space gapping during repetitive
pitching. Therefore, the purpose of this study was to investigate
whether physical ability expressed in grip strength is correlated
with increased medial elbow joint-space gapping during repetitive
pitching. Our hypothesis was that increased grip strength as
physical ability would correlate with a reduction in medial elbow
joint-space gapping. This study has the potential to inform on
training for baseball pitchers in order to prevent medial elbow
injury.

Materials and methods

Participants

Twenty-five healthy high school baseball players participated in
this study (mean ± standard deviation: age,16.6 ± 0.7 years; height,
172.6 ± 6.3 cm; weight, 66.1 ± 7.1 kg; years of baseball experience,
8.8 ± 1.9 years). Participants were excluded if they had (1) pain
during pitching; (2) a history of shoulder, elbow, or hand surgery;
(3) pitched in 24 hours before measurement; or (4) poor pitching
ability, such as not being able to throw the ball in the strike zone.
Their abilities were such that they couldmake it to the quarterfinals
in a tournament in which 152 high schools in Saitama participated.
In addition, all participants had the overhead throwing motion.
There were 24 right-hand- and 1 left-hand-dominant participants.
All participants agreed to sign an informed consent declaration.

Setup and protocol

The setup and pitching procedure have been reported in a
previous study.15 Each participant freely performed a warm-up
exercise as a routine program including running, static or dy-
namic stretching, and warm-up throwing, until fastball pitching at
maximum effort was possible before measurement (approximately
15 minutes). The participants pitched 100 fastballs in total from the
set position toward the simulated strike zone (Fig. 1). The throwing
motion was overhead in all participants. The pitching
protocol consisted of 5 sets (5-minute interval) of 20 fastball
pitches (15-second interval) at maximum effort. The official
baseball (MIZUNO Co., Ltd., Tokyo, Japan; weight, 141.7-148.8 g)
Figure 1 Pitching task. The participants pitched 100 fastballs in total from the set
position toward the simulated strike zone. The throwing distance was 18.44 m.
The pitching protocol consisted of 5 sets (5-minute interval) of 20 fastball pitches
(15-second interval) at maximum effort.
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was used during the pitching protocol. In order to eliminate any
failed pitching, we calculated the average ball velocity for the first
20 pitches and did not include those less than 70% of this value. As a
result, there were no pitches that were less than this 70% value.

Measurements

The ulnohumeral joint space with gravity stress was measured
ultrasonically (Aloka Co., Ltd., Tokyo, Japan) before and after
pitching. Grip strength was also measured before and after pitch-
ing. In addition, the ball velocity was measured using a speed gun
(SR3600; Sports Radar Co., Ltd., Florida, USA) placed 1.5 m behind
the home plate at all pitches.

In the measurement of medial elbow joint-space gapping, ultra-
sound images of the medial elbow joint were taken according to the
methods used inprevious studies15 and the standards set forth by the
American Institute ofUltrasound inMedicine.2Ultrasound imagingof
themedial aspect of the throwing elbowwas performedwith the use
of a5-18MHz lineararray transducer. Participantswereplacedsupine
on the bed with the shoulder in 90� abduction, 0� horizontal abduc-
tion, with the elbow in 90� flexion, and the forearm in neutral posi-
tion. A towel roll and a digital inclinometerwere used tomaintain the
humerus in the horizontal plane. Gravity stress was applied to the
forearm by placing the upper limb distal to the elbow joint out of the
bed, to strain the medial aspect of the elbow, and to assess medial
elbow joint-space gapping (Fig. 2, A).11,12,15,19,23 Gravity stress used in
this study has been reported as being useful in the assessment of
medial elbow joint-space gapping and is similar to measurements
taken when using the commonly used Telos device.11 No participant
experienced elbow pain during the examination. The ultrasound
transducerwasplaced ina standardizedpositionon themedial elbow
aspect such that the ultrasound image included the top of themedial
epicondyle of the humerus, the trochlea of the humerus, the sublime
tubercle of the ulna, and the UCL.15 The degree ofmedial elbow joint-
space gapping was assessed by measuring the ulnohumeral joint
space between the distal-medial corner of the trochlea of the hu-
merus and the proximal edge of the medial tubercular portion of the
sublime tubercleof theulna(Fig. 2,B). Thedistanceof the2points (the
distal-medial corner of the trochlea of the humerus and the proximal
edge of the medial tubercular portion of the sublime tubercle of the
ulna) on the image was measured by using the ultrasound distance
measurement method (minimum unit 0.1 mm). The mean of 3 trials
was calculated. Furthermore, the change rate in medial elbow joint-
space gapping, before and after pitching, was calculated and used
for data analysis.

