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Background: Baseball has specific sport and positional demands that may modify joint pain compared
with other sports. Persistent joint pain reduces function and is an underlying reason for seeking medical
care. The pain and functional status of players after they stop competitive play are unknown. Such
knowledge can assist clinicians in creating personalized physical examinations and interventions for
baseball players as they transition to retirement. The purpose of this study was to (1) evaluate persistent
joint pain and arm function in former baseball players and (2) determine whether playing position is
associated with increased odds of joint pain and reduced arm function in former baseball players.
Methods: A cross-sectional survey was performed. Eligibility criteria consisted of (1) played �1 colle-
giate baseball season, (2) aged �18 years, and (3) formerly played baseball (currently retired). Outcomes
assessed included persistent joint pain and Single Assessment Numeric Evaluation (SANE). Explanatory
variables included playing position (position, two-way, or pitcher). Multivariable logistic and linear re-
gressions were performed. Models were adjusted for age, body mass index, arm dominance, playing
standard, years played baseball, and injury and surgery history.
Results: A total of 117 former baseball players participated (age: 36.8 [13.7] years). The mean dominant
SANE score was 70.2 (standard deviation 24.1), and the mean nondominant SANE score was 85.2
(standard deviation 19.4). There was no difference in dominant arm SANE scores when stratified by arm
injury history (4.6 [95% confidence interval: �14.9, 5.8]) or arm surgery history (�3.8 [95% confidence
interval: 13.4, 5.8]). The shoulders had the greatest persistent joint pain prevalence (28% of all partici-
pants) and elbows (21% of all participants). There was no relationship between dominant arm pain or
function and playing position.
Conclusion: This is the first study to demonstrate an increase in dominant arm disability in former
baseball players. The high prevalence of persistent arm pain and poor arm function among former
baseball players is concerning considering participants were younger than 40 years of age. No differences
were observed in arm function when stratifying by arm history, surgery, or position demonstrating the
potential relationship between baseball participation and arm disability after cessation of play. Clinicians
should consider working with baseball players to develop long-term strategies to maintain joint health,
especially in the throwing arm, when baseball players are transitioning to retirement. Future research is
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needed to understand the long-term effectiveness of clinical treatments and the implications of specific
arm injuries such as ulnar collateral ligament tears on persistent arm pain and function.

© 2021 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 license (http://creativecommons.org/licenses/by/4.0/).
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Figure 1 Study participant flow chart.
Baseball injuries remain a significant burden, with a high
healthcare cost,21,25 resulting in a large number of workplace days
lost,18,31 and this can increase the risk of developing long-term
morbidity and/or secondary osteoarthritis.42,44 Post-traumatic
osteoarthritis ensues at a younger age, has a greater disability
length, and has fewer available treatments compared with idio-
pathic osteoarthritis.6,9,40 Post-traumatic osteoarthritis has a
greater prevalence in former sport participants compared with the
general population9,43 and can present as persistent joint pain.27

Persistent joint pain can inhibit physical function and activity
participation1,38 and is the underlying reason that many individuals
seek osteoarthritis medical treatment.27 As a result, clinicians and
other stakeholder groups have sought to understand the burden of
persistent joint pain in different populations.7,8,13

Baseball is an overhead sport that requires the arm to propel a
baseball at high velocities.14 Owing to these physical demands, the
greatest injury incidence is to the shoulder and elbow.18,31

Different baseball positions have demonstrated disparate arm
and body part injury incidence,31 potentially demonstrating the
different physical requirements as per position. Playing position
may be associated with the prevalence of persistent shoulder and
elbow pain (a marker of osteoarthritis) in former baseball players,
although this has not been investigated. A study in former cricket
players found that cricket bowlers had three times greater odds of
reporting shoulder persistent pain compared with batters.8 Un-
derstanding the relationship between persistent joint pain and
playing position can allow clinicians to inform stakeholders of the
risk and benefits of participating in baseball. Furthermore, such
knowledge has potential to assist clinicians in creating personal-
ized physical examinations, interventions, and long-term joint
health strategies such as providing increased prevalence of
musculoskeletal examinations, providing physical therapy, or
counseling to empower individuals to maintain joint health and
physical activity levels for baseball players as they transition to
retirement.12,22,39

Currently, the majority of research investigating joint pain
related to sport participation has concentrated on soccer, cricket,
and rugby.1,19,38 For example, professional soccer players reported
greater lower-extremity persistent pain compared with con-
trols.1,38 However, baseball is one of the most popular sports
worldwide with more than112 countries participating.3,20

Furthermore, most research has focused on professional athletes,
which have greater training and competition demands and
potentially greater sport exposure, compared with lower playing
standards.30 The paucity of persistent pain research in baseball
limits the generalizability of findings and inhibits clinical de-
cisions and education for baseball athletes. Further, the lack of
persistent pain research within former baseball players decreases
our understanding of former baseball player long-term health, as
persistent pain can have harmful effects on physical function and
activity participation.1,38 Understanding the relationship between
persistent joint pain and baseball participation can inform use of
resources to improve musculoskeletal health after retirement
from baseball.

The purpose of this study was to (1) evaluate persistent joint
pain and arm function in former baseball players and (2) determine
whether playing position is associated with increased odds of joint
pain and are related to reduced arm function in former baseball
players.
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Materials and methods

Study design

This study used a cross-sectional design that was a subset of a
larger study of current and former baseball players. This study
included former baseball players who had played at the collegiate
and professional levels. This study was approved by the Wake
Forest School of Medicine Institutional Review Board.

Participants and recruitment

Participants were recruited from college baseball teams, college
baseball team alumni networks, professional baseball organiza-
tions, and social media. Recruitment was performed from
September 2019 through April 2020. Study consent was obtained
on a survey link (Supplementary Appendix S1: Appendix 1) which
provided a copy of the participant information sheet and the
institutional review board consent form before completing the
questionnaire. A total of 260 participants accessed the survey link;
of whom, 216 consented to participate (Fig. 1). Eligibility criteria
consisted of (1) played �1 collegiate baseball season, (2) aged �18
years, and (3) formerly played baseball (currently retired from
baseball).

