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Abstract: The overhead squat movement engages various bodily structures, and its interaction with three-
dimensional elastic resistance along the kinetic chain approach remains insufficiently comprehended. This
study aimed to describe the scapular kinematics during an overhead squat with the forearm in a supination
exercise against an ER and clarify the therapeutic potential of this exercise on scapular rehabilitation. Using an
electromagnetic tracking system, we recorded the three-dimensional shoulder kinematics of 19 male
participants across seven humeral elevation positions. These positions were captured at 15-degree intervals,
spanning from 30 to 120 degrees. The results indicated notable distinctions in scapular upward rotation
[F(1,17)=6.09, p=0.024] and scapular posterior tilt [F(1,17)=6.04, p=0.025] between the phases. Furthermore, the
interactions revealed significant differences in resistance and phases during humeral elevation for scapular
upward/downward rotation [F(3.77,62.48)=7.99, p<0.001], scapular internal/external rotation [F(2.98, 50.64,
p<0.001)], and scapular tilt [F(2.58, 43.81)=4.76, p=0.008]. The findings demonstrated that increasing resistance
through elastic resistance played a pivotal role in enhancing scapular stability throughout the humerus
elevation motion. This underscores the potential of the overhead squat movement as a valuable tool for both
shoulder assessment and treatment.

Keywords: shoulder rehabilitation; overhead squat; elastic resistance; kinetic chain approach;
kinematic; VETOR 3D

1. Introduction

Human movement is a complex process marked by a seamlessly coordinated sequence of
actions, mobilization, and stabilization across various body segments. The interconnection between
these segments is known as the kinetic chain [1,2] which consists of the sequential activation of body
segments during daily movement patterns and sports gestures, resulting in the transfer of mechanical
energy throughout a neuromusculoskeletal chain [3,4]. Such energy transfer initiates in the lower part
of the body and progresses upward, passing through the hip and trunk, ultimately aiding in the
coordination of upper limb movements [1,5].

In this context, the squat exercise offers several advantages, including lower limb strength
training [6], and it replicates components of everyday functional movements like walking, ascending
and descending stairs, sitting and standing up [7]. The overhead squat (OHS) stands out among the
various types of squats. During the OHS, individuals maintain their hands positioned above their
head, gripping the bar with their palms, fully extending their elbows, and pronating their radioulnar
joint [8]. Furthermore, executing the OHS demands that the scapula maintains alignment with the
thoracic spine while the glenohumeral joint performs arm flexion or abduction movements [8].
Additionally, the OHS serves as a valuable tool for assessing mobility and stability tests for multiple
joints.

Within this kinetic chain, when performing squats, limitations can arise that affect the
movement. For instance, restrictions in hip and knee mobility in the sagittal plane [9], along with
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limited ankle dorsiflexion, may lead to medial displacement of the knee [10] and an increased
valgus angle [7]. These limitations are important to consider as they can be regarded as potential risk
factors for injuries in the lower extremities. Among the advantages of the squat movement, it can
serve as a tool for assessing and preventing lower extremity injuries, including patellofemoral
syndrome, anterior cruciate ligament injury, and meniscal degeneration [6,11-14]. Furthermore, it’s
worth noting that the positioning of the trunk during the squat movement has been demonstrated to
impact the knee extensor muscle action [14,15]. Straub, Barrack, Cannon, and Powers [14] found that
during the squat at 60° and 90° of knee flexion, there was an average trunk inclination of 19.6° and
27.6° respectively. They also observed that for every degree of trunk inclination, there was a decrease
of 1.3% to 2.3% in the knee extensor moment. Furthermore, the trunk serves the dual purpose of
providing support for the lower body and establishing a stable base for upper quadrant movements.
This interconnection between the quadrants is facilitated by myofascial structures, which play a
crucial role in forming the kinetic chain. For instance, the thoracolumbar fascia, as part of the crossed
muscular chain, links the lower quadrant, represented by the gluteus maximus muscle, to the upper
quadrant on the opposite side, connecting through the latissimus dorsi muscle [16]. However, despite
the extensive use of the OHS for evaluating the lower quadrant, there remains a limited
understanding of its potential for assessing the upper quadrant, particularly the relationship between
the trunk and the scapula associated with the context of the kinetic chain.

