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ABSTRACT

Background and Purpose: Hamstring injuries (HSI) occur more commonly in baseball than are often appreciated and can impact
the potential career of a player. Little is known about the historical incidence of these injuries in summer league players preparing
for their upcoming collegiate season or being drafted by major league team(s). Summer league baseball players have a high histori-
cal incidence of HSI which are often unknown at the start of their summer league play. The purpose of this study was to adminis-
ter a validated questionnaire to assess various factors regarding the prevalence of prior hamstring injuries, current symptoms of
posterior thigh pain or hamstring injuries in amateur summer league baseball players, and to provide details on the injury history,
time lost from injury, injury reocurrence, position, individual player physical characteristics and physical activities that might be
associated with those injuries.

Study Design: Cross-sectional Observational Study

Method: A self-reported, validated questionnaire regarding the history, prevalence, reoccurrence and functional impact of HSI and poste-
rior thigh pain was administered to and completed by 201 out of 251 summer league baseball players associated with the Cape Cod League
and the Northwoods League at the start of the 2013-2015 seasons. The questionnaire was administered by certified athletic trainers associ-
ated with each team. Participation was voluntary and informed consent was obtained from all players.

Results: Forty seven out of 201 players surveyed reported a HSI history. Sixty-six percent of these players (N =31) reported unilateral inju-
ries and 34% (N =16) reported bilateral injuries. Reoccurrence rate was 27.7% across all players. Approximately 1/3rd of all position players
(catchers 33.3%, infielders 32.6% and outfielders 31.6%) reported a HSI history compared to 12.9% of all pitchers. Significant differences
(p<.05) existed between the HSI and Non-HSI groups for self-reported symptoms, soreness, and pain, as well as function and quality of life.
Within the HSI history group, players who batted left and threw right reported the most injuries.

Conclusion: A large number of position players and pitchers who report for summer league baseball have a history of posterior thigh pain
and HSI. Those with prior injuries have a high reoccurrence rate. Position players have a higher incidence of injury than do pitchers.

Level of Evidence: 3
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INTRODUCTION

Various epidemiologic studies have described the
incidence, frequency, characteristics and types of
injuries that commonly occur in interscholastic,'?
intercollegiate,®* and professional baseball.® As
expected, injuries that involve the upper extremity,
specifically the shoulder, elbow, hand and wrist, are
the most common in this upper extremity dominant
sport. However, other types of injuries can occur
and can have an adverse impact on the players’ abil-
ity to train and participate in games. The impact of
these non-throwing, non-upper extremity injuries
are often underestimated and unappreciated, until
significant time is lost on the playing field. Injuries
to the hamstring complex are one such injury.

The literature discussing the incidence of hamstring
injury for other sports is much more robust overall
than the existing literature for baseball. Authors who
have studied other sports report up to 29% of all inju-
ries involve the hamstring complex®'® which may
be serious enough that prolonged time is lost from
practice or play,®'7?* and may be recurrent.!”? %2
However, only a few studies on hamstring injuries
in baseball are available in the literature.'?>2>27%8
These studies have mostly centered around high
school and NCAA athletes, not those participating
in summer league baseball. During the summer,
leagues such as the Cape Cod League and the North-
woods League, operate in order to allow players to
try to improve their skills and showcase their abili-
ties in preparation for returning to college baseball
or preparing for possible draft to the minor leagues.

Studies of athletes of other sports have detailed
injury history, personal demographic and physical
characteristics of the athlete and sport specific char-
acteristics (position, type of activity, personal char-
acteristics such as height, weight, side dominance)
that may contribute to the knowledge of what type
of player is more likely to incur a hamstring injury,
and the sport specific factors that might contribute
to or cause a hamstring injury in that particular
sport.'*#2%3 Information such as this is critical for the
development of targeted conditioning and injury
prevention programs, especially in developing play-
ers in order to try to prevent the occurrence and/
or minimize the reoccurrence of hamstring injuries.
These sport specific factor studies have stimulated

the development of Hamstring Injury Prevention
programs (HIP) which have been shown to be effec-
tive in decreasing the rate of acute and chronic
hamstring injury in athletes in several sports.”3%-3%
Recently, a study utilizing eccentric hamstring
training in Major and Minor League baseball dem-
onstrated a significant decrease in acute hamstring
strains in addition to a decrease in time loss due
to injury.?” However, adherence and compliance
to such prevention programs has been inconsis-
tent, therefore diminishing the ability to effectively
decrease the hamstring injury rate.*”

The purpose of this study was to administer a vali-
dated questionnaire to assess various factors regard-
ing the prevalence of prior hamstring injuries,
current symptoms of posterior thigh pain or ham-
string injuries in amateur summer league baseball
players, and to provide details on the injury history,
time lost from injury, injury reocurrence, position,
individual player physical characteristics and physi-
cal activities that might be associated with those
injuries.

