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ABSTRACT
Background: The Kerlan-Jobe Orthopedic Clinic Shoulder and Elbow Score (KJOC) originally 
developed in English, assesses the functional status of the shoulder and elbow in overhead athletes. 
To date, no German version of the questionnaire exists.
Objective: The aim of the study was to translate and to culturally adapt the KJOC into German 
(KJOC-G) and to test its psychometric properties.
Methods: The first part of the study consisted of a translation and cross-cultural adaptation process 
which was performed in six stages according to international recommendations: Initial translations, 
synthesis, back translations, expert committee review, pretesting of the prefinal version, and final 
adaptations. Secondly, reliability, validity, and feasibility of the KJOC-G were assessed in German 
overhead athletes.
Results: The translation and adaptation process led to minor alterations due to cultural differences 
while maintaining the general structure and content of the original score. A total of 152 overhead 
athletes (age 25.0 ± 6.6 years; 87 men/65 women) were included in the main analyses. The internal 
consistency (Cronbach’s alpha = 0.93) and test–retest reliability (ICC2.1 = 0.94) of the overall 
questionnaire were excellent. Moderate correlations with the German version of the Disabilities 
of the Arm, Shoulder and Hand (DASH) questionnaire (r = −0.51, p < .05) as well as the DASH-sports 
module (r = −0.54, p < .05) suggest moderate construct validity. Known-group method analysis 
showed the ability of the KJOC-G to discriminate between actively playing symptomatic (score: 
71.2 ± 16.0) and asymptomatic (score: 93.1 ± 8.7) athletes.
Conclusion: The KJOC-G score is valid, reliable, and suitable for assessing the functional shoulder 
and elbow status in German-speaking overhead athletes.
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Introduction

Overhead athletes, performing rapid and powerful move
ments with the arm above the horizontal, are at high risk to 
develop upper extremity overuse injuries (Asker et al., 
2018; Meister, 2000; Wong, Lin, Ayyala, and Kazam, 
2017). In addition, high incidence rates of acute traumatic 
injuries in the shoulder and elbow joint have been 
described (Caine, 2010). These issues already affect youth 
athletes who often perform at the limits of their physical 
capacity (Kraan et al., 2019). Furthermore, it is a common 
practice among highly competitive athletes to regularly 
train and compete despite health problems, and to accept 
pain and discomfort during play (Mayer et al., 2018).

For this reason, the early detection of subtle limita
tions and appropriate therapeutic management is neces
sary. In addition to standard clinical and physical 

examinations with measures of motion and strength as 
well as medical imaging, the health-related quality of life 
assessed by patient-reported outcome measures has 
become increasingly important for diagnostics, care, 
and sport rehabilitation (Parsons and Snyder, 2011). 
One particular advantage of this approach is its multi
dimensional character as it simultaneously considers 
physical, psychological, and social perceptions, as well 
as beliefs of athletes. According to the bio-psycho-social 
paradigm, the athletes’ self-perceived physical capability 
and functional status is of crucial importance. In case of 
an injury, integrating the perspective of the patient into 
the measures gives the clinician a deeper insight leading 
to better treatment of patients and thus better outcomes 
(Sciascia, 2013). Furthermore, the individuals’ experi
ence can be highly relevant in terms of return-to-sport 
and return-to-competition evaluations since athletes’ 
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perceptions might differ from evaluation performed by 
clinicians.

Numerous reliable upper extremity scores within 
the scope of sports medicine and orthopedic assess
ment exist. However, most of them assess activities of 
daily living (ADL) whereas high-functioning over
head athletes often only notice symptoms or discom
fort during sport-specific loading (Gallagher et al., 
2017). The Kerlan-Jobe Orthopedic Clinic (KJOC) 
Shoulder and Elbow Score (Alberta et al., 2010) is 
one of the most widely used, valid, and reliable 
clinical outcome measures that is specific to the 
shoulder and elbow joint in overhead athletes 
(Merolla, Paladini, and Porcellini, 2018; Peduzzi 
et al., 2019; Saper et al., 2018). The KJOC is 
a patient-administered questionnaire consisting of 
10 items to measure the functional status of the 
upper extremity in this high-functioning population. 
The questionnaire asks athletes to rate their self- 
perceived ability to perform sport-specific move
ments (e.g., throwing or hitting a ball). The score 
can be applied by apparently healthy athletes to 
assess the functional status of the shoulder and 
elbow. It can particularly detect overuse injuries in 
athletes practicing their sports despite of pain. 
Furthermore, it can be applied by injured athletes 
as an evaluation tool to assess the effectiveness of 
an intervention.

