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Introduction

Upper-body exercise—particularly intense, continuous resistance activity involving the arms and
shoulders—activates physiological mechanisms that extend far beyond the local musculature. Although
the muscle mass engaged is relatively small, the combination of rapid metabolic activation, heat
production, autonomic arousal, and rhythmic mechanical contractions initiate systemic cardiovascular
and lymphatic responses.

These responses include large-scale redistribution of blood flow among key organs, rapid increases in
cardiac output and pulmonary perfusion, delayed but substantial thermoregulatory vasodilation of the
skin, and pronounced increases in lymphatic drainage. Importantly, organs not directly involved in the
exercise — such as the kidneys, gastrointestinal tract, and brain—also experience measurable changes in
perfusion as part of this redistribution.

Accordingly, this paper presents organ-by-organ modeling of blood-flow redistribution alongside
regional lymphatic flow dynamics, supported by graphical time-series representations. These data are
interpreted analytically to clarify the timing, magnitude, and physiological interactions underlying the
observed responses. The paper concludes by arguing that upper-body resistance exercise constitutes
effective full-body physiological activity, even in individuals with limited or absent lower-body mobility.

The model presented is conceptual and educational in nature but is grounded in established principles
of exercise physiology and cardiovascular regulation.

1. Blood-Flow Redistribution During Upper-Body Exercise

Table 1 summarizes the expected acute percentage changes in blood flow to major organs and tissues
during intense arm and shoulder exercise. The values illustrate the rapid and asymmetric nature of
vascular redistribution, characterized by extreme vasodilation in working muscles, reciprocal
vasoconstriction in the kidneys and gastrointestinal tract, delayed thermoregulatory vasodilation in the
skin, and near-stable perfusion of the brain due to strong autoregulatory mechanisms. This pattern
underscores how even a relatively small active muscle mass can exert a disproportionate influence on
whole-body circulation.

Table 1. Blood-Flow Response by Organ / Region
Peak AFlow vs Onset Time to Near- Rate

Region / Organ Baseline Delay Plateau Grade Physiological Notes
Working muscles: +600-800% 5.10s  1-2 min Very fast Meta'bollc vasodilation
arms/shoulders dominates.
. Stabilization and co-
Trunk/postural muscles +200-300% 10-20s 2-3 min Fast N
activation.
Lower limbs (static) +50-100% 20-30s 3-5min Moderate Reflex vasodilation +

postural demand.



Region / Organ

Heart (myocardium)

Lungs / pulmonary
circulation

Skin (upper body)
Skin (lower body)
Brain

Kidneys

Gl tract / splanchnic

Liver

Bone (local)

Subcutaneous fat (local)

Subcutaneous fat
(distant)

Peak AFlow vs Onset

Baseline

+150-200%

+100-150%

+150-250%

+50-150%

+5-15%

-30-40%

-40-60%

-30-50%

+50-100%
+100-200%

+20-50%

Delay

5-10s

5-15s

1-2 min
2-3 min
10-20s
10-20s
10-20s

10-20s

30-60s
1-2 min

2-3 min

Time to Near- Rate

Plateau

1-2 min

1-2 min
4—6 min
5-7 min
2-3 min
2-3 min
2-3 min

2-3 min

3-5 min

4—6 min

5-10 min

Grade

Very fast

Very fast
Moderate
Slow
Slow
Fast
Fast

Fast

Moderate
Moderate

Slow

Physiological Notes

Increases with cardiac
output.

Driven by increased CO.

Heat dissipation.

Follows rising core
temperature.

Cerebral autoregulation.
Sympathetic
vasoconstriction.

Major blood donor bed.

Mirrors splanchnic
changes.

Mechanical stress
response.

Heat transfer and lipolysis.

Secondary systemic effect.

The most striking feature of Table 1 is the dominant prioritization of blood flow to the working muscles
of the arms and shoulders, where perfusion may increase six- to eightfold over baseline. This magnitude
of vasodilation explains why localized upper-body work is often perceived subjectively as full-body

exertion.

