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Abstract

Background: Shoulder exercises using elastic resistance integrated within the kinetic chain
appear to modify scapular control strategies; however, a deeper understanding of these
mechanisms is still needed. Objectives: We aim to compare three-dimensional scapular
kinematics during two exercises performed on different bases of support, under both
non-resisted and resisted conditions in asymptomatic adults. Methods: This cross-sectional
study analyzed three-dimensional shoulder kinematics in 36 healthy adult male partic-
ipants during the overhead squat and kneeling position exercises. Movement patterns
were evaluated by phase using statistical parametric mapping. Results: Scapular inter-
nal/external rotation demonstrated a main effect for exercise type (p = 0.04), a main effect
for resistance conditions (p < 0.00), and a significant exercise–resistance interaction (p = 0.04)
during arm elevation. During the lowering phase, a main effect was observed for exercise
types (p = 0.04) and exercise conditions (p < 0.00). Scapular upward rotation showed a
main effect for exercise type (p = 0.02) and resistance conditions (p = 0.04) during arm
elevation. During the lowering phase, a significant main effect was observed for exercise
type (p = 0.01) and exercise conditions (p < 0.00). Scapular posterior tilt presented a main
effect for exercise type (p < 0.00), a main effect for exercise condition (p = 0.01), and an
exercise–resistance interaction (p = 0.04) during arm elevation. During the lowering phase,
a main effect for exercise type (p < 0.00), a main effect for exercise condition (p = 0.02),
and an exercise–resistance interaction (p = 0.00). Conclusions: The resistance and exer-
cises demonstrated different kinematic strategies that helped maintain scapular stability
during movement.

Keywords: shoulder kinematics; rehabilitation; elastic resistance training; statistical
parametric mapping

1. Introduction
Several studies have examined the effects of exercise on scapular kinematics in both

healthy individuals and those with shoulder disorders [1,2], supporting the use of scapular-
focused exercise therapy. Different exercise modalities, including dumbbells, proprio-
ceptive neuromuscular facilitation, machines, and elastic resistance, have been used to
address shoulder dysfunctions, aiming to reduce pain [3,4], enhance muscular strength [4],
improve neuromuscular control [1–3], and restore functional and pain-free patterns [5].
Elastic resistance, commonly delivered through elastic bands, rubber bands, and tubing,
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provides a mechanical load that increases linearly with elongation. It is considered an
effective and accessible tool for rehabilitation, showing activation levels comparable to
isoinertial resistance [6], free weights, or training machines [7]. These exercise strategies
are designed to optimize scapular kinematics and control, promoting coordinated motion
between the scapula and humerus [8,9], which is essential for efficient shoulder function
and for preventing injuries such as scapular dyskinesis and subacromial pain syndrome.

In recent years, growing attention has been directed toward exercises that integrate
the kinetic chain (KC) concept [10–12], which emphasizes the coordinated transfer of force
and motion among the lower limb, trunk, and shoulder complex. The KC encompasses
the sequential activation of body segments during daily and sports-specific tasks [10,13],
progressing through the hip and trunk, and ultimately influencing upper-limb move-
ment [11,14]. Incorporating KC principles into exercise design helps improve neuromuscu-
lar efficiency, facilitate proximal stability, and promote more functional patterns of scapular
control. Elastic resistance has emerged as an effective tool within this context [15], as it
allows for progressive loading, multiplanar movement, and variable force vectors that
can closely mimic functional demands and enhance dynamic stabilization [16,17]. When
applied correctly, elastic resistance contributes to improving motor control [18], postural
alignment, and dynamic shoulder stability, which is a key target in both preventive and
rehabilitative programs. Previous studies have reported changes in scapular upward rota-
tion, posterior tilt, and internal/external rotation depending on resistance direction and
trunk posture [18–20], providing limited insight into how resistance direction and body
positioning influence scapular motion within the KC [11,21]. Existing evidence also shows
that integrating elastic resistance into the KC alters load transmission pathways from the
lower limbs and trunk to the upper limb [11,21], which subsequently modifies scapular
control strategies [10,13].

Body positioning, particularly the base of support (BoS), may also influence scapular
control. The BoS refers to the area between a body segment or an external support surface
in contact with the ground, which determines postural stability [22]. A wider BoS enhances
stability, whereas a narrower BoS increases postural demand and may consequently modify
KC involvement and neuromuscular activation patterns [23]. Previous studies comparing
exercises with different BoS configurations have demonstrated changes in kinematics and
muscle recruitment, suggesting that BoS plays a relevant role in how elastic resistance
affects scapular motion [24,25].

