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Abstract: Background/Objectives: The validity of shoulder orthopaedic test to establish a diagnosis
has been recently challenged. For this reason; functional tests; such as the Closed Kinetic Chain Upper
Extremity Stability Test (CKCUEST) have commenced to be used in clinical settings. The aim of this
study is to compare the electromyography (EMG) activity during the CKCUEST and the modified
CKCUEST in healthy adult population. Methods: Ten male and 10 female participants were recruited
from a University setting. Edinburgh Handedness Inventory; the International Physical Activity
Questionnaire and the percentage of activation of the maximum voluntary contraction of the
infraspinatus; anterior deltoid and upper trapezius; of both upper limbs; throughout the CKCUEST
and modified CKCUEST were analysed. Results: The percentage of activation of infraspinatus
(p<0.01); anterior deltoid (p<0.01) and upper trapezius (p<0.01) in both sides were significantly higher
in the CKCUEST compared to the modified CKCUEST. No correlations were observed between
laterality and the activation percentage of the infraspinatus (p>0,05); anterior deltoid (p>0,05) and
upper trapezius (p>0,05) in both sides during the CKCUEST. Conclusions: The results of this research
showed a higher percentage of EMG activation during the CKCUEST compared to the modified
CKCUEST in all the muscular structures analysed; regardless of the participants' hemibody

Keywords: CKCUEST; EMG; Shoulder

1. Introduction

The shoulder represents the third most prevalent region of musculoskeletal disorders, with an
estimated 20% of the population reporting shoulder pain at some stage in their lifetime. Of these
cases, 20% to 40% are attributable to pathologies involving the rotator cuff complex, a condition
known to cause substantial functional impairment and reduced quality of life [1,2].

Historically, rotator cuff diagnosis has been based on physical examination and imaging.
Nevertheless, exclusive reliance on imaging for diagnostic purposes presents significant challenges,
as structural abnormalities in the rotator cuff are frequently observed even in asymptomatic
individuals [3,4].

In regards to physical examination of the shoulder, about 180 orthopaedic shoulder tests have
been described in the literature [5], which leads to great distraction and confusion when naming and
referring to the same test [6], even when making diagnostic clusters [7]. However, the validity of
these tests based on strong methodological designs, such as meta-analyses, are scarce and therefore
they should be considered more as symptom provocation tools rather than diagnostic tests [2,8—
10].Mafioso Hernando 20/11/24 7:48

For this reason, functional tests have begun to be used [5,11] such as the Closed Kinetic Chain
Upper Extremity Stability Test (CKCUEST) (ICC = 0.82-0.98) [12], the Upper Limb Rotation Test
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(ULRT) (ICC=0.90-0.99) [13], Kerlan-Jobe Orthopedic Clinic Shoulder and Elbow Score (KJOC) (ICC=
0.50-0.93) [14], Y-Balance Test Upper Quarter (YBT-QT) (ICC = 0.91-0.99) [15], or the Seated Medicine
Ball Throw (SMBT) ICC = 0.88- 0.99) [16].

The CKCUEST, is a functional and dynamic test used for the functional assessment of the
shoulder, usually used in athletes whose sporting activity mainly involves the use of this upper limb
[17]. This test consists of placing the participants in a push-up starting position, where they must
touch one hand with the opposite hand and then perform the same procedure with the contralateral
side [17], for fifteen seconds [12].

Previous studies have shown that this test can serve as a tool for the shoulder assessment in
patients with pain, as well as follow-up in a care or even rehabilitation process; achieving higher
movement efficiency values of the upper extremity [18,19] .

On the other hand, electromyography (EMG) studies have shown how the shoulder girdle
muscles activity participate throughout shoulder movements [20]. In the same direction, Kinsella et
al. found lower muscle EMG activity in patients with painful shoulder syndrome [21]. Similarly, other
studies have observed differences in upper trapezius, infraspinatus and serratus anterior muscle
activation in patients with shoulder pathology versus asymptomatic subjects, measured by EMG in
a variety of shoulder functional movements [22,23].

However, although the importance of assessing this musculature is evident in the

scientific literature [21-23] and the assessment of functional tests such as the CKCUEST has been
proposed to assess shoulder pathology [24,25] to the authors knowledge, there is no study that
assesses EMG activity in the CKCUEST in healthy adults.