Questionnaire design

The questionnaire was designed to capture five aspects of health
and well-being: (i) baseball-related injury; (ii) joint pain and
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osteoarthritis; (iii) general health and disease prevalence; (iv)
physical activity; and (v) resilience, quality of life, and flourishing.7,8

The questionnaire was adopted from a cricket health and well-
being study7,8 and was piloted and refined on a group of current
and former baseball players (n ¼ 4), collegiate and professional
baseball coaches (n ¼ 5), and medical professionals (sport physi-
cian, physical therapists, and athletic trainers; n¼ 4) who specialize
in treating baseball players. All responses captured in REDCap
software23 where participants could save their progress and return
to complete at a later time.

Outcomes

Persistent joint pain
Persistent joint pain was assessed with the following question,

“Do you currently experience pain, discomfort, or have any problems
in any of your joints?” If yes, participants were then asked “Have you
had pain in your [left/right] hip/groin, knee, ankle, foot, shoulder,
elbow, hand/finger, spine/back, other joint on most days of the last
month?” All participants who recorded persistent pain in the “other
joint” category were hand searched for references of wrist or toe
persistent joint pain. These data were then recorded as new cate-
gories. Wrist persistent pain was categorized with hand/finger, and
toe persistent pain was added to foot persistent joint pain.

Single Assessment Numeric Evaluation
The Single Assessment Numeric Evaluation (SANE) has been

used to evaluate shoulder and elbow overall pain and function. The
SANE was evaluated with the following question, “How would you
rate your dominant shoulder today as a percentage of normal (0% to
100% scale with 100% being normal)?” and “How would you rate
your non-dominant shoulder today as a percentage of normal (0%
to 100% scale with 100% being normal)?” 11 The SANE is scored on a
scale of 0 to 100, with 0 demonstrating full disability and 100
demonstrating no pain and full function.11 The SANE has previously
been observed to have high validity in patients with shoulder in-
juries,45 patients with osteoarthritis,15 arthroplasty,16 military ca-
dets,11 patients who have undergone shoulder surgery, patients
with shoulder anterior instability,15 and in athletes after elbow
surgery.2 The SANE has also demonstrated a high correlation with
the Rowe score, the American Shoulder and Elbow Surgeons Rating
Scale11 and the Constant score.15 The minimal clinical important
difference in patients with bicep tenodesis was observed to be 10-
15 points.32

Explanatory variable

Playing position
Playing position was assessed with the following question,

“What is/was your main position of play?” Response items included
pitcher, position player, or two-way player (pitcher and position
player). Playing position was determined only from participant
report and not from collegiate and professional records.

Confounders

Confounders were identified through clinical reasoning and
literature search.

Playing standard
Standard of play was assessed with the following question,

“What was the highest standard of baseball that you played for at least
one season?” Response options included Olympic or World Baseball
Classic; Major League Baseball; Minor League Baseball; Indepen-
dent Baseball; College (4 year), Junior College, High School;
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Recreation; Don’t know. Participants were stratified into profes-
sional (Olympic or World Baseball Classic; Major League Baseball;
Minor League Baseball; Independent Baseball) and college (College
[4 year], Junior College). Participants who reported “Don’t know”

were excluded from all analyses.

Injury history
Injury history was assessed with the following question, “Have

you ever had any baseball-related injuries leading to more than 4
weeks of reduced participation in exercise, training or sport?”
Response items included yes, no, and don’t know. Don’t know re-
sponses were excluded from analyses. If answered yes, participants
were then asked “Please write the number of injuries for each joint
and side for [left/right] hip/groin, knee, ankle, foot, shoulder, elbow,
hand/finger, spine/back, other joint.”

Baseball seasons played
Baseball seasons played was assessed with the following ques-

tion, “Approximately how many seasons have you played baseball
for?”

Other confounders included age,26 body mass index,29 hand-
edness,10,36,42 and orthopedic surgical history.

Statistical analyses

All data were assessed for missingness before analyses. Missing
data were calculated as total and percentage of total data
(Supplementary Appendix S2: Appendix 2). Missing data were
varied (playing status: 0%; age: 3%; handedness: 0%; body mass
index: 3%; joint injury: 7%; SANE: 13%). Missing data were deter-
mined to be missing at random. Multiple imputations with chained
equations were performed with 100 imputations using the MICE
package.46 Results from the multiple imputations were pooled
using Rubin’s rules.46 Imputed data were evaluated for consistency
and convergence through visual inspection and comparing de-
scriptors and regression coefficients between complete case and
imputed data (Supplementary Appendix S2: Appendix 3 and 4).
Sensitivity analyses were performed to compare results after
complete case analysis and imputed data analysis, which demon-
strated similar results (Supplementary Appendix S2: Appendix 5).

Data were reported as mean (standard deviation), median
(interquartile range), or count (percentage). SANE scores were then
stratified by arm injury and arm surgery history. Analysis of
covariance was performed to assess potential differences between
dominant arm SANE scores and dominant arm injury history and
dominant arm surgery history. Analysis of covariance was adjusted
for age, body mass index, arm dominance, playing standard, and
years played baseball.

Multivariable logistic and linear regressions were performed to
evaluate the relationship between arm persistent pain, arm func-
tion, and playing position. Unadjusted and adjusted odds ratios and
coefficients and 95% confidence intervals (95% CIs) were calculated.
Models were adjusted for age, body mass index, arm dominance,
playing standard, years played baseball, and injury and surgery
history. All assumptions for logistic and linear regression were
evaluated and satisfied.34 Sensitivity analyses explored shoulder
and elbow persistent joint pain separately, whereby joint injury and
surgery history variables were joint specific. Furthermore, owing to
the wide CI demonstrated with the arm persistent pain analyses, a
Firth corrected logistic regressions was performed to assess the
potential for quasi variable separation. All analyses were performed
in R, version 4.02 (R Core Team (2013). R: A language and envi-
ronment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL http://www.R-project.org/), using
the dplyr package17 for cleaning and coding, the naniar package for

http://www.R-project.org/


Table I
Descriptive statistics.

