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Background  
Criterion-based assessment of shoulder function includes screenings, such as the Closed 
Kinetic Chain Upper Extremity Stability Test (CKCUEST), to help identify deficits in 
stability, neuromuscular control, and proprioception. However, normative performance 
for the CKCUEST has been predominantly established in elite and collegiate athletes, and 
it has been shown that arm length, sex, and weight may influence performance. 

Purpose  
To compare performance and establish agreement between standard versus 
arm-length-normalized testing positions in adolescent athletes and establish 
population-specific reference values. 

Study Design   
Cross Sectional 

Methods  
Healthy athletes (ages 14-18 years) recruited from local teams, clubs, and youth sports 
organizations performed two conditions of the CKCUEST, standard and 
arm-length-normalized. Performance differences were evaluated using a Wilcoxon 
signed-rank test, with effect sizes (r), while agreement between conditions was assessed 
using intraclass correlation coefficients and Bland-Altman analysis. Spearman 
correlations were used to assess associations with participant demographics and 
Mann–Whitney U tests were performed to compare contact versus overhead athletes. 

Results  
One hundred fifty-four athletes (120 male, 16.5±1.2 years, 75.8±18.0 kg) participating in 
baseball, football, lacrosse, volleyball, basketball, water polo, and tennis were included 
for analysis. Performance was greater on the arm-length-normalized condition (standard: 
23.0±5.8 taps; normalized: 23.9±5.5 taps, p<0.001). Agreement between conditions was 
good (ICC=0.86, 95%CI=0.80-0.90). The average change between conditions was 
-0.86±2.92 [-12.00-8.00], and 53.9% of participants performed better on the 
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arm-length-normalized condition. Contact athletes performed more taps (standard: 
25.0±6.0 taps; normalized: 25.3±5.9 taps) than overhead (standard: 20.2±4.2 taps; 
normalized: 21.9±4.5 taps, p<0.001) athletes. 

Conclusion  
Performance on the arm-length-normalized condition was greater than performance at 
the standard distance condition in healthy adolescent athletes. The influence of arm 
length, body mass, and sport type suggests the arm-length-normalized condition is more 
suitable for assessment and differences between sport types highlights the importance of 
population-specific measures and reference values. 

Level of Evidence    
3 

INTRODUCTION 

The glenohumeral joint is the most commonly dislocated 
major joint in the body1 representing one of the leading 
upper body injuries in sports.2 These injuries typically oc
cur during a traumatic event such as a fall or direct impact 
from an opponent,3 most often dislocating in the anterior 
direction in younger males who play contact sports.4 With
out proper management, long term consequences can in
volve recurrent episodes of instability, residual apprehen
sion, stiffness, pain, and osteoarthritis.5‑7 Recurrent 
instability rates following non-operative management in 
this population have been reported to be greater than 70% 
following a first-time, or primary, dislocation event.8‑11 

Factors including younger age, bone loss, lower socioeco
nomic status, and higher activity level have been shown 
to contribute to a greater likelihood of recurrent instabil
ity.12‑14 With high rates of recurrence following non-opera
tive management in youth athletes, a shoulder stabilization 
procedure may be recommended to reduce risk of re-in
jury.15 Many athletes return to the same level of play fol
lowing a shoulder stabilization procedure; however, upon 
return, these athletes continue to demonstrate attributes 
associated with high risk of shoulder injury such as young 
age and high activity levels.16 

With nearly 75% of existing literature using time from 
surgery as the sole criterion for return to sports clearance, 
there is no criteria-based consensus on the best method for 
determining readiness for return to play (RTP) following a 
shoulder stabilization procedure.17 A typical timeline for 
RTP following shoulder stabilization is six months, but it 
is unknown whether this recovery duration is adequate for 
sufficient functional progress such that the athlete is pre
pared to return to the demands of their sport. Furthermore, 
current evidence suggests that the use of a criterion-based 
RTP criteria rather may modulate recurrence rates greater 
than time alone.18 Criterion-based evaluation of readiness 
for RTP includes screenings, such as the Closed Kinetic 
Chain Upper Extremity Stability Test (CKCUEST), which 
was developed to assess upper limb function and stability 
in a closed kinetic chain position.19 Dynamic tests like the 
CKCUEST can help identify post-operative deficits in 
strength, power, neuromuscular control, and propriocep
tion. 

Normative values for CKCUEST performance have been 
predominantly established in elite and collegiate athletes; 
however, no normative values exist for adolescents.20‑24 

Furthermore, it has been shown that arm length, sex, and 
weight may influence performance on the CKCUEST.25,26 To 
reduce the effect of anthropometrics on test performance, 
normalizing test position to arm length has been proposed, 
calculated as the distance from the spinous process of the 
7th cervical vertebra (C7) to the tip of the middle finger, 
rather than completing the test at the standard 36-inch 
distance.26 This normalized CKCUEST has been assessed 
in small sample sizes of elite athletes,26 adult athletes,27,

28 and youth athletes ages 7-10,29 but not in adolescent 
athletes who are at the greatest risk for shoulder dislo
cation.4 Therefore, this study aimed to compare perfor
mance and establish agreement between the standard ver
sus arm-length-normalized testing positions in adolescent 
athletes. A secondary purpose was to establish adolescent 
and sport-specific reference values for practitioners to uti
lize when assessing shoulder function. It was hypothesized 
that performance on the arm-length-normalized position 
for the CKCUEST would be greater than performance on the 
standard testing position, and therefore, the agreement be
tween the two methods would be moderate. 