Therefore, the aim of this study is to compare the percentage of activation of the maximum
voluntary isometric contraction (MVIC) of the infraspinatus, anterior deltoid and upper trapezius
muscles during the execution of the CKCUEST and the modified CKCUEST in a healthy adult
population.

2. Materials and Methods

2.1. Participants

To carry out this observational study we followed the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines [26] which are a series of recommendations for
writing up studies to ensure that the necessary information is provided on how the study was
conducted, what was found and what was not found [26].

For this pilot study, a total of 20 healthy subjects, 10 male and 10 female participants were
recruited through a non-probabilistic consecutive sampling stratified by sex; from the student
population of the Centro Superior de Estudios Universitarios de la Salle (CSEULS), where the
laterality of the healthy adult participants was determined using the Edinburgh Handedness
Inventory (EHI) manual dominance questionnaire [27] ,adapted to Spanish [28].

As inclusion criteria, participants were accepted if they present:

- A healthy state of health.

- An asymptomatic state in the region of the shoulder complex (both right and left).

- Age 18 years or more.

As exclusion criteria, participants were rejected if they present:

- Shoulder pathology (rotator cuff-related shoulder pain, frozen shoulder, severe shoulder
osteoarthritis, cervical radiculopathy, shoulder instability, upper limb neuropathy or acromio-
clavicular joint pathology).

- Sensory and/or motor deficits.

- Over 65 years of age.

- Shoulder surgery less than 6 months ago.

- Previous steroid injections in the last 3 months.

- Diagnoses related to the cervical spine or upper limbs.
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- Pregnancy.

- Comorbidities such as arthritis rheumatoid arthritis and/or fibromyalgia.

- Systemic diseases such as: diabetes mellitus and/or thyroid diseases.

- Dementia or severe psychiatric illness and any other illness that interferes with understanding
and/or participation in the study.

- Refusal to sign informed consent.

2.2. Measuring Instruments

2.2.1. Edinburgh Handedness Inventory (EHI)

The Spanish-validated version of the EHI consists of a 10-item self-report questionnaire on
manual dominance or preference of one hand over the other in manual activities [28].

This questionnaire measures the preference of the use of one hand over the other in different
activities.

The original EHI ask the participant to mark with the symbol + each item in one of the two
columns depending on whether it refers to the right or left hand. If the patient does not use one of
the hands at all, they are asked to mark with ++ the hand for which they have a preference. If the
patient is indifferent, they are asked to mark + in both columns.

It has been shown that these instructions can lead to misunderstandings, therefore in the Spanish
edition, it has been changed to a 5-point scale format as follows (1 = always right, 2 = usually right,
3= both equally, 4= usually left, 5= always left). The laterality quotient (LQ) is estimated on the basis
of the following formula:

LQ=(R-L) / (R+L) * 100

The LQ classifies the laterality of each participant's hand into left-handed (-100 to -61)
ambidextrous (-60 to 60) or right-handed (61 to 100) [28].

2.2.2. International Physical Activity Questionnaire

The International Physical Activity Questionnaire (IPAQ) is a self-reported questionnaire for the
measurement of activity in subjects aged 15-69 years, with a long version with 31 items and a short
version with 7 items validated in Spanish [29]. This questionnaire assesses the frequency, duration
and intensity of physical activity. This questionnaire provides the results of physical activity in
metabolic equivalents (METs), in the long version we can also differentiate the total score of each
activity divided into different domains (leisure-related, household and gardening, occupational and
transport activities). Both categorise physical activity as low, moderate and high and also provide the
number of METs minutes/week and thus indicate the amount of physical activity [30].

2.2.3. Electromyography

Surface electromyographic data was collected with a BTS Bioengineering® FreeEMG 300 system.

2.3. Procedure

Following the EHI [28] and IPAQ questionnaires [30], a standardised warm-up consisting of
multiplane shoulder movements supervised by the researchers was performed.

Next, prior to the CKCUEST and modified CKCUEST tests, a test was performed to calculate the
MVIC for each muscle using manual resistance exerted by the examiner.