So far, the original English questionnaire has been 
translated into Korean (Oh et al., 2017); Italian 
(Merolla et al., 2017); Turkish (Turgut and Tunay, 
2018); and Norwegian (Fredriksen, 2019). To date, no 
comparable assessment tool exists in German, 
although overhead sports are very popular in 
German-speaking countries like Germany, Austria, 
and the German part of Switzerland with more than 
3.5 million overhead sports club memberships collec
tively (Deutscher Olympischer Sportbund, 2019; 
Österreichische Bundes-Sportorganisation, 2019; 
Swiss Olympic, 2019). Furthermore, previous studies 
predominantly applied the KJOC score to baseball 
players (Franz et al., 2013; Kraeutler et al., 2013; 
Tsuruike, Ellenbecker, and Hirose, 2018), which 
reduces the applicability to the German-speaking 
area where baseball is less popular compared to tra
ditional overhead sports like volleyball, tennis, or 
handball. The aim of this study was to develop 
a German version of the KJOC score through trans
lation and cross-cultural adaptation. In addition, the 
reliability and validity of the questionnaire was tested 
in German-speaking athletes that practiced overhead 
sports.

Methods

The study protocol was approved by the Ethics 
Committee of the Faculty of Humanities and Social 
Sciences of the Humboldt-Universität zu Berlin (HU- 
KSBF-EK_2018_0007). All participants provided written 
informed consent. The study was conducted in two 
phases: First, translation and cross-cultural adaptation 
of the KJOC from English into German; and second, 
assessment of reliability and validity of the German 
questionnaire (Figure 1). The permission was granted 
by the author of the original questionnaire.

Instrument

The original KJOC questionnaire consists of 
a demographic cover sheet gathering data on the player’s 
characteristics and injury history. This is followed by 10 
questions on shoulder and elbow function during ath
letic performance focusing on impairments, activity lim
itations, and participation restrictions of overhead 
athletes (Alberta et al., 2010). Answers are marked on 
10-cm visual analogue scales (VAS). For analysis, the 
marks on the VAS are measured manually with 
a standard ruler to the nearest millimeter and recorded 
in centimeters as a score. The maximum score per item 
is 10. The sum of the 10 items is calculated and com
pared to a maximum total score of 100. Higher scores 
indicate a higher functional status of the shoulder and/ 
or elbow.

Translation and cross-cultural adaptation

The translation and cross-cultural adaptation process 
was performed in six stages according to the guideline 
for the process of cross-cultural adaptation of self-report 
measures proposed by Beaton, Bombardier, Guillemin, 
and Ferraz (2000): 1) Initial translation from English 
into German by two bilingual translators whose mother 
tongue is German, of which one was a physiotherapist 
and one was a sports sociologist without a medical back
ground; 2) Synthesis of the two translations by produ
cing one common translation. The synthetization group 
consisted of the two translators and a language- 
competent physiotherapist; 3) Back Translation of the 
translated questionnaire into English by two bilingual 
English native speakers, of which one was 
a biomechanist with a medical background and one 
was a mathematician without a medical background; 4) 
Expert Committee meeting to obtain a prefinal version 
of the KJOC-G questionnaire. The seven-member expert 
committee consisted of the four bilingual translators, 
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a physiotherapist, a methodologist and a language pro
fessional (Germanist). Decisions were made to obtain 
semantic, idiomatic, experiential and conceptual equiva
lence between the original questionnaire and the 
German version; 5) Test of the prefinal version in 
a pretest sample of overhead athletes (handball, volley
ball, tennis, basketball, badminton) with each partici
pant completing the pre-final questionnaire and 
a detailed protocol addressing the comprehensibility 
and applicability to ensure the preservation of an 
equivalence of the adapted questionnaire in an applied 
situation within the target population; and 6) Final 
adaptations of the questionnaire according to the pretest 
results and expert committee approval of the final ver
sion of the questionnaire (Appendix).

All stages of the translation and cross-cultural adap
tation process were documented by detailed written 
reports and protocols, which can be provided upon 
request, recording issues, and rationales during the 
respective translation, synthesis, or discussion process.

Assessment of reliability and validity

Participants and recruitment
Initially, a total of 164 overhead athletes was recruited 
for the study. The participants were recruited via the 
outpatient clinics of Charité Berlin and the German 

Sport University Cologne and by directly contacting 
several sports clubs. The eligibility criteria were: 1) 
German-speaking; 2) age between 18 and 45 years; 
and 3) participation in an overhead sport, such as hand
ball, volleyball, baseball, softball, basketball, water polo, 
tennis, or badminton at competition level with at least 
two training sessions per week. We included healthy 
players and injured players with acute elbow and/or 
shoulder complaints. Exclusion procedure and reasons 
for dropouts are illustrated in Figure 1. All participants 
filled in a demographic data sheet including data about 
sports participation and injury history. All participants 
provided written informed consent.

