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Abstract Objective This study aimed to identify the main knee complaints and injuries
associated with baseball and their prevalence in the state of São Paulo, Brazil.
Methods This epidemiological study analyzed data from an online questionnaire sent
to baseball athletes from the state of São Paulo, Brazil, from 2019 to 2022.
Results Ninety-eight athletes participated in the study. Their average age was 24.3
years, and 85.72% of the subjects were men. The most prevalent ethnicities were
yellow (50%) and white (42.86%). Most athletes had incomplete or complete higher
education (75.5%). Most (88.77%) have been training for over 1 year, and 40.82% played
in more than 1 position. More than half also practiced another sport. Most (66.32%)
athletes present knee complaints or symptoms, and 37.75% had suffered a knee injury
playing baseball, with several mechanisms (contact with the ground, contact with
another player, or no contact). More than half (59.45%) of the athletes required time
away from baseball due to complaints, symptoms, or injuries.
Conclusion Among the athletes interviewed, 66.32% had a knee complaint, and
37.75% had already had a knee injury, especially meniscal and ligament injuries. The
injury rate was highest in the first year of practice.

Work developed at the Knee Group, Department of Orthopedics
and Traumatology, Faculdade de Ciências Médicas Santa Casa de
Misericórdia de São Paulo (FCMSCSP), São Paulo, SP, Brazil.

received
August 8, 2023
accepted after revision
November 6, 2023

DOI https://doi.org/
10.1055/s-0044-1785202.
ISSN 0102-3616.

© 2024. The Author(s).
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution 4.0 International License, permitting copying

and reproduction so long as the original work is given appropriate credit

(https://creativecommons.org/licenses/by/4.0/).

Thieme Revinter Publicações Ltda., Rua do Matoso 170, Rio de
Janeiro, RJ, CEP 20270-135, Brazil

THIEME

Original Article 199

https://orcid.org/0000-0003-0507-4976
mailto:rcury1@me.com
https://doi.org/10.1055/s-0044-1785202
https://doi.org/10.1055/s-0044-1785202


Introduction

Musculoskeletal injuries are common in sports, accounting
for approximately 80% of sports injuries.1 Joint injuries,
especially in the knee, have increased significantly due to
the growth in the number of people who practice physical
activity both professionally and recreationally. Furthermore,
these practices start at an increasingly younger age group,
with a demand for training and increasingly higher levels of
competitiveness,2,3 sometimes lacking proper technical
supervision.

Studies on baseball injuries focus on the upper limbs,
which correspond to approximately 45% of injuries occurring
during training and games. Eighty percent of articles pub-
lished based on Major League Baseball are related to the
upper limbs, while 6.6% refer to the lower limbs.4 However,
lower limb injuries are also present in this sport, correspond-
ing to around 33% of the total injuries in this modality.5–7

Despite this, the literature on this topic is limited.
Given the scarcity of literature on knee injuries in baseball

and the absence of precise national epidemiological data that
would allow us to understand their panorama, this work
aimed to identify the main complaints and injuries associat-
ed with baseball and their prevalence in our environment,
starting a discussion about the need to implement preven-
tative measures for safe practice.

Methods

FromMay 2019 toMay 2022, after approval by the Ethics and
Research Committee (CAAE: 17721819.0.0000.5479),
researchers from the Knee Group of the Department of

Orthopedics and Traumatology of the same hospital asked
several baseball clubs in the state of São Paulo and university
teams to distribute an online questionnaire among their
athletes. The Google Forms questionnaire included a digital
version of the informed consent form and specific questions
for demographic, epidemiological identification, and knee
injuries. The questionnaire was developed and evaluated
internally by group members over three rounds of review.
The final version was sent directly to athletes to collect data
related to baseball practice.

Amateur athletes from Liga Esportiva das Atléticas de
Medicina do Estado de São Paulo (LEAMESP) and the Anhan-
guera, Atibaia, Gecebs, Nippon Blue Jays, São Paulo Gigante,
Los Tomateros, Underdogs, and UniSant’Anna clubs received
an invitation to voluntarily self-complete the questionnaire
(►SupplementaryMaterial, Annex 1). The questionnairewas
sent by WhatsApp to the representative of each institution,
reaching a total of 195 athletes.

The inclusion criteriawere amateur baseball athletes from
the state of São Paulo, regardless of age, gender, or ethnicity,
who practice the sport at least once aweek at different levels
of performance, and affiliated with the clubs above, and who
answered the questionnaire and consent form completely
and correctly. The previously defined exclusion criteria were
athletes with musculoskeletal injuries resulting from anoth-
er sport, those who did not answer the questionnaire as
requested, and para-athletes, that is, those with physical,
visual, or intellectual impairment.

