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Background

The Kerlan-Jobe Orthopaedic Clinic Shoulder & Elbow Score (KJOC) provides questions
for the overhead athlete that can aid with determining if someone is throwing with or
without pain. However, this scale was initially created for the adult baseball athlete and
has not been validated for younger male demographics.

Hypothesis/Purpose

To (1) determine if the scores on the KJOC are different between those throwing with and
without pain in male youth and high school-aged baseball athletes, and (2) establish a
prediction score for whether a young baseball athlete is throwing with symptoms.

Methods

The KJOC questionnaire was used to compare scores in male baseball players between the
ages of 10 through 18. This questionnaire consists of 10 questions that each contain a
10-point visual analogue scale (VAS). When all questions are added together the highest
possible score is 100 points, with a higher score equating to a better outcome of throwing
without symptoms. Retrospective data from 28 subjects with throwing arm pain were
compared to 28 prospective subjects actively participating in baseball with no pain. A
Mann Whitney-U test was used to compare the mean scores, and regression analysis was
used to establish a threshold score between those throwing with and without pain.

Results

Significant differences were found between the groups (U = 698.5, p < .001) with capability
to discriminate those throwing with pain versus those throwing without pain (Area Under
Curve (AUC) .891). Results indicate this discriminating threshold score to be at 68.6
points, which signifies anyone scoring above this threshold would be throwing with no
pain and a score below this number indicating throwing with pain.

Conclusion

The KJOC can differentiate between younger baseball athletes throwing with and without
pain. The predictive threshold score can be used in a clinical setting to aid with
determining if a youth or high school-aged athlete is suffering from pain while
participating in overhead throwing, and to guide rehabilitation management.

Level of Evidence
Level III
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INTRODUCTION

Participation in overhead athletics occurs across a wide va-
riety of age groups. Many sports, such as baseball, have be-
come part of numerous youth communities. Previous re-
ports have estimated that 4.8 million children between the
ages of four through fifteen participate in some form of
recreational baseball.l This competitive atmosphere con-
tinues into higher levels of play, with 11.5 million athletes
participating in high school or club baseball.2 Due to the
repetitive demands of overhead throwing, injuries occur
from participation in baseball. Between the years 1994 to
2006, it is believed that approximately 1,596,000 children
under the age of eighteen were treated for baseball-related
injuries in emergency departments in the United States.2
Specifically related to throwing, approximately 30% to 70%
of youth throwers report having experienced throwing arm
pain.34 More than 60% of these injuries can be found in
the shoulder or elbow throughout a pitcher’s career.>6 Con-
tributing factors that have increased the risk of injury de-
velopment for the young baseball athlete include several
possibilities for over exposure to throwing. These comprise
pitch counts, yearly participation, early sport specializa-
tion, playing on multiple teams, and altered throwing bio-
mechanics.”~10

Due to the high occurrence of injury in the young base-
ball population, it is imperative to provide injury assess-
ment to manage athletes for participation screening, and
to measure response to treatment in rehabilitation settings.
Patient-reported outcome (PRO) measures are often used
to provide a reported assessment from the athlete on how
they are performing specific tasks. This assessment quan-
tifies response through item scoring, which in turn gives a
finalized number that can guide clinical decision-making if
the athlete is experiencing symptoms. These scales aid with
providing assessment regarding the physical, psychological,
and social domains and their influence on patient beliefs,
experiences, and perceptions.!! Many region-specific PRO
measures have been developed and validated through past
literature. Concerning the upper extremity, many of these
measures focus on the arm with lack of specificity for the
shoulder and/or the elbow, and have been studied in a wide
range of populations.!2.13 Many of these scales are utilized
for a general population, and were not created to address
the high physical demands of throwing.!# For this reason,
some researchers have attempted utilizing a combination of
PRO measures, however this poses a dilemma to the patient
with completing multiple scales, which can be a daunting
process.® Additionally, those PRO scales that focus on the
upper extremity and are created for the general populace,
have ceiling effects, lack specificity for asking baseball-re-
lated questions, or do not differentiate between body re-
gions.615-17

