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Change in Grip and Pinch Strength Over
the Course of a Game in Professional
Baseball Pitchers
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Background: Baseball pitching injuries can be related to fatigue. Changes in grip and pinch strength over the course of
professional baseball games are unknown.

Hypothesis: Grip and pinch strength will decrease as the number of innings pitched increases; injured pitchers will have a
lower grip strength than uninjured pitchers.

Study Design: Prospective cohort study.
Level of Evidence: Level 3.

Methods: Minor league pitchers for 1 affiliate of a single organization were included. Changes in dominant and
nondominant grip, and middle and index finger pincer strength were recorded pregame and after each inning, and
compared between players who sustained a shoulder/elbow injury and those who did not.

Results: Of 41 pitchers included, 6 sustained a shoulder (n = 2) or elbow (n = 4) injury during the study period. Average
grip strength for all pitchers was 124.5 + 17 Ib pregame and increased slightly after the first inning (125.2 + 17 Ib), then
declined slowly after the second (120.7 + 18.5 Ib), third (119.2 £ 24 Ib), and fourth (113.1 + 19.6 Ib) innings. There was a
slight uptick in grip strength in the fifth (118.5 + 23.6 Ib) and sixth (121.3 * 21.8 Ib) innings, but pregame levels were not
reached. Evaluating uninjured and injured pitchers, the grip strength of injured pitchers was lower at all timepoints. As a
percentage of uninjured pitchers grip strength, injured pitcher grip strength was 94.8% pregame, and 97.9%, 95.4%, 81.8%,
87.7%, 82.3%, and 74.5% after the first to sixth innings, respectively.

Conclusion: Dominant arm grip strength generally declined over the course of a game in professional baseball pitchers.
Injured pitchers generally had weaker grip strength and a steeper decline in grip strength during games compared with
uninjured pitchers.

Clinical Relevance: Incremental loss of grip strength may increase injury risk in professional baseball pitchers.
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njury rates at all levels of baseball have been on the rise in

recent years.1'2‘5'6‘8'10'20'21 This has led to a significant amount of

time and effort placed into research to better understand
potential risk factors for injury. This research has focused on
pitch count limits, the number of days of rest needed between
appearances, innings limits, optimizing shoulder and elbow
range of motion, and many other variables.”'***" One area of
focus that may play a role in injury, but has not garnered
significant attention, is grip and pinch strength. Various types of
pitches require different grips with different finger pressure and
locations. As with any muscle that is used during competition,
as pitchers progress through an outing, they may fatigue the
flexor/pronator muscles of the forearm. Furthermore, grip and
pinch strength can be a marker for the overall muscular strength
and functional status of an athlete, and is currently used as an
assessment tool during the National Hockey League Entry Draft
Combine. """ To date, this has not been used in baseball.

When the flexor/pronator muscles fatigue, it may allow an
increase in the amount of stress born by the ulnar collateral
ligament (UCL)."” Hoshika et al'’ performed an excellent
ultrasound study on 17 male players, where they used a Telos
device to impart a valgus stress on the elbow and measured the
amount of medial joint opening with the arm unloaded at rest,
with a valgus load (50 N) and under valgus load with the flexor
digitorum superficialis (FDS) contracted in individual fingers. As
expected, the authors found that the amount of medial joint
space opening was higher when the elbow was loaded with a
valgus stress. The interesting finding was the amount of medial
joint opening was significantly less when the index and middle
finger were contracting compared with when the ring finger
was contracting, indicating the FDS of the middle and index
finger may have a significant role in stabilizing the medial
elbow.

Therefore, the purpose of this study was to measure the grip
strength as well as pinch strength of the index and middle
fingers of professional baseball pitchers before each game, after
each inning pitched, and after they were removed from a game
to determine whether grip and pinch strength decreases as
number of innings pitched increase. The authors hypothesized
that grip and pinch strength will decrease incrementally as the
number of innings pitched increases.

METHODS

This is a retrospective study of grip strength changes over the
course of each game in minor league professional baseball
players. All minor league pitchers (starters and relievers) who
were members of a single Major League Baseball (MLB) team
and were currently pitching in the Dominican Republic league
during the 2022 season were included. Data on grip and pincer
strength was part of this MLB team’s standard data collection so
this study was deemed exempt by the institutional review
board. Grip strength, as well as middle finger and index finger
pincer strength, was recorded by a team athletic trainer for each

player before entering a game (“pregame”), after their first
inning pitched (post first inning), and after each subsequent
inning pitched (second, third, etc). Grip strength was measured
using the Jamar Smedley hand dynamometer (Sammons
Preston)." Pincer strength was measured using the Baseline
12-0201 pinch gauge (Baseline). All grip strength measurements
were taken with the player standing, arm at the side, the elbow
flexed to 90° and the forearm in neutral rotation. For the pincer
measurements, the player was standing with their forearm in full
pronation with neutral wrist (in relation to extension/flexion
and ulnar/radial deviation) and with the pad of assigned finger
(index and middle finger) and pad of thumb flat on gauge. Per
the standard of care for the club, measurements were taken
once at each interval.