Internal consistency
Internal consistency as a degree of homogeneity of the 
single items of the KJOC-G score was evaluated using 
Cronbach’s alpha coefficient. Alpha values between 
0.70 − 0.90 are considered as a measure of good internal 
consistency indicating high correlations among the 
items within the scale while alpha values below 0.70 
indicate poor reliability (Nunnally and Bernstein, 1994; 
Terwee et al., 2007).

Test-retest reliability
The test–retest reliability was assessed by calculating the 
intraclass correlation coefficient (ICC) with 

Figure 1. Flowcharts of the two substudies: 1) Translation and cross-cultural adaptation process and 2) Assessment of reliability and 
validity. (KJOC, Kerlan-Jobe Orthopedic clinic shoulder and elbow score; KJOC-G, German version of the Kerlan-Jobe orthopedic clinic 
shoulder and elbow score; T, translation; BT, back translation; DASH, disabilities of the shoulder, arm and hand; DASH-SM, disabilities of 
the shoulder, arm and hand sports module).
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corresponding 95% confidence intervals (CI) for each 
item between the KJOC-G test and retest scores. A two- 
way, random effects single measure absolute agreement 
ICC2,1 was used according to the Shrout and Fleiss 
nomenclature (Shrout and Fleiss, 1979). ICC values 
less than 0.5 indicate poor reliability, values between 
0.5 and 0.75 indicate moderate reliability, values 
between 0.75 and 0.9 indicate good reliability and values 
greater than 0.90 indicate excellent reliability (Rosner, 
1982).

The time frame of approximately two weeks between 
the test and retest of the questionnaire was chosen to 
ensure a period that is long enough to prevent recall bias 
and short enough to avoid clinical changes (Terwee 
et al., 2007). Participants reporting status changes due 
to acute injuries or other circumstances were excluded 
from test–retest analysis (Figure 1).

Measurement error was expressed with the standard 
error of measurement (SEM) and calculated with the 
formula SEM ¼ SDdifference �

ffiffiffi
2
p

, where SDdifference is 
the standard deviation of the mean score change 
between the two-time points and 

p
2 was used since 

the questionnaires were filled in at two different time 
points (de Vet, Terwee, Mokkink, and Knol, 2011; 
Harvill, 1991). Afterward, the SEM was converted into 
the smallest detectable change (SDC) with the formula 
SDC ¼ 1:96�

p
2� SEM reflecting the smallest detect

able within-person change in score (Terwee et al., 2007). 
A Bland–Altman plot (95% limits of agreement) was 
used to plot the mean difference between the KJOC-G 
test and retest scores against the mean of the two mea
sures (Bland and Altman, 1986).

Validity
The construct validity of the KJOC-G was examined 
by correlation with established instruments that mea
sure comparable constructs (Kirshner and Guyatt, 
1985; Terwee et al., 2007). All participants completed 
the German version of the DASH (Disabilities of the 
Shoulder, Arm, and Hand) and the DASH sports 
module (DASH-SM) (Germann, Harth, Wind, and 
Demir, 2003; Germann, Wind, and Harth, 1999) at 
the initial measurement time point. The DASH is 
a commonly used highly reliable assessment for 
symptoms and the functional status of the entire 
upper extremity in ADL while the DASH-SM assesses 
symptoms and the functional status of the upper 
limb in sports settings (Hudak, Amadio, and 
Bombardier, 1996). The score range of the question
naires is from 0 to 100, with 0 reflecting no health 
issues of the upper extremity and 100 corresponding 
to maximal disability of the arm, shoulder, and/or 
hand (Offenbacher, Ewert, Sangha, and Stucki, 2003). 

Construct validity was evaluated using Spearman’s 
rank correlation test. Spearman correlation coeffi
cients of 0.70–0.89 were considered strong, coeffi
cients of 0.40–0.69 were considered moderate and 
coefficients of 0.10–0.39 were considered weak 
(Schober, Boer, and Schwarte, 2018).

As a further aspect of construct validity, the known- 
group method analysis (Portney and Watkins, 2015) 
(initial measurement), was performed by testing the 
ability of the KJOC-G to differentiate between asympto
matic, who self-reported their injury status as healthy 
(Category 1: Playing without any arm trouble) and 
symptomatic athletes (Category 2: Playing with arm 
trouble; Category 3: Not playing due to arm trouble). 
Independent samples t-test and Mann–Whitney U test 
were used to establish evidence of known-group validity. 
Furthermore, Pearson’s effect size r was calculated.

Structural validity was tested by Principal 
Component Analysis (PCA) with varimax rotation to 
determine the dimensionality of the overall scale (de 
Vet, Ader, Terwee, and Pouwer, 2005). Only factors 
with eigenvalues ≥1 were considered (Guttman, 1954; 
Kaiser, 1960).