METHODS

Summer league athletes completed a previously
validated Hamstring Outcome Score (HaOS - Appen-
dix 1) questionnaire created by the Oslo Sports Trauma
Research Center (OSTRC).* This self-reported ques-
tionnaire provides information regarding time lost
from injury, frequency of injury and reoccurrence,
and symptoms associated with these injuries for gen-
eral physical activities associated with athletics (run-
ning, jogging, accelerating, walking up two steps at a
time, etc). This questionnaire was specifically modi-
fied for baseball related activities to improve the
contextuality for the sport of baseball with written
permission from OSTRC. To maintain validity of the
questionnaire, only slight adaptations were made to
the questionnaire that increased its’ relevance to the
sport of baseball (including characteristics regarding
position, batting, throwing and activities associated
within baseball such as “running to first base,” stop-
ping after and sprinting to first base in the wording
of the questions).

All questions were associated with general physi-
cal/athletic activities and the adapted vernacular
was used to make sure the player understood the
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question, and to claritfy how the question(s) related
to the sport of baseball. This questionnaire consists
of five subscales whose scores are reported as per-
centages, with 100% indicating no hamstring com-
plaints or symptoms; each item/question within the
subscale is scored on a scale of zero to four when
analyzed by the researcher. Players were unaware of
the value assigned to each response. Lower scores/
totals are expected for players with a history of HSI
or current problems, indicating more disability
related to HSI. The HaOS total score is the mean
value of the five subscales.

e Part A: Previous Injury - Inquires about the num-
ber of previous injuries, time since their most
recent injury, how long they were fully unable
to practice/play for, whether or not they missed
practice/play as a result of the injury and whether
or not they had symptoms over the prior week.

e Part B: Soreness - Acquires information regarding
discomfort or soreness in the area of the “back
of your thigh” during or after practice or play,
symptom variation during the day and symp-
toms with sitting. The question seeks informa-
tion on discomfort or soreness compared to pain
associated with specifically described physical
activites related to daily living or sport specific
activities (as worded in Part C)

e Part C: Pain - Provides information regarding
the frequency of pain in the “back of the thigh/
hamstrings” and how quickly symptoms may
have resolved and whether or not they are symp-
tomatic with general athletic activities such as
stretching, walking up steps, jogging and base-
ball specific activities such as base running.

e Part D: Function -Asks general questions regard-
ing difficulty or posterior thigh pain in the prior
week with general running, jumping, accelerat-
ing or decelerating after sprinting.

e Part E: Quality of Life - Asks how much the athlete
trusts their hamstring(s) during physical activity
and whether they are able to perform at 100%
due to any concerns about injuring/re-injuring
their hamstring(s).

The questionnaire was administered to eight dif-
ferent summer league teams in the Cape Cod and

Northwood’s Leagues over a three-year period
between 2013 and 2015. The questionnaire was con-
fidentially administered to the athlete by a certified
athletic trainer (ATC) associated with each team. A
total 251 players on the teams’ rosters at the start
of their summer league season were asked to com-
plete the questionnaire. Completion of the question-
naire was voluntary on the part of each player, and
no player completed the questionnaire more than
once during the course of the study. Informed con-
sent was obtained by all players who completed the
questionnaire. The study was reviewed and granted
approval by the Johns Hopkins Medicine Institu-
tional Review Board.

STATISTICS

Results from the questionnaire were analyzed to
assess the differences between players who reported
a history of HSI and posterior thigh pain associated
with physical activites to those players without a
history of HSI and posterior thigh pain. Chi-square
tests and t-tests were used to analyze player physi-
cal characteristics (age, height, weight, position,
and batting and throwing handedness) and to make
comparisons by position. HaOS outcome score com-
parisons were made using a Mixed Model, nesting
players within teams. All assumptions for all mod-
els were assessed. Statistially significant differences
were assessed using the alpha level set at p < 0.05.

RESULTS

Out of the 251 players who were asked to complete
the questionnaire, a total of 201 questionnaires were
completed and analyzed, for a response rate of
80.1%. There was no significant difference in player
age (p=0.82) or weight (p=0.097), but injured ath-
letes were on average one inch shorter compared
to their uninjured counterparts (p=0.010). (Table 1).
Over the course of the three-season study period, 47
(23.8%) of the 201 athletes who completed the survey
reported having a HSI history. A total of 81 different
hamstring injuries were reported by the 47 players.
Forty-three injuries involved the left leg (53.1%) and
38 injuries involved the right leg (43.9%); there was
no significant side difference (p=0.490). However,
there was a significant relationship between injuries
and primary position played. Pitchers (12.2%) were
significantly less likely (p=.015) to have had an
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Table 1. Physical Characteristics Injured vs. Uninjured Players.

Uninjured Players Injured Players
Number (%) | SD Number (%) SD p-value
Total Athletes N =201 154 (76.6) 47 (23.4)
Age (Years) 20.29 1.03 20.33 0.97 .821
Height (Inches) 73.17 2.14 72.18 2.53 .010*
Weight (Pounds) 197.53 19.94 192.02 19.49 .097
*=p<.05

HSI injury compared to position players: Catchers
(33.3%), Infielders (32.6 %), and Outfielders (31.6%).
(Table 2)

Table 3 details HSI history by position including
prevalence, type (unilateral vs bilateral), and history
of reoccurrence. Thirteen players (27.7%) reported
a reoccurrence in the same leg. Thirty-one players
(66%) reported unilateral injuries while 16 (34%)
reported a HSI history in both hamstrings. Of the
athletes who reported having bilateral injuries, five
reported two occurrences in one leg, two reported
two different occurrences in both legs and one
reported three different injuries in each leg. There
was no significant relationship between having bilat-
eral or unilateral injuries and position (p=.692), or
reoccurrence (p=.970).