Shoulder injuries can originate from perturbations within the kinetic chain, either due to its
overall deficiency or the presence of "weak links" in specific components such as the core, spine, hip,
glenohumeral range of motion, and scapular kinetics [4]. In this regard, the scapula plays a crucial
role in bridging the trunk with the upper limb, providing a stable base for the head of the humerus
[3,4,17,18], facilitating the transmission of force and energy throughout the kinetic chain, especially
during overhead activities when forces need to be efficiently channeled. Therefore, during OHS, it's
expected that the scapula will maintain alignment with the thorax, ensuring dynamic stability while
allowing controlled mobility. This alignment optimizes the orientation of the humeral head [8]. In
addition, the scapula exhibits symmetrical behavior in a closed kinetic chain, particularly above 90°
of shoulder flexion, where the humerus moves along the thorax during body movement [19].
Furthermore, research suggests that trunk positioning, in conjunction with the lower quadrant,
influences scapular kinematics [20-22]. However, it remains unclear how the three-dimensional
position of the scapula and the humerus change when elastic resistance is incorporated into OHS
activity.

Research, including systematic reviews of randomized clinical trials, underscores the
importance of therapeutic exercises as the primary treatment approach for alleviating pain,
enhancing range of motion [23], and reinstating functionality in individuals with shoulder problems.
Current shoulder rehabilitation programs encompass various therapeutic modalities, encompassing
pain mitigation techniques, mobility-enhancing exercises, manual therapies, strength conditioning,
laser therapy, taping, and acupuncture [23,24]. It's worth noting that therapeutic exercises with
resistance hold a prominent position in this spectrum of interventions and have demonstrated their
superiority over no intervention at all [23,25]. Within this context, elastic bands emerge as a versatile
tool. Their unique properties enable them to be employed in various directions, regardless of the
gravitational pull, making them adaptable to a wide range of exercises. These elastic bands can be
stretched in any direction, providing consistent and linear resistance [26], which renders them
invaluable within the kinetic chain. Furthermore, elastic resistance isn't limited to strength and
endurance training [25,27]. It contributes significantly to enhancing the range of motion [28,29], joint
stability [30], and improving overall performance [25,27]. Its applicability spans across diverse
populations, from the youth to the elderly, as well as athletes. However, many existing approaches
primarily emphasize unidirectional resistance, whether in association with the kinetic chain [31-34]
or not [28,35]. What's missing is the full integration of elastic resistance into a kinetic chain approach
that permeates the entirety of the activity.

The kinetic chain approach to shoulder rehabilitation is a comprehensive method that promotes
coordinated patterns of movement, often referred to as “kinetic chain exercises”. These exercises
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recognize the integral role of the shoulder within a kinetic link system that encompasses multiple
joints, operating in a proximal-to-distal manner. This approach leads to the development of
intricately coordinated motor patterns within the shoulder, marking a significant advancement in the
field of shoulder rehabilitation.

Indeed, comprehending how the shoulder behaves in various activities, such as the OHS, is
crucial in making informed decisions during the rehabilitation process. Integrating exercises that
encompass the kinetic chain approach, along with the innovative concept of variation elastic tensional
optimized resistive three-dimensional (VETOR 3D), can provide substantial value in the
rehabilitation journey. The VETOR 3D concept draws inspiration from principles rooted in the
neuromuscular chain, incorporating concepts like proprioceptive neuromuscular facilitation (PNF),
dynamic neuromuscular stabilization (DNS), anatomical trains, and Stecco's fascial manipulation into
exercise development. Moreover, it holds the potential to significantly enhance muscle endurance in
the thoracolumbar and hip regions, refine neuromuscular control in both upper and lower quadrants,
and increase joint mobility.

Preserving normal kinematics is crucial for the movement of the upper extremities, and this
pursuit of balance lies at the core of the rehabilitation process. It is important to highlight the
importance of implementing shoulder rehabilitation strategies that integrate elastic resistance,
especially when accompanied by progressive loading. It's essential to recognize that this facet of
rehabilitation research remains relatively unexplored. Although some studies explore the use of
therapeutic kinetic chain exercises for shoulder rehabilitation, there remains a significant gap in the
literature concerning their impact on the shoulder when these exercises are performed with three-
dimensional elastic resistance.