Variable All former baseball players (n ¼ 117) No persistent joint pain (n ¼ 55) Current persistent joint pain (n ¼ 62)

Age (yr) 36.8 (13.7) 33.5 (10.6) 38.9 (15.3)
Body mass index (kg/m2) 28.0 (3.4) 27.1 (3.2) 28.5 (3.5)
Hand dominance
Left 23 (20%) 9 (16%) 14 (23%)
Right 94 (80%) 46 (84%) 48 (77%)

Baseball seasons played 17.8 (6.1) 18.2 (7.6) 17.6 (5.6)
Position
Pitcher 46 (39%) 23 (42%) 23 (37%)
Position player 44 (38%) 21 (38%) 23 (37%)
Two way 27 (23%) 11 (20%) 16 (26%)

Highest standard of play
College 83 (71%) 37 (67%) 47 (76%)
Professional 33 (29%) 18 (33%) 15 (24%)

History of orthopaedic surgery 60 (51%) 22 (44%) 38 (61%)
History of 4þ wk time loss injury 73 (62%) 34 (62%) 40 (65%)
SANE (dominant arm) 70.2 (24.1) 78.7 (16.6) 63.5 (27.9)
SANE (nondominant arm) 84.2 (19.4) 94.6 (8.30) 76.7 (22.6)

SANE, Single Assessment Numeric Evaluation.
Descriptive statistics are reported as mean (standard deviation) or count (percentage).
Persistent pain is defined as having joint pain for “most days of the last month.”
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missingness assessment,28 and ggplot2 package44 for data
visualization.
Results

A total of 117 former baseball players participated. The mean
dominant SANE score was 70.2 (19.4) compared with the mean
nondominant SANE score of 84.2 (19.4). The median difference
between dominant and nondominant SANE scores was �20.0
(�31.5, �7.5) (Table I).
Comparison of arm function between former baseball players
throwing arm injury and surgery history

Former baseball players with a history of arm injury mean SANE
score was 68.1 (23.0) and without a history of arm injury mean
SANE score was 72.0 (24.8). Former baseball players with a history
of dominant arm surgery mean SANE score was 67.5 (22.8) and
without a history of dominant arm surgery mean SANE score 71.7
(24.6) (Table II). There was no difference in unadjusted (�4.2 (95%
CI: �14.2, 5.8), P ¼ .412) or adjusted (�4.6 (95% CI: �14.9, 5.8),
P ¼ .441) former baseball dominant SANE scores when comparing
dominant arm injury history. Therewas no difference in unadjusted
(�3.9 [95% CI: �13.3, 5.6], P ¼ .423) or adjusted (�3.8 [95% CI: 13.4,
5.8], P ¼ .461) former baseball dominant SANE scores when
comparing dominant arm surgery history.
Persistent pain prevalence

Fifty-three percent of all former baseball players reported hav-
ing persistent joint pain in at least one joint, and 30% reported
persistent joint pain in two or more joints. The greatest persistent
joint pain prevalence was at the shoulders (28% of participants),
with 94% of persistent joint pain occurring in the throwing shoul-
der. Twenty-one percent of participants reported persistent elbow
pain, all (100%) of which were attributed to the throwing elbow
(Table III). When comparing by position, pitchers reported the
greatest persistent pain prevalence to the throwing shoulder (33%),
with 15% reported elbow persistent pain. Position players reported
the greatest persistent pain prevalence to the throwing elbow (25%)
and throwing shoulder (23%) and two-way players reported the
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greatest persistent pain prevalence to the throwing shoulder (26%)
and throwing elbow (26%) (Table IV).
The relationship of playing position on persistent arm pain and
function

Playing position (two-way: 12.30 [0.50, 30.0], P ¼ .130; Pitcher:
9.20 [0.70, 11.9], P ¼ .095; Table V) had similar odds of reporting
persistent arm pain in former baseball players. Sensitivity analyses
demonstrated similar results. The Firth corrected logistic regression
demonstrated no adjusted association between persistent arm pain
and playing position (Supplementary Appendix S2: Appendix 6).
There was no association between elbow or shoulder persistent
pain playing position in the adjusted analysis (Supplementary
Appendix S2: Appendix 7). Another sensitivity analysis observed
that pitchers reported an increased odds of arm persistent joint
pain (4.36 [1.28, 11.9]) compared to non-pitchers (two-way
and position players combined; Supplementary Appendix S2:
Appendix 8).

There was no relationship between dominant arm SANE score
and playing position (two-way: �3.61 [�18.21, 11.00], P ¼ .802;
Pitcher: 0.11 [�16.24, 16.45], P¼ .843) (Table V). Sensitivity analyses
demonstrated similar results when comparing pitchers to non-
pitchers (Supplementary Appendix S2: Appendix 8).
Discussion

The most important result of our study was despite the rela-
tively young age of the cohort (37 years), their mean dominant arm
SANE score was 70 compared with their nondominant arm SANE
score of 85. Furthermore, players who reported persistent joint
pain in any joint, their SANE score was 63. There were no differ-
ences in dominant arm SANE scores between former baseball
players with or without a history of throwing arm injury or
throwing arm surgery. These dominant arm SANE scores are lower
than the average or median score reported by older anatomic total
shoulder arthroplasty (median 90), reverse total shoulder arthro-
plasty (median 85), rotator cuff repair (mean 75), or other shoulder
patients (mean 80) after treatment with SANE scores.4 Not sur-
prisingly, shoulder pain was the most prevalent, with elbow
persistent pain reported as the third most prevalent. Ninety-six
percent of all shoulder and elbow persistent pain was to the



Table II
Former baseball player dominant arm function stratified by dominant arm injury and surgery history.