Participants performed three MVIC per muscle, all muscles were tested randomly [31]. EMG
activity was measured for 5 seconds, taking as reference the central 3 seconds and leaving 1 minute
of rest between repetitions [32,33].

For each muscle, the highest level of activity generated during the 3 MVIC assessment positions
was used for normalisation [34]. The same researcher was responsible for all MCVI measurements to
ensure test consistency.
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The MVIC calculation test for each muscle was performed according to Cools et al, (2020) [35]:

¢ Anterior Deltoid: Patient seated, both feet supported, elbow at 90° flexion and shoulder in
neutral position: Resistance is applied proximal to the elbow in a posterior direction (resisting
shoulder flexion).

e Infraspinatus: Patient in seated position, both feet supported, elbow in 90° flexion and man in
neutral position: Resistance is applied proximal to the wrist in medial direction (resisting external
rotation).

* Upper trapezius: Patient seated, both feet supported, elbow extended and shoulder at 90° of
abduction. Resistance is applied proximal to the elbow in a caudal direction (resisting abduction).

Pictures detailing the electrodes position are added in the annexes section as Figure 1.

The CKCUEST was performed in a push-up position, keeping the back straight parallel to the
floor, hands spaced 91.44cm (36 inches) apart and both upper limbs perpendicular to the floor and
over the hands [25]. The exercise will start with 5 seconds rest, then 3 seconds with the left hand
touching the right hand, 3 seconds rest and 3 seconds with the right hand touching the left hand,
controlled by a metronome at 60 Hertz. In total, 5 repetitions were performed, eliminating the first
and last for analysis [35,36]

The mean for the EMG peak activity of each muscle, during the closed kinetic chain phase, was
obtained for the three consecutive repetitions. The mean obtained was then expressed as a percentage
of the MVIC.

The modified CKCUEST was performed in a push-up position with knees flat on the floor,
keeping the back straight and parallel to the floor, hands spaced 91.44cm (36 inches) apart and both
upper limbs perpendicular to the floor and over the hands [25,37]. The task consists of the same
phases as the CKUEST, which were also controlled by a metronome by redoing 5 repetitions of which
the first and the last were eliminated in the same way [35,36].

All participants performed the CKCUEST and the modified CKCUEST, which were randonmly
ordered by flipping a coin, a two-minute rest was taken between the performance of each test.

Equally to the CKCUEST analysis, the mean for the EMG peak activity of each muscle, during
the closed kinetic chain phase, was obtained for the three consecutive repetitions throughout the
modified CKCUEST. The mean obtained was then expressed as a percentage of the MVIC.

2.4. Statistical Analysis

Statistical Package of Social Sciences (SPSS) software, version 24.0 (IBM; Armonk-NY; IBM-
Corp) was used for statistical analysis. A P-value < 0.05 for a 95% confidence interval (CI) was
determined as statistically significant, using an alpha-type error of 0.05.

The Shapiro Wilk test was used to determine the normality distribution of the data values
obtained. Data with a parametric distribution were represented by mean, standard deviation and
upper and lower limits of the CI (and minimum-maximum range) at 95%. As statistical tests for the
parametric data, Student's t-test for related samples was used to perform the comparison analysis
between the CKCUEST test and the modified CKCUEST test, and Student's t-test for independent
samples to compare sex, as well as to compare the percentage of activation of the infraspinatus,
anterior deltoid and upper trapezius muscles according to the laterality of the participants in the
present study.

On the other hand, for the description of the non-parametric data we used the median, the
interquartile range and the upper and lower limits of the confidence interval (CI) (and minimum-
maximum range) at 95%, while for their analysis we used the Wilcoxon test for related samples for
the analysis of comparison between the CKCUEST test and the modified CKCUEST test and the
Wilcoxon Mann- Whitney U test for the analysis of sex, as well as to compare the percentage of
activation of the infraspinatus, anterior deltoid and upper trapezius muscles as a function of the
laterality of the participants in the present study.
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Interventionary studies involving animals or humans, and other studies that require ethical
approval, must list the authority that provided approval and the corresponding ethical approval
code.

