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INTRODUCTION
Evaluation tests of the upper limb are widely used 
in clinical and sports practices to provide important 
information about functional performance.1,2,3 Spe-
cifically, dynamic tests, whether in an open kinetic 
chain (pull-up, throwing test, and shot putting) or 
closed kinetic chain (one-arm hop test, upper quarter 
Y-Balance-Test and the Closed Kinetic Chain Upper 
Extremity Stability Test) enable not only the identi-
fication of possible deficits in strength and muscular 
power but also to evaluate proprioception and motor 
control.3,4,5,6 These evaluation tests of upper limb per-
formance complement the analysis of the individual 
segments and provide quantitative data on progress 
and the effectiveness of rehabilitation programs.1,3,5,7

The Closed Kinetic Chain Upper Extremity Stability 
Test (CKCUEST) is one option for examining upper 
limb stability. The test is easy to administer, cost effec-
tive, easily understood, and has been validated by the 
peak torque of internal/external shoulder rotation (iso-
kinetic dynamometer), and maximum grip strength 
(hand dynamometer), through Pearson correlation 
coefficients with the average values of the CKCUEST.7,8 
This test consists of counting how many times the sub-
ject performs alternating touches on the opposite hand 
in a closed kinetic chain position (push-up) over 15 sec-
onds, with three trials and allows three potential scor-
ing outcome measures: average touches (the average of 
the three trials), a normalized score, and power score. 
The normalized score is obtained by dividing the num-
ber of touches by subject height. The power score is 
obtained by multiplying the average number of touches 
by 68% of subject’s body weight (kg) divided by 15.1,3

The use of the CKCUEST as an assessment of upper 
limb function is increasing both by rehabilitation pro-
fessionals and by researchers. Authors have deter-
mined normative values for the test,7,9 cutoff scores to 
be used for shoulder injury prediction,10 and have com-
pared results with results of other tests that aim to eval-
uate upper limb function.11 In addition, the CKCUEST 
has also been used to identify risk factors for shoulder 
pain,12 determine the effectiveness of different types 
of intervention,13,14,15 and to determine their predictive 
ability for performance of a sport specific task.5

Additionally, the literature has provided clinimetric 
values that reinforce the practical relevance of the 

CKCUEST, allowing reliable use of data collected both 
in clinical and sports environment and for research. 
Some researchers1,3,8 have found excellent levels of 
interday reliability—assessed by an intraclass cor-
relation coefficient (ICC)—for athletes over the age 
of 18 (ICC = 0.92),1,3 adults with shoulder impinge-
ment syndrome (ICC ≥ 0.82),3 and for healthy adults 
(ICC = 0.97)8. Although the above studies provide 
excellent levels of reliability for the CKCUEST, their 
results cannot be applied to other populations, 
especially adolescents, who, for the purpose of this 
research, are defined as athletes between 15 and 19 
years old.

The adolescent population has increased vulner-
ability to musculoskeletal injury,16 therefore the use 
of functional tests can contribute to the assessment 
of this population. However, the reliability of the 
CKCUEST in adolescents has not yet been estab-
lished. The primary purpose of the present study 
was to examine the reliability CKCUEST on a sam-
ple of adolescents, and a secondary purpose was to 
establish clinimetric values for this test.

METHODS

Sample	
For sample size calculation, the following equations 
described by Shoukri, Asyali, and Donner17 in the 
Gpower 3.1.7 program was used considering the 
following values: � = 0.05; � = 0.10 (90%); power 
correlation ratio to null hypothesis (�H0) = 0.40; 
correlation ratio for alternative hypotheses (�H1) 
= 0.80, and a potential loss of 20%. A minimum 
required sample of 31 subjects was determined.

Subjects aged between 15 and 19 years old, all of 
whom were healthy, physically active and had no his-
tory of injury to the upper limb, were included in this 
research. Exclusion criteria included refusal to perform 
the test and the anthropometric measurements, and/
or absence from the second evaluation. Because of the 
departure of six participants, the total sample was com-
posed of 25 adolescents (14 girls and 11 boys), reflecting 
a final statistical power of 89.64%. Demographic char-
acteristics of all participants are presented in Table 1.

All the participants signed a consent agreement and 
their respective legal guardians signed the consent 
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Table 1.  Demographic characteristic mean and (standard deviation) of the total 
sample and stratified by sex

form. The study was approved by the Research Ethics 
Committee of the University of Pernambuco – Brazil.

