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Headline

Various biomechanical (physical), biochemical (metabolic),
and neuro-psychological stressors drive a wide spectrum
of sports injuries. Asymptomatic pre-injuries frequently pre-
cede detectable signs of neuromuscular and other dysfunctions.
Consequently, localized joint or muscle pain is often a sec-
ondary manifestation of complex systemic imbalances in the
brain, metabolism, or gut, or from early overtraining. Com-
plete recovery encompasses acute and chronic physiological
stages, concluding only when the underlying causes of dys-
function are resolved, allowing the athlete to safely return to
full training and competition.

Aim

This paper explores the full spectrum of injuries, emphasizing
an integrated approach to identify performance impairments
before symptom onset. Because physical dysfunctions rarely
occur in isolation, they require brain-body system evaluations
to facilitate targeted treatment and recovery. For example, a
compromised gut microbiome—often driven by excess refined
carbohydrates—can trigger systemic inflammation and skeletal
muscle dysfunction, which can promote joint pain. Ultimately,
this holistic approach is essential for preventing injuries, avert-
ing recurrences, and optimizing physical performance.

Injury is physiological damage causing localized or systemic
dysfunction. In addition to joint pain, other examples include
cardiac injury (heart damage), brain injury (neurological dys-
function), gut injury (microbiome disruptions), and burn in-
jury. Most athletic injuries involve multifactorial interactions
linked to underlying stressors or risk factors. Even simple is-
sues, such as knee pain, can be part of a larger kinematic
chain of events. For example, impairment in the ankle can
create dysfunction and pain in the knee (1). The ankle may
remain asymptomatic, while the knee develops acute inflam-
mation—a biochemical response to localized stress and a key
part of healing. Furthermore, the mental-emotional stress of
pain, lack of rest, or continued training can worsen an injury
or trigger a new one. Pain can be highly deceptive; by the time
symptoms appear, the injury process may have been ongoing
for days, weeks, or months, often starting silently in another
part of the body. Whether simple or complex, recovery is
achieved only when the underlying physiological dysfunctions
are resolved, and the athlete can return to unhindered training
and peak competition.

To compensate for an injury, the body relies on complex
biomechanical, biochemical, and neurological activities. These
adjustments alter movement patterns to maintain stability
while attempting to heal the injury and prevent further dam-
age. Consequently, these compensations often lead to notice-
able training and performance impairments, including:

Elevated submaximal heart rate (HR).
Reduced eye-hand/foot coordination.
Impaired motor control and reaction times.
Gait irregularity.
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¢ Changes in mood and focus (2, 3).

This model of sports injuries builds upon Hans Selye’s clas-
sic work on stress (4). Three key stressors—biomechanical,
biochemical, and the brain/mental-emotional—elicit a shared
physiological response. Because they frequently occur to-
gether, these stressors can initiate a vicious cycle that trig-
gers and sustains injuries while preventing complete recov-
ery. Traumatic injuries share this same model, influencing the
severity of the trauma, the rate of recovery, and the risk of
chronicity and recurrence (5).

Preinjury: Asymptomatic dysfunction

Even before an obvious injury with accompanying symptoms,
underlying risk factors or "preinjuries" can produce detectable
signs of functional impairment (6). These range from subtle,
localized abnormal joint movements to global conditions like
irregular gait or autonomic dysfunction, all of which reduce
optimal performance. In some cases of early overtraining, how-
ever, an abnormally elevated sympathetic state can temporar-
ily increase muscle function, producing a sudden, noteworthy
surge in performance.

A preinjury often results from cumulative stressors that can
include daily training load, single high-intensity events, or a
lengthy competitive season. This predisposes athletes to fur-
ther damage that ultimately leads to classical signs and symp-
toms. Common examples of preinjuries include:

* Improper biomechanics: Poorly fitting or overly sup-
portive shoes that impair normal foot mechanics.

® Systemic inflammation: Body-wide, low-grade chronic
inflammation.

* Inadequate recovery: Poor recovery protocols between
training sessions or competitions.

® Neuromuscular imbalances: Asymptomatic imbalances
in the foot and leg.

Neuromuscular imbalance may be the most prevalent prein-
jury, combining abnormal inhibition (an overstretched or in-
hibited muscle) and an over-facilitated (tight) muscle (7, 8).
These mechanisms are part of the neuromusculoskeletal sys-
tem—an integrated network of muscles, bones, and nerves sus-
tained by metabolic processes and regulated by the central
nervous system (9). Muscles actuate bony levers via ten-
dons while stabilizing joints, ligaments and other soft tissues.
When neuromuscular activation or coordination is impaired
even slightly, a preinjury state can occur.