Questionnaire Description
The questionnaire prepared by the authors consisted of 23
questions: 4 on demographic data, 6 on sports practice, and

Resumo Objetivo Identificar as principais queixas e lesões de joelho associadas ao beisebol, e
sua prevalência em atletas de beisebol no estado de São Paulo.
Métodos Estudo epidemiológico desenvolvido por meio da análise de dados obtidos
por um questionário online, entre os anos de 2019 e 2022, distribuído entre atletas de
beisebol do estado de São Paulo.
Resultados Noventa e oito atletas participaram do estudo, com média de 24,3 anos
de idade, sendo que 85,72% eram homens. Os grupos raciais mais prevalentes foram os
amarelos (50%) e brancos (42,86%), e a maioria dos atletas possuía ensino superior
incompleto ou completo (75,5%). Um total de 88,77% treinava há mais de um ano e
40,82% atuavam emmais de uma posição. Mais da metade praticava simultaneamente
outro esporte. Um total de 66,32% dos atletas apresentava queixas ou sintomas no
joelho e 37,75% já haviam sofrido alguma lesão no joelho associada à prática do
beisebol através de diversos mecanismos (contato com solo, contato com outro
jogador, sem contato). Um total de 59,45% dos atletas precisou ser afastado da prática
devido às queixas, sintomas ou lesões apresentadas.
Conclusão Dos atletas entrevistados, 66,32% apresentaram alguma queixa no joelho
e 37,75% já tiveram alguma lesão diagnosticada nessa articulação, sendo as mais
prevalentes as lesões meniscais e as ligamentares. A taxa de lesões foi maior no
primeiro ano de prática.
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13 on specific symptoms, diagnoses, and treatments for knee
injuries. This questionnaire aimed to identify epidemiologi-
cal issues involving this population.

The demographic data section requested information on
gender, age, ethnicity, and education. The section on baseball
sports practice collected data on time spent practicing the
sport (more than or less than a year), time dedicated to
training in weekly hours, and the playing position—pitcher,
catcher, infielder (first base, second base, third base, and
shortstop) and outfielder (left fielder, center fielder, and
right fielder). Data collection also included information on
the practice of other sports, training time in hours per week,
and practice time, either more or less than a year.

The questionnaire also asked about specific knee symp-
toms, diagnoses, and treatments, such as knee-related clini-
cal complaints (including pain and topography, episodes of
instability, edema, locking, and crepitus), specific injury
diagnoses throughout baseball practice, a description of
these diagnoses if more than one, injury mechanisms
(non-contact, contact with the ball, ground, object, another
player, and others), time away from baseball due to clinical
complaint or injury, length of absence in months, perfor-
mance of conservative treatments and their nature, and
surgical treatments and their descriptions.

Data Analysis
As for demographic data, age was shown as mean and
standard deviation. Gender, ethnicity, education, sports
practice, specific knee symptoms, diagnoses, and treatments
were displayed in absolute and relative numbers.

The remaining data were tabulated and displayed as previ-
ously explained. We analyzed age, time of baseball practice in
years, weekly training hours, playing position, and practice of
another sport to highlight potential associations between
complaints or injuries and some study variables.

For this secondary analysis, we stratified participants into
different subgroups and observed the distribution of com-
plaints and injuries in each one. These subgroups referred to
median age and baseball practice time for less than a year or
equal or more than a year. This divisionwas based on studies
showing differences in injury rates in athletes stratified this
way.8,9 Weekly training hours comprised five categories.

We also analyzed the participation in one or more baseball
positions. Regarding other sports, participants were subdi-
vided into groups only playing baseball and practicing
additional modalities.

Results

Ninety-eight of 195 athletes completed the questionnaire
voluntarily, corresponding to a response rate of 50.25%. The
mean age of participants was 24.3�7.1 years. The sample
included 84 (85.72%) men and 14 (14.28%) women. No
athlete was excluded after completing the questionnaire.
There were 4 distinct ethnicities, that is, 49 (50%) yellow, 42
(42.86%) white, 6 (6.12%) brown, and 1 (1.02%) black. Among
the athletes, 75.5% declared that they had incomplete or
complete higher education (►Table 1).

Regarding the specific practice of baseball, 87 (88.77%)
athletes trained formore than a year, and 24 (24.48%) trained
more than 10hours aweek. Forty (40.82%) subjects played in
at least two positions; most athletes played as infielders or
outfielders (51.02% and 47.95%, respectively), and 50
(51.02%) athletes practiced other sports (►Table 2).