The grip strength of the throwing arm was measured using a
grip strength tester (GRIP-D T.K.K.5401; Takei Scientific In-
struments Co., Ltd., Niigata, Japan) before pitching and after 100
pitches. Participants stood upright, with their arms by their side,
and they were asked to reach maximum gripping for 3 seconds
(Fig. 3). The mean of 3 trials was used for data analysis. Further-
more, the change rate in grip strength before and after pitching was
calculated and used for data analysis.

Statistical analysis

All data were analyzed with SPSS Statistics version 25.0 (IBM
Co., Japan). Paired t-tests were used to comparemedial elbow joint-
space gapping and grip strength between before and after pitching.
Correlation analysis was used to examine the relationship between
the change rate in medial elbow joint-space gapping and grip
strength: (1) the change rate in gapping vs. grip strength before
pitching, (2) the change rate in gapping vs. grip strength after
pitching, (3) the change rate in gapping vs. the change rate in grip
strength. In addition, as a characteristic of participants, correlation



Figure 2 The measurement of medial elbow joint-space gapping. (A) Gravity stress was applied to the forearm by placing the upper limb distal to the elbow joint out of the bed.
Ultrasound imaging of the medial aspect of the throwing elbow was performed with the use of a 5-18 MHz linear array transducer. (B) The degree of medial elbow joint-space
gapping was assessed by measuring the distance between the trochlea of the humerus and the sublime tubercle of the ulna. ME, medial epicondyle; FPMs, forearm flexor-
pronator muscles; UCL, ulnar collateral ligament; TR, trochlea; ST, sublime tubercle.
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analysis was also used to identify the relationship between the
change rate in medial elbow joint-space gapping and the mean ball
velocity. Significant differences were set at a level of .05.

Results

As a characteristic of the participants, the mean maximal ball
velocity was 30.1 ± 2.3 m/s (67.8 ± 5.3 mph). There was no
significant correlation between the change rate in medial elbow
joint-space gapping and the mean ball velocity (P ¼ .96).

Descriptive statistics for medial elbow joint-space gapping and
grip strength is shown in Table I. Medial elbow joint-space gapping
after 100 pitches increased significantly compared with that
before pitching (mean ± standard deviation [mm]: before pitching,
5.0 ± 0.9; after pitching, 6.2 ± 1.1; P < .001). The change rate in
medial elbow joint-space gapping before and after pitching was
125.5% ± 8.0%. The grip strength after 100 pitches decreased
Figure 3 The measurement of the grip strength of the throwing arm was measured
using a grip strength tester. Participants stood upright, with their arms resting by their
side, attempting maximum gripping for 3 seconds.
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significantly compared with that before pitching (mean ± standard
deviation [kg]: before pitching, 40.4± 5.5; after pitching, 39.2± 5.6;
P < .05). The change rate in grip strength before and after pitching
was 97.2% ± 7.4%.

The correlation between the rate of change in medial elbow
joint-space gapping and grip strength at all time points is shown in
Fig. 4. There was no significant correlation between the rate of
change in medial elbow joint-space gapping and grip strength at
each time point: (1) the rate of change on gapping vs. grip strength
before pitching, P ¼ .74; (2) the rate of change in gapping vs. grip
strength after pitching, P¼ .40; (3) the rate of change in gapping vs.
the rate of change on grip strength, P ¼ .24.

Discussion

It is reported that 10% of professional baseball players have had
UCL reconstruction surgery at least once, while the rate increases to
25% in major league pitchers.5 This would indicate that medial
elbow injuries are common among baseball players. For the pur-
pose of preventingmedial elbow injuries, various studies have been
widely reported, including those investigating the impact of
pitching count, fatigue, range of motion, pitching mechanics, and
pitching type among others.1,4,8,9,20,24,25 However, the number of
UCL reconstructions in amateur and adolescent baseball players has
shown a rapid increase in recent years.16,17 As reported by Hodgins
et al,16 the number of UCL reconstruction surgical procedures
increased by 193% in New York State between 2002 and
2011. Mahure et al17 suggested to expect further increases in the
number of UCL reconstruction procedures in the future. As can be
understood from these reports, further prevention of medial elbow
injury in baseball players is strongly required at present.

In this study, we investigated whether physical ability expressed
in grip strength is correlated with medial elbow joint-space gap-
ping induced by repetitive pitching. As a result, no significant cor-
relation was found between grip strength and an increased rate of
medial elbow joint-space gapping after 100 pitches. This would
indicate that physical ability expressed in grip strength does not
play a significant role in the prevention of medial elbow joint stress
caused by repetitive pitching.