Floor and ceiling effects

Floor or ceiling effects are considered to be present if 
more than 15% of the participants obtained the low
est or highest possible score within each item. If 
more than 25% of the items showed floor or ceiling 
effects, the questionnaire as a whole was considered 
to have floor or ceiling effects (McHorney and 
Tarlov, 1995; Terwee et al., 2007).

Feasibility

The time the athletes needed for reading the infor
mation and completing the questionnaire was mea
sured during the initial administration of the 
questionnaire. Furthermore, the time to analyze the 
questionnaire by one investigator that is to measure 
the distances for each item and calculate the score 
was measured in a sub-cohort. All scoring analyses 
within the study were performed by one examiner 
using the same ruler for every analysis.

Statistical analysis

All statistical analyses were performed using IBM 
SPSS Statistics software for Windows, Version 21.0 
(Armonk, NY: IBM Corp). Descriptive statistics 
were calculated and reported for all relevant mea
sures. The Shapiro–Wilk test was used to assess the 
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distribution of the data. Statistical significance was 
set at p < .05.

Results

Translation and cross-cultural adaptation

The translation and adaptation process was carried out 
without major difficulties. In general, the structure of the 
original questionnaire was maintained. All 10 items of 
the KJOC were transferred into the German KJOC-G, 
reflecting areas that are important to the target popula
tion of overhead athletes in German-speaking environ
ments (Appendix).

The primary translations into German, as well as the 
subsequent back translations into English, led to minor 
linguistic inconsistencies, which were resolved during 
the meetings of the synthetization group and the expert 
committee. In addition, we had to consider the charac
teristics of the German language as, for example, gender- 
specific terms for athletes and coaches. As a result, we 
established a gender-neutral language throughout the 
questionnaire.

Minor linguistic and cultural adaptions included the 
adjustment of the item which was described in relation 
to the American league system and required adaptation 
to the German league system. The terms ‘Professional 
Major League,’ ‘Professional Minor League,’ 
‘Intercollegiate,’and ‘High School’ were transferred into 
the German equivalences ‘1. Bundesliga,’ ‘2. Bundesliga,’ 
‘Regionalliga,’ ‘Oberliga,’ ‘Verbandsliga,’ ‘Landesliga,’ 
‘Bezirksliga,’ and ‘Kreisliga’ with an additional option 
to list another different or specific league.

The original questionnaire contains a response cate
gory which is specifically related to baseball: “Significant 
limitation (became relief pitcher, switched to short races 
for example).” Due to the limited popularity of baseball in 
Germany and in reference to the aim to establish 
a questionnaire for a larger range of overhead sports, 
the response option was modified to a more general 
expression: “Significant limitation, I became a substitute 
or was only asked to play for short game times.”

Some further expressions were translated based on 
content rather than a literal translation. For example, the 
term ‘agents’ was transformed into the more suitable 
expression ‘VermittlerInnen’ (English ‘fasciliator’ or 
‘intermediaries’) and ‘scholarship’ into ‘Förderung’ 
(English ‘support’ or ‘funding’). The options of expres
sing sport-specific motions like ‘throwing,’ ‘serve’ and 
‘stroke’ in the original questionnaire were extended to 
‘Wurf’, ‘Schlag,’ ‘Aufschlag,’ and ‘Pass’ (English ‘pass’) to 
adequately involve relevant actions of throwing sports.

Preliminary testing in the pretest sample of 10 over
head athletes did not reveal any difficulties understand
ing the KJOC-G. The written protocols of the test 
participants led to minor revisions of the first version 
and a final version of the KJOC-G was developed.

Assessment of reliability and validity

A total of 152 (87 males/65 females) professional/semi
professional and amateur overhead athletes (mean age 
25.0 ± 6.6 years) with a mean playing experience of 
13.3 ± 6.6 years was included in the second part of the 
study. Particular analyses were performed with sub
groups of the cohort. Participant characteristics and 
KJOC-G scores of subgroups are presented in Table 1.

Internal consistency
The Cronbach’s α was 0.930 indicating an excellent 
internal consistency of the KJOC-G score with homo
genous items during the initial administration. 
Additional analysis of internal consistencies in male 
and female athletes separately and within different sub
groups showed similar results (Table 2).

Test-retest reliability
Of all participants, 103 athletes completed the question
naire twice with a time interval of 16.8 ± 5.6 days 
between the two sessions in order to determine the 
stability of the outcome score over time. The test–retest 
reliability of the total KJOC-G score was excellent with 
an ICC of 0.94. Regarding the single items, the test– 
retest reliability (ICC2.1) was good in 9 of 10 items 
(ICC 0.75–0.85) and lower in item 5 (ICC 0.34), refer
ring to the athletes’ relationship with coaches, manage
ment, and agents being affected by arm function 
(Table 3).