This increase is facilitated by rapid vasoconstriction in the kidneys and splanchnic organs, where blood
flow is reduced by approximately 40-60%. These organs effectively serve as systemic blood donors,
preserving arterial pressure and redirecting volume toward metabolically active tissues. In parallel,
myocardial and pulmonary blood flow rise almost immediately, closely tracking increases in cardiac
output required to sustain the redistribution.

Skin blood flow follows a different temporal pattern. During the initial phase of exercise, skin perfusion
remains near baseline. Once sufficient metabolic heat accumulates—typically after one to two
minutes—skin blood flow rises sharply, reflecting activation of thermoregulatory mechanisms. By
contrast, cerebral blood flow changes remain modest throughout, usually within a 5-15% range,
demonstrating the robustness of cerebral autoregulation even under significant systemic stress.

The above patterns demonstrate that the circulatory system functions as a dynamic redistribution
network, capable of reassigning perfusion priorities within seconds. The data clearly show that intense
upper-body exercise rapidly becomes a whole-body circulatory event.



Figure 1. Blood-Flow Redistribution During Intense Upper-Body Exercise
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Figure 1. Rapid Whole-Body Blood-Flow Redistribution During Intense Upper-Body Exercise

Figure 1 illustrates how intense arm and shoulder exercise triggers an immediate, highly asymmetric
redistribution of blood flow across the body. Within seconds, perfusion to the working upper-body
muscles increases several-fold, accompanied by rapid rises in myocardial and pulmonary blood flow to
support the elevated cardiac output.

In contrast, blood flow to the kidneys and splanchnic (gastrointestinal) organs decreases markedly,
serving as a primary source for this redistribution. Skin blood flow remains near baseline during the first
minute, then rises progressively as thermoregulatory demands increase. Cerebral blood flow changes
only modestly, reflecting strong autoregulation.

The predictions demonstrate that localized upper-body effort rapidly becomes a whole-body circulatory
event, driven by prioritization of metabolic demand and heat dissipation rather than by uniform
systemic acceleration.

2. Lymphatic Response During Upper-Body Exercise

Unlike blood flow, lymphatic flow is governed primarily by mechanical forces rather than direct
autonomic regulation. As a result, lymphatic responses to exercise are typically delayed relative to
hemodynamic changes, exhibit smoother temporal profiles, and depend strongly on rhythmic muscle
contractions and respiratory pressure oscillations. Notably, even when the lower limbs remain static,
lymph flow from these regions can increase indirectly through central lymphatic suction and respiratory
pumping.



Table 2. Lymphatic Flow Response by Region
Peak AFlow vs Onset

Lymphatic Region Baseline

Working arm/shoulder

+200-300%
muscles

Upper trunk / chest +150-250%

Skin/subcutis (upper

— 0,
body) +150-200%

Lower-limb lymph (legs

: +50-100%
static)

Thoracic duct / central

+100-200%
lymph

Cervical/cranial lymph +20-50%

Delay

20-30s

30-60s

1-2 min

2-3 min

2-3 min

3-5 min

Time to Rate

Plateau Grade
3—4 min Moderate
4-6 min Moderate
5-7 min Slow

6—8 min Slow

5-8 min Moderate
8-10 min  Slow

Notes

Strong mechanical
contractions.

Enhanced ventilatory
mechanics.

Matches skin blood flow.

Driven by
thoracic/abdominal
pressure.

Integrates all compartments.

Follows venous pressure
modulation.

Lymphatic drainage from the working arm and shoulder muscles increases first and most prominently,
driven by strong rhythmic contractions that mechanically propel interstitial fluid into lymphatic vessels.
As exercise continues, enhanced respiratory mechanics augment lymph flow from the trunk and
facilitate transport toward the thoracic duct.

Skin and subcutaneous lymph flow rise with a delay, paralleling increases in skin blood perfusion
associated with thermoregulation. Central lymphatic outflow through the thoracic duct increases more
gradually but continuously, reflecting the integrated contribution of multiple peripheral regions.