More recent research has suggested the use of visual
analog scales (VAS) to capture specific questions that ad-
dress the physical demands of overhead athletes.5 The Ker-
lan-Jobe Orthopaedic Clinic Shoulder & Elbow Score (KJOC)
includes 10 questions specific to the overhead athlete, each
scored on a 10-point VAS, which can aid with determining if
someone is throwing with or without pain.> When all ques-
tions are added together the highest possible score is 100

points, with a higher score equating to a better outcome of
throwing without symptoms. Items in the KJOC scale in-
clude questions on areas like presence of pain, weakness,
fatigue, instability, or difficulty initiating activity; as well
as impact of pain on throwing motion, velocity, power, en-
durance, control, and competition level. The scale also asks
about effect of symptoms on sports relationships with oth-
ers.> However, this tool was created for the adult baseball
athlete and was not originally validated for younger demo-
graphics. In its original validation, the KJOC was found to
be more sensitive to detecting performance changes while
participating in amateur and professional sports.> The
KJOC has now been studied in the adult throwing athlete
and younger female softball players, and researchers have
established a single score to separate groups between those
that are throwing with pain to those that are throwing with-
out pain.>18:19 A “cut-score” has not yet been established
for the male youth and high-school aged baseball athlete.
Therefore, the purpose of this study was to determine if the
scores on the KJOC are different between those throwing
with and without pain in male youth and high school-aged
baseball athletes. Additionally, this study aimed to estab-
lish a prediction score for whether a young baseball athlete
is throwing with symptoms. The hypothesis was that the
scores on the KJOC would be statistically different between
groups in the young baseball athlete, and that there would
be a predictive score that could determine if a younger ath-
lete is throwing with or without symptom:s.

METHODS
STUDY DESIGN

This was a quasi-experimental study of youth and high
school-aged male baseball athletes. There were two groups
of participants. The first group was allocated through ret-
rospective design and had been in physical therapy previ-
ously due to complaints of pain with throwing during par-
ticipation in baseball; data for this group was collected as
part of usual clinical care procedures. The subjects recruited
in the retrospective group had already completed the KJOC
during the initial physical therapy evaluation prior to ini-
tiation of physical therapy treatment. The second group
were prospective subjects who were currently participating
in baseball and had no symptoms with throwing. All sub-
jects filled out the KJOC questionnaire. The KJOC is a one-
hundred millimeter VAS consisting of ten questions that
postulate athletic performance, symptoms, and interper-
sonal relationships related to overhead sports. Additional
questions were asked such as highest level of baseball par-
ticipation, throwing arm dominance, positions played, and
if the athlete was currently throwing with or without pain
or could not participate due to arm pain.

STUDY PARTICIPANTS

Youth and high-school aged baseball players between the
ages of 10 to 18 years were recruited through purposive
sampling and were located in the Northeast Ohio area. In-
clusion criteria for the retrospective group entailed prior
attendance at a local physical therapy clinic and had at-
tended physical therapy due to elbow or shoulder pain in
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their throwing arm, filled out the KJOC at the onset of care,
and were active participants in competitive levels of play for
baseball. Concerning the prospective group, subject recruit-
ment focused on baseball athletes in the above age range,
participating in competitive levels of play for baseball, and
who were throwing with no complaints of pain. Exclusion
from the study entailed subjects that did not meet the above
criteria regarding age range and/or did not participate in
baseball at a competitive league level of play. Institutional
Review Board approval was obtained from Nova Southeast-
ern University prior to subject allocation. Written informed
consent was gained from all participants with parental con-
sent and utilization of an adolescent assent form for both
retrospective and prospective groups. An a priori analysis
was run to determine the appropriate sample size to ac-
curately detect differences between groups. A medium to
high effect size of 0.7 was utilized based on prior liter-
ature.>19-21 Previous research on different demographics
using the KJOC has found statistically significant differ-
ences between those throwing with and without arm
pain.>19-21 The statistical analysis chosen for this study in-
cluded a Mann-Whitney U and logistic regression. Statisti-
cal power analysis software, G*Power, was used to ensure
satisfactory statistical power.22:23 Additionally, for a logis-
tic regression analysis previous research has recommended
10 to 20 subjects per outcome variable.24-26 For the pur-
pose of this research there are two outcomes, throwing with
pain and throwing without pain. Therefore, a sample size of
56 subjects, 28 in each group, was found to provide the in-
tended power, which was set at 0.8, for this study.