Procedures
After the signed consent forms were collected, 
information was gathered regarding the age of the 
subjects, body weight (kg) and height (m) measure-
ments were performed using a digital scale and a 
portable stadiometer. The first CKCUEST was then 
performed. Prior to the study, the evaluators respon-
sible for measuring were properly trained. In order 
to examine test-retest reliability, avoid possible 
memory effects and adaptation to the test, the sec-
ond assessments were performed after an interval 
of seven days. In addition, the subjects were not 
informed about the scores obtained during the first 
evaluation at the time of reassessment in order to 
minimize the motivational effects.

The CKCUEST was carried out following the guide-
lines as described by Tucci et al.3 During this test, 
the boys assumed the push-up position and the girls 
assumed the modified push-up position (with knee 
support), with both hands positioned on two pieces 
of tape affixed to the ground at a distance of 91.4 
cm apart (Figure 1). The subject remained in the 
push-up position while they alternatively touched 

the opposite hand, for a period of 15 seconds. Each 
subject was allowed to perform the test once sub-
maximally in order to familiarize themselves with 
the task prior to the execution of the three repeti-
tions of the actual test. One evaluator was respon-
sible for counting the number of touches, and the 
other evaluator timed the test and verbally informed 
the first evaluator of the beginning and end of the 
test. Evaluators gave verbal cueing during the test 
to encourage the maximum effort of the subjects. 
Three repetitions of the 15-second CKCUEST were 
performed with an interval of 45 seconds between 
each test. The average touches score was calcu-
lated on the basis of the arithmetic mean number 
of touches recorded during the three attempts. The 
normalized score, the score was calculated by divid-
ing the average number of touches by the subject’s 
height in meters. The power score was obtained by 
the product of the average number of touches and 
68% of body weight in kilograms divided by 15.18

Statistical Analysis
The statistical procedures were conducted using two 
computer software packages: Statistical Package for 
Social Sciences (SPSS) version 20.0 and GraphPad 
Prism version 5.03. The distribution of the numeri-
cal data concerning the age, body weight, height, 

Figure 1.  Positioning for performing the CKCUES-test. Starting position (A) and execution of touch (B).
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at best and 5/10 at worst on the Numeric Pain Rating 
Scale (NPRS), and occasional stiffness at the Achilles 
tendon insertion, of insidious onset three years prior. 
Symptoms began after running his third marathon, 
which he believed may have been related to running 
with a new pair of shoes. His pain was aggravated 
by running more than five miles, and alleviated by 
stretching his calf, ice massage, and rest. He also 
reported ankle stiffness after sitting greater than 30 
minutes, which would be alleviated after walking 
15-20 steps. At the time of assessment he was run-
ning three to five miles per day on treadmills and 
trails, but not engaging in longer runs because of the 
pain. He was also swimming and performing upper 
and lower body resistance exercise 3 times each 
week. Aside from a left ankle sprain 30 years prior, 
his past medical history was unremarkable.

He reported multiple prior treatments. Six months 
following onset, he was seen by a PT where inter-
ventions included therapeutic ultrasound, electri-
cal stimulation, and customized foot orthotics. He 
reported no improvement, and did not continue 
with the orthotics. Twelve months after symptom 
onset, he had a cortisone injection at the Achilles 
tendon insertion, which provided minimal, tran-
sient relief. Two years following symptom onset, 
he was seen by another PT. Throughout the plan of 
care he performed eccentric heel drops to neutral 
DF, calf stretching, ice massage to the insertion site, 
gluteal strengthening exercises, dynamic balance 
exercises in single leg stance, and he was prescribed 
over the counter inserts for arch support. He noted 
75% reduction in symptoms, and continued with his 
home exercise program (HEP) following discharge, 
but longer running distances remained limited. His 
primary goal was to return to running marathons 
without symptoms. 

CLINICAL IMPRESSION #1
The subject’s symptom report appeared consistent 
with chronic Achilles tendinopathy. This was based 
on the symptom location, nature, behavior, and no 
other local tissue dysfunction appearing more likely. 
Tendinopathy often responds well to eccentric tis-
sue loading exercises,32 however, this intervention 
strategy had already been attempted, without a level 
of subject-preferred improvement. Mobility deficits 
are a risk factor for developing tendinopathy,2 and 

if not addressed, could contribute to persistence of 
symptoms and functional limitations. As such, the 
therapist believed interventions to improve local 
joint and/or soft tissue mobility (if impaired) would 
be necessary.

