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Clinical Follow-up of Professional Baseball
Players Undergoing Ulnar Collateral
Ligament Reconstruction Using the
New Kerlan-Jobe Orthopaedic Clinic
Overhead Athlete Shoulder and Elbow
Score (KJOC Score)

Benjamin G. Domb,*y MD, J. T. Davis,z MD, Frank G. Alberta,§ MD, Karen J. Mohr,|| PT,
Adam G. Brooks,{Neal S. ElAttrache,|| MD, Lewis M. Yocum,|| MD, and Frank W. Jobe,|| MD
From the yLoyola University Stritch School of Medicine, Hinsdale Orthopaedic Associates,
Chicago, Illinois, the zSouthern Illinois Orthopedic Center, Herrin, Illinois, §Hackensack University
Medical Center, Hackensack, New Jersey, and Kerlan-Jobe Orthopaedic Clinic, Los Angeles,
California, the ||Kerlan-Jobe Orthopaedic Foundation, Los Angeles, California, and {Keck School
of Medicine of the University of Southern California, Los Angeles, California

Background: There are no validated outcome measures consistently used in the literature to report results of ulnar collateral
ligament reconstruction in overhead athletes.

Hypothesis: The Kerlan-Jobe Orthopaedic Clinic Overhead Athlete Shoulder and Elbow score (KJOC score) will correlate with other
validated scores for upper extremity assessment but will be more accurate in evaluating ulnar collateral ligament reconstruction
outcomes in professional baseball players.

Study Design: Cohort study (diagnosis); Level of evidence, 2.

Methods: Fifty-five professional baseball players who underwent ulnar collateral ligament reconstruction were asked to complete
the KJOC score, the Disabilities of the Arm, Shoulder and Hand (DASH) score, and the DASH sports module. Players were separated
into 3 categories—(1) playing without pain, (2) playing with pain, and (3) not playing because of pain—and compared with 123
asymptomatic throwers. Pearson (parametric) and Spearman rank (nonparametric) correlations among the 3 systems were
conducted to validate the KJOC score. Means across categories were compared using a Wilcoxon rank-sum test, and a threshold
score separating categories 1 and 3 was determined using receiver operator characteristic discrimination analysis.

Results: Significant correlations were found between the KJOC score and the DASH (2.693, P \ .0001), and the DASH sports
module (20.804, P\ .0001). Only the KJOC score was able to discriminate between categories 2 and 3, as well as category 1 and
the uninjured population. In addition, the KJOC score was the most sensitive and accurate method of discriminating category 1
from category 3, with a threshold score of 81.3.

Conclusion: The results of this study validate the use of the KJOC score for evaluation of overhead athletes undergoing ulnar
collateral ligament reconstruction. The KJOC score is the most sensitive score for detecting subtle changes in performance in
the throwing athlete.

Keywords: baseball; elbow; ulnar; medial

Improvements in both diagnosis and surgical technique
have led to a dramatic increase in the number of ulnar
collateral ligament (UCL) reconstructions performed each
year.30 Originally described by Jobe et al17 in 1974, the
surgery involves reconstruction of the anterior oblique
band of the UCL with use of an autologous free tendon
graft.17,30 Restoration of this structure allows high-level
overhead athletes to return to the sporting activities that
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place near maximal loads on the medial structures of the
elbow.4,16,25

One of the most important aspects of evaluating any
surgery is to establish a reproducible way to assess the
outcome of the procedure. A standardized outcome measure
allows for defining success or failure of a procedure as well as
for accurate comparison of surgical outcomes performed by
different surgeons at different institutions. With respect to
UCL reconstruction, there are no validated outcome in-
struments consistently reported in the literature. In 1992
Conway et al8 identified the ability of the athlete to return
to previous or higher level of competition as the ultimate
tool for measuring the success of UCL reconstruction.
Athletes are rated as excellent, good, fair, or poor based on
return to level of competition and activity for at least 12
months. Various authors have used this outcome measure
to report the results of their UCL reconstructions.2,23,25,27,30