One consideration in this result is the influence of the medial
elbow joint stabilization mechanism at the time that the forearm
muscles are activated when gripping. In a previous study that
investigated the tissue elasticity of the UCL and FPMs at rest and
during contraction associated with gripping,14 it was reported that
the ratios of tissue elasticity in the UCL and FPMs (UCL/FPMs) at rest
8



Table I
Comparison of medial elbow joint-space gapping and grip strength before and after 100 pitches, and rate of change of these (N ¼ 25)

Before pitching After 100 pitches Change rate (before-after) (%) P value (before vs. after)

Medial elbow joint-space gapping (mm) 5.0 ± 0.9 6.2 ± 1.1 125.5 ± 8.0 <.001*

Grip strength (kg) 40.4 ± 5.5 39.2 ± 5.6 97.2 ± 7.4 .037*

Data are expressed as mean ± standard deviation.
* Significant difference between before pitching and after 100 pitches by the paired t-test (P < .05).
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and during gripping were almost identical and suggested that the
ratio of the UCL and FPMs against elbow joint valgus stress may not
change between rest and gripping evoked muscle contraction. This
indicates that the FPMs during contraction may not contribute to
any reduction in tensile stress generated in the UCL during elbow
valgus loading. It was inferred that repetitive elbow valgus stress
due to repetitive pitching causes tensile stress in the medial elbow
tissues including the UCL even during muscle contraction, resulting
in cyclic creep (an increase of strain due to the increase in the
number of constant repetitive stress), which is one of the visco-
elastic properties of ligaments and tendons.6 As a result, medial
elbow joint-space gapping may have been caused by repetitive
pitching regardless of the degree in grip strength. Although many
baseball pitchers have incorporated the training of grip strength
including contraction of the FPMs into their training programs, the
results of this study are considered important in considering training
programs for the prevention of elbow injury in baseball players.

This study only investigated medial elbow joint-space gapping
and its relationship to grip strength, yet other factors may also in-
fluence gapping. Theymay include (1) the timing of maximal elbow
valgus stress and forearm muscles activity, and (2) the angle of
elbow flexion and forearm pronation-supination at maximal elbow
valgus stress and during forearm muscle activity. In the future,
investigating these factors at the same time will further clarify the
stabilization mechanism of the medial elbow joint during pitching,
which may lead to a better understanding of the factors associated
with increased medial elbow joint-space gapping among baseball
players.

This study has a number of limitations. First, subjects were
baseball players with a narrow age range of 16.6 ± 0.7 years. Future
studies should investigate a wider age range. Second, we observed
the medial elbow joint-space gapping changes up to a maximum of
100 pitches. This was based on an ethical consideration with the
potential for harm to the participants if more pitches were under-
taken. Changes to the medial elbow joint-space gapping with a
pitch count greater than 100 are unknown. Third, the ball velocity
Figure 4 The correlation between rate of change in medial elbow joint-space gapping and g
change in medial elbow joint-space gapping and grip strength at any time point: (1) the rate
gapping vs. grip strength after pitching, P ¼ .40; (3) the rate of change in gapping vs. the r
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of the baseball players who participated in this study was slow.
Olsen et al20 reported that the risk of injury increases when
throwing at speeds greater than 85 mph. It is unknown and
requires further study to understand whether grip strength will
prevent an increase in the medial elbow joint-space gapping in
pitchers who pitch at greater speed. Fourth, as a result of
checking an adequate sample size by prior power analyses
(G*Power 3.1.9.4; http://www.gpower.hhu.de/: effect size ¼ 0.5;
a ¼ 0.05; 1 � b ¼ 0.8) for achieving statistical significance with 80%
power (1 � b), 29 participants were required for this study. The
number of participants we could have collected in this study was
25, which was slightly insufficient as the number of participants
required for this study. Finally, this study focused on the medial
elbow joint-space gapping, and it is not yet clear whether the
degree of grip strength contributes to the prevention of medial
elbow injury. In the future, it is necessary to clarify this using a
longitudinal study design.
Conclusion

We investigated whether physical ability expressed in grip
strength is correlated with an increase in medial elbow joint-space
gapping during repetitive pitching. However, no significant corre-
lationwas found between the increasing rate of medial elbow joint-
space gapping produced after 100 pitches and grip strength. This
indicates that physical ability expressed in grip strength is not
associated with preventing increases in medial elbow joint-space
gapping during repetitive pitching.
Disclaimer

The authors, their immediate families, and any research foun-
dations with which they are affiliated have not received any
financial payments or other benefits from any commercial entity
related to the subject of this article.
rip strength at all time points. There was no significant correlation between the rate of
of change in gapping vs. grip strength before pitching, P ¼ .74; (2) the rate of change in
ate of change in grip strength, P ¼ .24.
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