Building on these findings, our previous work investigated elastic resistance integrated
into the KC during the overhead squat (OHS) and kneeling position (KP) [24,25]. These
studies varied in their BoS and degrees of KC engagement, primarily evaluating differences
across resistance conditions, without fully addressing the distinct biomechanical differences
between the exercises themselves. However, a direct comparison of the biomechanical
differences between exercises themselves, including how exercise type interacts with
resistance, has not been fully explored. Understanding these interactions is critical for
exercise prescription in both performance and rehabilitation settings, particularly when
targeting scapular motor control.

Therefore, the present study aimed to compare three-dimensional scapular kinematics
during two exercises performed on different bases of support, under both non-resisted
and resisted conditions in asymptomatic adults. Based on previous findings indicating
that resistance direction and trunk posture can alter scapular motion patterns, we hypothe-
sized that (1) OHS would produce greater scapular internal and upward rotation than KP,
(2) the addition of external resistance will increase scapular upward rotation and posterior
tilt during OHS compared with KP, and (3) KP, due to its reduced BoS, would elicit greater
posterior tilt as result of higher proximal stabilization demands.
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2. Materials and Methods
2.1. Participants

Thirty-six healthy right-handed adults were enrolled in this cross-sectional study.
Participants were recruited through convenience sampling from the academic community
(Figure 1) and were randomly allocated to two distinct groups (Table 1) for inter-group
comparisons. Individuals were excluded if they reported any of the following: (1) shoulder
or neck issues for the past 6 months, (2) a history of shoulder fractures, or (3) previous
shoulder surgeries. To ensure the absence of functional alterations in the lower limbs and
the KC, all participants completed the lunge [26,27] and step-down tests [28].

 

Figure 1. Flow diagram for participant recruitment, allocation, and analysis.

Table 1. Descriptive data for demographic, anthropometric, and physical activity characteristics.
Values presented as mean, standard deviation (SD) and standard error (S.E.).

Variable Overhead Squat (OHS) Kneeling Position (KP)
p-Value

Mean (SD) S.E. Mean (SD) S.E.

Age (years) 21.9 (3.7) 0.8 21.1 (1.6) 0.4 0.413
Mass (kg) 77.8 (13.9) 3.2 76.7 (12.5) 2.9 0.798

Height (m) 1.75 (0.1) 0.0 1.78 (0.1) 0.0 0.287
BMI (kg/m2) 25.1 (4.2) 0.9 24.1 (3.6) 0.8 0.439

Activity
(min/week) 325.8 (213.7) 49.0 296.1 (196.7) 46.3 0.664

The study protocol was approved by the Faculty of Human Kinetics Ethics Review
Board (CEIFMH n◦: 45/2021). All participants were informed about the study procedures
and provided written informed consent before participation.

Sample Size Estimation

An a priori sample size calculation was conducted using G*Power (version 3.1.9.2),
informed by the effect sizes reported in scapular motor control and elastic resistance studies
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by Hotta et al. [29] and Bench et al. [30]. For this study, we used an effect size of 0.25, a
significance level of 0.05, a power (1-β error probability) of 0.90, a nonsphericity correction
ε of 1.0 for a two-way mixed ANOVA design, and a partial η2 of 0.5. The analyses indicated
that a minimum of 16 participants per group was required, yielding an actual power of 0.92.

2.2. Instrumentation and Procedures

A six-degree-of-freedom electromagnetic tracking device (FASTRACKTM, Liberty, Pol-
hemus Inc., Colchester, VT, USA) was used in conjunction with MotionMonitorTM software
(Motion Monitor V9, Innovative Sports Training Inc., Chicago, IL, USA) to record the
three-dimensional (3D) position and orientation of the thorax and shoulder at a sampling
frequency of 30 Hz. The kinematic recording and analysis procedures were identical to
those described in two studies [24,25], and followed the recommendations of the Interna-
tional Society of Biomechanics [31].