Thus, the purpose of this study was to provide a comprehensive description of scapular
kinematics during an overhead shoulder exercise (OHS) against an external resistance. Additionally,
the study aimed to shed light on how the OHS could be beneficial for shoulder rehabilitation,
especially in addressing issues related to scapular dysfunction. In simpler terms, the study sought to
explain how a particular exercise impacts the way scapular kinematics and how it could be useful for
treating shoulder problems, particularly those involving scapular dysfunction.

2. Materials and Methods

2.1. Participants

Nineteen healthy male subjects voluntarily participated in this study. The subjects were included
if were free of shoulder or neck problems in the past 6 months and had no fracture or surgery of the
shoulder in the past. The shoulder clinical evaluation comprised five tests to ensure the participants
did not suffer from a shoulder disorder: Jobe, Neer, Hawkins, painful arc, or external rotation against
resistance [36]. None of the subjects reported any painful item during this examination. For the lower
limb, two tests were performed with the aim of identifying any change in the kinetic chain of the
lower limb and trunk, the lunge test [37,38] and step-down test [39]. The assessment of the shoulder
and lower limb was performed by three physiotherapists (M.A., D.S., and A.P.).

2.1.1. Demographics

Table 1 presents the demographic data of the participants. The study found a significant
difference in height between the TheraBand groups (mean difference = 6.20, p = 0.024), while the other
demographic variables did not show a significant difference. Additionally, there was no significant
difference in intensity between the TheraBand group (mean difference = 3.78, p = 0.264).
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Table 1. Participant demographics by TheraBand group. Data are presented as mean (SD) unless
otherwise indicated.
TheraBand Group Group difference
Variable LT-B (n=9) HT-B (n=10) 95% CI p-value
Age 21 (4) 23 (3) —4.89, 2.34 0.466
Weight (kg) 76 (9) 79 (17) -16.70, 10.99 0.474
Heigth (cm) 179 (5) 173 (6) 0.92, 11.47 0.024
BMI (Kg/m2) 23.81 (2.36) 26.46 (5.15) —6.60, 1.31 0.177
Step.Down.R 3.33 (1.41) 3.30 (0.82) -1.13,1.20 0.952
Step.Down.L 3.11 (1.05) 3.4 (1.07) -1.32,0.74 0.563
Lung.R 32.89" (5.8%) 30.5° (7.18%) -3.97, 8.75 0.440
Lung.L 33.22° (4.49°) 31.107 (6.23%) -3.18,7.43 0.411
Exercise (min./week) 373.33 (246.98) 283 (181.17) -117.76, 298.43 0.373

Groups: LT-B (Low Tension - TheraBand Blue) and HT-B (High Tension - TheraBand Black) according to a
previous randomization. BMI - Body Mass Index. R — Right and L — Left. Significant difference observed between
conditions (p < 0.05).

2.2. Sample Size Estimation and Ethics

An “a priori” sample size calculation was conducted in G*Power (version 3.1.9.2) with an effect
size of 0.25, a significance level of 0.05, a power (1-f error probability) of 0.80, nonsphericity
correction € of 1.0 (ANOVA - Repeated measures test), and partial n? of 0.06. The calculation revealed
that a total sample size of at least 08 participants in each group was required.

2.3. Instrumentation and data collection

A six-degrees-of-freedom electromagnetic tracking device (Hardware: “FASTRACK” by
Polhemus. Inc., Colchester, VT, USA; Software: Motion Monitor v7.0), was used to record shoulder
and thorax kinematics. The hardware configuration included a direct current transmitter and four
sensors, operating at a frequency of 30 Hz. According to the manufacturer (3SPACE FASTRAK User’s
Manual, Revision C. Colchester, VT; Polhemus Inc.; 2002), each sensor provided position information
and angular orientation of body segments with 0.3-0.8 mm root mean square (RMS) accuracy for
position and 0.15° RMS accuracy for orientation when the sensor receivers are within 76 cm range of
the transmitter. To capture scapular motion during arm elevation/depression, test-retest reliability
and agreement parameters of the FASTRACK system are, good to excellent when measurements are
taken at close intervals (standard error of the measurement [SEM] ranges = [0.9°-2.2°]; intraclass
correlation coefficients [ICC] ranges = [0.76-0.99]), and fair to excellent when data is acquired one
week apart (SEM ranges = [1.4°-4.9°]; ICC ranges = [0.22-0.92]) [40].