Self reported data was also collected from the play-
ers regarding time lost from practice or play due to

Table 2. Injury History by Position.

Player | Total# | No Injury | Injury % with

Position | Players | History | History | Injury Hx
Catcher 24 16 8 33.3%

Infield 46 31 15 32.6%
Outfield 38 26 12 31.6%
Pitcher 93 81 12 12.9%*
Total 201 154 47 23.8%

*P=.015

previous injury. The time lost to injury (an injury
which prevented an athlete from participating in a
subsequent training session or game) and severity
(number of days away from practice or play) were
defined using the definitions developed in the Union
of European Football Associations (UEFA) Consen-
sus Statement.* Specific ranges and percentages
of time lost are detailed in Table 4. Overall, 44% of
injuries resulted in greater than one-week loss from
baseball, while 56% lost less than one week. Ten
out of 16 players (62.5%) with bilateral injuries lost
more than one week from play while fifteen of the 31
(48.4%) players who had unilateral injury lost more
than one week from play. Seven of thirteen players
with recurrent injuries (53.8%) lost more than one
week from play, and six of these seven players also
had bilateral injuries.

Data stratified by handedness for batting and throw-
ing is presented in Table 5. Athletes with HST history

Table 4. Self Reported Time Lost from Injury.

Time Lost Percent of HSI Summary
from Injury N Players Time Lost Percentage
1-3 Days 25 39.68%

55.56%
4-7 Days 10 15.87% ’

- 0,

1-4 Weeks 22 34.92% 44.44%
4+ Weeks 6 9.52%
HSI= Hamstring injury

Table 3. Injury History: Reoccurrence, Unilateral and Bilateral Injuries.

Player Injury | Recurrent | % Recurrent | Unilateral | % Unilateral | Bilateral | % Bilateral
Position | History Injuries Injuries Injuries Injuries Injuries Injuries
Catcher 8 2 25.0% 5 62.5% 3 37.5%
Infield 15 5 33.3% 9 60.0% 6 40.0%
Outfield 12 3 25.0% 8 66.7% 4 33.3%
Pitcher 12 3 25.0% 9 75.0% 3 25.0%

Total 47 13 27.7% 31 66.0% 16 34.0%
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Table 5. Frequencies and Percent of Hamstring Injuries by Batting and Throwing Handedness Combinations.

BAT LEFT | BAT LEFT | BAT RIGHT | BAT RIGHT
Total N (% within combination) | THROW THROW THROW THROW | SWITCH

RIGHT LEFT RIGHT LEFT HITTERS | TOTAL
No Injury History 25 (68%) 24 (17%) 96 (80%) 6 (86%) 5 (83%) 156
Injury History 12 (32%) 7(22%) 24 (20%) 1 (14%) 1 (17%) 45
Total 37(100%) | 31(100%) | 120 (100%) 7 (100%) 4(100%) | 201 (100%)

more often batted right handed (n=25) versus left
handed (n=19). Of the six players who identified as
switch hitters, only one had an HSI history, and he
threw right handed. A total of 37 different players
with HSI history threw right handed and eight threw
left handed. There was no significant relationship
between history of injury with handedness as exam-
ined by batting (p=.410) or throwing (p=.607) in
this group of 201 players.

Interestingly, when examining HSI with batting pref-
erence and throwing dominance simultaneously, a
difference is noted between players with and with-
out a HSI history. While not statisticially significant,
32% percent (12/37) of all players who batted left
handed and threw right handed had an HSI history,
while the percent of players with other combina-
tions for batting and throwing who also had a HSI
history ranged from 14-22% (x* = 3.05; p=.550).

The Hamstring Outcome Score (HaOS) was used to
provide detail and information on the number of
previous hamstring injuries suffered by the players,
including side of injury and the impact of posterior
thigh pain and hamstring injury on the player’s phys-
ical function. A Mixed Model was used to analyze

HaOS total and subscale scores, nesting athletes
within teams. This analytic method helps to account
for any correlation that might be seen because ath-
letes who played for the same teams may be more
likely to have similar scores than two players from
different teams since these “teammates” are sub-
jected to similar training methodologies, acute and
chronic loading and conditioning programs. In addi-
tion, this accomodates for the variation in number
of responses per team, ranging from 8 to 31. There
were significant differences found between players
with and without HSI history for total HaOS score,
with uninjured players scoring significantly higher
on all the subscales (p < .05) (Table 6, Figure 1).

Table 7 presents the results of the percentage of
players who stated that they had symptoms of pos-
terior thigh pain or soreness the week prior to the
administration of the questionnaire. Differences are
demonstrated between the groups regarding their
responses to specific questions about symptoms
and soreness relative to work outs. The higher value
responses for athletes with a HSI history would be
expected. As would be expected, the HSI group also
responded that they had more soreness with the
variety of activities asked about on the survey.