In this study, the orientations of the scapula and humerus relative to the thorax
were analyzed using three-dimensional (3D) bone kinematics described by Euler angles.
Scapular rotations were represented using the Euler angle sequence (Y-X′-Z′′) as scapular
internal (positive) and external rotation, upward (positive) and downward rotation, and
anterior (negative) and posterior scapular tilts. The humerus rotations were defined as
thoracohumeral angles using a Euler angle sequence (Y-X′-Y′′), resulting in the plane of
elevation as anterior (positive) and posterior, elevation (negative) and depression, and
axial rotation as external rotation (negative) and internal rotation. To provide a more
intuitive description of scapular and humeral motion around the X′-axis, the rotations were
multiplied by −1. Thus, positive values now represent upward rotation of the scapula and
arm elevation.

Each participant completed five repetitions of both exercises, the OHS and KP. For
analysis, the arm-raising (concentric phase) and lowering (eccentric phase) phases of each
repetition were considered. To minimize the influence of learning or fatigue, only the
middle three repetitions were used for all kinematics calculations. The warm-up consisted
of 5 repetitions of OHS or KP. In the OHS exercise, participants stood upright with their
arms relaxed at their sides. They initiated the movement by simultaneously raising their
arms (flexion) while performing a squat, flexing their hips and knees until they reached
maximum squat depth. After reaching the maximum squat depth, participants returned to
the initial position by extending their arms, thighs, and knees (Figure 2A) [24]. In the KP
exercise, participants started in a kneeling position, sitting on their heels with their arms
flexed and their hands placed at chest level [25]. The movement began with participants
simultaneously elevating their arms (flexion) while extending their knees and trunk until
they achieved the fully upright kneeling position. Upon reaching the maximum upright
kneeling position, they returned to the starting posture by extending their arms and flexing
their knees and trunk (Figure 2B).

To examine the influence of different loading strategies on scapular kinematics, three
experimental conditions were tested: a baseline condition involving only gravitational
load (R00) and two conditions combining gravity with elastic resistance (R01 and R02).
In R00, gravity was the only external force acting on the upper limb. In the R01 and
R02, the external load resulted from the combined effect of gravity and elastic resistance
(TheraBand®, Performance Health, Akron, OH, USA). R1 applied unidirectional resistance
to the upper limb for OHS and to the pelvis for KP, whereas R02 connected the lower
and upper limbs to promote KC involvement. All three conditions were performed in a
randomized order.

The tension associated with each condition was determined according to the linear
elongation properties of the elastic band. For R01, resistance corresponded to the force



Biomechanics 2025, 5, 103 5 of 14

produced by linear stretching of the band. For R02, resistance reflected the combined
tension generated when the elastic band linked the lower and upper limbs. For the OHS,
the resistance used during R02 was equivalent to 10–18 kg (Equation (1)), while for the KP,
resistance ranged from 11 to 13 kg (Equation (2)):

Exercise Initial position Final position 
R00 R01 R02 

OHS (A) 

   
KP (B) 

   

Figure 2. Initial and final positions of the overhead squat (OHS—(A)) and kneeling position (KP—(B))
exercise under three resistance conditions: no elastic resistance (R00); R01 level of elastic resistance;
and R02 level of elastic resistance.

Resistance (OHS) = Theraband color × Theraband color ÷ mean mass (1)

Resistance (KP) = Greyt heraband + Theraband color ÷ mean mass (2)

Elastic resistance was applied using color-coded bands, with the specific band as-
signed to each exercise shown in Table 2. Our previous work demonstrated no significant
differences between blue and black bands during OHS [24], nor between red and black
bands during KP [25]. Therefore, these color combinations were adopted to maintain
consistency across resistance conditions.

Table 2. Tension force of elastic bands at 100% elongation and corresponding proportion of body
mass (%) used for each exercise.

Band Color Tension
(kg, 100% Elongation)

OHS
(% Body Mass)

KP
(% Body Mass)

Red 1.88 - 2

Blue 2.82 4 -

Black 3.72 5 5

Gray 6.21 - 8
Note: Band color coding and tension values according to Agustin et al. [32] study.
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2.3. Statistical Analysis

The independent variables included exercise type (OHS vs. KP), the resistance con-
ditions (R00 vs. R01 vs. R02), and the normalized time series. Dependent variables were
scapular positions recorded across five repetitions per condition, and separate analyses
were conducted for each scapular rotation by phase (arm-raising and lowering).