STUDY PROCEDURE

A letter was sent out to all retrospective group participants
and their parents outlining the intent of the study, which
included the informed consent and assent forms. These
forms were then completed in person or sent back to the
lead author via mail. A research flyer was created for the
prospective group. Local youth, high school, and travel
baseball coaches were contacted by the lead investigator to
pass this flyer out to all potential participants to contact
the lead author. Once contact was established with subjects,
each participant with a parent then met with the lead in-
vestigator at a local physical therapy outpatient clinic. Once
informed consent was obtained, each participant filled out
the KJOC, which took approximately 10 minutes to finish.
All subjects in both groups were given standardized instruc-
tions to fill out the KJOC independently without parental or
legal guardian influence.

STATISTICAL ANALYSIS

The study analysis was performed using SPSS software ver-
sion 27 (Armonk, NY: IBM Corp). A Mann Whitney-U Test
was used to compare the mean scores of the KJOC between
the retrospective and prospective groups. A logistic regres-
sion was performed to aid with establishing a predictive
score that would determine if subjects were throwing with
or without pain. The predictive variable was the subject’s
KJOC score, and a dichotomous outcome variable was cre-
ated for those throwing with pain and those throwing with-

out pain. A receiver operating characteristic curve (ROC)
was created to graphically illustrate the diagnostic capabil-
ity of the dichotomous outcome variable and aid with deter-
mining a threshold. The Youden’s | Statistic (J = sensitivity
+ specificity -1) was then utilized to aid with diagnostic ca-
pability and decide on the exact threshold or “cut-score” for
the KJOC. The significance level for all statistical tests was
set at 0.05.

RESULTS

A total of 56 participants were recruited with 28 subjects in
the retrospective group and 28 participants in the prospec-
tive group. The characteristics of the participants studied
can be found in Table 1. Most recruited subjects were right-
hand dominant and participated in sport as a pitcher and
additionally played other positions in the field. The retro-
spective throwing with pain group have been further classi-
fied in Table 1 as shoulder pain, elbow pain, or shoulder and
elbow pain with throwing. The mean score on the KJOC in
those throwing with pain was 61.9 points (+/- 19.7), while
the mean for those throwing without pain was determined
to be 88.7 points (+/- 9.2); as seen in Table 2. Figure 1 rep-
resents the KJOC scores found throughout each group.

The results of the Mann Whitney U indicated that the
groups were significantly different from one another (U =
698.5, p < 0.001). The results of the logistic regression with
creation of an ROC curve revealed that the KJOC was able
to discriminate between those throwing with pain and those
throwing without pain (Area Under Curve (AUC) .891), as
represented in Figure 2. Youden’s ] statistic was then uti-
lized to establish a predictive threshold score for identifying
young baseball athletes who are throwing with and without
pain. The results indicate this threshold score to be at 68.6
points, which signifies anyone scoring above this threshold
would be throwing with no pain and a score below this num-
ber indicating throwing with pain.

In considering that the age range of the subjects encom-
passes a variety of stages of growth and musculoskeletal de-
velopment, the authors have also provided a breakdown of
the data in Tables 1 and 2 into younger (10-13 years old) vs
older ages (14-18 years old). The age demographic was split
to display different levels of participation: ages prior to high
school and the high school-aged athlete. As can be observed
in Table 2, the scores for pain and no pain were very compa-
rable when age was taken into consideration. According to
Mann-Whitney-U tests, the distribution of KJOC scores was
not significantly different across age categories for both the
no pain (p = 0.286) and the pain (p = 0.853) groups, indicat-
ing that age subgroup was not a major factor impacting the
KJOC threshold determination.