Table 6. Means and Standard Errors from Mixed Model comparison of

HaOS for HSI and non-HSI athletes.

HaOS Section and Total Scores. Mixed Model Results
No Injury History History of Injury
Mean SE Mean SE p-value
Previous Injury
and Symptoms 82.67 1.57 72.41 2.87 .002*
Soreness 86.97 1.07 81.78 1.95 .021%*
Pain 94.76 0.62 90.24 1.16 .001*
Function 96.63 0.64 93.78 1.21 .039*
Quality of Life 94.32 1.12 89.58 2.02 .042*
Total Score 90.94 0.79 84.79 1.43 <.001%*
HaOS — Hamstring Outcome Score
HSI — Hamstring Injury
* =p<0.05
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Hamstring Outcome Score (HaOS)
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Figure 1. Hamstring Outcome Score (HaOS). Graph depict-
ing HaOS Outcome Scores for the five subsections and total
score for injured and uninjured players. A score of 100%
reflects full function and no impairment.

DISCUSSION

This study has attempted to identify some specific
characteristics regarding hamstring injuries that are
incurred among summer league baseball players,
identify athletes who have a history of HSI or reoc-
currence, and factors that are associated with these
injuries.

While a statistically significant one-inch difference
in height was demonstrated for playes in this study
with a history of HSI (Table 1) it should not be con-
sidered clinically significant as, based on the age
range of these players, many may have been actively
growing and changing.

Table 7. Self Reported Symptoms and Soreness Responses Reported as % of Athletes who responded.

Symptoms Sore After Sore During | Sore Waking | Sore Sitting
Prior Week Workout Workout in AM Still
Uninjured Athletes Left | Right | Left | Right | Left | Right | Left | Right | Left | Right
Value
Never 0 51.3% | 49.4% | 36.4% | 37.0% | 72.7% | 71.4% | 61.0% | 60.4% | 68.8% | 68.8%
Rarely/A Little 1 32.5% | 32.5% | 48.1% | 48.7% | 25.3% | 25.3% | 30.5% | 29.9% | 23.4% | 22.7%
Sometimes/Moderate 2 15.6% [ 17.5% | 14.9% | 143% | 19% | 32% | 78% | 9.1% | 6.5% | 7.1%
Often/A lot 3 0.6% | 0.6% | 0.0% | 0.0%| 0.0% | 0.0%| 0.6% | 0.6% | 1.3% | 1.3%
Always/Significant 4 0.0% | 0.0% | 0.0% | 0.0%| 0.0% | 0.0%| 0.0% | 0.0% | 0.0% | 0.0%
Hamstring Injury
Athletes Left | Right | Left | Right | Left | Right | Left | Right | Left | Right
Value
Never 0 34.0% | 29.8% | 38.3% | 38.3% | 55.3% | 59.6% | 48.9% | 53.2% | 72.3% | 74.5%
Rarely/A Little 1 25.5% | 34.0% | 34.0% | 38.3% | 27.7% | 27.7% | 31.9% | 27.7% | 17.0% | 17.0%
Sometimes/Moderate 2 34.0% | 29.8% | 23.4% | 19.1% | 17.0% | 12.8% | 12.8% | 12.8% | 6.4% | 4.3%
Often/A lot 3 43% | 43% | 43% | 43% | 0.0% | 0.0% | 43% | 43% | 2.1% | 2.1%
Always/Significant 4 21% | 21% | 0.0% | 0.0%| 0.0% | 0.0% | 2.1% | 2.1%| 2.1%| 2.1%

Table 8 provides details on the frequency of poste-
rior thigh pain and whether or not pain was present
with baseball related activities such as stretching,
base running, sprinting to first base, decelerat-
ing after reaching first base or rounding the bases.
Again, as would be expected, players without HSI
never or rarely had symptoms with these activi-
ties. Players with HSI had more frequent pain, more
pain with stretching and symptoms took longer to
resolve. However, their results regarding pain with
running activities were very similar to those players
without HSI.

Baseball studies in the current literature tend to
discuss and focus on the incidence of injury per
athletic exposure (AE), the overall injury rate (IR)
during practice and games, and the number or per-
cent each type of injury accounts for, with some
discussion of recurrence.!**** Injuries to the area
described as “upper leg/thigh” account for between
8.2% to 14.5% of these high school baseball injuries
and are most commonly labeled as “muscle strains”.
12 Dalton et al. reported the epidemiology of ham-
string strains for 25 different NCAA sports using
data gathered between 2009-2014. Overall, baseball
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Table 8. Self Reported Pain with Baseball Related Activities (reported as % of athletes who responded).