Variable No dominant arm
injury history (n ¼ 68)

Dominant arm
injury history (n ¼ 49)

No dominant
arm surgical
history (n ¼ 82)

Dominant arm
surgical history
(n ¼ 35)

SANE (dominant arm) 72.0 (24.8) 68.1 (23.0) 71.7 (24.6) 67.5 (22.8)
Age (yr) 37.7 (15.8) 35.3 (10.5) 36.9 (14.6) 36.0 (11.9)
Body mass index (kg/m2) 27.9 (3.7) 28.0 (3.0) 28.2 (3.6) 27.4 (2.9)
Hand dominance
Left 10 (15%) 13 (27%) 14 (17%) 9 (26%)
Right 58 (85%) 36 (73%) 68 (83%) 26 (74%)

Baseball seasons played 17.1 (5.7) 18.5 (6.5) 16.5 (4.9) 20.4 (7.6)
Position
Pitcher 23 (35%) 23 (47%) 28 (34%) 18 (51%)
Position player 30 (44%) 14 (29%) 36 (44%) 8 (23%)
Two way 15 (22%) 12 (24%) 18 (22%) 9 (26%)

Highest standard of play
College 53 (78%) 31 (63%) 61 (74%) 23 (66%)
Professional 15 (12%) 18 (37%) 21 (26%) 12 (34%)

SANE, Single Assessment Numeric Evaluation.
Descriptive statistics are reported as mean (standard deviation) or count (percentage).

Table III
Former baseball players (n ¼ 117) persistent joint pain.

Count (%)

Persistent joint pain (1þ joints) 62 (53)
Persistent joint pain (2þ joints) 35 (30)
Shoulder 34 (29)
Throwing shoulder 32 (28)
Elbow 25 (21)
Throwing elbow 25 (21)
Hand/Finger persistent pain 9 (8)
Neck persistent pain 7 (6)
Midback persistent pain 5 (4)
Low back persistent pain 14 (12)
Hip persistent pain 9 (8)
Knee persistent pain 30 (26)
Ankle persistent pain 6 (5)
Foot/Toe persistent pain 12 (10)

Persistent pain is defined as having joint pain for “most days of the last month.”
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throwing arm. After controlling for confounders, playing position
was not related to persistent arm pain or arm function in former
baseball players.

Former baseball players reported a mean dominant SANE arm
function score of 70 compared with a mean nondominant SANE
arm score of 85. These dominant arm scores are similar to a US
general population sample (mean age of 52.6 years), after treat-
ment of pathologic shoulder conditions (mean score: 70.8).
Furthermore, these dominant arm SANE scores were worse
(exceeded the minimal clinical important difference of 10-15
points)32 than a sample of patients with total shoulder arthroplasty
(mean age 68.9 years) at two year after surgery (mean score: 90).4

Dominant arm function reported by this sample of former baseball
players is concerning. This sample is younger and is not a shoulder
surgical or injury cohort in comparison with past literature.4,33

Furthermore, these dominant SANE scores are on average 15
points lower compared with their nondominant SANE scores,
which is greater than the minimal clinical important difference,
demonstrating a clinically significant difference.32 When
comparing by injury and surgery history, before and after control-
ling for confounders, there was no difference in SANE scores be-
tween former baseball players with or without a history of arm
injury or arm surgery. The diminished dominant arm SANE scores
reported by this sample are potentially affected by the high
persistent shoulder and elbow pain prevalence.11 These findings
suggest high-level baseball exposure at the collegiate or
916
professional level, beyond injury or surgical history, may contribute
to diminished throwing arm function after retirement from base-
ball. Thus, former baseball players may require specific throwing
arm examinations and potential interventions, such as physical
therapy and surgery,4,33 to improve overall arm function. Sports
medicine clinicians should educate baseball players of the risk of
decreased arm function after retirement.

The highest persistent joint pain prevalence was at the shoulder
and elbow and this was similar when compared by position. This is
in contrast to research in former cricket and soccer players inwhich
persistent joint pain was most prevalent in the knee, back, and
hand.8,38 These differences may be owing to the specific sport tasks
and physical requirements. Both cricket and baseball are overhead
throwing sports,14,37 while soccer is a field sport, which primarily
involves the lower extremity.5 Differences in baseball and cricket
shoulder and elbow persistent joint pain prevalence may be owing
to the dissimilar throwing biomechanics used by both sports.14,35

Baseball uses a bent elbow during the late cocking throwing
phase, increasing shoulder and elbow forces, and subsequently
shoulder and elbow injuries.14 In contrast, cricket bowling requires
a straight arm, using increased spinal extension and rotation to
propel the cricket ball, increasing spinal forces, and subsequent
spinal injuries.35 More than 95% of all shoulder and persistent
elbow pain was to the throwing arm. The increased forces to the
shoulder and elbow during the baseball throwing motion may in-
crease persistent throwing arm pain; however, further prospective
longitudinal studies are required to understand this potential
relationship.

There was also no relationship between playing position and
persistent arm pain or arm function and pitchers, position players
and two-way players reported similar persistent joint prevalence to
the throwing shoulder. It should be noted that the wide CIs re-
ported for playing position may demonstrate a potential relation-
ship with persistent joint pain; however, the sample size may have
hindered the precision in these analyses. To potentially control for
the decreased sample size, a Firth corrected sensitivity analysis was
performed, which also reported similar odds ratios. Furthermore,
owing to two-way players during the athlete public involvement
sessions reporting these players primarily played a position and
only pitched on minor occasions, another sensitivity analysis was
performed. The sensitivity analyses investigating the relationship
between pitchers and nonpitchers demonstrated increased odds of
persistent joint pain in pitchers compared with nonpitchers but
similar results for reported arm function. These results should also



Table V
The odds and relationship of playing position and arm pain and arm function in former baseball players.