Grip and pincer strengths were then compared between
innings and over the course of a player’s outing. Data were
available for 36 games. Data were collected on all pitchers
regardless of the number of innings they pitched, and was
recorded accordingly. Injuries were recorded by the athletic
training staff over the course of the season and were defined as
any injury that caused a player to miss time. For further analysis
and comparison, players were then separated into those who
sustained a shoulder or elbow injury and those who did not.

Statistics

Players were separated into 2 groups; those with a shoulder or
elbow injury and those without. Grip strength and pincer
strength data were then compared between groups. Continuous
data are presented as means and standard deviations and / tests
were used to compare grip strength between groups. Statistical
significance was defined as P < .05.

RESULTS

Overall, 41 pitchers were included in the study, 6 of whom
sustained a shoulder (n = 2) or elbow (n = 4) injury during the
study period. Average grip strength for all pitchers was 124 Ib +
17 Ib pregame and remained essentially the same after the first
inning (125 Ib £ 17 Ib), but then declined slowly thereafter until
the fifth and sixth inning. The uptick in the grip strength in the
fifth and sixth innings did not reach pregame levels (Table 1
and Figure 1). Index and middle finger pincer strength stayed
relatively consistent throughout the course of the game

(Table 1, Figures 2 and 3).

When evaluating grip strength between uninjured and injured
pitchers, the grip strength of the injured pitchers was lower at all
timepoints but this difference did not reach statistical significance
(Figure 4 and Table 2). There was no significant difference
between index finger (Figures 5 and Table 3) and middle finger
(Figures 6 and Table 4) pincer strength over the course of a game
in pitchers who sustained an injury and those who did not.

At all timepoints, the grip strength of the injured players was
less than that of the noninjured players and declined at a faster
rate over the course of the game.
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Table 1. Dominant hand grip strength, index finger pincer strength, and middle finger pincer strength for all included players over
the course of a game

Post first Postsecond Postthird Post fourth  Post fifth Post sixth
Pregame inning inning inning inning inning inning
Grip strength 124.5 125.2 120.7 119.2 1131 118.5 121.3
Index finger pinch 17.3 17.7 16.9 17.2 17.5 18.9 16.7
Middle finger pinch 17.7 18.3 18.5 18.3 19.3 19.6 18.9

All measurements are given in Ib.
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Figure 1. Change in dominant arm grip strength over the course of a game for all players included in this study.
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Figure 2. Change in dominant index finger pincer strength over the course of a game for all players included in this study.
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Figure 3. Change in dominant middle finger pincer strength over the course of a game for all players included in this study.
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Figure 4. Dominant hand grip strength for injured versus noninjured pitchers over the course of a game.
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Figure 5. Dominant hand index finger pincer strength for injured versus noninjured pitchers over the course of a game.

DISCUSSION decrease injury risk. Flexor pronator weakness/fatigue may lead

to increased stress on the medial elbow, which could increase a
Injuries of the shoulder and elbow in professional baseball player’s risk for injury. The study hypothesis was partly
continue to be a major source of concern as players lose the confirmed as the grip strength for players decreased over the
ability to compete for an extended period of time. Many course of the game compared with pregame levels.

different strategies have been implemented in an effort to Furthermore, players who sustained a shoulder or elbow injury
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Figure 6. Dominant hand middle finger pincer strength for injured versus noninjured pitchers over the course of a game.

Table 2. Dominant hand grip strength comparison between injured and noninjured pitchers

Post first Postsecond Postthird Post fourth  Post fifth Post sixth
Pregame inning inning inning inning inning inning
Noninjured 125.7 125.7 121.6 121.6 115.3 123.4 128.7
Injured 1191 123 116 99.5 1011 102.2 95.5
Difference 6.6 2.7 5.6 221 14.2 21.2 33.2
Pvalue 45 .76 51 18 .37 .28 N/A
Percentage noninjured 94.80 97.90 95.40 81.80 87.70 82.30 74.20

All measurements are given in Ib. N/A, not available.

Table 3. Dominant hand index finger pincer strength comparison between injured and noninjured pitchers

Post first Postsecond Postthird Postfourth  Post fifth Post sixth
Pregame inning inning inning inning inning inning
Noninjured 17.4 17.5 16.7 17 17.2 18.4 17
Injured 16.8 18.4 17.8 18.8 18.8 20.5 15
Difference 0.6 -0.9 -1.1 -1.8 -1.6 2.1 2
Pvalue .78 .33 .85 .62 .50 .52 N/A
Percentage noninjured 96.60 105.10 106.60 110.60 109.30 111.40 88.20

Pincer strength is provided in Ib. The percentage noninjured row is the index pincer strength of the injured players divided by the grip strength of the nonin-

jured players. N/A, not available.

had weaker grip strength compared with players who did not
sustain a shoulder or elbow injury, although this difference was
not statistically significant.