The SEM was 1.6 for all participants, 1.2 for asympto
matic athletes and 3.5 for symptomatic athletes indicat
ing small measurement errors. The SDC was 4.3 for all 
participants, 3.3 for asymptomatic athletes and 9.7 for 
symptomatic athletes. The Bland–Altman plot showed 
a small mean difference of −0.4 between KJOC-G test 
and retest scores (95% limits of agreement – 12,5 to 11.6) 
(Figure 2).

Validity
The KJOC-G showed moderate and statistically signifi
cant correlations with the DASH (r = −0.51, p < .05) and 
the DASH-SM (r = −0.54, p < .05). When analyzing male 
and female athletes separately, correlation levels varied 
although the differences did not reach significance. 
Compared to the results of the whole study population, 
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women showed a higher correlation with the DASH 
(r = −0.61, p < .05) and a lower correlation with the 

DASH-SM (r = −0.50, p < .05). By contrast, male athletes 
showed a lower correlation with the DASH (r = −0.46, 
p < .05) and a higher correlation with the DASH-SM 
(r = −0.58, p < .05).

Known-group method analysis showed 
a significant difference in mean KJOC-G scores of 
21.9 (95% CI 18.0 to 26.0; p < .05) between asympto
matic athletes with the self-assigned playing status 
‘playing without any arm trouble’ (score: 93.1 ± 8.7; 
n = 106) and symptomatic athletes, with the self- 
assigned playing status ‘playing with arm trouble’ 
(score: 71.2 ± 16.0; n = 45) (Figure 3). Category 3 
‘Not playing due to arm trouble’ was not included in 
further analyses since only one participant assigned 
himself to this group. Pearson’s effect size r was 0.65 
indicating a strong effect.

Table 1. Demographic data and KJOC-G scores (initial administration) of the 152 overhead athletes participating in the study.
Variable Data KJOC-G scores

Number of athletes 152 (100%) 86.2 ± 15.9
Sex
Males 87 (57.2%) 86.9 ± 14.9
Females 65 (42.8%) 85.2 ± 17.1
Type of overhead sports
Handball 38 (25.0%) 81.9 ± 18.6
Water Polo 38 (25.0%) 86.8 ± 13.2
Volleyball 24 (15,8%) 84.0 ± 20.1
Basketball 24 (15,8%) 93.5 ± 11.9
Tennis 9 (5.9%) 87.0 ± 14.6
Badminton 5 (3.3%) 93.9 ± 5.8
Baseball 13 (8.6%) 84.1 ± 12.1
Softball 1 (0.7%) 82.8
League
Professional/semiprofessional (1st/2nd division) 75 (49.3%) 89.1 ± 13.4
Amateur 77 (50.7%) 83.3 ± 17.6
Category
Asymptomatic Athletes (Playing without arm trouble) 106 (69.7%) 93.1 ± 8.7
Symptomatic Athletes 46 (30.3%) 70.2 ± 17.1
Playing with arm trouble 45 (29.6%) 71.2 ± 16.0
Not playing due to arm trouble 1 (0.7%) 26.6
Current injuries 21 (13.8%) 62.83 ± 19.3
Shoulder 8 (38.1%) 63.0 ± 20.7
Rotator Cuff Tendinopathy 1 (4.8%) 82.9
Impingement 4 (19.1%) 72.5 ± 10.1
Instability 2 (9.5%) 52.3 ± 19.9
Labral Lesion 1 (4.8%) 26.6
Elbow 1 (4.8%) 78.3
Tendinitis 1 (4.8%) 78.3
N/A or unspecified 12 (57.1%) 61.5 ± 19.4
Previous injuries 46 (30.3%) 76.7 ± 19.0
Shoulder 32 (69.6%) 75.8 ± 17.3
Rotator Cuff Tendinopathy 7 (15.2%) 79.2 ± 17.6
Bursitis 6 (13.0%) 82.7 ± 14.3
Impingement 6 (13.0%) 71.4 ± 9.7
Rotator Cuff Tears 2 (4.4%) 85.4 ± 9.2
Labral/Capsular Lesion 2 (4.4%) 61.8 ± 49.8
Instability 3 (6.5%) 63.6 ± 24.1
Luxation 2 (4.4%) 79.7 ± 5.2
Other 4 (8.7%) 74.2 ± 12.2
Elbow 5 (10.9%) 86.9 ± 8.0
Bursitis 1 (2.2%) 99.7
Fracture 1 (2.2%) 82.8
Tendinopathy 3 (6.5%) 84.0 ± 4.9
N/A or unspecified 9 (19.6%) 73.8 ± 25.9

Data are given as mean and standard deviation (±) or as counts and percentages (%). 
KJOC-G, German version of the Kerlan-Jobe Orthopedic Clinic Shoulder and Elbow score; N/A, not applicable.