Frequency of Pain with Pain with Pain with
Pain “Small Pain with Pain with Pain with Rounding Sprinting to | Braking After
Freq Y Injuries” Stretch Double Steps Jogging Base 1st 1st
Uninjured Uninjured
Athletes Left | Right | Left | Right | Athletes Left | Right | Left | Right | Left | Right | Left | Right | Left | Right | Left | Right
Value
[Never 0 69.5% | 66.9% | 72.7% | 72.7% Never 68.8% | 67.5% | 90.3% | 90.3% | 89.0% | 87.7% | 92.2% | 92.2% | 86.4% | 85.7% | 93.5% | 91.6%
Rarely 1 26.0% | 27.3% | 22.7% | 22.1% | A Little 23.4% | 23.4% | 9.1% | 9.1% [10.4% | 11.7% | 6.5% | 6.5% | 11.0% | 11.0% | 5.8% | 7.8%
Sometimes 2 3.9% | 52% | 2.6% | 3.9% | Moderate 6.5% | 7.8% | 0.6% | 0.6% | 0.6% | 0.6% | 13%]| 13% | 2.6%| 3.2% | 0.6% | 0.6%
Often 3 0.6% | 0.6% | 1.9% | 13% A Lot 1.3% | 13%]| 0.0%| 0.0% | 0.0% | 0.0% | 0.0%| 0.0%| 0.0%]| 0.0%]| 0.0% | 0.0%
Always 4 0.0% | 0.0% | 0.0% | 0.0% | Significant 0.0% | 0.0%]| 0.0%| 0.0%| 0.0%]| 0.0%]| 0.0%] 0.0%| 0.0%| 0.0% | 0.0% | 0.0%
Hamstring Hamstring
Injury Injury
Athletes Left | Right | Left | Right | Athletes Left | Right | Left | Right | Left | Right | Left | Right | Left | Right | Left | Right
Value
[Never 0 51.1% | 57.4% | 48.9% | 53.2% Never 57.4% | 57.4% | 89.4% | 91.5% | 80.9% | 83.0% | 78.7% | 76.6% | 74.5% | 74.5% | 72.3% | 78.7%
Rarely 1 34.0% | 27.7% | 34.0% | 31.9% | A Little 27.7% | 23.4% | 8.5% | 6.4% | 14.9% | 10.6% | 21.3% | 19.1% | 23.4% | 19.1% | 19.1% | 14.9%
Sometimes 2 12.8% | 10.6% | 17.0% | 14.9% | Moderate | 12.8% | 17.0% | 2.1% | 2.1% | 43% | 64% | 0.0% | 43% | 2.1% | 2.1% | 64%| 2.1%
Often 3 21% | 43%| 0.0%| 0.0% A Lot 0.0% | 0.0% | 0.0%| 0.0%| 0.0%| 0.0%| 0.0% | 0.0%| 0.0% | 43% | 2.1%| 4.3%
Always 4 0.0% | 0.0% | 0.0% | 0.0% | Significant 21% | 21%| 0.0%| 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0%

accounted for 4.8% of all hamstring strain injuries
reported during this period.** Further stratification
by body part revealed that “upper leg muscle ten-
don strains” accounted for 8.3% of practice injuries
and 11 % of all game related injuries.®* NCAA data has
demonstrated that lower extremity injury accounted
for over 50% of all injuries in NCAA athletes,* and
that for baseball, the lower extremity is the second
most common area injured during practice or games,
accounting for 35% of all collegiate baseball injuries.
None of these studies however provide insight into
HSI history by position.

This study provides detail regarding baseball related
HSI by player position (Table 2). Twenty four per-
cent of players who completed the questionnaire
reported a history of HSI. While the percentage of
position players who report a history of HSI is simi-
lar (31.6 to 33.3%) pitchers reports significantly
fewer injuries (12.9%, p=.015). This difference may
be due to the activity profiles of these different posi-
tions (i.e. the amount of running, base running,
changes in direction and start and stop activities
associated with the specific positions). Compared to
position players, pitchers may not be as involved in
the type of activities that may cause HSI (base run-
ning type activities).?

This study also provides insight into whether these
injuries tend to be unilateral or bilateral, and the rate
of recurrence (Table 3), although no statistically sig-
nificant differences were seen between players of
varied positions. Recurrence was not uncommon in

this population of players with a history of HSI. The
recurrence rate in this group of elite players (27.7%)
was higher than that reported by Dalton et al (16%)
across all NCAA baseball teams.” The difference in
the rate of recurrence in this study may be related
to the quality of the players associated in these elite
summer leagues compared to non-elite level players
who may make up the majority of collegiate teams.
The higher recurrence rate could be related to the
amount of practice or game play time by these elite
summer league players during their collegiate sea-
sons, although this was not monitored during this
study. The athlete exposure rate (AE) and injury rate
(IR) may have been higher in this group as one would
expect elite players to see more practice and game
play time than none elite, general collegiate popula-
tion players.?*% Summer leagues, such as the Cape
Cod League and Northwoods League are showcase
leagues whose teams accept only the best college
baseball players in the country, who may eventu-
ally be drafted by major league baseball teams. Many
more players, while talented enough for collegiate
ball, may not see the same practice and play time
as elite players. The higher incidence of recurrence
reported in this study might also be due to stopping
play and “resting” at the end of the players’ college
seasons and then quickly starting up again at the
start of summer league. The adherence of these ath-
letes to conditioning programs for strength, endur-
ance and flexibility may decrease during this “rest”
period between seasons, although this was not moni-
tored in the current study. These elite players may
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then quickly start their season or activity without
consideration regarding conditioning. This sugges-
tion should be considered by the sports medicine
and conditioning staffs in order to prospectively tar-
get groups who have a prior history of HSI to incor-
porate the appropriate injury prevention activities
into the start of the summer league season.