Although return to competition is an important outcome
measure for overhead athletes after surgery, this standard
does not account for subtle performance changes such as
endurance limitations, loss of velocity/power, or control
problems. The Kerlan-Jobe Orthopaedic Clinic Overhead
Athlete Shoulder and Elbow score (KJOC score) is
a validated functional assessment tool.1 It is an efficient,
patient-administered questionnaire that reliably measures
the functional status of the upper extremity in the overhead
athlete. This study reports the results of UCL reconstruction
in professional baseball players using the KJOC score as an
assessment tool, and compares the KJOC score with other
validated outcome measurement tools for the upper extre-
mity. The purpose of this study is to establish the KJOC
score as one of the standards for measuring outcomes of
surgical reconstruction of the UCL in overhead athletes,
who place specialized stress on their elbows compared with
the normal population.12 This type of measurement tool is
necessary considering the volume of research conducted on
UCL reconstruction as several recent articles have reported
studies of UCL reconstruction in the high-demand athlete
population.9,10,13,24,25,30,31 In addition, current biomech-
anical studies of variation on UCL reconstruction technique
will eventually require clinical follow-up studies to
bridge the gap between the laboratory and the playing
field.6,7,15,19,21

MATERIALS AND METHODS

Between Major League Baseball spring training in March
2006 and spring training in March 2007, 55 professional
baseball players who had undergone UCL reconstruction
completed 3 postsurgical outcome measure questionnaires:
the KJOC score, the Disabilities of the Arm, Shoulder and
Hand (DASH) score, and the DASH sports module. The
DASH and DASH sports module scores were selected
because they are validated and reliable outcome measures
that have been previously used to report surgical outcomes
in the upper extremity.3,5,14 Fifty-five subjects completed
the KJOC score and the DASH, and 51 of the 55 subjects
completed the DASH sports module as well. These 55
subjects were divided into 3 injury categories for com-
parison and were also compared with a population of 123

asymptomatic ‘‘normal’’ throwers, players who had not sus-
tained an injury. All 123 uninjured throwers completed the
KJOC score, 84 completed the DASH score, and 75 com-
pleted the DASH sports module.

Patient Demographics

The average age of the players was 25.4 years (range,
20-41; standard deviation [SD], 4.1). There were 50
pitchers, 4 catchers, and 1 infielder in the study group.
All 55 throwers were male; 45 players were right-handed
and 10 players were left-handed. There were 13 subjects
playing at the major league level, 41 at the minor league
level, and 1 player was in independent league baseball.
Average time from surgery was 38.2 months (range,
12-92; SD, 21.4); 17 players were between 12 and 24
months from surgery and 32 players were more than 24
months from surgery. Six players had elbow surgeries
before the most recent UCL reconstruction; 3 had prior
UCL reconstructions, 2 had an ulnar nerve transposition,
and 1 had both a prior UCL reconstruction and an ulnar
nerve transposition. One player had a medial antebrachial
cutaneous neurolysis after his UCL reconstruction but was
back to full competition at the major league level at the
time he completed the questionnaires.

The control group of 123 asymptomatic, uninjured over-
head athletes had similar demographic information. The
population consisted of 114 men, 98 right-handed subjects,
102 baseball players, with 92 of those players in either the
major or minor leagues. The mean age was 23.8 (SD 4.1)
years, and these patients had played their sport for an
average of 5.9 years.

Scoring Models

The KJOC score consists of a demographics sheet followed
by a 10-item subjective questionnaire (see online Appendix
1 for this article at http://ajs.sagepub.com/supplemental/).
As part of a collection of initial demographic information in
the KJOC score, players categorize their current level of
play in 1 of 3 ways: playing with no arm trouble (category
1), playing but with arm trouble (category 2), or not playing
because of arm trouble (category 3). This information is not
included in the player’s KJOC score. The 10 question items
are each geared toward the functional performance status
of the upper extremity in the overhead athlete. All questions
use a visual analog scale in which the patient marks a line
between 0 and 10 cm. The mark is measured from the left
to the nearest millimeter to obtain a numerical value for
the question between 0 and 10 to the nearest tenth. The 10
questions give a total possible score of 100, with higher
scores indicating higher function for all questions.