METHODS 

PARTICIPANTS 

Healthy, adolescent athletes (ages 14-18 years) who re
ported participation in either contact or overhead upper-
extremity sports were recruited from multiple community 
school, recreational, and travel teams across a single large 
metroplex. Teams were recruited via email and social me
dia, and snowball sampling allowed for a diverse group of 
participants from a wide variety of geographical locations 
including both suburban and urban areas. Participants were 
excluded if they reported any musculoskeletal or neuro
muscular condition or injury in the past six months that 
would limit their ability to perform the required assess
ments, and/or any previous history of shoulder surgery. 
Approval from a regional Institutional Review Board was 
obtained prior to initiating study procedures. Upon enroll
ment, informed consent/assent was obtained from all par
ticipants and parents, if applicable, prior to participation. 
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Figure 1. Closed Kinetic Chain Upper Extremity      
Stability Test (CKCUEST): (A) Start position, (B) Left         
touch to right hand, (C) Right touch to left hand.           

PROCEDURES 

Age and sport were captured in a survey of demographics 
and sport participation characteristics. Sport type was de
fined as the sport in which the participant was currently 
active and was categorized as either contact, defined as an 
athlete who plays a sport involving frequent contact with 
other players or objects, or overhead, defined as an ath
lete who plays a sport which requires repetitive upper ex
tremity activity above shoulder height. If both conditions 
were met, for example, a quarterback or similar, then par
ticipants were removed from between-sport analysis. Body 
mass (kg) was collected for each participant and arm length 
(mm) was measured as the distance between the C7 spinous 
process and the tip of the middle finger. 

The CKCUEST was completed as part of a larger series 
of upper extremity functional tests. Six additional tests 
involved measures of strength, stability, power, and en
durance specifically for the shoulder and the CKCUEST was 
randomized in the test battery such that it may have been 
administered first, in the middle of the tests, or last. The 
test battery was completed in both field and laboratory-
based settings as with adequate rest between outcome mea
sures. 

Standardized verbal instructions were provided for both 
conditions to “Begin in a pushup position with feet shoul
der-width apart and hands placed on each piece of tape. 
Alternate taps to the top of the opposite hand as many 
times as possible within 15 seconds” (Figure 1).23,27,30 Each 
participant completed two trials of a standard distance (36 
inches) condition19,21,23,30 followed by two trials of the 
arm-length-normalized distance, or the distance from C7 
to the tip of the middle finger, condition.21,29 A rest period 
of 45 seconds was provided between each trial. A single, 
trained evaluator was responsible for timing and counting 
the number of touches per trial for each participant. A tap 
was not considered for scoring if the participant did not 
make contact with the top of their hand or if their support 
hand was not placed on the tape. The trial with the maxi
mum number of taps for each condition were included for 
subsequent analysis. 

STATISTICAL ANALYSIS 

Descriptive statistics (means and standard deviations) were 
computed for all continuous measures, including age, body 
mass, and CKCUEST performance for the two test condi
tions. Normality of continuous variables was assessed using 
Shapiro-Wilk tests and visual inspection of distributions. 

Given significant tests of normality, non-parametric ap
proaches were used for inferential analyses. Differences in 
performance between the arm-length-normalized and 
standard distance conditions were evaluated using a 
Wilcoxon signed-rank test, with effect size (r) calculated to 
assess the magnitude of this difference and interpreted as 
small (0.10), moderate (0.30), or large (≥ 0.50).31 A two-way 
mixed-effects intraclass correlation coefficient model for 
absolute agreement (ICC [3,1]) with 95% confidence inter
vals was calculated to determine the level of agreement be
tween the two conditions, as well as a Bland-Altman analy
sis. Additionally, within-condition trial-to-trial reliability 
was assessed using two-way mixed-effects ICCs for absolute 
agreement, and the standard error of measurement (SEM) 
and minimal detectable change at the 95% confidence level 
(MDC95) were calculated for each condition. 

Lastly, Spearman rank correlations were used to assess 
associations of age, body mass, and arm length with CK
CUEST performance for each condition. Correlation 
strengths were defined as weak (r ≤ 0.35), moderate (r = 
0.36-0.67), or strong (r ≥ 0.68).32 To explore group differ
ences, Mann–Whitney U tests were performed to compare 
contact versus overhead athletes. Group comparisons in
cluded CKCUEST performance as well as age, body mass, 
and arm length. Athletes who participated in both contact 
and overhead sports at the time of testing were excluded 
from between-group analysis. All statistical tests were eval
uated in SPSS Statistics (IBM, version 24.0, Armonk, NY, 
USA) with a significance level (α) of 0.05. 