The amount of time lost from practice or competi-
tive play can be significant and may have negative
ramifications for both the individual’'s and the team'’s
overall performance.*** Lower extremity injury for
the purpose of this manuscript was defined to spe-
cifically encompass injury to the hamstring or the
posterior thigh. The total number of days missed due
to injury was quantified and each athlete’s injuries
were categorized by severity defined by the UEFA
Consensus Statement.*

Historically, Powel et al report that 31% of injured
high school baseball players missed more than seven
days,? while 25% of NCAA injuries were considered
severe and players missed >10 days.®? The amount
of time missed due to injury that was reported by
the athletes who completed this survey (Table 4)
is similar to other reports.'®>?7%5 Data from those
publications are based on injury data bases and
documentation from athletic trainers, physicians
or other members of the sports medicine team.
Given that data from the current study was based
on retrospective recall of the HSI by the athlete, the
ultimate accuracy of the data (under or over esti-
mation of time missed) could be subject to question
and recall accuracy or bias. However, the amount
of time missed is still significant from a season par-
ticipation perspective, and is aligned with other pub-
lished reports.' In this study 35% of all players who
reported HSI reported that they lost between one
and four weeks of play due to injury, and approxi-
mately 10% stated they lost more than four weeks.
Efforts to prevent or reduce primary injury, or cer-
tainly the recurrence of injury would appear to be
worth strong consideration.

Fifty six percent of players lost less than seven days
of practice or play in this study with 40% reporting
only one to three days lost from HSI. While this brief
time loss (one to three days) might be attributable
simply to “muscle soreness” from an alteration or

change in their conditioning program once report-
ing to a summer league team, the report from any
player of any time lost from practice or play must
be carefully considered given the history of recur-
rence of HSI in an athletic population population.'*
This study could not relate the type or amount of
time lost due to injury to be typically associated with
delayed onset muscle soreness (DOMS) that might
be associated with the onset, change or increase of
training load associated with being part of an elite
summer league team as mentioned above. For this
reason, the study attempted to have the players
promptly fill out the questionnaire upon report-
ing to the team and prior to the commencement of
summer league training if possible to minimize the
impact of a change in their program.

All players (pitchers and position players) reported
arm dominance for both batting and throwing (Table
5). While not statistically significantly different from
other groups, players with HSI who batted Left and
threw Right accounted for the largest percentage
of HSI history (32%) within this group, followed
by those who batted Left and threw Left (22%). A
larger sample size may be necessary to achieve suf-
ficient power to determine if any relationships exist
between batting and throwing side and HSI. Explor-
ing the relationship of batting and throwing pref-
erence and its’ association with HSI history in the
NCAA or Major and Minor League Baseball injury
surveillance system may be warranted. Players with
HSI and who bat left-handed, may need to be consid-
ered for a rehabilitation or conditioning program to
specifically address their risk. Further study of how
left-handed hitters finish their swing, leave the bat-
ters’ box and sprint to first base may need to be con-
sidered for future research.

A statistically significant difference between all sub-
scale scores and the total score of the HaOS was dem-
onstrated between the two groups (Table 6). This type
of finding is in agreement with investigations of ath-
letes from other sports, such as elite level soccer, that
used the HaOS.*® The HaOS is a good tool that may
be used to identify players with prior HISI and poten-
tial risk for recurrent injury. This survey could help
teams identify those players who need specific reha-
bilitation, training and conditioning programs to miti-
gate chance of injury recurrence or further injury.

The International Journal of Sports Physical Therapy | Volume 14, Number 6 | December 2019 | Page 892




As expected, there was a higher percentage of play-
ers with no history of HSI reporting symptoms “never
or rarely” compared to players with a history of HSI
(Table 7 and Table 8). Players with HSI reported
“sometimes having symptoms or moderate symp-
toms” on a more frequent basis than non HSI players.
The higher percentage of injured HSI players report-
ing “sometimes or having moderate” symptoms with
baseball related running activity is in agreement with
the findings of other studies that demonstrated that
up to 76% of HSI occur with base running.?

As demonstrated by other reports, base running is
considered to be a primary mechanism of HSI in
baseball players.*>?® While the current study did not
assess the mechanism of injury or when the injury
occurred, athletes with HSI responded that they had
more pain during baseball related activities such as
rounding the bases, sprinting to first base or brak-
ing after first compared to those who did not have
a history of HSI (Table 8). These baseball running
activities are similar of those reported in other
sports (sprinting, stopping/starting, change of direc-
tion) that are related to HSI. It should be noted that
of the athletes who reported no HSI, 14% reported
that they had also had pain sprinting to first base,
and one third of this group responded that they had
pain with stretching. Responses such as these may
need to be considered in the design, incorporation
and compliance with general stretching and condi-
tioning programs, not only for baseball athletes with
HSI, but also for those baseball players with no his-
tory of HSI, especially if the goal of these programs
is injury prevention.