The DASH score consists of a 30-item questionnaire that is
completed by the patient. It is focused on the pain and func-
tional status of the upper extremity. There are no questions
specifically addressing the elbow, and none of the questions
address performance in sports activities. The score is
calculated based on a formula previously described with
a best possible score of 0 and a worst possible score of 100.14
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The DASH sports module is a 4-item questionnaire that
is completed by the patient and specifically addresses the
function of the affected upper extremity in sports activi-
ties. The score is calculated with a formula similar to
that of the DASH score, with 0 representing the best score
and 100 the worst score.3,14

Statistical Methods

Validity Assessment. Pearson (parametric) and Spear-
man rank (nonparametric) correlations among the 3 scor-
ing systems were computed for all 55 injured players and
123 uninjured players to assess validity. Probability values
for comparing the correlations to each other were calcu-
lated using the methods given by Kleinbaum et al.18

Score Comparisons. The DASH and DASH sports module
scores were standardized by subtracting each score from 100
so that the ‘‘worst’’ score was 0 and the ‘‘best’’ score was 100,
consistent with the KJOC score direction. The P values
for comparing scores between groups (cross-category) were
computed using the Wilcoxon rank-sum test. A non-
parametric method was used because the data distributions
did not follow a Gaussian (normal) distribution.

Discrimination. Lastly, a threshold value to separate
category 1 (playing without pain) from category 3 (not
playing because of pain) was determined using receiver
operator characteristic (ROC) discrimination analysis.
The ROC threshold is chosen such that the classification
accuracy is maximized, where accuracy is the unweighted
average of sensitivity and specificity.

All analyses were performed by a trained statistician
using JMP statistical software, version 5.1 (JMP, SAS
Inc, Cary, North Carolina) and SAS version 9.2.

RESULTS

Overall, 55 patients completed the KJOC score and DASH
questionnaires and 51 patients completed the DASH sports
module. Of the 55 subjects, 41 identified themselves as cat-
egory 1 (playing without pain), 4 identified themselves as
category 2 (playing with pain), and 10 identified them-
selves as category 3 (not playing because of pain). The
Pearson and Spearman correlations are presented in
Table 1. All correlations were significantly different from
zero at P \ .01 or smaller. The KJOC score for the study
group significantly correlated with the DASH and DASH
sports module scores. The correlation was higher for the
KJOC score and the DASH sports module than for the
KJOC score and DASH (Pearson: KJOC and DASH sports
module 5 2.8205, KJOC and DASH 5 2.6433, P 5 .00163;
Spearman: KJOC and DASH sports module 5 2.8036,
KJOC and DASH 5 2.6933, P 5 .0208). When adding
the control group to the validation assessment, the Pearson
correlations remained significantly different (KJOC and
DASH sports module 5 2.8093, KJOC and DASH 5

2.6524, P \ .0001), but the Spearman correlations were
not significantly different for the KJOC and DASH sports
module compared with the KJOC and DASH (KJOC and

DASH sports module 5 2.5940, KJOC and DASH 5

2.5510, P 5 .4366).
Table 2 shows the mean scores and their corresponding

95% confidence interval by category for each score stan-
dardized to a 100-point scale. The 123 asymptomatic
throwers who had not sustained any injury are labeled
‘‘category 0.’’

Table 3 shows the P values for comparing the means in
Table 2 across categories. In Table 3 all the questionnaires
had significantly different means between players in cate-
gory 1 (playing without pain) and 2 (playing with pain),
and between categories 1 and 3 (not playing because of
pain). However, only the KJOC score showed a difference
beyond chance between categories 2 and 3, and category
1 and the uninjured population.

The ROC discrimination analysis revealed that a thresh-
old score of 81.3 for the KJOC score discriminates between
categories 1 and 3 with 100% sensitivity and 90.2% speci-
ficity. The unstandardized DASH score had a threshold
score of 3.33, with only 90.0% sensitivity and 87.8% speci-
ficity. Even though the unstandardized DASH sports mod-
ule showed 100% specificity with a threshold score of 37.5,
the sensitivity was only 70%. Table 4 displays the sensitiv-
ity, specificity, and accuracy for all scores.