RESULTS 

A total of 154 participants (77.9% male, 16.5±1.2 years, 
75.8±18.0 kg) were tested and included for analysis (Table 
1). All participants were actively involved in Lacrosse (31%) 
or football (23%) followed by baseball (18%), volleyball 
(12%), basketball (11%), water polo (3%) and tennis (1%). 
Of the female participants, 50% were volleyball players, 
30% were lacrosse players, and 20% were basketball players. 

The number of maximum taps across the cohort were 
significantly greater during the arm-length-normalized 
condition (23.9±5.5 taps) compared to the standard dis
tance condition (23.0±5.8 taps; p<0.001, r=0.29). Agreement 
between conditions was good (ICC=0.86, 95%CI=0.80-0.90). 
Bland-Altman analysis revealed a mean difference (bias) of 
-0.86 taps, indicating that, on average, the arm-length-nor
malized condition elicited slightly more taps than the stan
dard distance condition (Figure 2). The average change be
tween conditions was -0.86 ± 2.92 [-12.00-8.00], and 53.9% 
of participants performed better on the arm-length-nor
malized condition. The 95% limits of agreement ranged 
from -6.59 to 4.87, suggesting that for individual partic
ipants, differences between conditions may vary more 
widely than the small average bias would imply. Score dis
tributions by condition are highlighted in Figure 3. Lastly, 
trial-to-trial reliability within each condition was excellent, 
with ICCs of 0.921 and 0.931 for the standard distance and 
arm-length-normalized conditions, respectively. The SEM 
and MDC95 were 1.60 and 4.43 taps for the standard dis
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Table 1. Participant demographics and anthropometrics, n=154.      

Measure Mean ± SD 

Age (years) 16.5 ± 1.2 

Weight (kg) 75.8 ± 18.0 

Arm Length (cm) 90.4 ± 5.5 

Measure Value (N, %) 

Sex 

Female 34, 22.1% 

Male 120, 77.9% 

Sport Type 

Contact 87, 56.5% 

Overhead 58, 37.7% 

Both 9, 5.8% 

Figure 2. Each participant’s average score between      
conditions represents the x-axis while difference in        
scores between conditions is depicted on the y-axis.         

Figure 3. Score distribution for standard distance and       
arm-length-normalized conditions.   

tance condition and 1.46 and 4.03 taps for the arm-length-
normalized condition, respectively. 

CORRELATIONS WITH PARTICIPANT CHARACTERISTICS 

For both conditions, age was not correlated to the number 
of taps (standard: p=0.486; normalized: p=0.686); however, 
body mass (r=0.17, p=0.033) and arm length (r=0.24, 
p=0.033) were both weakly correlated to the number of taps 
for the standard distance condition. Conversely, body mass 
(r=0.05, p=0.544) and arm length (r=0.08, p=0.317) were not 
correlated to the number of taps for the arm-length-nor
malized condition. 

GROUP COMPARISON 

For both CKCUEST conditions, contact athletes completed 
a greater number of taps (standard: 25.0±6.0 taps; nor
malized: 25.3±5.9 taps) than overhead athletes (standard: 
20.2±4.2 taps; normalized: 21.9±4.5 taps, p<0.001, 
r=0.32-0.41), regardless of age (p=0.558), body mass 
(p=0.253), or arm length (p=0.560; Table 2). 

DISCUSSION 

The purpose of this study was to compare the standard ver
sus arm-length-normalized testing conditions for the CK
CUEST in adolescent athletes. The hypothesis was partially 
confirmed as a greater number of taps were observed for the 
arm-length-normalized condition; however, agreement be
tween the two conditions was better than anticipated. First, 
although performance between conditions significantly dif
fered, the magnitude of this difference of approximately 
one tap was small and may not be clinically meaningful, 
particularly given the MDC of 4.43 and 4.03 taps for the 
standard distance and arm-length-normalized conditions, 
respectively. Second, supporting this assumption, agree
ment between the two testing conditions was good, as re
flected in the strong correlation value. However, the Bland-
Altman limits of agreement (-8.16 to 5.69 taps) exceeded 
the previously reported minimal detectable change. This 
indicates that, while the average difference between con
ditions was small, individual participants demonstrated a 
range of differences that could surpass what is typically 
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Table 2. Participant characteristics and CKCUEST performance on standard and arm-length-normalized          
conditions by sport type.     

Characteristics Contact Overhead p-value Effect Size (r) 

Age (years) 16.4 ± 1.2 16.5 ± 1.0 0.558 0.05 

Body Mass (kg) 76.8 ± 21.2 70.1 ± 12.0 0.253 0.10 

Arm Length (cm) 90.4 ± 5.4 89.6 ± 5.9 0.560 0.05 

Performance Contact Overhead p-value Effect Size (r) 

Standard (max. taps) 25.0 ± 6.0 20.2 ± 4.2 <0.001 0.41 

Arm-Length-Normalized (max. taps) 25.3 ± 5.9 21.9 ± 4.5 <0.001 0.32 

Note: Means ± standard deviations are presented for participant age, anthropometric measures, and CKCUEST performance for each condition. Statistical significance is denoted in 
bold. 

considered true change. Therefore, although the two test
ing conditions show good group-level agreement, they may 
not be fully interchangeable for individual-level decision-
making, particularly in contexts where detecting small but 
meaningful changes in performance is important. 