Each player was allowed to determine what “sore”
meant or what “small injuries” meant when they
filled out the HaOS questionnaire. “Soreness” and
“small Injuries” may be interpreted differently by
individuals. Given that this was a self-reported ques-
tionnaire the authors felt that it was best to let each
athlete determine what this meant for themselves,
rather forcing an operational definition that may not
make sense to them.

While one might expect those players with HSI to
report symptoms, a large percentage of athletes with-
out a history of HSI also reported hamstring sore-
ness in the week prior to the survey, were sore after

their workout or had discomfort/pain with stretch-
ing (Table 7). However, they did not report time
lost from practice or play. This report of soreness
may have been associated with DOMS from transi-
tioning between seasons or diversification of train-
ing programs associated with their summer league
teams. The percentage of athletes answering “never
or rarely/a little” was similar between the groups
regarding soreness after a workout. However, the
HSI group reported soreness “sometimes/moderate”
more frequently than the non-HSI group. Soreness
during a workout or that lingers may be something
for sports medicine personnel to consider in help-
ing to identify athletes at risk. Similar response per-
centages were demonstrated when athletes with
and without a history of HSI answered a question on
their perception of the “frequency of small injuries”
they experience in their posterior thigh/hamstring
area (Table 8). This should also be considered when
attempting to identify the baseball player at risk.

The limitations of this study include that this survey
isbased on a retrospective self-report of injury rather
than on objective data collected during the season by
members of the sports medicine staff, hence being
subject to inherent recall bias. However, the data is
consistent with the current HSI rates reported in the
baseball literature. In addition, the posterior thigh
and hamstring injuries that were reported were
not verified by any type of imaging study nor by a
physician. However, these athletes are were NCAA
athletes (largely Division I) and had access to phy-
sicians and certified Athletic Trainers (ATC) which
may have been instrumental in diagnosis and treat-
ment of previous injuries. In addition, both the Cape
Cod League and the Northwoods League each have
at least one ATC on staff. Since the summer league
is a continuation of a competitive spring season, the
notion of overload (training, innings played, etc.)
and fatigue from continued play is a consideration.
The athletes in this study were coming out of highly
competitive programs, so ostensibly, their NCAA
seasons could extend into late May and early June
(including conference tournaments and potentially
the College World Series).

CLINICAL RELEVANCE AND CONCLUSIONS
Understanding the prevalence of posterior thigh
pain and HSI history in summer league baseball
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players will assist sports medicine staff in design-
ing and implementing effective injury reduction
and rehabilitation programs. The results of this
study demonstrate that approximately one third of
all position players and almost 13% of pitchers who
report to summer league baseball, in hope of and
preparation for being drafted by Major League Base-
ball, report a history of hamstring injury. Approxi-
mately one third of these injuries are bilateral. The
reported reoccurrence rate of injury is greater than
25%. Reviewing the HSI history of summer league
players would be useful at the start of the season.
Consideration should then be given to developing
appropriate injury reduction and optimal condition-
ing programs.
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APPENDIX 1