EXAMINATION
The subject was examined and treated by the same 
therapist (DJ) at each visit, with pertinent find-
ings presented in Table 1. While symptoms were 
reported to be local to the ankle, proximal segments 
were screened and biomechanical assessment was 
performed to determine relevant contributing fac-
tors. Lumbar, hip, and knee screening, consisting of 
active range of motion (AROM) with overpressures 
in all planes, was negative for symptom reproduc-
tion. Hip extension was limited and when assess-
ing joint mobility, a posterior-anterior (PA) glide of 
the right proximal femur was hypomobile. Bilateral 
and unilateral squats did not reproduce symptoms, 
although early heel rise was present, suggesting pos-
sible ankle DF mobility restrictions. Hip strength of 
the extensors and abductors were tested in prone and 
sidelying, respectively, and were graded as normal 
bilaterally. No symptoms were noted on the left. As 
neural pathology may contribute to heel pain,33 neu-
rodynamic mobility was assessed in supine with the 
straight leg raise. Modifications were made to bias the 
neural structures in the lower limb by adding ankle 
PF with inversion, PF with eversion, and DF, yet the 
subject’s primary symptoms were unprovoked. 

Passive and dynamic testing of the ankle complex fol-
lowed proximal tissue screening. Pain was reported 
during the push off phase of a single leg hop, which 
was evaluated for symptom provocation and analysis 
of single limb landing patterns. Ankle PF endurance 
was measured by single-leg heel raise repetitions. 
Pain limited performance on the right. Ankle DF 
ROM, measured with a inclinometer in standing,34 
was restricted on the right. However, when the sub-
ject’s knee was flexed, right ankle DF ROM increased, 
indicating a probable impairment of gastrocnemius 
length. Upon palpation, tenderness and thicken-
ing at the insertion of the right Achilles tendon and 
increased resting tension of the right gastrocnemius, 
yet no trigger points or referred pain to the posterior 
calcaneus was noted. The midportion of the Achilles 
tendon, retrocalcaneal bursa, posterior tibial nerve, 
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and plantar fascial origin were not tender. Talocru-
ral and subtalar joint (STJ) accessory motion was 
restricted on the right, while the left was normal.

Outcome Measures
A number of objective and self-reported functional 
outcome measures were used to determine prog-
ress. The Victorian Institute for Sport Assessment 
developed a valid and reliable self-reported func-
tional scale for disability related to Achilles tendon 
dysfunction (VISA-A). The VISA-A is comprised of 
8 questions, scored 0 to 100, with lower scores indi-
cating greater disability. It was shown to have good 
test-retest (r = 0.93), intrarater (r = 0.90), and inter-
rater reliability (0.90).35 A recent initial investigation 
determined the minimal clinically important differ-
ence (MCID) to be 6.5 points in this population.36 The 
Foot and Ankle Measure (FAAM) is another reliable, 

responsive, and valid self-reported outcome measure 
used for a variety of musculoskeletal disorders of the 
lower extremity. It includes a 21-item activities of 
daily living (ADLs) and 8-item sports subscale, each 
question graded 0 (unable to to) to 4 (no difficulty), 
with higher scores indicating higher levels of func-
tion. The MCID for the ADL and Sports subscales 
were found to be 8 and 9 points, respectively.37 At 
discharge, the Global Rating of Change (GROC) scale 
was administered. The GROC scale is a self-reported 
15 point Likert scale with -7 being a ‘a very great 
deal worse’, 0 being ‘no change’ and +7 being ‘a very 
great deal better’. A change of 3 or more points was 
determined to be a clinically important difference.38 
Additional measures of change were the number of 
heel raise repetitions performed, pain response, and 
single leg hop as these were functional movements 
that recreated his symptoms.

Table 1. Examination Findings
 tluseR tseT

Location of Symptoms Right achilles tendon insertion 

Biomechanical Assessment 
Early heel rise present with single and double leg squat; Single 

leg hop test increased pain (3/10) 

Proximal Joint Screening Negative for symptom reproduction 

Neurodynamic Mobility 

(straight leg raise) 
Negative for symptom reproduction 

Strength / Endurance 
5/5 hip abductors and extensors, 

Heel raise repetitions: Right 20 (limited by 5/10 pain), Left 25 

Joint Accessory Motion 

Hypomobile PA glide right proximal hip 

Hypomobile AP glide right talocrural joint 

Hypomobile lateral glide right subtalar joint 

Ankle DF ROM 

(in standing) 

Left: 42o

Right: 54o

Palpation
Tenderness (6/10) and thickening of involved achilles tendon at 

insertion  

Self-Reported Outcome 

Measures

VISA-A: 57% 

FAAM: ADL subscale 65.5%, Sport subscale 40.6% 

AP: anterior-posterior; DF: dorsiflexion; FAAM: foot and ankle measure; PA: posterior-anterior; 
ROM: range of motion; VISA-A: Victorian Institute of Sport Assessment – achilles tendon 
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Table 2, and were performed as described by Mait-
land et al.29