Preliminary reference values established in this study 
further contribute to existing literature. Previous re
searchers have determined normative values for elite,26 

adult,27,28 and youth (seven to ten years of age)29 popu
lations. This study reported performance on the CKCUEST 
in a cohort of healthy, adolescent upper-extremity athletes, 
which provides clinically useful reference values to clini
cians to aid in interpretation of test performance. Perfor
mance in the current study was found to be lower than pre
viously reported thresholds in elite and collegiate athletes, 
which is not surprising. For example, prior work found that 
collegiate baseball players completed 30 taps,23 collegiate 
basketball players completed 27 taps,33 and collegiate foot
ball players completed 27 taps,34 on average, indicating 
greater overall performance compared to approximately 23 
taps in this adolescent athlete population. The current 
findings are more consistent with research in adolescent 
athletes, which reported approximately 25 taps; however, 
their scores were determined as an average of three tri
als.20,27 

Participant-specific factors were found to influence CK
CUEST performance, including body mass, arm length, and 
sport type. As anticipated, test performance and arm length 
were not significantly correlated in the arm-length-nor
malized condition, suggesting reduced anthropometric bias 
and not necessarily greater upper extremity function. The 
results of this study agree with previous work establishing 
the effect of body mass and arm length on CKCUEST 
scores.25,26,35 Specifically, a taller athlete with a greater 
arm length may be able to perform better than a shorter 
athlete during the standard distance due to increased abil
ity to reach and less body displacement occurring through 
each repetition. Previous work also includes alternative 
modifications for testing positions between male and fe
male participants. Instead of normalization to arm length, 
in another study, females were instructed to complete test
ing from their knees, with arms placed a standard distance 
of 36 inches apart.27 However, there were no differences 
found in performance between the standard and modified 

on-knees CKCUEST conditions. This approach inherently 
alters the mechanical demands of the CKCUEST as well as 
limits comparisons in performance between males and fe
males while the current study evaluated a modification that 
would allow for consistency between sexes. 

The sub-analysis by sport type revealed that adolescents 
classified as contact players completed 25 taps. This was 
greater than the performance of adolescent overhead ath
letes who completed 22 taps, regardless of body mass and 
arm length, which differs from previously reported findings 
in older populations.23 One possible explanation for this 
finding is that training regimens and sport demands in 
adolescent athletes may strongly influence overall perfor
mance of closed kinetic chain testing. Contact athletes are 
frequently exposed to closed kinetic chain loading during 
weight room activities, blocking, and tackling, which may 
contribute to higher CKCUEST scores.36 In contrast, over
head athletes typically experience a greater amount of open 
kinetic chain demands during sport and training.37 Injuries 
in the overhead sport population tend to be more chronic 
in nature, with overuse-related pathology at the shoulder 
and elbow, while contact athletes demonstrate more acute, 
traumatic injuries involving instability.38,39 Given that the 
CKCUEST challenges shoulder stability, scapular control, 
and kinetic chain force transfer, its use may provide clinical 
insight into functional readiness when returning to dif
ferent sport types. For example, performance by contact 
athletes may indicate overall restoration of stability and 
strength to tolerate high impact, closed kinetic chain de
mands of sport, whereas performance by overhead athletes 
may identify neuromuscular deficits contributing to 
overuse. 

Clinically, these findings suggest that first, sport-specific 
reference values should be considered for assessment, and 
secondly, use of a test that reduces anthropometric bias 
may be more appropriate in adolescent athletes. The cur
rent study proposes that the arm length-normalized con
dition may be more suitable for assessment of upper ex
tremity strength and function when determining functional 
capacity in this population. The good agreement between 
conditions suggests that both tests measure a similar con
struct; however, the standard distance condition demon
strates influence by participant-specific anthropometrics 
such as body mass and arm length. The CKCUEST may be 

Standard Versus Arm-Length-Normalized Conditions for Assessment of the Closed Kinetic Chain Upper Ext…

International Journal of Sports Physical Therapy



useful in assessing shoulder stability and neuromuscular 
control in athletes recovering from shoulder instability, 
labral pathologies, or rotator cuff strains/tears, both op
eratively and non-operatively due to the necessary prox
imal stability at the shoulder joint.40 In clinical practice, 
the CKCUEST should be used in conjunction with other up
per-extremity performance measures. These include isoki
netic dynamometry to assess shoulder stabilizing muscle 
strength,41,42 the Seated Single Arm Shot Put to evaluate 
power required for sport-like activities,43,44 and the Poste
rior Shoulder Endurance Test to assess endurance and fati
gability of muscle groups involved in activities of daily liv
ing, sport, and recreation.45 Using the CKCUEST as part of 
a multi-domain test battery allows for a comprehensive as
sessment of dynamic shoulder stability. 