Variable Persistent shoulder/elbow pain SANE

Odd ratios (95% CI) Beta (95% CI)

Crude (unadjusted)
Two way* 0.28 (0.05, 1.61) P ¼ .157 �0.15 (�12.11, 11.81), P ¼ .839
Pitcher* 1.82 (0.40, 8.24) P ¼ .439 �0.08 (�14.43, 14.59), P ¼ .974

Adjusted
Two way* 12.30 (0.50, 30.0), P ¼ .130 �3.61 (�18.21, 11.00), P ¼ .802
Pitcher* 9.20 (0.70, 11.9), P ¼ .095 0.11 (�16.24, 16.45), P ¼ .843
Professionaly 1.38 (0.71, 2.67), P ¼ .342 1.03 (�3.03, 5.10), P ¼ .996
Baseball seasons 1.12 (0.99, 1.23), P ¼ .062 �0.08 (�0.99, 0.84), P ¼ .717
History of throwing arm joint injuryF 1.04 (0.15, 8.51), P ¼ .917 �3.66 (�16.67, 9.33), P ¼ .402
Age 1.04 (0.97, 1.11), P ¼ .306 �0.31 (�0.72, 0.11), P ¼ .244
Body mass index 1.05 (0.79, 1.41), P ¼ .720 �0.60 (�2.45, 1.23), P ¼ .162
Right handedz 0.01 (0.001, 0.09), P ¼ .001 6.89 (�8.29, 22.07), P ¼ .869
History of throwing arm orthopedic surgeryQ 1.70 (0.27, 10.6), P ¼ .572 �0.07 (�13.91, 13.78), P ¼ .658

SANE, Single Assessment Numeric Evaluation; 95% CI, 95% confidence interval.
Persistent pain was defined as pain on “most days of the last most.”

*Position players were used as the reference category in the multivariable analyses.
yCollege baseball players were used as the reference category in the multivariable analyses.
zLeft handed players were used as the reference category in the multivariable analyses.

Table IV
Comparison of pitchers, position players, and two-way players for persistently painful joints with the highest prevalence.

Persistent painful joint Pitcher (n ¼ 46) Position player (n ¼ 44) Two-way player (n ¼ 27)

Throwing shoulder 15 (33%) 10 (23%) 7 (26%)
Throwing elbow 7 (15%) 11 (25%) 7 (26%)
Knee 15 (33%) 10 (23%) 5 (19%)
Low back 5 (11%) 5 (11%) 4 (15%)
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be interpreted with caution owing to the wide CIs. While different
baseball positions require different skills and physical attributes, all
positions require high levels of throwing.24 There is also the po-
tential for residual confounding. As baseball players usually play
multiple positions at younger ages, grouping player by college and
professional positionmay only partially control for this explanatory
variable. For example, baseball players that played outfield and
pitcher through high school, but only outfield at the college and
professional level would only be grouped as a position player
within this study. As high school pitchers can pitch over 100 in-
nings per year, this grouping would miss significant pitching
exposure. Despite these issues, the overall similarities in baseball
participation between positions may incur similar risks for persis-
tent joint pain and arm function. Baseball playing positions should
potentially be given equal weight when examining former baseball
player’s joint health and arm function.

These findings suggest future research, with this study serving
as a foundation to begin to understand former baseball participa-
tion and long-term health. This study observed that the former
baseball player dominant arm mean SANE score was 70 compared
with the nondominant arm mean SANE score of 85, despite the
average age of this cohort of 37 years, and 96% of all shoulder and
elbow persistent pain was to the throwing arm. These findings
suggest that former baseball players exhibit particular musculo-
skeletal persistent pain and function phenotypes compared with
other former professional sports8,38 and the US general popula-
tion.4,33 Implementing larger samples with appropriate controls
can help clinicians determine the long-term effectiveness of clinical
treatments on arm health and clinical recommendations for base-
ball players as they transition into retirement. Furthermore, as ul-
nar collateral ligament injuries continue to rise,17,21,25 discerning
the unique long-term health implications of this injury can help
improve clinical short- and long-term interventions.
917
Strengths and potential limitations

This study used previously validated questions and clinical
outcome measures to assess persistent joint pain, arm health, and
function,4,7,8 allowing for an improved ability to compare these
results to past literature. Key stakeholder involvement was incor-
porated into the survey development process which increased the
applicability of this study. The recruitment methodology used does
not allow for a true response rate to be calculated, resulting in an
inability to understand selection bias. Using a cross-sectional
design requires participants to recall past events, potentially
resulting in recall bias, decreasing the precision of these results.
Participants reported playing position by what position they
identified as. Some players may have played a primary position, but
switched to another position (ie, catcher to pitcher) at a higher
playing standard, which decreases the precision of these results.
There are differences in etiology between elbow and shoulder in-
juries and surgery.While arm injury and orthopedic surgery history
was controlled for within the analyses, there is still residual con-
founding that can bias these results toward the null. Using one data
collection method potentially increases the risk of single method
bias, which may deter data collection within individuals with poor
computer literacy skills or access to technology. Persistent joint
pain prevalence was assessed; however, pain severity was not
calculated. As pain severity may be a marker of specific osteoar-
thritis lesions,37 this decreases the clinical utility of these findings.
The diminished dominant arm SANE score may be influenced by
participant internal control. Former baseball players in this sample
participated at the collegiate and professional ranks, demonstrating
high skill and proficiency in throwing. These former baseball
players may report poor dominant arm SANE scores owing to the
inability to throw or play baseball at a high level, compared with
current daily arm function.
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Conclusions

The high prevalence of persistent dominant arm pain and poor
dominant arm function among former baseball players remains a
public health concern. There was also no observed relationship
between persistent dominant arm pain or function and playing
position. These findings potentially suggest that high level baseball
participation is related to increased dominant arm pain and
reduced dominant arm function following cessation of play. Clini-
cians should consider educating patients and implementing stra-
tegies to maintain joint health, especially in the throwing arm,
when baseball players are transitioning to retirement. These find-
ings highlight the need for further research into the unique long-
term health implications of baseball participation, with specific
inquiries into arm health, the effectiveness of clinical treatments,
and the implications of specific arm injuries such as ulnar collateral
ligament tears.