Sixty-five athletes (66.32%) complained of knee symp-
toms. Thirty-seven (37.75%) had already been diagnosed
with a baseball-associated knee injury, including 14
(37.83%) with ligament injuries, 14 (37.83%) with several
meniscal injuries, and 10 (27.02%) with tendinopathies. It is
worth mentioning that 16 (43.24%) athletes already diag-
nosed declared the occurrence of more than one injury.
Regarding traumamechanisms, 10 (45.45%) athletes suffered
an injury due to contact with the ground, 8 (36.36%) reported
no contact, and 4 (18.18%) had contact with another player.
Twenty-two (59.45%) reported the need to take time off from
sports due to clinical complaints or injuries, of which 5
(22.72%) underwent surgical treatment (►Table 3).

For the secondary analysis, we initially subdivided the
athletes into 2 groups based on theirmedian age, 23 years old
(►Table 1). Among athletes older than 23, 71.11% had clinical
complaints regarding their knees, and 35.55% had already
been diagnosed with a knee injury.

We noted that 72.72% (eight out of 11) of athletes who
have played baseball for less than a year had clinical knee

Table 1 Demographic data in mean, standard deviation and median or absolute and relative numbers of participants

Age Mean (SD) Median

24.33 (�7.1) 23

Gender Male Female

84 (85.72%) 14 (14.28%)

Ethnicities Yellow White Brown Black

49 (50%) 42 (42.86%) 6 (6.12%) 1 (1.02%)

Education Incomplete
elementary
education

Incomplete high
school education

Complete
high school
education

Incomplete
college
education

Complete
college
education

5 (5.1%) 4 (4.08%) 15 (15.4%) 52 (53.06%) 22 (22.44%)

Abbreviations: SD, Standard deviation; %, relative number in percentage.
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complaints, and 45.45% (five out of 11) had already been
diagnosed with a knee injury. Among athletes practicing for
more than a year, 65.51% reported complaints (57 of 87), and
36.78% had injuries (32 of 87) (►Table 4).

Understanding the limitation of the subject distribution
by subgroups with complaints and injuries per weekly
training hours, we highlight that 66.66% of the 36 athletes
who trained up to 5 hours per week had complaints, includ-
ing 54.16% with diagnosed injuries (►Table 5). Furthermore,
of the 40 athletes training in more than one position, 72.5%,
and 42.5% reported experiencing knee symptoms or injuries,
respectively; of the 50 who played other sports, 66% had
complaints, and 34% reported injuries. Among the 48 sub-
jects who only played baseball, 66.66% had symptoms, and
39.58% presented diagnosed injuries.

Discussion

This study aimed to show epidemiological data on knee
symptoms and musculoskeletal injuries in amateur baseball
athletes in the state of São Paulo, Brazil, to assist their health
care and contribute with information for creating preventive
measures and regulations for baseball practice. As far as we
know, this is the first study to evaluate the epidemiology of
knee injuries in baseball athletes in a Brazilian context.

According to Law 9,615 of 1998 of the Brazilian Federal
Government providing general rules for sports practice,
professional athletes are those receiving remuneration de-
fined in a formal employment contract. Therefore, all ath-
letes in this study qualify as non-professionals (amateurs).

In the main baseball leagues from the United States
leagues (Major League Baseball and Minor League Baseball),
shoulder and knee injuries account for 14.7% and 6.5% of all
lesions.6 These athletes, despite predominantly using their
upper limbs for the throwing movement, also perform
intense effort on the lower limbs for straight-line running,
sudden direction changes when running, jumping, and,

depending on the playing position, remaining crouched for
long periods, maintaining or performing knee flexion move-
ments repeatedly.10 Even throwing effectiveness closely
relates to the energy transfer from the lower limbs to the
trunk.11 Thus, the knee is susceptible to injuries in baseball.
However, these injuries remain underdiagnosed as there is
little research on the topic.

A Japanese study12 analyzed young baseball athletes
reporting pain in the shoulder, elbow, or both. The authors
observed that 51.9% of them also complained of knee pain. In
our study, 66.32% of all athletes had knee complaints, re-
gardless of whether they reported upper limb symptoms,
and 37.5% of participants had a diagnosed injury. A study
performed on the database of injuries diagnosed in baseball
professional players fromNorth American leagues reported a
knee injury rate of only 6.5%,6 showing the heterogeneity in
injury rates in different contexts.