INTERVENTION

Visit 1 – Evaluation
Following the examination, a grade IV anterior-
posterior (AP) non-thrust mobilization of the right 
talocrural joint (TCJ) was performed secondary to 
limitations noted during right ankle DF (Figure 1). 
This intervention was selected to decrease the strain 
on the PF mechanism, improve ankle hypomobility, 
and decrease pain. The technique was performed 
until more joint mobility was noted. Heel raises were 
re-evaluated for repetitions and pain response. After 
manual therapy, the subject was able to perform 
the same number of repetitions, but with 2/10 pain, 
rather than the 5/10 pain reproduced earlier. For a 
HEP he was instructed to continue with eccentric 
exercise 3 sets of 15 repetitions, to neutral dorsiflex-
ion, and 3 sets of 30 second duration calf stretch-
ing each to be performed twice daily. Different 
from previous therapy, the subject was instructed to 
maintain a more neutral rearfoot position during the 
stretch, to decrease possible unilateral strain on the 
Achilles tendon.

CLINICAL IMPRESSION #2
Presenting signs and symptoms appeared consistent 
with IAT. This was supported by the symptom report, 
tenderness to palpation with thickening noted at the 
Achilles insertion on the calcaneus, the absence of 
tenderness at other locations around the foot and 
ankle, and no symptom reproduction with proximal 
joint screening. Neurodynamic testing was normal, 
and the symptoms were made better or worse with 
activity, in a pattern consistent with musculoskel-
etal pathology, making systemic disease processes 
less likely. Clinical findings were supported by diag-
nostic ultrasound imaging showing hypoechoic sig-
nal with loss of the typical fibrillary pattern of the 
right Achilles tendon at its insertion.

Despite improvement with the subject’s second PT 
episode of care, the subject had experienced ongo-
ing symptoms. As such, the therapist attempted 
to provide an intervention not previously offered. 
Joint-directed impairment-based manual therapy 
was added to exercise and activity modification, in 
attempts to decrease pain, improve mobility, and 
decrease strain on the Achilles tendon insertion 
site. The specific techniques, clinical rationale, and 
results of manual therapy techniques can be seen in 

Table 2. Manual therapy interventions

Abbreviations: AP: anterior-posterior; DF: dorsiflexion; HEP: home exercise program; PA: posterior-anterior; ROM: range of motion;
STJ: subtalar joint; TCJ: talocrural joint 
*Each technique was performed until the treating therapist noted improved joint mobility, a specific timed dosage was not utilized

Visit Manual Therapy 
Technique* Indication Clinical Rationale Immediate Effects 

Added
Component to 

HEP

1
(evaluation)

- AP glide of TCJ 
grade IV 

- Accessory 
glide

restricted 

- DF ROM 
impaired 

- Pain 

- Improve TCJ mobility 

- Improve plantarflexor 
functional force 

generation through pain 
reduction

- Heel raise repetitions 
unchanged but pain decreased 

from 5/10 to 2/10 

- Calf stretching in 
rearfoot neutral 

position,
3 x 30”, 3x/day 

2

- AP glide of TCJ 
grade IV+ 

- Lateral glide of 
STJ grade IV 

- Persistent 
ankle

stiffness

- Pain with 
functional

activity 

- Improve TCJ and STJ 
mobility

- Improve  plantarflexor 
functional force 

generation through pain 
reduction

- Heel raise repetitions 
increased from 22 to 25, and 

were asymptomatic 

- Pain with hop test decreased 
from 2/10 to 0/10 

- Self-mobilization 
of STJ, 5 min/day 

3

- Passive 
physiologic

mobilization of 
right hip extension 

grade IV++ 

- Decreased 
hip extension 

in terminal 
stance of gait 

- Decreased 
hip accessory 

PA glide 

- Decrease hip mobility 
restriction 

- Allow for normalized 
stride with running 

- Minimize proximal 
impairments 

- No change in symptoms 
(none noted pre-testing) 

- Symmetrical gait pattern 
noted afterwards 

- Hip flexor 
stretching in 

kneeling position, 
3 x 30”, 3x/day 



The International Journal of Sports Physical Therapy | Volume 12, Number 1 | February 2017 | Page 138

increased PF activity.39 The therapist performed a 
grade IV lateral subtalar glide (Figure 2) until mobil-
ity improved, after which the hop test was retested 
and was asymptomatic. The subject was instructed 
to continue with eccentric exercise and stretching as 
before, with five minutes of daily self-mobilization of 
the STJ (Figure 3) added to maintain the improved 
mobility between sessions. 