DISCUSSION

Injury assessment can entail various objective and subjec-
tive measures. A patient-reported assessment tool can aid
with participation screening and guide clinical decision-
making in physical therapy. PRO measures provide a quan-
tified score to determine if an athlete is experiencing pain
with participation. The intent of this study was to deter-
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Table 1. Participant Characteristics

Characteristic Throwing with pain Throwing without pain
Number of Subjects (n) n=28 n=28
Age (years) reported as mean (SD) 13.8(2.5) 14.1(2.1)
10-13 years of age 11 10
14-18 years of age 17 18
Throwing Arm dominance (n) LHD 2 LHD 1
RHD 26 RHD 27
Positions Played (n)
Catcher Only 3 0
Pitcher Only 1 0
Position Player Only 3 7
Pitchers & Position Player 18 15
Catcher & Position Player 1 4
Pitcher & Catcher 1 2
Injured Body Part (n)
Elbow 13
Shoulder 12
Shoulder & Elbow 3
Abbreviations: LHD, left-hand dominant; RHD, right-hand dominant
Table 2. Descriptive Statistics
N Minimum Maximum Mean Std. Deviation
Entire Age Range: 10-18
KJOC No Pain 28 69.7 99.7 88.7 9.2
KJOC Pain 28 23.0 95.0 61.9 19.7
Age Group: 10-13
KJOC No Pain 10 76.2 99.7 90.8 8.8
KJOC Pain 11 26.9 88.6 63.0 20.3
Age Group: 14-18
KJOC No Pain 18 69.7 99.2 87.6 9.5
KJOC Pain 17 23.0 95.0 61.2 19.9

mine if utilization of the KJOC in youth baseball players
can differentiate and predict those throwing with and with-
out symptoms. The validation of such a number could fur-
ther communication if a youth baseball athlete is throwing
with pain, and provide guidance with management, as well
as being useful in monitoring treatment success or sup-
porting return to sport decisions. This is the first study to
utilize the KJOC with male baseball athletes between the
ages of 10 through 18 and compare groups between those
with and without upper extremity symptoms. Prior litera-
ture has validated the KJOC’s use in the professional adult
baseball athlete. During the original research, a score of a
81.3 was found to be 95% accurate with separating groups
of pain and no pain in adult baseball athletes.>!8 Beyond
its original validation, a respondent score of 90 on the KJOC
determined asymptomatic throwing in the adult baseball
thrower.2” Concerning the younger softball pitcher, re-
search on female athletes in Canada has indicated that
those with KJOC scores lower than 90 in the preseason had
significantly greater risk of reporting an in-season injury.!?
Additionally, Wei et al studied a small sample (n=9) of
younger throwing athletes with clinical symptoms of little

league elbow utilizing MRI, and recorded their KJOC
scores.28 The authors reported that an average score of 60.3
on the KJOC indicated that subjects reported trouble with
play or were no longer throwing due to pain.2® Thus, the
literature utilizing the KJOC in youth baseball players is
scarce and shows considerable variability in what scores
are considered predictive or how they can assist decision-
making; and does not include comparisons between those
throwing with pain and those who are pain-free. The cur-
rent study specifically looks at this comparison and shows
that there is a statistical difference in KJOC scores between
those throwing with and without symptoms. The between-
groups analysis provides a way to identify a predictive
threshold score for symptoms with throwing, with a cutoff
score of 68.6 being the most appropriate threshold score to
distinguish between these two groups.