The group analysis was performed using one-dimensional statistical parametric map-
ping (SPM). Initially, a two-way mixed ANOVA was used to analyze the normalized time
series and determine whether there were significant differences in exercise and resistance
conditions, and in their interaction. Post hoc comparisons using Bonferroni-adjusted t-
tests were conducted to identify significant differences when significant ANOVA effects
were observed on the normalized time series. For both the ANOVA and t-test analyses,
SPM involved four steps: (1) computing the value of a test statistic at each point in the
normalized time series, (2) estimating temporal smoothness based on the average temporal
gradient, (3) computing the value of test statistic above which only alfa = 5% of the data
would be expected to reach had the test statistic trajectory resulted from an equally smooth
random process, and (4) computing the probability that specific suprathreshold regions
could have resulted from an equivalently smooth random process. Technical details are
provided elsewhere [33,34]. The arm elevation was linearly interpolated from 0% to 100%
stance using 101 nodes. Partial eta squared (η2

p) was used as the effect size measure, with
thresholds defined as follows: 0.01 for a small effect, 0.06 for a medium effect, and 0.14 for
a large effect [35]. All SPM analyses were implemented in MATLAB (R2022b, MathWorks,
Natick, MA, USA).

3. Results
3.1. Scapular Internal/External Rotation

Scapular internal/external rotation during the arm elevation phase revealed a sig-
nificant main effect of exercise from 25.7% to 32.8% of the cycle (31–39◦, p = 0.04,
η2

p = 0.57), with more internal rotation for OHS. A main effect of resistance conditions
across the entire cycle (0–100%) (0–120◦, p < 0.00, η2

p = 0.64). Post hoc analysis revealed
significant differences between resistance conditions, with higher internal rotation in R01
compared to R02 from 58.85 to 100% (71–120◦, p < 0.00). A significant interaction between
exercise and resistance was observed from 4.1% to 21.9% of the cycle (5–26◦, p = 0.04,
η2

p = 0.54). Post hoc analyses revealed significant differences were identified between
exercise within resistance levels, with greater internal rotation in OHS compared with KP,
ranging from 1% to 44% in R01 (1–53◦, p = 0.03) and from 11.7% to 47% in R02 (14–56◦,
p = 0.04) (Figures 3A, 4 and 5).

(A) 

 

(B) 

 
(C) 

 

(D) 

 
(E) 

 

(F) 

 

Figure 3. Cont.
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(A) 

 

(B) 

 
(C) 

 

(D) 

 
(E) 

 

(F) 

 

Figure 3. Two-way mixed ANOVA analysis during arm elevation and lowering phases. Load phase:
(A) Internal/External Rotation, (C) Upward/Downward Rotation, (E) Anterior/Posterior Tilt. Unload
phase: (B) Internal/External Rotation, (D) Upward/Downward Rotation, (F) Anterior/Posterior Tilt.
ANOVA results, including the raw SPM {F} and critical F* threshold (grey areas show statistically
significant differences).

  

  

  

Figure 4. Resistance conditions during arm elevation and lowering phases: mean ± standard devia-
tion (SD), post hoc significant differences for resistance are shown in a dotted line, and interactions
are shown in a grey area.
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Figure 5. Two-way mixed ANOVA analysis during arm elevation and lowering phases: mean ±
standard deviation (SD), and post hoc significant differences effects for interaction are shown in the
grey area.

Scapular internal/external rotation during the lowering phase revealed a significant
main effect of exercise from 65.9% to 73.1% of the cycle (79–88◦, p = 0.04, η2

p = 0.56), with
more internal rotation for OHS. A main effect of resistance conditions from 14% to 100% of
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the cycle (17–120◦, p < 0.00, η2
p = 0.76). Post hoc analysis revealed no significant differences

between resistance conditions. No significant interaction was observed between exercise
and resistance (Figures 3B, 4 and 5).

3.2. Scapular Upward/Downward Rotation

Scapular downward/upward rotation during the arm elevation phase revealed a
significant main effect of exercise from 26.4% to 51% of the cycle (32–61◦, p = 0.01,
η2

p = 0.72) and from 81% to 100% (97–120◦, p = 0.02, η2
p = 0.72), with higher upward

rotation for OHS. A main effect of resistance condition from 42% to 44% of the cycle (50–53◦,
p = 0.04, η2

p = 0.01). Post hoc analyses revealed significant differences between resistance
conditions, with higher upward rotation in R00 compared to R01 from 26.7% to 43.3% of
the cycle (32–52◦, p < 0.00). No significant interaction between resistance and exercise was
observed (Figures 3C, 4 and 5).