Disclaimers:

Funding: Centre for Sport, Exercise and Osteoarthritis Research
Versus Arthritis Grant (grant reference 21595). Gary Collins was
supported by the NIHR Biomedical Research Centre, Oxford.
Conflicts of interest: The authors, their immediate families, and any
research foundations with which they are affiliated have not
received any financial payments or other benefits from any com-
mercial entity related to the subject of this article.

Supplementary Data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jseint.2021.05.001.

References

1. Arliani GG, Astur DC, Yamada RK, Yamada AF, Miyashita GK, Mandelbaum B,
et al. Early osteoarthritis and reduced quality of life after retirement in former
professional soccer players. Clinics (Sao Paulo) 2014;69:589-94. https://doi.org/
10.6061/clinics/2014(09)03.

2. Arrigoni P, Cucchi D, D’Ambrosi R, Menon A, Aliprandi A, Randelli P. Arthro-
scopic R-LCL plication for symptomatic minor instability of the lateral elbow
(SMILE). Knee Surg Sports Traumatol Arthrosc 2017;25:2264-70. https://
doi.org/10.1007/s00167-017-4531-9.

3. Axe MJ, Strube M, Osinski D, Andrews JR, Snyder-Mackler L. A speed distance-
based classification system for injury prevention and research in
international and domestic youth baseball players. Int J Sports Phys Ther
2014;9:346-55.

4. Baumgarten KM, Chang PS, Dannenbring TM, Foley EK. Does total shoulder
arthroplasty improve patients' activity levels? J Shoulder Elbow Surg 2018;27:
1987-95. https://doi.org/10.1016/j.jse.2018.03.028.

5. Bloomfield J, Polman R, O'Donoghue P. Physical demands of different positions
in FA Premier League soccer. J Sports Sci Med 2007;6:63.

6. Brown TD, Johnston RC, Saltzman CL, Marsh JL, Buckwalter JA. Posttraumatic
osteoarthritis: a first estimate of incidence, prevalence, and burden of disease.
J Orthop Trauma 2006;20:739-44. https://doi.org/10.1097/01.bot.000024
6468.80635.ef.

7. Bullock GS, Collins GS, Peirce N, Arden NK, Filbay SR. Playing sport injured is
associated with osteoarthritis, joint pain and worse health-related quality of
life: a cross-sectional study. BMC Musculoskelet Disord 2020;21:1-11. https://
doi.org/10.1186/s12891-020-3136-5.

8. Cai H, Bullock GS, Sanchez-Santos MT, Peirce N, Arden NK, Filbay SR. Joint
pain and osteoarthritis in former recreational and elite cricketers. BMC
Musculoskelet Disord 2019;20:596. https://doi.org/10.1186/s12891-019-
2956-7.

9. Carbone A, Rodeo S. Review of current understanding of post-traumatic oste-
oarthritis resulting from sports injuries. J Orthop Res 2017;35:397-405. https://
doi.org/10.1002/jor.23341.

10. Coren S. Left-handedness and accident-related injury risk. Am J Public Health
1989;79:1040-1.

11. Cunningham G, L€adermann A, Denard PJ, Kherad O, Burkhart SS. Correlation
between American Shoulder and Elbow Surgeons and Single Assessment Nu-
merical Evaluation score after rotator cuff or SLAP repair. Arthroscopy 2015;31:
1688-92. https://doi.org/10.1016/j.arthro.2015.03.010.
918
12. Das P, Horton R. Rethinking our approach to physical activity. Lancet (London,
England) 2012;380:189-90. https://doi.org/10.1016/s0140-6736(12)6
1024-1.

13. Davies MA, Kerr ZY, DeFreese J, Arden NK, Marshall SW, Guskiewicz KM, et al.
Prevalence of and risk factors for total hip and knee replacement in retired
national football league athletes. Am J Sports Med 2019;47:2863-70. https://
doi.org/10.1177/0363546519870804.

14. Fleisig GS, Andrews JR, Dillman CJ, Escamilla RF. Kinetics of baseball pitching
with implications about injury mechanisms. Am J Sports Med 1995;23:233-9.

15. Gilbart MK, Gerber C. Comparison of the subjective shoulder value and the
Constant score. J Shoulder Elbow Surg 2007;16:717-21. https://doi.org/10.
1016/j.jse.2007.02.123.

16. Gowd AK, Charles MD, Liu JN, Lalehzarian SP, Cabarcas BC, Manderle BJ, et al.
Single Assessment Numeric Evaluation (SANE) is a reliable metric to measure
clinically significant improvements following shoulder arthroplasty. J Shoulder
Elbow Surg 2019;28:2238-46. https://doi.org/10.1016/j.jse.2019.04.041.

17. Hadley Wickham RF, Henry L, Muller K. Dplyr: a Grammar of data Manipula-
tion. Available at, https://CRAN.R-project.org/package¼dplyr. Accessed January
30, 2021.

18. Hootman JM, Dick R, Agel J. Epidemiology of collegiate injuries for 15 sports:
summary and recommendations for injury prevention initiatives. J Athl Train
2007;42:311. No doi.

19. Jones ME, Davies MA, Shah K, Kemp S, Peirce N, Leyland KM, et al. The prev-
alence of hand and wrist osteoarthritis in elite former cricket and rugby union
players. J Sci Med Sport 2019;22:871-5. https://doi.org/10.1016/
j.jsams.2017.10.013.