Four sensors were employed in the arrangement: the thorax sensor was positioned above the
spinous process of T1, the scapula sensor was situated on the broad flat surface of the posterolateral
acromion of the dominant scapula, and the humeral sensor was located on the posterior aspect of the
dominant humerus, distal to the triceps muscle belly. To adhere the sensors to the skin, double-sided
adhesive disks were used [41]. Thorax and scapula sensors were wrapped using athletic tape to
minimize any skin-receiver movement, while the humeral sensor was secured using a customized
cuff. A fourth sensor mounted on a handheld stylus (+6.5 cm) was used to digitize bony landmarks
and link the sensors to local anatomical coordinate systems (LCS). This enabled us to compute
segments and joint rotations by integrating the Local Coordinate Systems (LCSs) with the motions
recorded by the sensors, in accordance with the shoulder International Society of Biomechanics (ISB)
standardization protocol [41] (Figure 1).

Shoulder bony landmarks were identified through palpation and subsequently digitized using
a stylus. Past research indicates that the error related to palpation is approximately 2° [42], and the
resulting orientation error of the shoulder bones, resulting from measurement inaccuracy, is less than
2° [43]. During the digitalization process of the bony landmarks, participants assumed a seated
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position with their eyes fixed forward and their arms positioned alongside their bodies with their
palms facing medially.

The anatomical landmarks that were digitized comprised: the eighth thoracic vertebra, the
xiphoid process, the seventh cervical vertebrae, the jugular notch, the trigonum spinae scapulae, i.e.,
the medial scapular border at which the scapular spine intersects, the inferior scapular angle, the
glenohumeral joint center, the medial epicondyle, and the lateral epicondyle [41]. The glenohumeral
joint center was estimated using a least-squares algorithm [44], as the point that moves the least with
respect to the scapula when the humerus is moved passively through several short arcs.

2.4. Data processing

To establish the scapular and humeral position and orientation with respect to the thorax, local
coordinate systems were constructed in the thorax, scapula, and humerus, based on the digitization
of the anatomical landmarks on each segment. This was achieved by embedding a local coordinate
system in each segment, and subsequently by calculating the scapular and humeral position and
orientation with respect to the thorax. Scapular rotations were defined with respect to the thorax
using a Y, X', Z” Euler sequence, as described in [41]. The first rotation around the y-axis describes
the scapular internal (positive) and external (negative) rotation. The second rotation around the
rotated x-axis describes upward (positive) and downward rotation (negative). The third rotation
around the scapular z-axis describes anterior (negative) and posterior (positive) scapular tilts.
Precisely, anterior scapular tilting occurs when the inferior angle of the scapula moves away from
the thorax.

The humerus angles were defined both as thoracohumeral angles with respect to the thorax, and
as scapulohumeral or glenohumeral angles with respect to the scapula using a Y,X’,Y” Euler
sequence. The first rotation around the humeral y-axis describes the “plane of arm elevation” (when
approaching 0° equals the frontal plan and when approaching 90° equals the sagittal plan) defined
the anterior (positive) and posterior (negative). The second rotation around the x-axis describes the
“arm elevation angle” depression (positive) and elevation (negative). The third rotation around the
moved y-axis (axial arm rotation) defines the humeral external (negative) and internal (positive)
rotation. In this study, only arm elevation angles were considered with negative values.

The thorax kinematics were calculated relative to the global reference coordinate system using
a'Y, X', Z Euler sequence, where the first rotation around the world the thorax y-axis describes the
left (positive) and right (negative) rotation. The second rotation around the world the thorax x-axis
describes the left (negative) and right (positive) flexion. The third rotation around the world the
thorax z-axis defines the thorax flexion (negative) and extension (positive).

2.5. Experimental procedures

After digitalization, participants were divided into two groups according to the characteristics
of the elastic TheraBand used: LT-B (Low Tension - Blue TheraBand) and HT-B (High Tension - Black
TheraBand).

2.5.1. Overhead squat exercise (Description)

Participants were instructed to perform a bilateral arm elevation-depression action while
standing, with their upper limbs positioned alongside the body (0° of shoulder flexion). During the
elevation phase, they were asked to raise their arms (flexion) synchronously with the flexion
movements of their thighs and knees, resembling an overhead squatting action. In the depression
phase, participants returned to the initial position by extending their arms, thighs, and knees (Figure
1).
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(D)

(E) (F)

Figure 1. Overhead Squat Exercise performed at various resistance levels: (A to B) without resistance,
(C to D) with R001 level of elastic resistance, and (E to F) with R002 level of elastic resistance.