LIMITATIONS 

There are several limitations of note in the current study. 
First, the uneven distribution of male and female partic
ipants may limit the generalizability of findings, particu
larly given previous research establishing sex-based differ
ences in CKCUEST scores.25 Despite uneven distributions, 
the current study represents the adolescent patient pop
ulation most at risk for shoulder dislocation.2,3 As such, 
findings may also not be generalizable to an older popu
lation. Second, the standard distance condition was con
sistently completed before the arm-length-normalized con
dition for each participant, allowing for potential learning 
effect during the arm-length-normalized testing condition. 
However, two trials were captured for each condition, and 
the best trial was taken, which may have mitigated a po
tential learning effect as participants had more than one 
opportunity to complete the first condition. Previous work 
suggests adequate rest between trials to combat fatigue-ef
fects between conditions,46 which was provided. Further re
search may be warranted to include randomized order of 
test conditions prior to adoption of the arm-length-nor
malized condition in order to better understand a possible 
learning effect between conditions. Lastly, the greatest 
number of taps performed in two trials was selected for 
analysis, rather than averaging the performance of trials. 
Previous research has utilized an average of trials to de

termine performance recommendations in adolescent ath
letes.20,27 However, this study found excellent reliability 
with single measures in both conditions, suggesting aver
ages of multiple trials are not necessary. 

CONCLUSION 

In a cohort of healthy adolescent athletes, performance on 
the arm-length-normalized condition of the CKCUEST was 
significantly although only slightly greater than the stan
dard distance condition. While agreement between condi
tions was good, the influence of arm length and body mass 
on the standard condition performance suggests that the 
arm-length-normalized condition may be more suitable for 
assessment, as it reduces anthropometric bias in adoles
cent upper extremity athletes. Sport type was also shown 
to influence performance, highlighting the importance of 
sport-type specific functional measures and reference val
ues for clinical assessment. Preliminary reference values 
established in this population can serve as a benchmark for 
clinicians when evaluating and interpreting closed kinetic 
chain upper extremity performance in athletes returning to 
play following a shoulder stabilization procedure. 

CORRESPONDING AUTHOR 

Katie M Sloma, PT, DPT, CSCS 
Movement Science Lab Frisco 
Scottish Rite for Children 
Frisco, TX 75034, USA 
Telephone: 469-515-7157 
Fax: 254-296-8154 
Email: katie.sloma@tsrh.org 

The authors report no potential conflicts of interest in the 
development and publication of this article. 

© The Author(s) 

Submitted: March 10, 2026 CDT. Revised: May 19, 2026 CDT.

Accepted: June 08, 2026 CDT. Published: September 01, 2026 
CDT. 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-NC-4.0). View this license's legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://cre

ativecommons.org/licenses/by-nc/4.0/legalcode for more information. 

Standard Versus Arm-Length-Normalized Conditions for Assessment of the Closed Kinetic Chain Upper Ext…

International Journal of Sports Physical Therapy

mailto:katie.sloma@tsrh.org
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0/legalcode
https://creativecommons.org/licenses/by-nc/4.0/legalcode


REFERENCES 

1. Chang LR, Anand P, Varacallo MA. Anatomy, 
shoulder and upper limb, glenohumeral joint. In: 
StatPearls. StatPearls Publishing; 2023. https://
www.ncbi.nlm.nih.gov/books/NBK537018/ 

2. Kraeutler MJ, Currie DW, Kerr ZY, Roos KG, 
McCarty EC, Comstock RD. Epidemiology of shoulder 
dislocations in high school and collegiate athletics in 
the united states: 2004/2005 through 2013/2014. 
Sports Health. 2018;10(1):85-91. doi:10.1177/
1941738117709764 

3. Cleeman E, Flatow EL. Shoulder dislocations in the 
young patient. Orthop Clin North Am. 
2000;31(2):217-229. doi:10.1016/
s0030-5898(05)70142-5 

4. Verweij LP, Baden DN, van der Zande JM, van den 
Bekerom MP. Assessment and management of 
shoulder dislocation. BMJ. 2020:371. doi:10.1136/
bmj.m4485 

5. Safran O, Milgrom C, Radeva-Petrova DR, Jaber S, 
Finestone A. Accuracy of the anterior apprehension 
test as a predictor of risk for redislocation after a first 
traumatic shoulder dislocation. Am J Sports Med. 
2010;38(5):972-975. doi:10.1177/0363546509357610 

6. Brophy RH, Marx RG. Osteoarthritis following 
shoulder instability. Clin Sports Med. 
2005;24(1):47-56. doi:10.1016/j.csm.2004.08.010 

7. Ellis HB Jr, Seiter M, Wise K, Wilson P. Glenoid 
bone loss in traumatic glenohumeral instability in 
the adolescent population. J Pediatr Orthop. 
2017;37(1):30-35. doi:10.1097/
bpo.0000000000000586 

8. Hovelius L, Olofsson A, Sandström B, et al. 
Nonoperative treatment of primary anterior shoulder 
dislocation in patients forty years of age and 
younger: a prospective twenty-five-year follow-up. J 
Bone Joint Surg Am. 2008;90(5):945-952. doi:10.2106/
JBJS.G.00070 