20. Klein A. Latinizing the ‘national pastime’. Int J Hist Sport 2007;24:296-310.
https://doi.org/10.1080/09523360601046029.

21. Knowles SB, Marshall SW, Miller T, Spicer R, Bowling JM, Loomis D, et al. Cost of
injuries from a prospective cohort study of North Carolina high school athletes.
Inj Prev 2007;13:416-21. https://doi.org/10.1136/ip.2006.014720.

22. Lohmander LS, Roos EM. Clinical update: treating osteoarthritis. Lancet
2007;370:2082-4. https://doi.org/10.1016/S0140-6736(07)61879-0.

23. Lyon JA, Garcia-Milian R, Norton HF, Tennant MR. The use of Research Elec-
tronic Data Capture (REDCap) software to create a database of librarian-
mediated literature searches. Med Ref Serv Q 2014;33:241-52. https://
doi.org/10.1080/02763869.2014.925379.

24. Mehta S. Relationship between workload and throwing injury in varsity
baseball players. Phys Ther Sport 2019;40:66-70. https://doi.org/10.1016/
j.ptsp.2019.08.001.

25. Meldau JE, Srivastava K, Okoroha KR, Ahmad CS, Moutzouros V, Makhni EC.
Cost analysis of Tommy John surgery for major league baseball teams.
J Shoulder Elbow Surg 2020;29:121-5. https://doi.org/10.1016/
j.jse.2019.07.019.

26. Molton IR, Terrill AL. Overview of persistent pain in older adults. Am Psychol
2014;69:197. https://doi.org/10.1037/a0035794.

27. Neogi T. The epidemiology and impact of pain in osteoarthritis. Osteoarthritis
Cartilage 2013;21:1145-53. https://doi.org/10.1016/j.joca.2013.03.018.

28. Nicholas Tierney DC, McBain M, Fay C, O’Hara-Wild M, Hester J, Smith L. naniar.
Available at, https://cran.r-project.org/web/packages/naniar/index.html.
Accessed January 30, 2021.

29. Oliveria SA, Felson DT, Cirillo PA, Reed JI, Walker AM. Body weight, body mass
index, and incident symptomatic osteoarthritis of the hand, hip, and knee.
Epidemiology 1999:161-6.

30. Petway AJ, Freitas TT, Calleja-Gonz�alez J, Medina Leal D, Alcaraz PE. Training
load and match-play demands in basketball based on competition level: a
systematic review. PLoS One 2020;15:e0229212. https://doi.org/10.1371/
journal.pone.0229212.

31. Posner M, Cameron KL, Wolf JM, Belmont PJ Jr, Owens BD. Epidemiology of
major league baseball injuries. Am J Sports Med 2011;39:1675-91. https://
doi.org/10.1177/0363546511411700.

32. Puzzitiello RN, Gowd AK, Liu JN, Agarwalla A, Verma NN, Forsythe B. Estab-
lishing minimal clinically important difference, substantial clinical benefit, and
patient acceptable symptomatic state after biceps tenodesis. J Shoulder Elbow
Surg 2019;28:639-47. https://doi.org/10.1016/j.jse.2018.09.025.

33. Robins RJ, Anderson MB, Zhang Y, Presson AP, Burks RT, Greis PE. Convergent
validity of the patient-reported outcomes measurement information system's
physical function computerized adaptive test for the knee and shoulder injury
sports medicine patient population. Arthroscopy 2017;33:608-16. https://
doi.org/10.1016/j.arthro.2016.08.032.

34. Royston P, Altman DG. Regression using fractional polynomials of continuous
covariates: parsimonious parametric modelling. J R Stat Soc Ser C Appl Stat
1994;43:429-53.

35. Stronach B, Cronin JB, Portus M. Part 1: biomechanics, injury surveillance, and
predictors of injury for cricket fast bowlers. Strength Cond J 2014;36:65-72.
https://doi.org/10.1519/SSC.0000000000000077.

36. Takenaga T, Goto H, Sugimoto K, Tsuchiya A, Fukuyoshi M, Nakagawa H, et al.
Left-handed skeletally mature baseball players have smaller humeral retro-
version in the throwing arm than right-handed players. J Shoulder Elbow Surg
2017;26:2187-92. https://doi.org/10.1016/j.jse.2017.07.014.

37. Torres L, Dunlop D, Peterfy C, Guermazi A, Prasad P, Hayes KW, et al. The
relationship between specific tissue lesions and pain severity in persons with
knee osteoarthritis. Osteoarthritis Cartilage 2006;14:1033-40. https://doi.org/
10.1016/j.joca.2006.03.015.