The use of the KJOC in the youth baseball athlete popu-
lation is clinically relevant and provides an important tool
to guide decision-making. Choosing the right PRO measure
for a patient may pose a challenge to many clinicians. To
identify which PRO measures are better suited to the as-
sessment of young baseball throwers, it is important to un-
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Figure 2. ROC Curve for Entire Age Range: 10-18

derstand the intent of each PRO measure, interpretability,
validation, reliability for testing, responsiveness to change,
and response scaling. Other PRO scales that focus on the
upper extremity, such as the Disability of Arm, Shoulder
and Hand (DASH) and the Pennsylvania Shoulder Score
(PSS) have ceiling effects, lack specificity for asking base-
ball-related questions, or do not differentiate between body

regions.®29 Previous research has challenged the KJOC and
its use with the younger thrower regarding interpretability
and the use of a VAS due to the younger reader simply
choosing extreme end points for each question.” In re-
sponse to this, the development of the Youth Throwing
Score (YTS) was created, which uses a Flesch-Kincaid read-
ing level for the younger demographic and uses a Likert
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scale for response.” However, further research has con-
cluded the use of either a VAS or Likert scale can still pro-
vide dichotomous extremes for answers in a young popula-
tion.30

The application of a PRO measure, such as the KJOC, can
provide valuable and clinically relevant information for the
healthcare provider concerning many International Classi-
fication of Functional, Disability, and Health (ICF) enable-
ment model constructs. Specifically, the KJOC provides in-
formation regarding body function and structure, activity
and participation, and environmental factors that are as-
sociated with participation in baseball. Critics of the KJOC
assert that this scale focuses only on impairments and ac-
tivity limitations and does not address other domains of
emotional or social factors.3! However, children may have
a difficult time answering questions within the emotional
or social domain. Additionally, the KJOC scale does ask how
much the athlete’s arm problems have affected their rela-
tionships, which does provide an environmental/contextual
factor construct of the ICF model.

The use of a PRO measure can also help enhance commu-
nication between the provider and the patient so that the
clinician further explores subjective information on the pa-
tient’s throwing pain patterns. The establishment of a cut-
score offers a predictive number that guides the likelihood
that throwing is reproducing the athlete’s upper extremity
symptoms. This information can help the clinician initiate a
more detailed conversation with the subject regarding their
pain patterns and activity/participation limitations. It can
also further guide clinical decision-making to continue with
a current plan of care, such as a throwing progression pro-
gram, or to modify the program based on the response to
this questionnaire.

The results of this study support the use of the KJOC in
the young baseball athlete, and its usefulness in predict-
ing the presence of symptoms with throwing via a thresh-
old score. However, there are some limitations to be consid-
ered. Further research should address the interpretability of
this scale compared to other published PRO measures, such
as the YTS. The demographic studied includes a large range
from 10 to 18 years of age, which could provide a limitation
regarding the wide range of interpretability of questions
across levels of education. Finally, lack of random sampling
in this study reduces generalizability, however, the samples
chosen include real-life representations of youth athlete

demographics with and without pain that are readily avail-
able, and which provide important information with clini-
cal applicability. A randomized prospective study would be
limited by the lack of control over the occurrence of symp-
toms and other considerations such as natural history. Ad-
ditional research could employ the KJOC throughout this
populations’ participation in sport that could include the
beginning, during, and end of their baseball season and
retesting at the initial complaint of arm pain with throwing.
Finally, in this study there is a wider range of variability
in KJOC scores for those throwing with pain (Interquartile
Range (IQR) = 35.30) versus those throwing without pain
(IQR = 15.48), which results in an overlap of scores and
complicates group separation. Future research could ad-
dress scores on the KJOC at different age ranges or levels of
play for the youth baseball athlete, in an attempt to obtain
narrower variability and enhance predictive ability for those
throwing with symptoms.

CONCLUSION

The results of this study reflect that the KJOC can differen-
tiate between younger baseball athletes throwing with and
without pain. The predictive threshold score of 68.6 points
can be used in a clinical setting to aid in determining if
a youth or high school-aged athlete is suffering from pain
while participating in overhead throwing. Lack of subjec-
tive communication given by patients of a younger age can
pose a challenge to assess response to treatment. The re-
sults of this research can aid with improving communica-
tion between a younger demographic reporting pain and as-
sessing subjective levels of function. Additionally, the KJOC
can be utilized with the youth baseball athlete population
to monitor progression of treatment and aid with documen-
tation.
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