9. Robinson CM, Howes J, Murdoch H, Will E, Graham 
C. Functional outcome and risk of recurrent 
instability after primary traumatic anterior shoulder 
dislocation in young patients. J Bone Joint Surg Am. 
2006;88(11):2326-2336. doi:10.2106/JBJS.E.01327 

10. Arciero RA, Wheeler JH, Ryan JB, McBride JT. 
Arthroscopic bankart repair versus nonoperative 
treatment for acute, initial anterior shoulder 
dislocations. Am J Sports Med. 1994;22(5):589-594. 
doi:10.1177/036354659402200504 

11. Wheeler JH, Ryan JB, Arciero RA, Molinari RN. 
Arthroscopic versus nonoperative treatment of acute 
shoulder dislocations in young athletes. Arthroscopy. 
1989;5(3):213-217. doi:10.1016/
0749-8063(89)90174-6 

12. Olds MK, Ellis R, Parmar P, Kersten P. Who will 
redislocate his/her shoulder? Predicting recurrent 
instability following a first traumatic anterior 
shoulder dislocation. BMJ Open Sport Exerc Med. 
2019;5(1). doi:10.1136/bmjsem-2018-000447. 
PMID:30899544 

13. Kralinger FS, Golser K, Wischatta R, Wambacher 
M, Sperner G. Predicting recurrence after primary 
anterior shoulder dislocation. Am J Sports Med. 
2002;30(1):116-120. doi:10.1177/
03635465020300010501 

14. Do DH, Arvesen JE, McGinley JJ, et al. Influence of 
neighborhood disparities on traumatic shoulder 
instability severity and timing of care in adolescents. 
Am J Sports Med. 2025;53(9):2066-2074. doi:10.1177/
03635465251346901 

15. Longo UG, Loppini M, Rizzello G, Ciuffreda M, 
Maffulli N, Denaro V. Management of primary acute 
anterior shoulder dislocation: systematic review and 
quantitative synthesis of the literature. Arthroscopy. 
2014;30(4):506-522. doi:10.1016/j.arthro.2014.01.003 

16. Zaremski JL, Galloza J, Sepulveda F, Vasilopoulos 
T, Micheo W, Herman DC. Recurrence and return to 
play after shoulder instability events in young and 
adolescent athletes: a systematic review and meta-
analysis. Br J Sports Med. 2017;51(3):177-184. 
doi:10.1136/bjsports-2016-096895 

17. Ciccotti MC, Syed U, Hoffman R, Abboud JA, 
Ciccotti MG, Freedman KB. Return to play criteria 
following surgical stabilization for traumatic anterior 
shoulder instability: a systematic review. Arthroscopy. 
2018;34(3):903-913. doi:10.1016/j.arthro.2017.08.293 

18. Otley T, Myers H, Lau B, Talor D. Return to sport 
after shoulder stabilization procedures: a criteria-
based testing continuum to guide rehabilitation and 
inform return-to-play decision making. Arthrosc 
Sports Med Rehabil. 2022;4(1):e237-e246. 
doi:10.1016/j.asmr.2021.09.039. PMID:35141557 

19. Goldbeck TG, Davies GJ. Test-retest reliability of 
the closed kinetic chain upper extremity stability 
test: a clinical field test. J Sport Rehabil. 
2000;9(1):35-45. doi:10.1123/jsr.9.1.35 

Standard Versus Arm-Length-Normalized Conditions for Assessment of the Closed Kinetic Chain Upper Ext…

International Journal of Sports Physical Therapy

https://www.ncbi.nlm.nih.gov/books/NBK537018/
https://www.ncbi.nlm.nih.gov/books/NBK537018/
https://doi.org/10.1177/1941738117709764
https://doi.org/10.1177/1941738117709764
https://doi.org/10.1016/s0030-5898(05)70142-5
https://doi.org/10.1016/s0030-5898(05)70142-5
https://doi.org/10.1136/bmj.m4485
https://doi.org/10.1136/bmj.m4485
https://doi.org/10.1177/0363546509357610
https://doi.org/10.1016/j.csm.2004.08.010
https://doi.org/10.1097/bpo.0000000000000586
https://doi.org/10.1097/bpo.0000000000000586
https://doi.org/10.2106/JBJS.G.00070
https://doi.org/10.2106/JBJS.G.00070
https://doi.org/10.2106/JBJS.E.01327
https://doi.org/10.1177/036354659402200504
https://doi.org/10.1016/0749-8063(89)90174-6
https://doi.org/10.1016/0749-8063(89)90174-6
https://doi.org/10.1136/bmjsem-2018-000447
https://doi.org/10.1177/03635465020300010501
https://doi.org/10.1177/03635465020300010501
https://doi.org/10.1177/03635465251346901
https://doi.org/10.1177/03635465251346901
https://doi.org/10.1016/j.arthro.2014.01.003
https://doi.org/10.1136/bjsports-2016-096895
https://doi.org/10.1016/j.arthro.2017.08.293
https://doi.org/10.1016/j.asmr.2021.09.039
https://doi.org/10.1123/jsr.9.1.35


20. de Oliveira VM, Pitangui AC, Nascimento VY, da 
Silva HA, Dos Passos MH, de Araújo RC. Test-retest 
reliability of the closed kinetic chain upper extremity 
stability test (CKCUEST) in adolescents: reliability of 
CKCUEST in adolescents. Int J Sports Phys Ther. 
2017;12(1):125. 