Each subject completed five repetitions of the exercise. This exercise was analyzed in both the
absence and inclusion of progressive elastic resistance. The distribution was randomly assigned as
follows: R0O0 — exercises performed without elastic resistance, R01 — exercises performed with elastic
resistance from the foot to the upper limbs, and R02 — exercises performed with elastic resistance
between the upper and lower limbs.

Two phases of the exercise were considered: the lifting phase, referred to as the "LOAD Phase,"
where the arm movement occurs against external resistance; and the UNLOAD phase, where both
arms return to the initial position with the assistance of gravity and/or the action of the elastic bands.
In the ROO condition, the external force was the action of the force of gravity, while in the R01 and
RO2 conditions, the resistance resulted from the sum of the force of gravity with the tension of the
elastic band (TheraBand®, Performance Health, Akron, OH, USA)
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2.5.2. Verbal Instructions

All participants were instructed to use the same verbal and visual demonstration of the overhead
squat. Participants were asked to stand with feet shoulder-width apart and complete the squat to
maximum depth with good trunk control [45]. Participants squatted down as low as they could and
return to starting position for five repetitions. For all conditions, standardized instructions were
provided (Figure 2). All participants were familiarized with the movement prior to data collection
under the supervision of a physiotherapist (F.S. and P.B.).

Instructions

1 Stand and place each foot in line with the anterior superior iliac spine.

2 | Keep your back straight throughout the movements.

3 | Perform the squat at the same speed in the downward and upward movements.

4 | Try to go as far downward as possible.

5 | During downward movements rise the arms, maintaining alignment between the arms and
trunk at the end of the movement.

6 | During the upward movements, return the upper limbs to the starting position.

Figure 2. Standardized instructions for squat performance.

2.6. Statistic

Dependent variable: On each resistance condition and exercise phase, the scapular motion was
described at seven selected humeral elevation positions, ranging from 30° to 120° humerothoracic
angles, in 15° increments. On each of these humeral positions, the scapular position was obtained
from five repetitions of continuous motion of arm elevation/depression (arm motion).

The normality of the dependent variables was assessed using the Shapiro-Wilk test, in
combination with a protocol proposed by Mishra et al. (2019). This protocol calculated Z-scores by
dividing the skewness and kurtosis values by their standard errors. A Z-score greater than 1.96 was
considered to indicate that the data met the assumptions of normality. A repeated measures analysis
of variance (ANOVA) was conducted to assess the impact on scapular and humerus kinematics.

The analysis involved one between-subjects factor, TheraBand (LT-B vs. HT-B), and three
within-subject factors: resistance (R00 vs. RO1 vs. R02), phase (LOAD vs. UNLOAD), and arm
elevation moments. The statistical analysis was conducted with a significance level set at P < 0.05.
Mauchly's test was utilized to examine sphericity, and in case of violation, the Greenhouse-Geisser
correction was applied. When significant ANOVA effects were observed, post hoc t-tests with the
Bonferroni correction were employed to determine significant differences. IBM SPSS version 28 (IBM
Corp., Armonk, NY, USA) was utilized for the statistical analysis.

3. Results

3.1. Scapular Upward/downward rotation

During humerothoracic elevation, there was increased upward rotation on load phase for R00
(an average increase of 33.3°, from an initial position of 5.7° to an end position of 39.0°), R01 (an
average increase of 35.1°, from 5.0° to 40.0°) e R02 (an average increase of 34.3°, from 5.9° to 40.2°).
During the lowering of the arm and shoulder, there was a decrease in upward rotation during the
unloading phase. Specifically, RO0 showed an average decrease of 35.2°, going from an initial position
of 40.5° to an end position of 5.4°. R01 showed an average decrease of 31.3°, going from 39.0° to 7.6°,
while R02 showed an average decrease of 33.7°, going from 39.6° to 5.9°.

The study found that there was a significant main effect of phases [F(1,17)=6.09, p=0.024], a post
hoc pairwise comparison showed that upward rotation was higher during the unload phase
compared to the load phase [df=0.56, p=0.024]. There was a significant interaction between resistance,
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phase, and moment also showed differences [F(3.77,62.48)=7.99, p<0.001], a post hoc pairwise
comparison showed during the load phase, R00 had higher upward rotation than R01 at 45° [df=1.92,
p<0.001] and at 60° [df=1.10, p=0.031]. During the unload phase R01 had higher upward rotation
compared to R0O at 30” [df=2.25, p=0.021], 45" [df=3.01, p=0.005], and 60° [df=2.67, p=0.008]. RO1 also
had higher upward rotation compared to R02 at 45° [df=2.18, p=0.012] (Figure 3).