Scapular downward/upward rotation during the lowering phase revealed a significant
main effect of exercise from 0% to 23.3% of the cycle (0–28◦, p = 0.01, η2

p = 0.77) and from
32.6% to 82.4% (39–99◦, p < 0.00, η2

p = 0.77), with higher upward rotation for OHS. No
main effect was observed for the resistance condition. A significant interaction between
resistance and exercise was observed from 22.9% to 78.3% of the cycle (27–94◦, p < 0.00,
η2

p = 0.60). Post hoc analyses revealed significant differences were identified between
exercise within resistance levels, with greater internal rotation in OHS compared with KP,
ranging from 0% to 9% in R00 (0–11◦, p = 0.01), from 0% to 10.5% (0–12.6◦, p = 0.01) and
from 38.2% to 84.7% (45.8–101.6◦, p < 0.00) in R01, and from 0% to 76.7% in R02 (0–92◦,
p = 0.04) (Figures 3D, 4 and 5).

3.3. Scapular Posterior/Anterior Tilt

Scapular anterior/posterior tilt during the arm elevation phase revealed a significant
main effect of exercise from 3% to 82% of the cycle (4–98◦, p < 0.00, η2

p = 0.78), with posterior
tilt for KP. A main effect of resistance condition from 2.1% to 52.5% of the cycle (3–63◦,
p = 0.01, η2

p = 0.67). Post hoc analyses revealed significant differences between resistance
conditions with posterior tilt in R00 compared to R02, from 17.3% to 51.6% of the cycle
(21–62◦, p < 0.00), and in R01 compared to R02, from 6.2% to 42.6% (7–51◦, p = 0.00).
A significant interaction between resistance and exercise was observed from 12.8% to
14.7% of the cycle (15–18◦, p = 0.04, η2

p = 0.00); no post hoc analyses were revealed
(Figures 3E, 4 and 5).

Scapular anterior/posterior tilt during the lowering phase revealed a significant main
effect of exercise from 16.2% to 94.1% of the cycle (19–113◦, p < 0.00, η2

p = 0.76), with
posterior tilt for KP. A main effect of resistance condition from 51.3% to 85.3% of the cycle
(62–102◦, p = 0.02, η2

p = 0.58). Post hoc analyses revealed significant differences between
resistance conditions with posterior tilt in R00 compared to R01, from 51.5% to 83.1%
(61.8–99.7◦, p = 0.00), and R00 compared to R02, from 66.5% to 83.1% of the cycle (80–100◦,
p = 0.01). A significant interaction between resistance and exercise was observed from 14.3%
to 90.0% of the cycle (17–108◦, p = 0.00, η2

p = 0.56); no post hoc analyses were revealed
(Figures 3F, 4 and 5).

4. Discussion
We aimed to compare two exercises to expand understanding of previously described

baseline kinematic patterns that may serve as a reference for future comparisons with
symptomatic populations. These shoulder KC exercises clarify the role of elastic resistance,
thereby contributing to rehabilitation and injury-prevention strategies.
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4.1. Effect of Exercise Type

The exercise type revealed different scapular kinematics strategies. These exercises
engage the KC under distinct conditions and bases of support, revealing similar pat-
terns for stabilizing the scapula in both phases. Several studies have demonstrated
that the KC approach is more effective than localized training strategies [9,21,36], sug-
gesting that it should be included at multiple rehabilitation stages. Prior studies have
used elastic resistance to activate scapular muscles, typically positioning it between the
hands [2,12,18], without incorporating a whole-body component. Consistent with this
approach, scapular-focused exercises improve motor control, joint position sense, and
movement patterns, while reducing shoulder disability [1,3,37]. Moreover, incorporating
KC exercises in shoulder rehabilitation may facilitate activation of the scapular stabilizer
muscles [10], contributing to shoulder stability.

KC exercises were examined with a focus on the lumbo-pelvic-hip complex and
scapular stabilizers [20]. Their results indicated that while elastic resistance effectively
promoted scapular stabilization, it was less so for the lumbo-pelvic-hip complex, likely
due to the horizontal resistance vector. Our study investigated two exercises performed
on different bases of support, each employing novel approaches to elastic resistance: one
applying a vertical vector on OHS or an oblique vector on KP, whereas resistance was
integrated into the whole body. Thus, the OHS resulted in higher scapular internal and
upward rotation than KP, supporting hypothesis 1. In contrast, KP promoted increased
posterior tilt, reflecting the heightened demand for proximal stabilization due to a reduced
base of support, supporting hypothesis 3.