Table 2. Internal consistency of the KJOC-G within different 
samples using Cronbach’s alpha coefficient of test and retest.

Sample
Cronbach’s alpha 

coefficient

Test Retest

All athletes (n = 152/103) 0.93 0.95
Male athletes (n = 87/49) 0.93 0.95
Female athletes (n = 65/54) 0.93 0.95
Professional + semiprofessional athletes 

(n = 75/54)
0.93 0.93

Amateur athletes (n = 77/49) 0.93 0.96
Asymptomatic athletes (n = 106/74) 0.86 0.85
Symptomatic athletes (n = 46/29) 0.90 0.94

KJOC-G, German version of the Kerlan-Jobe Orthopedic Clinic Shoulder and 
Elbow score
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Regarding the structural validity of the KJOC-G 
questionnaire, principal component analysis showed 
one underlying factor of the KJOC-G with an explained 
variance of 62.5% and an eigenvalue of 6.2. Item 10, 
related to performance, and item 2, related to pain, 
contributed with the highest loadings to the underlying 
factor which could be described as ‘functional shoulder 
and elbow status.’ The Kaiser-Meyer-Olkin measure of 
sampling adequacy was 0.900, representing a relatively 
good factor analysis and Bartlett’s test of Sphericity was 
significant, indicating that correlations between items 
were sufficiently large for performing a Principal com
ponent analysis.

Floor and ceiling effects

The KJOC-G did not show a floor effect for symptomatic 
and asymptomatic athletes. No ceiling effect of the ques
tionnaire was observed in symptomatic athletes with less 
than 25% of the items exceeding the 15% mark (item 5: 
60% and item 6: 17.8%). Considering all asymptomatic 
athletes, 35.8% to 72.6% scored 10 in each item, indicat
ing a ceiling effect in this subgroup.

Feasibility

The average time to complete the questionnaire was 
5:32 ± 2:03 min (n = 148). The time to analyze the 
questionnaire was 1:58 ± 0:42 min (n = 15).

Discussion

This study shows the first standardized approach to 
translate and culturally adapt the original KJOC score 
into German and provides evidence for its psychometric 
properties within a large sample of German-speaking 
overhead athletes. The results of the study show that 
the German version of the KJOC is a reliable and valid 
questionnaire to assess the shoulder and elbow in 
German overhead athletes.

Our results indicate that the German version of the 
KJOC has excellent internal consistency within the total 

Table 3. Test–retest reliability (ICC2.1) of the KJOC-G scores 
tested in 103 overhead athletes.

Item number Test scores Retest scores ICC2.1 95% CI

1 8.1 ± 2.3 8.0 ± 2.6 0.78 0.69–0.85
2 8.2 ± 2.2 8.3 ± 2.5 0.78 0.70–0.85
3 8.3 ± 2.2 8.5 ± 2.2 0.75 0.65–0.83
4 8.6 ± 2.0 8.6 ± 2.1 0.82 0.74–0.87
5 9.6 ± 1.2 9.5 ± 1.5 0.34 0.16–0.50
6 8.6 ± 2.2 8.7 ± 2.2 0.84 0.77–0.89
7 8.6 ± 2.1 8.6 ± 2.2 0.85 0.79–0.90
8 9.1 ± 1.5 9.1 ± 1.7 0.75 0.65–0.82
9 8.7 ± 2.0 8.9 ± 1.9 0.76 0.67–0.83
10 8.4 ± 2.2 8.5 ± 2.2 0.81 0.74–0.87
Total KJOC-G score 86.2 ± 15.9 86.7 ± 17.6 0.94 0.91–0.96

KJOC-G scores are presented as mean and standard deviation (±). 
ICC, intraclass correlation coefficient; CI, confidence interval; KJOC-G, German 

version of the Kerlan- Jobe Orthopedic Clinic Shoulder and Elbow score.
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Figure 2. Bland-Altman plot showing the test-retest results of 103 participants who completed the KJOC-G twice. Solid line: Mean 
difference between KJOC-G test and retest scores. Horizontal dashed lines: 95% limits of agreement. (KJOC-G, German version of the 
Kerlan-Jobe orthopedic clinic shoulder and elbow score).
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study population (Cronbach’s alpha = 0.93) and within 
the subgroups (Alpha values between 0.85 and 0.96). 
These results are in accordance with previous transla
tions of the KJOC (Fredriksen, 2019; Merolla et al., 2017; 
Oh et al., 2017).