21. Callaway A, Peck J, Ellis S, Williams J. A 
randomised observational study of individualised 
variations in the start position of the closed-kinetic 
chain upper extremity stability test. Phys Ther Sport. 
2020;41:16-22. doi:10.1016/j.ptsp.2019.10.007 

22. Degot M, Blache Y, Vigne G, et al. Intrarater 
reliability and agreement of a modified closed kinetic 
chain upper extremity stability test. Phys Ther Sport. 
2019;38:44-48. doi:10.1016/j.ptsp.2019.04.017 

23. Roush JR, Kitamura J, Waits MC. Reference values 
for the closed kinetic chain upper extremity stability 
test (CKCUEST) for collegiate baseball players. N Am J 
Sports Phys Ther. 2007;2(3):159. 

24. Lagniaux F, Juin G, Rambaud A, Thoreux P. 
Reference values for the closed kinetic chain upper 
extremity stability test for elite handball players. Int J 
Sports Phys Ther. 2019;14(6). 

25. Lepinet U, Tanniou J, Communier EC, Créach V, 
Beaumont M. Impact of anthropometric data and 
physical activity level on the closed kinetic chain 
upper extremity stability test (CKCUEST) score: A 
cross-sectional study. Phys Ther Sport. 2023;64:91-96. 
doi:10.1016/j.ptsp.2023.09.004 

26. Powell A, Williamson S, Heneghan NR, Horsley I. 
Investigation of the closed kinetic chain upper 
extremity stability test in elite canoe/kayak slalom 
athletes. Phys Ther Sport. 2020;46:220-225. 
doi:10.1016/j.ptsp.2020.09.001 

27. Torabi TP, Bencke J, van den Tillaar R. The closed 
kinetic chain upper extremity stability test 
(CKCUEST) performance in elite team handball 
players playing with shoulder pain, previous pain, or 
No pain. Int J Sports Ther. 2024;19(2):189. 
doi:10.26603/001c.92014. PMID:38313664 

28. Kardor S, Gorji Z, Ghotbi N, Attarbashi-
Moghadam B, Shadmehr A, Gorji M. Upper extremity 
physical performance tests in female overhead 
athletes: a test–retest reliability study. J Orthop Surg 
Res. 2023;18(1):489. doi:10.1186/
s13018-023-03974-4. PMID:37424003 

29. Güngörenler CY, Tarsuslu T. Test-Retest 
Reliability of the Closed Kinetic Chain upper 
Extremity Stability Test in Children Aged 7–10 Years. 
Meas Phys Educ Exerc Sci. Published online 2024:1-10. 
doi:10.1080/1091367X.2024.2443860 

30. Barfield JW, Bordelon NM, Wasserberger KW, 
Oliver GD. Preliminary analysis of closed kinetic 
chain upper extremity stability test differences 
between healthy and previously injured/in-pain 
baseball pitchers. Sports Health. 2023;15(2):290-294. 
doi:10.1177/19417381221083316. PMID:35441548 

31. Peres FF. Effect sizes for nonparametric tests. 
Biochemia Medica. 2026;36(1):010101. 

32. Taylor R. Interpretation of the correlation 
coefficient: a basic review. J Diagn Med Sonogr. 
1990;6(1):35-39. doi:10.1177/875647939000600106 

33. Hollstadt K, Boland M, Mulligan I. Test-retest 
reliability of the Closed Kinetic Chain Upper 
Extremity Stability Test (CKCUEST) in a modified test 
position in division I collegiate basketball players. Int 
J Sports Phys Ther. 2020;15(2):203. doi:10.26603/
ijspt20200203 

34. Assef N, Endsley C, Skoumal C, Schlafke J, Dewald 
M. Closed kinetic chain upper extremity stability test 
reference values for NCAA american football. Int J 
Sports Phys Ther. 2025;20(9):1338-1344. 
doi:10.26603/001c.143374 

35. Tucci HT, Martins J, Sposito GdC, Camarini PMF, 
De Oliveira AS. Closed kinetic chain upper extremity 
stability test (CKCUES test): a reliability study in 
persons with and without shoulder impingement 
syndrome. BMC Musculoskelet Disord. 2014;15:1-9. 
doi:10.1186/1471-2474-15-1. PMID:24387196 

36. Kibler WB, Livingston B. Closed-chain 
rehabilitation for upper and lower extremities. J Am 
Acad Orthop Surg. 2001;9(6):412-421. doi:10.5435/
00124635-200111000-00006 

37. Ellenbecker TS, Aoki R. Step by step guide to 
understanding the kinetic chain concept in the 
overhead athlete. Curr Rev Musculoskel Med. 
2020;13(2):155-163. doi:10.1007/
s12178-020-09615-1. PMID:32172436 