Load Phase Unload Phase
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Figure 3. Scapulothoracic external/internal rotation on interaction resistance vs. phase vs. arm
elevation. Abbreviations: p < 0.05 determines significant statistical differences marked:
*Load:Phase:R00 vs. R01, **Load:Phase:R00 vs. R02, and ***Load:Phase:R01 vs. R02.

3.2. Scapular Internal/external rotation

During humerothoracic elevation, there was increased internal rotation on load phase for R00
(an average increase of 21.1°, from an initial position of 23.3° to an end position of 44.4"), R01 (an
average increase of 13.1°, from 31.7° to 44.8") e R02 (an average increase of 12.6°, from 30.0° to 41.3°).
During the lowering of the arm and chest, there was a reduction in the amount of internal rotation in
the unload phase. Specifically, RO0 showed an average decrease of 14.8 degrees, starting from an
initial position of 44.4 degrees and ending at 29.7 degrees. RO1 had an average decrease of 18.3
degrees, starting from 44 degrees and ending at 25.7 degrees. Finally, R02 showed an average
decrease of 12.6 degrees, starting from 43.9 degrees and ending at 31.4 degrees.

The study found significant interactions between resistance and moment [F(2.64,44.83)=7.90,
p<0.001], a post hoc pairwise comparison showed a greater internal rotation at 30° for R02 compared
to ROO [df=4.24, p=0.003]. There were significant differences between resistance, phase, and moment
[F(2.98, 50.64, p<0.001)], a post hoc pairwise comparison showed during the load phase at 30° a greater
internal rotation for R01 [df=8.50, p<0.001] and R02 [df=6.81, p=0.031] compared to R00, and at 45° for
RO1 compared to ROO [df=3.00, p=0.028]. During the unload phase R02 showed greater internal
rotation compared to R01 at 30° [df=5.78, p=0.001], at 45° [df=3.39, p=0.011], and at 60" [df=2.57,
p=0.042].

3.3. Scapular Anterior/posterior tilt

During humerothoracic elevation, there was increased posterior tilt on load phase para R00 (an
average increase of 0.5°, from an initial position of -17.3" to an end position of -16.8°), R01 (an average
decrease of 2.0°, from -15.5° to -17.4") e R02 (an average increase of 2.0°, from -17.9° to -16.0°). Along
the humeral elevation, R00 and R01 showed an increase in anterior tilt from 45° to 105°, followed by
a posterior tilt at 120°. Similarly, R02 also exhibited an increase in anterior tilt from 45° to 90" and then
a posterior tilt starting from 105°. During the humerothoracic lowering phase, a reduction in upward
rotation was noted across all resistances. Specifically, for R00, there was an average decrease of 1.3°,
transitioning from an initial position of -17.7" to a concluding position of -16.4°. In the case of R01, a
slight average increase of 0.6° occurred, shifting from -17.5" to -18.1°. Similarly, for R02, an average
increase of 0.9° was observed, transitioning from -15.9° to -16.7°. As the humerus lowered, a


https://doi.org/10.20944/preprints202312.1218.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 December 2023 doi:10.20944/preprints202312.1218.v1

distinctive pattern emerged regarding anterior and posterior tilt. In R00, an increase in anterior tilt
was observed between 120" and 105°, followed by a subsequent transition to posterior tilt. This same
pattern was mirrored in R01 and R02 between 120" and 90°, with the tilt maintained until 75°. A
posterior tilt was then observed at the 60" mark for both R01 and R02, consistently demonstrating a
recurrent trend during humerus lowering across the resistances.