3. Results

A total of 20 participants were recruited. Ten men and 10 women met our inclusién criteria. A
description of participants is found in Table 1. The variables weight, height, body max index (BMI)
and IPAQ showed a normal distribution, hence a Students t-test for independ samples was used to
assess differences between the two groups. On the other hand, EHI and age did not follow a
distribution according to normality, therefore the Wilcoxon Mann Whitney U test was employed to
assess differences between the two groups.

Table 1. Socio-demografic variables, EHD e IPAQ.

Men (n=10) Women (n=10) P-value
EHD (1,1,0) 18,60+8,6562 13,50+11¢ 4624
Age (years) 26,604,789+4,7892 24,2046 .2504
Weight (kg) 74,5049,914 57,60+6,8182 .000r
Height (cm) 179,90+7,0892 165,40+6,0412 .000r
BMI (kg/m?) 22,94+1,722 21,0542,162 .049v
IPAQ (mets) 3532,00+1291,6062 4160,80+1637,0222 .353b

Abbreviations: EHD, Edinburg Handedness Inventory (measured in: r, right handed; 1, left handed; a,
ambidextrous); BMI, Body Mass Index; IPAQ, International Physical Activity Questionnaire. a Data with
parametric distribution represented as mean standard deviation and 95% confidence interval. b Student's t-test
for independent simples. ¢ D Data with nonparametric distribution represented as median interquartile range
and 95% confidence interval. d Wilcoxon Mann Whitney U-test.

The percentage of activation of insfraspinatus, anterior deltoid and upper trapezius in both sides
were significantly higher in the CKCUEST compared to the modified CKCUEST (p<0.01), as it shown
in Table 2.

Table 2. Correlations in the percentage of activation of the infraspinatus, anterior deltoid and upper trapezius
muscles between the CKCUEST and modified CKCUEST tests.

Activation % CKCUEST Activation % modified-CKCUEST P-
(N=20) (N=20) value
Right hemibody
) Infraespinatus 39,347+15,0202 15,730+20,22b 000+
(32,317 — 46,376) (15,976 — 24,333)
- Anterior 61,949424,408a 24,699+15,752a 000
deltoid (52,398 — 71,500) (17,326 — 32,072)
- Upper 11,075+15,63b 6,335+7,07° 000*
trapezius (10,840 - 25,609) (5,558 —11,981)
Left hemibody
) Infraespinatus 38,497+16,6252 15,350+8,33b 000*
(30,716 — 46,278) (11,299 - 25,859)
- Anterior 62,833+21,5132 28,844+19,6572 000"
deltoid (52,764 — 72,901) (19,644 — 38,044)
- Upper 15,270+22,72° 10,595+16,79° 000*
trapezius (14,660 — 37,514) (7,522 — 24,880)

Abbreviations: CKCUEST, Closed Kinetic Chain Upper Extremity Stability Test. a: Data with parametric
distribution represented as mean standard deviation and 95% confidence interval. b: Data with nonparametric

distribution represented as median interquartile range and 95% confidence interval. *: Student's t-test for related
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samples. t: Wilcoxon test for related samples. Correlation between laterality and the percentage of activation of
the infraspinatus, anterior deltoid and upper trapezius muscles in the CKCUEST test are shown in Table 3.

Table 3. Correlation between laterality and the activation percentage of the infraspinatus, anterior deltoid and

upper trapezius muscles in the CKCUEST test.

Activation percentage in  Right handed (%) Ambidextrous(%) Left handed

CKCUEST (n=10) (n=10) %) =gy Lvalue
Right hemibody
Ifracemimatus 30,659+16,507 40,035+14,238 aapr
P (26,850 —50,467) (29,849 — 50,220) ‘
_ _ 65,491+17,8942 50,408+23,047- .
- Anterior deltoid (52,689 -78292) (41,921 —74,894) - 453
15,655+28,19° 9,245+6,95b
- 1 - 1,
Uppertrapezius 10001 _36,740) (5,114 —20,823) 082
Left hemibody
 nfracesinatus 35,845+18,20° 35,961+14,854 3
P (27,668 —54,389) (25,334 — 46,587) ‘
59,310+36,73 58,686+23,475
_ . . 7 L 7 7 —_— 7 - +
Anterior deltoid (52,892 -81,067) (41,892 —75,479) 364
4 569+27 495 15,605+9,595¢
- Upper trapezius 34,569427,495 5,60549,595 .054*

(14,889 — 54,238) (8,740 — 22,499)
Abbreviations: CKCUEST, Closed Kinetic Chain Upper Extremity Stability Test. a: Data with parametric
distribution represented as mean standard deviation and 95% confidence interval. b: Data with nonparametric

distribution represented as median interquartile range and 95% confidence interval. *: Student's t-test for
independent samples. t: Wilcoxon Mann Whitney U-test.