Visit 3 – 4 weeks after evaluation
The subject reported continued symptomatic and 
functional improvement. He was running 7-10 miles 
daily without symptoms. At 11 miles he had 2/10 
pain, but mentioned that cardiorespiratory endur-
ance was more of a limiting factor than pain. Upon 
examination, both the hop test and heel raises were 
asymptomatic, and palpation of the Achilles inser-
tion was less tender (2/10). The VISA-A and FAAM 
were re-administered, with clinically significant 
improvements noted. 

Despite improvements, symptoms remained, prompt-
ing the therapist to re-examine other possible contrib-
uting factors. Running gait was re-examined using 
simple video analysis, and while asymptomatic, early 

Visit 2 – 2 weeks later
The subject reported improvement after the initial 
evaluation. He reported running five miles each day, 
with 3/10 pain at worst, and reported consistency 
with his HEP. Upon examination, stiffness remained 
of the talocrural and STJ, but the Achilles was less 
tender to palpation (4/10), and he was able to per-
form 22 heel raises with 2/10 pain. A grade IV+ AP 
TCJ mobilization was performed in an attempt to 
improve ankle mobility and, decrease undue tendi-
nous strain. Immediately after joint mobilization, he 
was able to perform 25 repetitions without pain. 

With ankle PF endurance improved and less symp-
tomatic, his single leg hop was retested in order to 
find another comparable sign and associated con-
tributing factors. Insertional Achilles pain was pres-
ent, but at a reduced intensity compared to initial 
evaluation. While TCJ mobility was improved, rear-
foot hypomobility remained. Although minimal, 
STJ motion is necessary during the normal gait 
cycle, to prevent compensatory patterns, such as 

Figure 1. Anterior-posterior talocrural joint non-thrust 
mobilization. With the patient in supine, the therapist grasps 
the posterior aspect of the distal tibiofi bular region with the 
stabilization hand. A posteriorly force is directed toward the 
talus. The plantar aspect of the foot can rest on the therapist’s 
thigh to improve stabilization.

Figure 2. Subtalar joint lateral glide mobilization. With the 
patient sidelying on the involved side, the therapist stabilizes 
the distal tibia and fi bula with one hand. With the other hand, 
the therapist grasps the calcaneus, distal to the talus, and pro-
vides a mobilization force perpendicular to the ground.
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Visit 4 – 8 weeks after evaluation
Due to scheduling conflicts, the subject was seen 
one month after his previous visit. At this time, he 
reported consistency with his HEP, no pain or stiff-
ness, and was able to run 15 miles without symp-
toms. Upon examination, talocrural, subtalar, and 
hip mobility was normal. Hop testing was asymp-
tomatic, and no heel rise was present with squat 
testing. Considering the subject’s progress, lack of 
symptoms, and independence with an HEP for long-
term self-management, the subject was discharged 
with instructions to contact the PT should any ques-
tions arise. 

OUTCOMES
The subject was seen in physical therapy for four 
visits over the course of two months. Primary out-
comes can be seen in Table 3. Notably, the subject 
reported satisfaction with his symptom state after 
interventions, reported no functional disability on 

heel off and decreased hip extension was noted on 
the right. Early heel off can be a sign of ankle DF 
restrictions39 however ankle mobility was normal on 
re-assessment. Considering the hip mobility restric-
tion present at initial evaluation, and impairment in 
functional extension ROM, the therapist theorized 
the subject had to over utilize the ankle PFs to propel 
himself forward, rather than using momentum and 
passive recoil through allowing the hip to extend. A 
grade IV++ passive physiologic mobilization was 
performed for hip extension on the right (Figure 4). 
Symmetrical running gait was noted afterwards. The 
subject was instructed to continue with his previous 
HEP, and add hip flexor stretching in half-kneeling, in 
order to maintain improved mobility.

Figure 3. Self-mobilization of the subtalar joint. The patient 
crosses the involved leg over the opposite thigh. The stabiliza-
tion hand grasps the distal fi bula and lateral aspect of the 
talus, while the mobilization hand directs a lateral force to the 
calcaneus.

Figure 4. Passive physiologic hip joint extension mobiliza-
tion. The patient is positioned in prone. The mobilization is 
applied with a posterior-anterior force directed to the hip joint 
while simultaneously bringing the distal femur superiorly into 
extension.




















