Major League Baseball - Hamstring |njury Prevention Please respond to every question by checking the appropriate box, only ONE box per question. If unsure
Cape Cod Baseball League -2014 about the answer please give the best answer you can. Remember to answer for both left and right
hamstrings separatel
Name: Position: pos:__/_/___ Symptoms - These questions should be answered thinking of the symptoms from back of your
thigh/hamstrings during the LAST WEEK.
Have you i /stiffi /| pain from the back of your thigh/hamstrings
/L/S Throws: R/L Left Leg Right Leg
rmmmmeses rnmmeess Never Rarely Sometimes Often Always Never Rarely Sometimes Often Always
Thank you for participating in this study. It is important to understand how hamstring injuries occur in o) [a) o) [a) o) O [a) o) o) &)
order to attempt to prevent their occurrence in the sport of baseball. Please complete this survey to the
best of your ability.
Soreness - The following questions relate to soreness in the back of your thigh. Report on the degree
H'Story of Hams"mg In]u"es of soreness you experience from the back of your thigh/hamstrings during a typical week.
- " - How sore is the back of your leg/hamstring AFTER a workout, practice or playing a game
Left Side Right Side
Number of previous hamstring strains/injuries: Number of previous hamstring strains/injuries: LeftLeg Right Leg
N0 O1 02 O3 A4 A5 O>5 N0 A1 02 O3 04 A5 O>5 Never Alittle Moderate Alot Significant | Never Alittle Moderate A Lot Significant
[a] [a] Qa 8] [a] [a] [a] Qa Qa [a]
If you answered “0” to the question above skip the | If you answered “0” to the question above skip the
next three i garding the left i next three i garding the right i . . _ .
and continue at the next section and continue at the next section How sore is the back of your leg/hamstring DURING a workout, practice or playing a game
Left Leg Right Leg
Time since most recent injury: Time since most recent injury: Never Alittle Moderate Alot Significant | Never Alittle Moderate Alot Significant
[a] [a]
AN 0-6mo. O6-12mo. O 1-2yrs. A 2-3yrs | AN 0-6mo. A6-12mo. O 1-2yrs. AN 2-3yrs a a a a a a a o
How long were you fully unable to play/practice? | How long were you fully unable to play/practice? How sore is the back of your leg/hamstring when you wake up in the morning?
O13days O47days O 1-dwks O>dwks | O 1-3days O 47days O 1dwks >4 wks LeftLeg Right Leg
Never Alittle Moderate Alot Significant | Never Alittle Moderate A Lot Significant
Have you missed a practice/game during the Have you missed a practice/game during the a a
previous season due to symptoms/pain from your | previous season due to symptoms/pain from your
left hamstring? right hamstring?
) No/Never ) Yes —if yes how much? ) No/Never Q) Yes - if yes how much? How sore is the back of your leg/ ing if you have been sitting still for a while during the day?
A Rarely O Sometimes () Often A Rarely O Sometimes () Often LeftLeg Right Leg
Never Alittle Moderate Alot Significant | Never Alittle Moderate A Lot Significant
[a] [a]
— N
4 &
& I
Adapted with Permission from: Olso Sports Trauma Research Center, Oslo, Norway Adapted with Permission from: Olso Sports Trauma Research Center, Oslo, Norway
Pain Changing direction while running (rounding the bases)?
How often do you experience pain from the back of your thigh/hamstrings? Left Leg Right Leg
Left Leg Right Leg No  Alittle  Moderate Alot VERY No  Alittle  Moderate ~Alot VERY
Never Rarely Sometimes Often Always Never Rarely Sometimes Often Always Pain painful Pain painful
o] o) o) a o o] o) o) a0 o o o a o o o o o
Do you often have small strains/injuries in the back of your thigh/ ings that resolve quickly? ing (sprinting to first to beat the throw)?
Left Leg Right Leg Left Leg Right Leg
Never Rarely Sometimes Often Always Never Rarely Sometimes Often Always No Alittle  Moderate  Alot VERY No Alittle  Moderate  Alot VERY
[a) [a) [a) [a) [a) [a) [a) [a) [a) [a) Pain painful Pain painful
[a] [a] Qa [a] [a] [a] [a] [a] [a] [a]
Please tell us the degree of pain that you have felt from the back of your
thigh/hamstrings during the last week when performing the following activities. Braking after beating the throw to first?
Left Leg Right Leg
Stretching the back of your thigh/ i No  Alittle  Moderate ~ Alot VERY No  Alittle  Moderate ~Alot VERY
Left Leg Right Leg Pain painful Pain painful
No  Alittle Moderate Alot VERY No  Alittle Moderate Alot VERY a a a [SRE] a a a a o
Pain painful Pain painful
4] [a] 4] 4] [a] 4] [a] 4] 4] [a]
Walking up a ladder/stairs (double steps)
Left Leg Right Leg
No  Alittle  Moderate ~ Alot VERY No  Alittle  Moderate ~ Alot VERY
Pain painful Pain painful
o] [a] [a] o] Qa 8] [a] [a]
Jogging?
Left Leg Right Leg
No  Alittle  Moderate ~ Alot VERY No  Alittle  Moderate ~ Alot VERY
Pain painful Pain painful
4] [a] 4] 4] Qa 4] [a] 4]
™ <
& %
£ £
Adapted with Permission from: Olso Sports Trauma Research Center, Oslo, Norway Adapted with Permission from: Olso Sports Trauma Research Center, Oslo, Norway
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Function, daily living activities and sports

The following questions concern your physical function. For each of the following activities, please
indicate the degree of difficulty you have experienced in the last week due to the back of your
thigh/hamstrin,

Quality of Life

The following questions concern how problems from your hamstrings restrain you during physical
activity. Tell us the amount of difficulty you have had during the last week due to the back of your
thi ings?

Running?

Left Leg Right Leg
No Alittle  Moderate  Alot VERY No Alittle  Moderate  Alot VERY
Pain painful Pain painful
4] [a] 4] 4] [a] [a] [a] 4] 4]

Jumping?

Left Leg Right Leg
No Alittle  Moderate  Alot VERY No Alittle  Moderate  Alot VERY
Pain painful Pain painful
o] [a] [a] o] Qa 8] [a] [a] 8] Qa

Accelerating?

Left Leg Right Leg
No Alittle Moderate  Alot VERY No Alittle Moderate  Alot VERY
Pain painful Pain painful
o] [a] [a] 8] Qa 8] [a] [a] o]

Braking after sprinting?

Left Leg Right Leg
No  Alittle  Moderate ~ Alot VERY No  Alittle  Moderate ~ Alot VERY
Pain painful Pain painful
4] [a] 4] 4] [a] [a] [a] 4] 4] [a]

Adapted with Permission from: Olso Sports Trauma Research Center, Oslo, Norway

PageD

How much do you trust the back of your thigh/hamstrings during physical activity?

Left Leg Right Leg
Not Not
Totally Alot Moderate Somewhat atall Totally Alot Moderate Somewhat atall
[a] [a] [a]

Do you sometimes keep from performing 100% due to concerns about injuring the back of your
thigh/hamstrings?

Left Leg Right Leg
Not Not
atall Somewhat Moderate Alot Totally atall Somewhat Moderate Alot Totally
8] [a] [a] [a] [a] 8] [a] 4] 8] 8]

Adapted with Permission from: Olso Sports Trauma Research Center, Oslo, Norway
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