Several studies have evaluated the anatomy of the medial
elbow, which is particularly relevant in throwers. Morrey™* and
Morrey and An et al™° found that the UCL was the primary

stabilizer to valgus stress at the elbow, but that the flexor
pronator mass was one of the secondary stabilizers of the
elbow.” Tkezu et al'* evaluated 56 cadaver elbows and assessed
the anterior and posterior bundles of the UCL as well as the
common flexor tendon and how this related to the UCL. The
authors found that, in almost 50% elbows, the common flexor
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Table 4. Dominant hand middle finger pincer strength comparison between injured and noninjured pitchers

Post first Postsecond Post third Post fourth  Post fifth Post sixth
Pregame inning inning inning inning inning inning
Noninjured 17.8 18.1 18.5 18.2 19.4 19.8 19.5
Injured 17.4 19.3 18.1 18.8 18.4 18.8 15
Difference 0.4 -1.2 0.4 -0.6 1 1 45
Pvalue .50 27 37 .78 73 .78 N/A
Percentage noninjured 97.80 106.60 97.80 103.30 94.90 95.00 76.90

Pincer strength is provided in Ib. The percentage noninjured row is the grip strength of the injured players divided by the grip strength of the noninjured

players. N/A, not available.

tendon was intimately related to, and confluent with, a portion
of the UCL and could not be separated, whereas in the other
50% the structures appeared distinctly separate. This indicates
the flexor pronator mass likely plays a significant role in medial
elbow stability. However, it is unclear whether fatigue of the
flexor pronator can lead to increased stress across the UCL and
potentially an increased risk for injury. Ciccotti et al’ performed
a cadaveric study to evaluate the contribution of various medial
elbow structures, including all portions of the UCL and flexor
pronator mass, to medial elbow stability. The authors sectioned
structures in different orders and evaluated medial joint
gapping. The anterior bundle of the UCL was found to
contribute the most medial stability. Interestingly, the posterior
bundle of the UCL, transverse bundle of the UCL and the flexor
pronator mass all contributed a similar amount of stability. This
finding is particularly relevant because this was conducted on
cadavers where the flexor pronator was not contracting. It is
likely that the contribution of the flexor pronator would
increase significantly when the muscle mass is contracting. Only
2 shoulder injuries were seen in this cohort of patients in the
current study. It is unclear whether the grip/pincer strength
played a role in this as an overall marker for fatigue in the
upper extremity. Further work is needed on this subject.

The current study found that grip strength in pitchers generally
decreased over the course of a game while middle and index
finger pincer strength remained relatively constant. When
compared with pitchers who did not sustain a shoulder or elbow
injury, pitchers who did sustain an injury saw a steeper decline
in dominant hand grip strength throughout the game although
this difference was not statistically significant. This finding
indicates that the flexor pronator muscles of these injured
players may have fatigued faster, and, once fatigued, may not
have had the ability to protect the UCL as much as the flexor
muscles of the uninjured group. Yanai et al*® evaluated the
amount of maximum voluntary isometric varus strength (MVIVS)
that the flexor pronator needed to generate to protect the UCL.
They found that the elbow musculature had to produce 21% to
49% MVIVS to avoid acute failure of intact UCL. Hence, if these

muscles fatigued to where they could not produce this amount
of force, the UCL would be at risk for injury. It is not completely
clear why pincer strength did not decrease along with grip
strength. Interestingly, the pregame and post first inning grip
strength of the injured players was very similar to that of the
uninjured pitchers, but, as the game went on, the difference
between the 2 groups widened significantly, and by the 6th
inning showed a 25% difference between the groups. This
difference was not statistically significant but is likely clinically
relevant. Further work is needed on a larger scale to see whether
there is a way to improve flexor pronator strength and minimize
fatigue. The ultimate purpose of future studies will be to see
whether there is a critical percent decline in that individual
pitcher’s grip strength that should alert the team to pull the
pitcher from the game to mitigate injury risk.

Limitations

This study was performed over a single season in a minor
league affiliate of a single professional baseball organization. As
such, the results may not be generalizable to other teams and
athletes of various levels of play. Also, the specific of the
shoulder and elbow injuries were not available. Isolation of the
flexor digitorum superficialis can also be challenging when
performing these measurements. This study evaluated innings
and not pitch counts, so it is unclear how the number of pitches
thrown in each inning impacted the results. Furthermore, there
were only a small number of injuries to the shoulder and elbow
over the course of the season, so the study was underpowered
to determine statistical significance between injured and
uninjured pitchers. This research will continue to further
investigate this potential relationship.

CONCLUSION

Dominant arm grip strength generally declined over the course
of a game in professional baseball pitchers. Injured pitchers
generally had weaker grip strength and saw a steeper decline in
grip strength during games compared with uninjured pitchers.
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