The study found that there was a significant main effect during the of phase [F(1,17)=6.04,
p=0.025] and a greater difference in posterior tilt during a phase load [df=0.55, p=0.025]. There were
also significant differences between resistance and phase [F(2,34)=6.29, p=0.005], a post hoc pairwise
comparison showed a greater posterior tilt for R02 during unload phase compared to R01 [df=2.26,
p=0.002] (Figure 4). There were significant differences between resistance, and moment [F(2.18,
36.99)=6.61, p=0.003], a post hoc pairwise comparison showed a greater posterior tilt for RO0 than R01
at 45° [df=1.00, p=0.005], 60° [df=1.30, p=0.002], and 75" [df=1.15, p=0.010]. There were significant
differences between resistance, phase and moment [F(2.58, 43.81)=4.76, p=0.008], a post hoc pairwise
comparison showed a greater posterior inclination at 30° for R01 compared to R00 [df=1.81, p=0.038]
and RO2 [df=2.36, p=0.002], while at 45° R00 [df=1.82, p=0.040] and RO1 [df=2.60, p=0.007] had greater
posterior tilt compared to R02. During the unload phase, a greater posterior tilt was observed at 45°for
ROO [df=2.76, p=0.001] and R02 [df=2.13, p=0.010] about R01, at 60° for RO0 [df=2.92, p=0.002 ] and R02
[df=2.75, p=0.002] compared to RO1, at 75° for R0O0 [df=2.22, p=0.037] and RO2 [df=2.79, p=0.001]
compared to R01, at 90° for R02 compared to R01 [df=2.78, p=0.001], and at 105" for R02 compared to
RO1 [df=2.42, p=0.005] (Figure 5).
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Figure 4. Scapulothoracic anterior/posterior tilt on interaction resistance vs. phase. Statistical
difference between *Load vs. Unload phase, and § Resistance for Unload phase.
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Figure 5. Scapulothoracic anterior/posterior tilt on interaction resistance vs. phase vs. arm elevation.
Abbreviations: p <0.05 determines significant statistical differences marked: *Load:Phase:R00 vs. R01,
*Load:Phase:R00 vs. R02, and ***Load:Phase:R01 vs. R02.
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4. Discussion

Our study aimed to explore the behavior of the shoulder during an overhead squat with the
forearm in supination while gradually increasing the elastic resistance. The findings revealed that
using various resistance levels caused disruptions throughout the body's kinetic chain as the
resistance interacted with the phase and arm moment. Specifically, we observed differences in
scapular upward and internal rotation at 30-60°, and posterior tilt at 30-105°.

The results of this study indicate that scapular upward rotation was affected between 30-60°,
which is linked to controlling and stabilizing the scapula so that the humerus can move in a
coordinated manner [46-48]. Inman, Saunder and Abbot [46] suggest that between 0-60° of humerus
elevation, there is a higher involvement of the glenohumeral joint and less involvement of the
scapulothoracic joint, which aligns with our findings. Our study detected a scapulohumeral rhythm
of 4.72 between 30-60° and 2.46 between 60-120°, indicating increased scapular involvement after 60°
of humerus elevation. McQuade and Smidt [49] found that the scapulohumeral rhythm varied greatly
between the start and end of the lifting movement, where the unloaded group had a range of 2.9-
7.9:1, the light load group had 3.1-4.3:1, and the maximum effort loading group had 1.9-4.5:1. Our
study yielded comparable values for the resistances, with RO0 ranging from 2.11 to 3.82:1, R01 ranging
from 1.99 to 5.78:1, and R02 ranging from 2.02 to 4.40:1 during the load phase.

The heightened involvement of the scapula becomes more present starting at 60° of humeral
elevation, contributing to a reduced impact risk. However, it's worth noting that between 50" and 707,
there is an elevated risk of impact due to the narrower distances between the humeral head and
acromion [50]. Another study found that individuals with shoulder problems have less upper
rotation between 30-60° [51], our study included only healthy individuals. During the activity, the
resistance RO1 showed a higher rotation than RO0 and R02 in both phases, particularly during the
unloading phase. This difference may be due to a larger moment arm for RO1 during the activity
compared to R02, which presented a smaller moment arm. At the end of the load phase and the
beginning of the unloading phase, a change in behavior between the scapula and the humerus was
observed, where the scapula presents a behavior change when moving on the humerus. These results
are in line with the study by Turgut, Pedersen, Duzgun and Baltaci [19] who evaluated the kinetic
chain and its repercussions on the shoulder using fixation of the distal segment (hand) and observed
that during body movement there was an elevation of the humerus about the thorax, a behavior
similar to our study. These authors suggest that such behavior may increase proprioceptive
information due to the change in behavior provoked by resistance. The scapula is expected to provide
a stable base for the humeral head from 90° of humeral flexion [17], also contributing to promoting a
connection between the shoulder complex and the spine [3,4,17,18], functioning as a bridge for the
transmission of force and energy through the kinetic chain. R02 showed a more uniform behavior
and a smaller ROM variation between phases compared to R01 and R00. During the unloading phase,
a significant angular displacement was noticed between R00 and the other resistors. The results
showed that the upper rotation presented behavior like another study [52].