The literature reports that most knee injuries in baseball
athletes are contusions (30.5%),6 ligament injuries (17.5%),6

tendinopathies (16.9%),6 and meniscal injuries (9.2–33%).1,6

The incidence of these conditions varies depending on the
study location. Patellofemoral dislocation and subluxation
(1.4%)6 have a lower prevalence. In our study, the main
injuries included ligament (37.83%) and meniscal (37.83%)
injuries, in addition to tendinopathies (27.02%).

We believe that the amateur nature of baseball practice at
the regional level may account for the higher incidence of
knee complaints and injuries in our study comparedwith the
international literature, whichmainly evaluates professional
athletes.4,6 This discrepancy makes us question the need for
more studies focusing on knee injuries in amateur baseball
athletes.

Regarding practice time, we found that athletes who
trained for less than a year have a higher rate of diagnosed
knee injuries. This phenomenon also occurs in other sports,
such as road running, in which studies performed since the
1980s concluded that less experienced athletes tend to suffer

Table 2 Data regarding baseball practice in absolute and relative numbers

Practicing time (N¼ 98) Less than a year Over a year

11 (11.23%) 87 (88.77%)

Training time (hours per week)
(N¼ 98)

Up to 5 hours 5–10 hours 10–15 hours 15–20 hours Over 20 hours

36 (36.73%) 38 (38.77%) 17 (17.34%) 6 (6.12%) 1 (1.02%)

Positions� Pitcher Catcher Infielder Outfielder

30 (30.61%) 18 (18.36%) 50 (51.02%) 47 (47.95%)

Field positioning (N¼ 98) Single Multiple

58 (59.18%) 40 (40.82%)

Other sports (N¼98) Yes No

50 (51.02%) 48 (48.97%)

Training time (hours per week)
in other sport (N¼ 50)

Up to 5 hours 5–10 hours 10–15 hours 15–20 hours Over 20 hours

21 (42%) 18 (36%) 7 (14%) 3 (6%) 1 (2%)

Practicing time in other
sport (N¼50)

Less than a year Over a year

4 (8%) 46 (92%)

Abbreviations: SD, Standard deviation; %, relative number in percentage. �participants may play in more than one position.
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a higher number of lower limb injuries.13,14 More recent
studies showed that this incidence can be up to twice as high
in beginner athletes, that is, during the first year of prac-
tice.8,9 Despite the sample heterogeneity, we can infer that
athletes with less practice time have a higher injury rate,
even though there are discrepancies in injury characteriza-
tion, classification in terms of performance level, and diffi-
culty in evaluating the moment of occurrence. Therefore,
further studies are required in this area to promote differen-
tiated care for athletes with less practice time.

Regarding the trauma mechanism of the diagnosed inju-
ries, Dahm et al.6 pointed out that the most significant ones
were non-contact (43.9%) and contact with the ground
(18.8%). Our study reported 36.36% and 45.45% of mecha-
nisms with no contact and contact with the ground, respec-
tively. Dicket al.5 stated that 42% of baseball injuries occurred
with no contact, and 45% occurred with contact. The main
injuries diagnosed in our study were knee ligament and
meniscal injuries, often associated with torsional trauma,
corresponding to the non-contact trauma mechanism, and
corroborating the described scenario.

One injury described in baseball athletes is called catch-
er’s knee.15 It is little known and, therefore, may be under-
diagnosed. The catcher’s knee is an osteochondritis dissecans
of the posterior region of the femoral condyle resulting from
persistent, repetitive joint hyperflexion, a typical movement
mechanism for athletes in this position. This study specifi-
cally asked about this diagnosis in the knee symptoms and
injuries section. The catchers did not present a specific
pattern of diagnosis of injuries or complaints, and we did
not have any cases of catcher’s knee in our sample.

The participants in this study presented high rates of
symptoms, injuries, or both diagnosed in the knees, consis-
tent with other studies evaluating the upper limbs of high-
performance athletes.4–6 Today, as far as the authors know,

Brazil has no guidelines referring to baseball or the use of
equipment to prevent knee injuries. This lackmay contribute
to the difference in data observed in amateur and profes-
sional athletes or to the lack of studies focused on the
epidemiology of these injuries.

Our study had some limitations, such as the small and
heterogeneous sample despite the wide distribution of the
questionnaire across leagues and the difficulty in interpret-
ing and associating the presence of complaints and injuries
with variables such as playing position, since the same
participant may act in different positions. Although this
study provided insights about knee injuries and amateur
baseball in Brazil, we believe further studies are required
with sample calculation and probably a larger sample size to
obtain more precise relationships and analyses.