4.2. Effect of Resistance

Resistance conditions revealed the most pronounced differences in scapular rotation
across both phases. The direction and magnitude of elastic resistance distinctly modulate
scapular motion throughout movement. Increased internal rotation enhances anterior sta-
bility, while midrange upward rotation supports subacromial clearance through enhanced
stabilizer activation [38]. Control of posterior tilt during early elevation and eccentric
lowering emphasizes the importance of targeting both phases to improve scapulohumeral
rhythm and prevent compensatory anterior tilt [11,39]. Clinically, these adaptations under-
score the value of resistance-based strategies for improving scapular control and shoulder
stability during overhead tasks. Specifically, the resistance conditions (R00 and R01) showed
more upward, internal rotation, and posterior tilt during arm elevation, while posterior
tilt was pronounced in the R00 during the lowering phase. These adjustments enhance
the humeral head positioning and help maintain a stable rotation center during shoulder
movement [8,13], thereby preventing subacromial space narrowing and reducing the risk
of impingement [40,41].

Studies on OHS and KP found no significant effect of theraband color on shoulder
kinematics [24,25], likely due to slight differences in band tension [42–44]. One study
using a standardized load of 5% body mass reported significant alterations in scapular
kinematics [45]; however, differences in scapular motion induced by external loading
do not appear to be substantially influenced by variation in load magnitude [46]. In the
present study, scapular rotation varied under load conditions, ranging from 4% to 18% of
body mass during OHS and from 8% to 13% in KP. Regardless of specific band tension,
the application of resistance within the kinetic chain appears to be the primary driver
of scapular adaptation, underscoring the dominant role of elastic resistance. Thus, the
addition of external resistance increased scapular upward rotation for OHS and posterior
tilt for KP, partially supporting the hypothesis 2.
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4.3. Clinical Implications and Limitations

Exercise and resistance interactions revealed distinct effects in both phases, highlight-
ing arm elevation during internal rotation. The base of support modulates how resistance
vectors influence scapular mechanics along the movement [24,25]. OHS promoted scapular
internal rotation, potentially functioning as a preparatory adjustment to maintain gleno-
humeral congruence and facilitate the progression of upward rotation during arm elevation,
while KP emphasized posterior tilt. These findings emphasize the importance of KC in-
tegration for optimizing scapular control, showing that outcomes depend on multiple
interacting factors rather than isolated conditions.

The resistance effect on scapular kinematics was exercise-dependent, reflecting subtle
neuromuscular adaptations to maintain alignment under varying load magnitude or di-
rection [11]. The scapulothoracic system appears capable of redistributing effort among
axioscapular and axiohumeral groups [12,18], while maintaining consistent kinematic out-
put and optimizing mechanical efficiency. Such behavior supports the concept of movement
variability as a stabilizing mechanism within the KC [11,21], particularly under changing
external demands. Clinically, resistance-based exercises can induce meaningful neuro-
muscular adaptations, even when kinematic differences are not evident, emphasizing the
importance of monitoring both muscle activation and movement quality. Progressive
resistance may therefore be used to refine scapular control and enhance dynamic stability,
especially in individuals with altered motor patterns or scapular dyskinesis.

Both exercise type and resistance configuration significantly influence scapular kine-
matics, underscoring the relevance of kinetic-chain-based exercises. Additionally, linear
resistance (R01) enhanced scapular kinematics compared with whole-body resistance (R02),
indicating that resistance direction distinctly modulates scapular stabilization. These results
support tailoring exercise and resistance orientation to improve neuromuscular control and
shoulder function during rehabilitation and performance training.

Some limitations should be acknowledged. First, the study was conducted in asymp-
tomatic young adults, which limits its generalizability to the clinical population with
shoulder issues. Second, the cross-sectional design does not allow inferences about causal
relationships or long-term adaptations. Third, the study used elastic resistance exercise
with a specific intensity, limiting conclusions regarding different exercise modalities or
loading schemes. Future studies should use more diverse samples, include a clinical popu-
lation, investigate dose–response effects of resistance intensity, and employ longitudinal
designs to investigate long-term adaptations in scapular and shoulder control.

5. Conclusions
It was demonstrated that the exercises contributed to scapulohumeral rhythm and

stabilization during the overhead moment, highlighting their effectiveness as kinetic chain-
integrated exercises. These results indicate that both exercise selection and the orientation
of applied resistance are key determinants of scapular mechanics and should be carefully
considered when designing rehabilitation and training programs.
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