38. Apostolakos JM, Brusalis CM, Uppstrom T, R. 
Thacher R, Kew M, Taylor SA. Management of 
common football-related injuries about the shoulder. 
HSS J. 2023;19(3):339-350. doi:10.1177/
15563316231172107. PMID:37435133 

39. Shanley E, Rauh MJ, Michener LA, Ellenbecker TS. 
Incidence of injuries in high school softball and 
baseball players. J Athl Train. 2011;46(6):648-654. 
doi:10.4085/1062-6050-46.6.648. PMID:22488191 

Standard Versus Arm-Length-Normalized Conditions for Assessment of the Closed Kinetic Chain Upper Ext…

International Journal of Sports Physical Therapy

https://doi.org/10.1016/j.ptsp.2019.10.007
https://doi.org/10.1016/j.ptsp.2019.04.017
https://doi.org/10.1016/j.ptsp.2023.09.004
https://doi.org/10.1016/j.ptsp.2020.09.001
https://doi.org/10.26603/001c.92014
https://doi.org/10.1186/s13018-023-03974-4
https://doi.org/10.1186/s13018-023-03974-4
https://doi.org/10.1080/1091367X.2024.2443860
https://doi.org/10.1177/19417381221083316
https://doi.org/10.1177/875647939000600106
https://doi.org/10.26603/ijspt20200203
https://doi.org/10.26603/ijspt20200203
https://doi.org/10.26603/001c.143374
https://doi.org/10.1186/1471-2474-15-1
https://doi.org/10.5435/00124635-200111000-00006
https://doi.org/10.5435/00124635-200111000-00006
https://doi.org/10.1007/s12178-020-09615-1
https://doi.org/10.1007/s12178-020-09615-1
https://doi.org/10.1177/15563316231172107
https://doi.org/10.1177/15563316231172107
https://doi.org/10.4085/1062-6050-46.6.648


40. Sousa T, Blache Y, Degot M, Rogowski I. Influence 
of phase and dominance on ground reaction forces 
and upper extremity muscle activity during the 
modified-closed kinetic chain upper extremity 
stability test. BMC Sports Sci Med Rehabil. 
2025;17(1):5. doi:10.1186/s13102-024-01043-9 

41. Niederbracht Y, Shim AL, Sloniger MA, 
Paternostro-Bayles M, Short TH. Effects of a shoulder 
injury prevention strength training program on 
eccentric external rotator muscle strength and 
glenohumeral joint imbalance in female overhead 
activity athletes. J Strength Cond Res. 
2008;22(1):140-145. doi:10.1519/
JSC.0b013e31815f5634 

42. Edouard P, Samozino P, Julia M, et al. Reliability 
of isokinetic assessment of shoulder-rotator strength: 
a systematic review of the effect of position. J Sport 
Rehabil. 2011;20(3):367-383. doi:10.1123/jsr.20.3.367 

43. Pinheiro JS, Monteiro OLS, Pinheiro CAB, et al. 
Seated single-arm shot-put test to measure the 
functional performance of the upper limbs in exercise 
practitioners with chronic shoulder pain: a reliability 
study. J Chiropr Med. 2020;19(3):153-158. 
doi:10.1016/j.jcm.2020.01.001 

44. Riemann BL, Davies GJ. Association between the 
seated single-arm shot-put test with isokinetic 
pushing force. J Sport Rehabil. 2020;29(5):689-692. 
doi:10.1123/jsr.2019-0140 

45. Evans NA, Konz S, Nitz A, Uhl TL. Reproducibility 
and discriminant validity of the posterior shoulder 
sndurance test in healthy and painful populations. 
Phys Ther Sport. 2021;47:66-71. doi:10.1016/
j.ptsp.2020.10.014 

46. Fleck S. Interval: Physiological basis. Strength 
Condit J. 1983;5(5):40-40. 

Standard Versus Arm-Length-Normalized Conditions for Assessment of the Closed Kinetic Chain Upper Ext…

International Journal of Sports Physical Therapy

https://doi.org/10.1186/s13102-024-01043-9
https://doi.org/10.1519/JSC.0b013e31815f5634
https://doi.org/10.1519/JSC.0b013e31815f5634
https://doi.org/10.1123/jsr.20.3.367
https://doi.org/10.1016/j.jcm.2020.01.001
https://doi.org/10.1123/jsr.2019-0140
https://doi.org/10.1016/j.ptsp.2020.10.014
https://doi.org/10.1016/j.ptsp.2020.10.014

	Standard Versus Arm-Length-Normalized Conditions for Assessment of the Closed Kinetic Chain Upper Extremity Stability Test in Healthy Youth Athletes
	Background
	Purpose
	Study Design
	Methods
	Results
	Conclusion
	Level of Evidence
	Introduction
	Methods
	Participants
	Procedures
	Statistical Analysis

	Results
	Correlations with Participant Characteristics
	Group Comparison

	Discussion
	Limitations
	Conclusion
	Corresponding Author

	References