4. Discussion

This study has identified significant muscle activation percentage differences in the
infraspinatus, anterior deltoid and upper trapezius muscle during the performance of the CKCUEST
and the modified CKCUEST in healthy participants. No statistical differences in the percentage of
activation in the muscles studied were shown between men and women and between right-handed
and ambidextrous subjects.

According to our results, the EMG activity of the infraspinatus, anterior deltoid and upper
trapezius muscles bilaterally, observed during the performance of the CKCUEST, are higher than the
activation percentages obtained during the performance of the modified CKCUEST in the same
muscle regions in a healthy adult population, this could be explained as throughout the CKCUEST,
the push-up position demands higher muscle activity to stabilise the shoulder complex than during
the modified CKCUEST, as in the latter, the participants were in cuadrupedia with knees flat on the
floor, hence, the muscle activity to stabilise the shoulder is less demanding [38].

To the authors knowldege, this is the first study to compare EMG activity of the shoulder during
the performance of such dynamic tests in a healthy adult population.

Shoulder pain assessment based on shoulder range of motion, strength, mapping pain and
shoulder functional tests has been proposed in the literature [24,39,40] as statistical differences have
been found in recent studies [41]. Hence, the CKCUEST seems an ideal tool for the functional
shoulder assessment and according to our results, the modified CKCUEST might be more optimal
for shoulder pain patients as a decreased EMG activity in all muscles studied was showed compared
to the CKCUEST, as it was proposed by Tucci et al (2014) [25]. An exercise progression to the
CKCUEST seems logical to increase loading capacity throughout the conservative treatment, as
loading progression has been proposed as a key factor in shoulder pain management [42,43]. In this
line, an association between the CKCUEST and shoulder strength has been established [44]. Also, a
moderate correlation has been observed between the ULRT and CKCUEST scores (r range= 0.505-
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0.589) as it showed that CKCUEST can account for 30.6% to 37.8% of the variance in the ULRT
performances. The ULRT was designed to promote weight bearing, requiring shoulder motor control
and stability and involving the entire kinetic chain in a more complex shoulder position of 90° of
abduction and 90° of external rotation [13].

The CKCUEST should be considered as an assessment tool in those patients whose pain severity
and irritability allow them to perform the functional test as well as in healthy subjects [25]. However,
as only healthy participants were included in the study, further studies are needed to evaluate both,
the CKCUEST and the modified CKCUEST in shoulder pain patients.

In line with our findings, Gorman et al (2012) found no differences in EMG activity between sex
and hand dominance during the performance of the UQY-BT [15]. However, Tucci et al (2014) found
that healthy females performed a higher number of touches throughout the CKCUEST than healthy
males [25], possibly due to anthropometric variables such as the wingspan differences between sex,
hence, even though healthy women seem to perform more number of touches than men during the
CKCUEST, the EMG activation in the infraspinatus, upper trapezius and anterior deltoid appears not
to be different between groups.

Our results have implications for clinical practice and future studies. The CKCUEST has been
proposed within the physical examination in patient suffering shoulder pain as a functional test [25]
and to evaluate shoulder performance in athletes [45], however, subjects with low physical activity
levels and patiens with shoulder dysfunction might find the CKCUEST difficult to be properly
performed [25]. Our results found that as the modified CKCUEST showed significant diminished
EMG activity in the infraspintatus, anterior deltoid and upper trapezius muscle than the CKCUEST,
the modified CKCUEST might be an optimal choice for either physical functional examination in
patients with shoulder pain or subjects with low physical activity levels. Equally, a progression from
the modified CKCUEST and the CKCUEST may be considerd in shoulder rehabilitation in order to
enhance tissue loading capacities, as this test has shown correlation with shoulder strength [44].