Conclusion

Among the athletes interviewed, 66.32% reported knee
complaints, and 37.75% had a previous knee injury diag-
nosed. The most prevalent conditions were meniscal and
ligament injuries. The injury rate was higher in the first year
of baseball practice.

Financial Support
There was no financial support from public, commercial,
or not-for-profit sources.

Conflict of Interests
The authors declare no conflict of interests.

References
1 Nicolini AP, de Carvalho RT, Matsuda MM, Sayum JF, Cohen M.

Common injuries in athletes’ knee: experience of a specialized
center. Acta Ortop Bras 2014;22(03):127–131

2 ZitoM. The adolescent athlete: amusculoskeletal update. J Orthop
Sports Phys Ther 1983;5(01):20–25

3 Greiwe RM, Saifi C, Ahmad CS. Pediatric sports elbow injuries. Clin
Sports Med 2010;29(04):677–703

4 Makhni EC, Buza JA, Byram I, AhmadCS. Sports reporting: a compre-
hensive review of the medical literature regarding North American
professional sports. Phys Sportsmed 2014;42(02):154–162

5 Dick R, Sauers EL, Agel J, et al. Descriptive epidemiology of
collegiate men’s baseball injuries: National Collegiate Athletic
Association Injury Surveillance System, 1988-1989 through
2003-2004. J Athl Train 2007;42(02):183–193

6 DahmDL, Curriero FC, Camp CL, et al. Epidemiology and Impact of
Knee Injuries in Major and Minor League Baseball Players. Am J
Orthop 2016;45(03):E54–E62

7 Fares MY, Fares J, Baydoun H, Fares Y. Prevalence and patterns of
shoulder injuries inMajor League Baseball. Phys Sportsmed 2020;
48(01):63–67

Table 4 Presence of symptoms and diagnosed injuries concerning practice time

All (N¼ 98) Over a year (N¼ 87) Less than a year (N¼ 11)

Symptoms 65 (66.32%) 57 (65.51%) 8 (72.72%)

Diagnosed injuries 37 (37.75%) 32 (36.78%) 5 (45.45%)

Abbreviations: SD, standard deviation; %, relative number in percentage.

Table 5 Relationship between baseball training time (in hours
per week) and the presence of symptoms and diagnosed
injuries in absolute and relative numbers

Hours per week Symptoms Injuries

Up to 5 hours (N¼ 36) 24 (66.66%) 13 (54.16%)

5–10 hours (N¼ 38) 25 (65.78%) 12 (31.57%)

10–15 hours (N¼17) 12 (70.58%) 6 (35.29%)

15–20 hours (N¼6) 3 (50%) 3 (50%)

Over 20 hours (N¼1) 1 (100%) 1 (100%)

Abbreviations: SD, Standard deviation; %, relative number in
percentage.

Rev Bras Ortop Vol. 59 No. 2/2024 © 2024. The Author(s).

204



8 Kemler E, Blokland D, Backx F, Huisstede B. Differences in injury
risk and characteristics of injuries between novice and experi-
enced runners over a 4-year period. Phys Sportsmed 2018;46(04):
485–491

9 Linton L, Valentin S. Running with injury: A study of UK novice
and recreational runners and factors associated with running
related injury. J Sci Med Sport 2018;21(12):1221–1225

10 Ficklin T, Dapena J, Brunfeldt A. A comparison of base running
and sliding techniques in collegiate baseball with implications
for sliding into first base. J Sport Health Sci 2016;5(03):
361–367

11 Fortenbaugh D, Fleisig GS, Andrews JR. Baseball pitching biome-
chanics in relation to injury risk and performance. Sports Health
2009;1(04):314–320

12 Sekiguchi T, Hagiwara Y, Momma H, et al. Youth baseball players
with elbow and shoulder pain have both low back and knee pain:
a cross-sectional study. Knee Surg Sports Traumatol Arthrosc
2018;26(07):1927–1935

13 Marti B, Vader JP, Minder CE, Abelin T. On the epidemiology of
running injuries. The 1984 Bern Grand-Prix study. Am J Sports
Med 1988;16(03):285–294

14 Macera CA, Pate RR, Powell KE, Jackson KL, Kendrick JS, CravenTE.
Predicting lower-extremity injuries among habitual runners.
Arch Intern Med 1989;149(11):2565–2568

15 McElroy MJ, Riley PM, Tepolt FA, Nasreddine AY, Kocher MS.
Catcher’s Knee: Posterior Femoral Condyle Juvenile Osteochon-
dritis Dissecans in Children and Adolescents. J Pediatr Orthop
2018;38(08):410–417

Rev Bras Ortop Vol. 59 No. 2/2024 © 2024. The Author(s).

205