DISCUSSION

The ideal postsurgical outcome measurement tool would
include a validated, reliable, and responsive scoring sys-
tem that reports both subjective and objective data. The
tool should also be easy to administer and relevant to the
patient population.29 In the case of an overhead athlete,
this questionnaire would include information focused on
the demands of the sport. Such a measuring tool does not
currently exist for UCL reconstruction. One obstacle is
that no reliable objective measurements exist for medial

TABLE 1
Kerlan-Jobe Orthopaedic Clinic Overhead Athlete

Shoulder and Elbow (KJOC) Score Validationa

Group Variable
By

Variable N
Pearson

Correlation
Spearman
Correlation

Injured DASH score KJOC 55 20.643 20.693
Injured DASH sports

module
score

KJOC 51b 20.821 20.804

Uninjured DASH score KJOC 84b 20.652 20.551
Uninjured DASH sports

module
score

KJOC 75b 20.809 20.594

aPearson and Spearman correlations for the KJOC score and
the Disabilities of the Arm, Shoulder and Hand (DASH), and the
KJOC score and the DASH sports module.

bFour players did not complete the DASH sports module
questionnaire; 84 of 123 uninjured subjects completed the DASH
sports module; and 75 of 123 uninjured subjects completed the
DASH sports module.
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elbow laxity.10 Although gross medial instability can be
detected on examination, it is difficult to report on quanti-
fiable degrees of laxity. This difficulty is partly because of
the rotation at the shoulder, which occurs when applying
a valgus stress across the elbow. Furthermore, no evidence
has proven stress radiographs to be reliable, objective mea-
surement tools.11,20,22

As objective measures are of questionable use in this case,
there is a need for a validated subjective outcome tool to
report the results of UCL reconstruction. Such a tool would

allow parametric scores to be reported, along with the
current standard reporting of the athlete’s ability to return
to play. The KJOC score was designed as such a tool for
specific use in the throwing athlete. It is an efficient, self-
administered questionnaire that takes the athlete less
than 2 minutes to complete. The questions focus on relevant
issues such as endurance limitations, changes in mechanics,
velocity or control issues, and patient perceptions of current
level of performance.

This study reports the results of UCL reconstruction in
55 professional baseball players using the KJOC score
compared with other validated outcome measures. We
found a significant negative correlation between the
KJOC score and both the DASH and DASH sports module,
with lower scores in the latter 2 indicating higher function.
The higher correlation between the KJOC score and the
DASH sports module than the KJOC score and DASH
further strengthens the validation of the KJOC score
because both the KJOC score and the DASH sports module
were designed with athletics in mind. These findings are
consistent with the results of our previous validation
study.1 In addition, the previous KJOC score validation
study reported a Cronbach a value of 0.9, indicating
a high level of inter-item reliability.

The KJOC score is a validated outcome measure designed
specifically for assessment of the high-demand overhead
athlete. The 10-item questionnaire is easy to use for both
patient and examiner, and clearly focuses on the demands
of this type of athlete. Our study displayed good correlation
with other validated outcome measures with respect to UCL
reconstruction. In addition, the KJOC score was the only
effective tool in discriminating between players playing
with pain (category 2) and not playing because of pain (cate-
gory 3), and it was also the only tool that discriminated
between players playing without pain (category 1) and nor-
mal, uninjured players (category 0).

The KJOC score threshold of 81.3 was more sensitive
and accurate than either of the threshold scores for the
DASH (3.33) or DASH sports model (37.5) in differentiat-
ing between throwers playing without pain (category 1)
and throwers not playing because of pain (category 3). A
KJOC score above 81.3 indicates with 95.1% accuracy
that a patient has returned to play, compared with only
88.9% and 85% accuracy for the threshold values of the
DASH and DASH sports model, respectively.