During the load phase, differences were observed in internal rotation ranging from 30 to 60
degrees. Resistance R01 showed a difference to R00 during this phase, while R02 showed a difference
to RO1 during the unloading phase. At 30 degrees of elevation, internal rotation showed differences
greater than 5 degrees for both phases, indicating that using resistance can improve control during
the setting phase [53,54]. Posterior tilt, on the other hand, showed a greater number of interactions.
During the unload phase for R02, there was a greater posterior displacement about R01 along most
of the range of motion. This suggests an increase in resistance due to the activation of the kinetic
chain, mainly during the eccentric phase. During the load phase, R01 showed a greater contribution
at 30 degrees, while R00 and R01 showed a greater contribution at 45 degrees. No differences were
observed between resistances throughout the movement after 45 degrees. Our results showed a
smaller angular displacement for the three resistance interactions, which differed from other studies
involving humerus elevation movement [51,52]. This difference is because the trunk moves
simultaneously with the arm, changing the positioning of the scapula from a vertical posture to an
almost horizontal one during the squatting movement. Although muscle activation was not
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measured, biomechanical data suggest an initial increased activation of the serratus anterior at the
beginning of the movement for posterior tilt, followed by increased activation of the lower trapezius
as upper rotation "normalizes". This theory should be further investigated, and if supported, could
guide an exercise intervention.

According to a study by Camci, Duzgun, Hayran, Baltaci and Karaduman [54], scapular
kinematics were compared between active and resisted shoulder elevation in various planes (sagittal,
frontal, and scapular). The load group showed greater internal rotation at 30° and 60° flexion, while
the no-load group demonstrated higher upper rotation between 30°-90° flexion and greater posterior
tilt. These findings are like our study, which also showed higher values for groups with resistance.
Another study by Borms, Maenhout, Berckmans, Spanhove, Vanderstukken and Cools [31] evaluated
muscle activity of the scapula in different variations of the kinetic chain in the prone position on the
ball. The results showed greater facilitation of lower and middle trapezius activity, inhibition of
upper trapezius activity with external rotation, and facilitation of upper trapezius activity with trunk
extension. Although our study did not assess muscle activation, kinematic behavior suggests similar
results. De Mey, Danneels, Cagnie, Van den Bosch, Flier and Cools [33] evaluated the influence of the
kinetic chain on the activation of the upper and lower trapezius muscle, in addition to studying the
influence of the position or movement of the trunk and lower extremity on the scapula in overhead
athletes. The study found that exercises can be useful in the early stages of scapular rehabilitation
training due to trapezius muscle balance. Our study also used the squat, however different from this
study which used scapula retraction to activate the kinetic chain. Our study used the ground reaction
force associated with resistance to activate the kinetic chain. In this way, incorporates resistance to
the subject within the task.

There are some limitations to consider regarding this study. Firstly, the research only involved
healthy college men without any recent shoulder or arm pain. This means that the findings may not
apply to older or pathological populations. Therefore, future studies should focus on investigating
the effects of this exercise on those groups to better understand its role in shoulder rehabilitation.
Secondly, this study only collected data at one point in time, so we cannot determine the long-term
effects on learning and neuromuscular control. Further studies with follow-up evaluations would be
beneficial to understand this behavior over time. Lastly, this study introduces a new concept of using
elastic bands with progressive loads, which restricts the comparison of current results to previous
findings. Therefore, more studies are necessary to confirm the results of this study. We recommend
that future studies incorporate evaluations of ground reaction force to determine how the force
generated by the kinetic chain's proximal component affects the shoulder.

5. Conclusions

In summary, this study reveals that augmented load resulted in enhanced scapular stability,
facilitating glenohumeral joint mobility. Additionally, the scapulothoracic joint demonstrated
heightened stability across the entire range of motion. The VETOR 3D concept combined with
overhead squat movement showcases promise as both a valuable tool for shoulder assessment and a
potential therapeutic approach for addressing shoulder-related disorders.
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