This sustained elevation in central lymph flow supports edema reduction, immune cell trafficking, and
clearance of metabolic by-products. Thus, although lymphatic activation is slower than blood-flow
redistribution, it becomes a powerful systemic process during sustained upper-body exercise.



Figure 2. Lymphatic Flow Responses During Intense Upper-Body Exercise
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Figure 2. Delayed but Systemic Lymphatic Flow Activation During Intense Upper-Body Exercise

Figure 2 shows that lymphatic flow responds more slowly than blood flow but becomes strongly
systemic during sustained upper-body exercise. Lymph drainage from the working arm and shoulder
muscles increases first, driven by rhythmic contractions that mechanically pump fluid into lymphatic
channels.

Skin and subcutaneous lymph flow rise later, in parallel with increasing skin blood perfusion as
thermoregulation develops. Central lymphatic outflow through the thoracic duct increases steadily,
reflecting combined peripheral input and the growing influence of respiratory and abdominal pressure
oscillations.

In contrast to blood-flow redistribution, which occurs almost immediately, meaningful lymphatic
activation requires several minutes of continuous activity and provides a prolonged whole-body
clearance and immune-support function, even when large muscle groups such as the lower limbs remain
inactive.

3. Time-Dependent Dynamics

Figures 1 and 2 together illustrate the full temporal profile of hemodynamic and lymphatic responses to
upper-body exercise. During the first minute, blood flow to working muscles and the heart rises rapidly,
visceral organs constrict, and skin perfusion remains largely unchanged. Between one and three
minutes, muscle blood flow approaches its plateau, skin perfusion begins to increase, and visceral
vasoconstriction reaches its maximum. Beyond three minutes, thermoregulatory responses are fully
engaged, and muscle and cardiac perfusion remain stable at elevated levels.



Lymphatic responses follow a different trajectory. During the first minute, changes are minimal,
reflecting the inertial nature of lymphatic flow. Between one and three minutes, lymph flow from
muscles and trunk accelerates significantly. From three to ten minutes, system-wide lymphatic return
continues to rise, with central lymph flow showing particularly sustained increases.

4. Implications for Lower-Body-Immobile Individuals

This model demonstrates that upper-body resistance exercise effectively activates the entire body, a
finding of particular importance for individuals with limited or absent lower-body mobility. Systemic
cardiovascular activation—including increases in cardiac output, pulmonary perfusion, and skin blood
flow—does not require leg movement. At the same time, lymphatic drainage from the lower limbs
improves despite the absence of active leg motion, driven by deep breathing and central venous
pressure oscillations.

Thermoregulatory responses further engage the full skin surface, while metabolic and psychological
benefits—including improved mood, thermal comfort, immune engagement, and metabolic turnover—
remain comparable to those achieved during whole-body exercise. Devices such as IsoTone, which
provide safe and scalable resistance, are therefore well suited for frail or elderly individuals, wheelchair
users, rehabilitation patients, and residents of long-term care facilities.

In this context, upper-body exercise becomes a genuine full-body lifeline for populations who are
otherwise unable to engage in traditional locomotor activity.

Conclusions

Intense upper-body exercise triggers rapid whole-body blood-flow redistribution, with increases of up to
800% in working muscles and reductions of up to 60% in visceral organs. Skin perfusion rises after one to
two minutes, enabling effective thermoregulation and heat removal. Lymphatic activation increases
two- to threefold, with sustained central drainage benefiting tissue clearance and immune function.

Blood-flow changes occur almost immediately, while lymphatic responses follow with a delay, together
producing both acute and sustained physiological effects. Consequently, upper-body exercise should be
recognized as full-body physiological exercise, particularly valuable for individuals with lower-body
immobility. Properly designed IsoTone-style resistance routines can strategically harness these systemic
responses for rehabilitation, fitness, and medical applications.