TABLE 2
Report of the Means for Categories 0 through 4 for the Kerlan-Jobe Orthopaedic Clinic Overhead Athlete Shoulder

and Elbow (KJOC) score and Disabilities of the Arm, Shoulder and Hand (DASH) Questionnairesa

Category N KJOC DASH DASH Sports Module

0 (Uninjured players) 123 95.4 (93.8-97.0) 99.2 (98.8-99.6) n 5 84b 98.8 (97.7-99.9) n 5 75b

1 (Playing without arm pain) 41 90.4 (86.7-94.2) 99.0 (98.2-99.7) 97.0 (94.3-99.6) n 5 39b

2 (Playing with arm pain) 4 73.5 (63.6-83.3) 90.1 (78.5-100) 62.5 (20.1-100)
3 (Not playing because of arm pain) 10 47.5 (35.8-59.3) 91.1 (86.0-96.1) 29.7 (3.73-55.7) n 5 8b

aStandardized means with standard deviation; 95% confidence intervals are included in parentheses.
bEighty-four of 123 control subjects completed the DASH and 75 of 123 control subjects completed the DASH sports module. All 123 con-

trols completed the KJOC score. Thirty-nine of 41 category 1 and 8 of 10 category 2 patients completed the DASH sports module.

TABLE 3
Cross-category Wilcoxon Rank-Sum Test Resultsa

Comparison
Categories KJOC DASH

DASH
Sports Module

0 and 1 1 (P 5 .0096) 2 (P 5 .7469) 2 (P 5 .4484)
1 and 2 1 (P \ .0023) 1 (P \ .0001) 1 (P \ .0001)
1 and 3 1 (P \ .0001) 1 (P \ .0001) 1 (P \ .0001)
2 and 3 1 (P 5 .0477) 2 (P 5 .6083) 2 (P 5 .2611)

aAn indication of which questionnaires produced statistically
different means for each category. Only the Kerlan-Jobe Ortho-
paedic Clinic Overhead Athlete Shoulder and Elbow (KJOC) score
was able to discriminate between categories 0 and 1 and between
categories 2 and 3. DASH, Disabilities of the Arm, Shoulder and
Hand; 1, the difference in means was not due to chance; –,
indicates the difference in means was due to chance.

TABLE 4
Receiver Operator Characteristic Discrimination Analysisa

Score Threshold Specificity
(% Correct
Category 1)

Sensitivity
(% Correct
Category 3)

Accuracy
([Sensitivity 1

Specificity]/2)

KJOC \81.3 90.2 100.0 95.1
DASH .3.33 87.8 90.0 88.9
DASH sports

module
.37.5 100.0 70.0 85.0

aReport of threshold mean for accurately discriminating
between categories 1 and 3 (subjects that are still competing and
subjects that are no longer competing). The Kerlan-Jobe Ortho-
paedic Clinic Overhead Athlete Shoulder and Elbow (KJOC) score
threshold demonstrated superior accuracy. DASH, Disabilities of
the Arm, Shoulder and Hand.
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Although this article describes an important tool for the
follow-up of athletes undergoing UCL reconstruction,
certain limitations should be discussed. First, an a priori
power calculation was not conducted to determine the
number of necessary patients to do such a study. However,
there were statistically significant differences among the
categories, a factor that demonstrates adequate power.
Further validation would still be desirable, particularly for
category 2 (playing with pain) in which the sample size
was small, but we were limited by the number of professional
baseball players that had undergone UCL reconstruction.

Another limitation may be the complete subjectivity of
the KJOC score. A trend has developed over the last several
years toward reporting the results of surgical procedures
with subjective assessment questionnaires completed by
patients.26,28 The reasoning behind this trend is that success
or failure of a procedure ultimately depends on the patient’s
perception of the result. Recently, this practice has been
called into question.32 Zarins32 wrote an editorial published
in the Journal of Bone and Joint Surgery in 2005 suggesting
that objective measurements (eg, physical examination
findings, radiologic studies) need to be correlated with
patient symptoms for a more complete picture. Objective
measurements allow surgeons to critically evaluate their
performance and thus make refinements in technique that
could potentially enhance patient outcome. We agree that
objective assessments are important components to include
in reporting surgical outcomes, provided they are both
pertinent and reliable. Further research is necessary for
various surgeries or conditions to determine the appropriate
role for both subjective and objective assessment methods.

In conclusion, the results of this study support the use of
the KJOC score as an outcomes assessment tool for UCL
reconstructions in high-level overhead athletes. These
results suggest that the KJOC score may have advantages
in measurement of subtle performance changes in this
high-demand patient population, and will be a useful
adjunct to existing outcomes measures in evaluating results
of this important surgery.
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