Test–retest reliability (ICC2.1) of the total KJOC-G 
score was excellent with an ICC of 0.94. This result is in 
accordance with the original English questionnaire with 
an ICC of 0.88 (Alberta et al., 2010), the Italian KJOC 
with an ICC of 0.99 (Merolla et al., 2017) and with the 
Norwegian KJOC-N with an ICC of 0.98 (Fredriksen, 
2019). Test–retest reliability for the single items was 
good with exception of item 5 (ICC = 0.34). This item 
queries if the athlete’s arm problems affected the rela
tionship with coaches, management, and agents. The 
reason for this lower test–retest reliability may be due 
to the fact that many participants were not playing 
under contracts with 50.7% playing on amateur level. 
However, as item 5 may be relevant for high-level ath
letes, we decided to keep it in the questionnaire. Our 
results are in accordance with the analysis of the original 
questionnaire, showing the poorest test–retest reliability 
in item 5 in a cohort of intercollegiate and professional 
overhead athletes (Alberta et al., 2010). Concerning the 
construct validity, the application of the DASH and the 
DASH-SM as related measures to assess the correlation 
with the KJOC can be discussed. While these instru
ments are considered as comparable tools, the DASH 
relating to ADLs and the DASH-SM with only four 
general sport-related questions may not be as sensitive 
and specific for the high-functioning population of over
head athletes as the KJOC-G. Thus, we did not expect 
high correlations. Nevertheless, they are currently the 
only available German instruments suited to compare 
common constructs of symptoms, functional status, and 
performance of the upper extremity. Our results showed 

moderate correlations with the DASH (r = −0.51) and 
the DASH-SM (r = −0.54) which are slightly lower than 
the results of the original questionnaire (Alberta et al., 
2010) and its previous translations (Fredriksen, 2019; 
Merolla et al., 2017). While moderate correlations with 
the DASH and the DASH-SM indicated moderate con
struct validity of the KJOC-G, clear differences are 
apparent upon comparison of absolute scores. 
Assuming that 100% correspond to full elbow and 
shoulder function in each questionnaire, the deviation 
from this optimum (100% – mean value) adjusted to 
comparable values is 13.8% within the KJOC-G score, 
10.1% with the DASH-SM and 5.5% with the DASH in 
all athletes. These results support our assumption that 
the KJOC-G is more specific for an athlete population 
than the DASH, which may not properly reflect com
plaints that appear in sport-specific conditions whereas 
ADLs can be performed without problems.

Known-group method analyses support the construct 
validity of the KJOC-G. It is able to distinguish between 
symptomatic and asymptomatic athletes, showing signif
icant group differences and KJOC-G scores linked to 
their self-assigned injury status. Absolute KJOC-G scores 
of athletes playing without any arm trouble (Table 1) are 
in accordance with previous studies showing KJOC 
scores in heterogenous study groups of asymptomatic 
overhead athletes with mean scores of 93.6 (Turgut and 
Tunay, 2018) and 95.1 (Fredriksen, 2019) and sympto
matic overhead athletes with mean scores of 61.7 (Turgut 
and Tunay, 2018) and 77.8 (Fredriksen, 2019).

Previous studies proposed cutoff values with scores 
below 90 points indicating deficient health status of 
athletes, which should be further monitored or would 
alert the responsible medical staff to initialize further 
diagnostics (Kraeutler et al., 2013; Turgut and Tunay, 
2018). In our view, the stated cutoff values should be 

Figure 3. Comparison of mean scores and standard deviations (±) of the KJOC-G among all actively playing athletes (n = 151) and 
among the categories of the current status of their arm ‘Playing without any arm trouble’ (n = 106) and ‘Playing with arm trouble’ 
(n = 45) at test and retest. (KJOC-G, German version of the Kerlan-Jobe orthopedic clinic shoulder and elbow score). * significant 
difference (p <.05)
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considered with caution, since these studies did not 
provide concrete indications or evidence regarding the 
criteria for the definition or calculation of correspond
ing thresholds. Plausible criteria to set cutoff values 
might be the ability to participate symptom-free in 
training and competition or the necessity of therapeutic 
intervention and the respective scores. Nevertheless, this 
generally determined threshold also seems to apply to 
our results considering the concentrated appearance of 
KJOC-G scores above this threshold (Figure 2).

Our results of the principal component analysis regard
ing the structural validity of the KJOC-G questionnaire 
indicate one underlying factor of the questionnaire. This 
result is in accordance with the result of the confirmatory 
factor analysis of the original questionnaire (Alberta et al., 
2010) and the principal component analysis of the Turkish 
KJOC-SES-Tre (Turgut and Tunay, 2018).