Therefore, future investigation should evaluate the difference in EMG activity between patients
with shoulder pain and asymptomatic, as well as whether the inclusion of a CKCUEST progression
within a shoulder rehabilitiation process improves variables such as pain and function in patients
with shoulder pain.

Limitations

At present, this research is a pilot study, where the sample size calculated for the main variable
has not been reached. For this reason, the results of this research should be taken with caution,
reducing the external validity of the data and therefore its interpretation. Therefore, it would be
interesting to reach the full sample size in order to be able to see the effects of the intervention.

Another limitation to be taken into account is the design of the tests themselves, which does not
take into account the size of the upper limbs of the participants, which could influence changes in the
activation of the regions analysed or other future variables to be measured. Therefore, it would be
interesting to evaluate muscle activity taking into account the participants' wingspan, as well as the
design of the functional test itself. Another of the limitations of this research is its design, a cross-
sectional observational study; where the greatest limitation is given by the follow-up of the
participants or the application of these tests as possible future interventions in other methodological
designs. In this case, it would be interesting to be able to evaluate muscle activity during the execution
of these dynamic tests in other types of methodologies, both evaluative and interventional.

The CKCUEST consist of assessing the maximun number of touches throughout fifteen seconds
in a determined position, however, and due to EMG limitations to accurately pin down the precise
peak muscle activity during the test performance, we proceded to analyse the data as it has been
previously proposed in the literature, starting with 5 seconds rest, then 3 seconds with the left hand
touching the right hand, 3 seconds rest and 3 seconds with the right hand touching the left hand,
controlled by a metronome at 60 Hertz. In total, 5 repetitions were performed, eliminating the first
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and last for analysis and obtaining the mean for the EMG peak activity of each muscle, during the
closed kinetic chain phase [35,36].

Finally, given the nature of the pilot study and the type of sampling stratified by sex, it was not
possible to collect participants, verified by the EHI questionnaire, with upper limb dominance
characteristics with values defined as left-handed. This has compromised the analysis of these
variables and thus one of the secondary objectives of the study. Therefore, it would be interesting to
carry out a stratified sampling by type of upper limb dominance in order to be able to draw more
solid conclusions.

5. Conclusions

The results of this research showed a higher percentage of EMG activation during the CKCUEST
compared to the modified CKCUEST in all the muscular structures analyzed, regardless of the
participants' hemibody.
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posted on Preprints.org.

Author Contributions: Conceptualization, D.H.M. and M.G.].; methodology, D.H.M. and M.G.J.; software,
M.G],; validation, S.E.G.T., M.A.L.M., D.HM. and M.G].; formal analysis, D.H.M. and M.G.].; investigation,
S.E.G.T. and M.A.L.M.; resources, D.H.M. and M.G.J.; data curation, D.H.M.; writing —original draft preparation,
S.E.G.T., M. ALLM.,, DHM. and M.G.J.; writing—review and editing, S.E.G.T., M.\A.LM., D.HM. and M.G.J.;
visualization, S.E.G.T.,, M.A.LM., D.H.M. and M.G.].; supervision, D.M.H.; project administration, D.H.M. and
M.G.J. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration of Helsinki,
and approved by the Institutional Review Board (or Ethics Committee) of CEI Centro Superior de Estudios
Universitarios La Salle de Madrid (CSEULS) (protocol code CSEULS-PI-002/2024 18 of January 2024).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data Availability Statements are available in section “MDPI Research Data Policies”
at https://www.mdpi.com/ethics.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

a ambidextrous
BMI body max index
CI confidence interval

CKCUEST Closed Kinetic Chain Upper Extremity Stability Test
CSEULS  Centro Superior de Estudios Universitarios de la Salle

EHI Edinburgh Handedness Inventory

EMG electromyography

ICC Intraclass Correlation Coefficient

IPAQ International Physical Activity Questionnaire
KJOC Kerlan-Jobe Orthopedic Clinic Shoulder and Elbow Score
L left handed

LQ laterality quotient

METs metabolic equivalents

MVIC maximum voluntary isometric contraction

R right handed

SMBT Seated Medicine Ball Throw

SPSS Statistical Package of Social Sciences

ULRT Upper Limb Rotation Test
YBT-QT  Y-Balance Test Upper Quarter
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