https://doi.org/10.1016/j.jseint.2021.05.001
https://doi.org/10.6061/clinics/2014(09)03
https://doi.org/10.6061/clinics/2014(09)03
https://doi.org/10.1007/s00167-017-4531-9
https://doi.org/10.1007/s00167-017-4531-9
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref3
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref3
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref3
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref3
https://doi.org/10.1016/j.jse.2018.03.028
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref5
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref5
https://doi.org/10.1097/01.bot.0000246468.80635.ef
https://doi.org/10.1097/01.bot.0000246468.80635.ef
https://doi.org/10.1186/s12891-020-3136-5
https://doi.org/10.1186/s12891-020-3136-5
https://doi.org/10.1186/s12891-019-2956-7
https://doi.org/10.1186/s12891-019-2956-7
https://doi.org/10.1002/jor.23341
https://doi.org/10.1002/jor.23341
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref10
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref10
https://doi.org/10.1016/j.arthro.2015.03.010
https://doi.org/10.1016/s0140-6736(12)61024-1
https://doi.org/10.1016/s0140-6736(12)61024-1
https://doi.org/10.1177/0363546519870804
https://doi.org/10.1177/0363546519870804
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref14
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref14
https://doi.org/10.1016/j.jse.2007.02.123
https://doi.org/10.1016/j.jse.2007.02.123
https://doi.org/10.1016/j.jse.2019.04.041
https://CRAN.R-project.org/package=dplyr
https://CRAN.R-project.org/package=dplyr
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref19
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref19
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref19
https://doi.org/10.1016/j.jsams.2017.10.013
https://doi.org/10.1016/j.jsams.2017.10.013
https://doi.org/10.1080/09523360601046029
https://doi.org/10.1136/ip.2006.014720
https://doi.org/10.1016/S0140-6736(07)61879-0
https://doi.org/10.1080/02763869.2014.925379
https://doi.org/10.1080/02763869.2014.925379
https://doi.org/10.1016/j.ptsp.2019.08.001
https://doi.org/10.1016/j.ptsp.2019.08.001
https://doi.org/10.1016/j.jse.2019.07.019
https://doi.org/10.1016/j.jse.2019.07.019
https://doi.org/10.1037/a0035794
https://doi.org/10.1016/j.joca.2013.03.018
https://cran.r-project.org/web/packages/naniar/index.html
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref30
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref30
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref30
https://doi.org/10.1371/journal.pone.0229212
https://doi.org/10.1371/journal.pone.0229212
https://doi.org/10.1177/0363546511411700
https://doi.org/10.1177/0363546511411700
https://doi.org/10.1016/j.jse.2018.09.025
https://doi.org/10.1016/j.arthro.2016.08.032
https://doi.org/10.1016/j.arthro.2016.08.032
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref35
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref35
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref35
https://doi.org/10.1519/SSC.0000000000000077
https://doi.org/10.1016/j.jse.2017.07.014
https://doi.org/10.1016/j.joca.2006.03.015
https://doi.org/10.1016/j.joca.2006.03.015


G.S. Bullock, K.F. Nicholson, B.R. Waterman et al. JSES International 5 (2021) 912e919
38. Turner AP, Barlow JH, Heathcote-Elliott C. Long term health impact of
playing professional football in the United Kingdom. Br J Sports Med
2000;34:332-6.

39. Umstattd MR, Wilcox S, Saunders R, Watkins K, Dowda M. Self-regulation and
physical activity: the relationship in older adults. Am J Health Behav 2008;32:
115-24. https://doi.org/10.5993/AJHB.32.2.1.

40. Vannini F, Spalding T, Andriolo L, Berruto M, Denti M, Espregueira-
Mendes J, et al. Sport and early osteoarthritis: the role of sport in aetiology,
progression and treatment of knee osteoarthritis. Knee Surg Sports Trau-
matol Arthrosc 2016;24:1786-96. https://doi.org/10.1007/s00167-016-
4090-5.

41. Wellsandt E, Zeni JA, Axe MJ, Snyder-Mackler L. Hip joint biomechanics in
those with and without post-traumatic knee osteoarthritis after anterior cru-
ciate ligament injury. Clin Biomech (Bristol, Avon) 2017;50:63-9. https://
doi.org/10.1016/j.clinbiomech.2017.10.001.
919
42. Werner SL, Guido JA, Delude NA, Stewart GW, Greenfield JH, Meister K. Throwing
arm dominance in collegiate baseball pitching: a biomechanical study. Am J Sports
Med 2010;38:1606-10. https://doi.org/10.1177/0363546510365511.

43. Whittaker JL, Woodhouse LJ, Nettel-Aguirre A, Emery CA. Outcomes associated
with early post-traumatic osteoarthritis and other negative health conse-
quences 3-10 years following knee joint injury in youth sport. Osteoarthritis
Cartilage 2015;23:1122-9. https://doi.org/10.1016/j.joca.2015.02.021.

44. Wickham H, Wickham MH. The ggplot package. 2007. Available at: https://cran.
r-project.org/web/packages/ggplot2/index.html. Accessed January 30, 2021.

45. Williams GN, Gangel TJ, Arciero RA, Uhorchak JM, Taylor DC. Comparison of the
single assessment numeric evaluation method and two shoulder rating scales.
Am J Sports Med 1999;27:214-21.

46. Zhang Z. Multiple imputation with multivariate imputation by chained equa-
tion (MICE) package. Ann Trans Med 2016;4. https://doi.org/10.3978/
j.issn.2305-5839.2015.12.63.

http://refhub.elsevier.com/S2666-6383(21)00150-X/sref39
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref39
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref39
https://doi.org/10.5993/AJHB.32.2.1
https://doi.org/10.1007/s00167-016-4090-5
https://doi.org/10.1007/s00167-016-4090-5
https://doi.org/10.1016/j.clinbiomech.2017.10.001
https://doi.org/10.1016/j.clinbiomech.2017.10.001
https://doi.org/10.1177/0363546510365511
https://doi.org/10.1016/j.joca.2015.02.021
https://cran.r-project.org/web/packages/ggplot2/index.html
https://cran.r-project.org/web/packages/ggplot2/index.html
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref46
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref46
http://refhub.elsevier.com/S2666-6383(21)00150-X/sref46
https://doi.org/10.3978/j.issn.2305-5839.2015.12.63
https://doi.org/10.3978/j.issn.2305-5839.2015.12.63

	Persistent joint pain and arm function in former baseball players
	Materials and methods
	Study design
	Participants and recruitment
	Questionnaire design
	Outcomes
	Persistent joint pain
	Single Assessment Numeric Evaluation

	Explanatory variable
	Playing position

	Confounders
	Playing standard
	Injury history
	Baseball seasons played

	Statistical analyses

	Results
	Comparison of arm function between former baseball players throwing arm injury and surgery history
	Persistent pain prevalence
	The relationship of playing position on persistent arm pain and function

	Discussion
	Strengths and potential limitations

	Conclusions
	Disclaimers
	Supplementary Data
	References