While the KJOC-G did not show any floor effects for 
symptomatic and asymptomatic athletes, ceiling effects in 
asymptomatic athletes occurred. These findings are con
sistent with Turgut and Tunay (2018) who observed 
a ceiling effect when using the Turkish KJOC-SES-Tr for 
asymptomatic overhead athletes. However, these results 
are acceptable and have been expected since athletes are 
supposed to report high scores when they are unaffected by 
injury.

The feasibility of the questionnaire was confirmed. 
Readability and comprehension were verified by the 
participants of the pilot study. The interpretability of 
the items is justified by the manner of the questions 
which fulfill the requirements of short and simple 
words without jargon and questions that do not require 
reading skills beyond that of a 12-year-old (Streiner, 
Norman, and Cairney, 20152003).

Limitations

This study is not without limitations. Firstly, this study 
does not provide data on the responsiveness of the 
KJOC-G, which could provide valuable information on 
the instrument’s ability to assess changes over time used 
to assess intervention outcomes (Aaronson et al., 2002). 
Further limitations imply general weaknesses of patient- 
reported outcomes. The subjective nature of the KJOC 
scoring methodology may lead to inaccuracies in the 
data collection. The use of self-reported patient ques
tionnaires generally involves the risk of reporting and 
recall bias. Also, we found inconsistencies within the 
statements of the athletes. While 45 athletes assigned 
themselves to category 2 “Playing with arm trouble,” 
only 21 athletes ticked “yes” at the question “Is your 
arm currently injured?“. A reason for this might be that 
the respondents self-define “injury” as a more severe 

restriction than they self-define the term “trouble” or 
that they don’t share a common understanding of the 
term “injury.” These ambiguities are also found in aca
demic discourses. While Swenson, Yard, Fields, and 
Comstock (2009) defined injury as the loss of at least 
one day of athletic participation or an “event requiring 
medical attention,” Sciascia, Haegele, Lucas, and Uhl 
(2015) and Clarsen and Bahr (2014) defined injury as 
“any event an individual could recall that he or she 
would personally consider to be an episode of injury 
but not necessarily sustained during participation in 
athletics.” However, we intentionally did not specify 
and define ‘injury’ within the KJOC-G to avoid influen
cing individual perceptions of the athletes. 
Consequently, when analyzing the questionnaire, it is 
necessary to be aware that social desirability biases can 
occur or that personal experiences may impact the sur
vey responses (Paulhus and Reid, 1991). Apart from 
different interpretation possibilities, athletes might be 
afraid of negative consequences regarding playing 
times and other matters, consequently minimizing or 
downplaying any injury or pain when filling in the 
questionnaire.

Regarding the statistical analysis of the structural 
validity using the principal component analysis, the 
confirmatory factor analysis may have been an alterna
tive and possibly superior method to investigate this. 
However, this would not have allowed comparison 
with previous publications (Turgut and Tunay, 2018).

Implications for clinical practice and perspectives

The KJOC-G score can be applied by researchers, phy
siotherapists, physicians, sports therapists, coaches and 
athletes in German-speaking environments to identify 
functional impairments, to monitor treatment and reha
bilitation effectiveness and to evaluate return-to-sport 
and return-to-competition ability after shoulder and 
elbow injuries in overhead athletes. It can be used sup
portively within clinical diagnostics but does not replace 
extensive physical examinations of injured athletes. 
Furthermore, KJOC-G scores could potentially function 
as predictors of potential future injuries, as previous 
studies showed relationships between lower preseason 
KJOC scores and increased in-season injury risk (Holtz 
and O’Connor, 2018). Furthermore, the presence of pre
vious injuries showed to be an indicator of lower KJOC 
scores resulting in less physical capability before the 
competitive season (Franz et al., 2013; Holtz and 
O’Connor, 2018; Sciascia, Haegele, Lucas, and Uhl, 2015).

The questionnaire is easy to administer in a sports set
ting as well as in a clinical setting, where patients might fill 
in the questionnaire in a waiting room. The questionnaire 
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is self-explanatory and easy to complete. When printed 
true to scale, the KJOC-G can be analyzed in a reasonably 
short time in less than two minutes by therapists or physi
cians. Erickson et al. (2018) even proposed to obtain the 
KJOC over the phone, showing no significant differences in 
overall score as compared with that from in-person admin
istration. Future studies may investigate the sensitivity of 
the KJOC-G to assess changes over time and the feasibility 
of further implementation types that will meet today’s 
requirements such as digital applications.

Conclusion

This study shows that the KJOC-G is a reliable and valid, 
region and population-specific patient-reported out
come score that focuses on functional parameters 
related to sport-specific movement and can contribute 
to the assessment and detection of sports-related injuries 
in overhead athletes.
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