While often asymptomatic, the subjective feeling of a prein-
jury may be vague including mild discomfort, achiness, or
a sense that something is “just not right.” It can reduce
ranges of motion, impair poor eye-hand/foot coordination,
promote inflammation, and other subtle changes. The use
of non-steroidal anti-inflammatory or other drugs can mask
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these sensations. Though difficult to differentiate from nor-
mal training stress, these dysfunctions often resolve with ex-
tended rest. Additional rest becomes a key therapeutic and
preventive strategy, otherwise impaired physical function and
performance can continue. Neuromuscular imbalances are typ-
ically assessed through manual muscle testing, gait analysis,
or similar evaluations (10).

Global Injuries

While any localized neuromusculoskeletal imbalance can ul-
timately affect the whole body, systemic or global athletic
injuries can manifest as full-body impairment. Examples in-
clude chronic fatigue, myalgia, and generalized muscle sore-
ness. These complaints are often difficult to explain, with
standard medical tests revealing little to no abnormalities, yet
they can significantly reduce athletic performance.

Overtraining
A primary injury affecting virtually all bodily systems can in-
clude the overtraining syndrome (OTS), a complex, systemic

condition resulting from accumulated physical, biochemical,
and brain (mental-emotional) stress. Classically known to
impair immunity, increase inflammation, and adversely affect
gut and adrenal functions, OTS ultimately reduces all ath-
letic performance (11, 12). Initial symptoms can be vague or
nonspecific, presenting as persistent physical and mental fa-
tigue and irregular appetite, with a common early sign being
elevated resting, training, and competitive HR (13). Neuro-
muscular imbalance can also lead to a gradual progression or
rapid onset of physical injuries. In some cases, a sudden, tem-
porary surge in performance is an early indicator of overtrain-
ing. This occurs when an athlete transitions from functional
to nonfunctional overreaching, where excess sympathetic tone
briefly enhances neuromuscular function. Continued training
and competition with insufficient recovery worsens OTS lead-
ing to more classical signs and symptoms.

Table 1 outlines a three-stage model of the OTS, whose on-
set coincides with the transition from healthy to unhealthy
training. Recovery times are estimates based on assessment,
treatment, and adherence to training and lifestyle recommen-
dations.

Table 1. The overtraining syndrome
Overtraining: Stage 1 Stage 2 Stage 3
Nonfunctional . .
Alternative terms: over-reaching; Acute Sympathetic OT; Excess stress. Io’zr}rasy mpathetic OT; Chronic
stress.
Performance 1 Training stress and or | | Training and or competitive All performance greatly
response: } recovery. performance. diminished.
Fatigue, hunger, 1 Fatigue, pain, daytime Reduced training and
Symptoms: soreness; T need for sleepiness, depression/ anxiety; | competitive motivation;
recovery & sleep. crave sweets, caffeine. worsening symptoms.
J Submax performance. T COI“EISOI. & sympathetic t.one; 1 Injury, illness; | sympathetic
. . hormone imbalance; 1 resting :
Signs: 1 resting HR; poor sleep . and parasympathetic tone.
. . and exercise HR. 1 Illness and .
quality & quantity injury J Resting HR.
J Training intensity and | Cease high intensity training Cease competition & training
Actions: or volume; 1 sleep/ and competition; | training except for walking; sleep as
’ recovery; address diet volume; T rest & sleep; address | needed; strictly ad-dress all
and other stressors. diet and other stressors. stressors.
Recovery: ~1-3 weeks. ~1-3 months. Months to years.
Vitamin D * Direct local effects: Liquid sugars aggressively trigger

As a vital prohormone, vitamin D is required for optimal
athletic performance, yet insufficiency and deficiency remain
highly prevalent among athletes (14). Primarily synthesized
in the skin via ultraviolet radiation, endogenous production
is frequently limited by clothing, sunscreen, darker skin, adi-
posity, and indoor training. Inadequate vitamin D can re-
duce muscle strength, power, and endurance, impair immu-
nity, compromise bone health to increase stress fracture risks,
and elevate susceptibility to inflammatory injuries. A stan-
dard blood test is necessary to accurately quantify vitamin D
status.

Oral health

Systemic and oral health are strongly connected through un-
derlying health and fitness conditions, which often manifest
first as dental problems (15). Athletes experience unusually
high rates of poor oral health, which can serve as a red flag for
systemic issues impacting performance and increasing injury
risk (16). A primary driver of poor oral health is the excess
intake of refined carbohydrates (beyond ergogenic needs):
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acid production, promote oral bacterial fermentation, re-
duce pH, and dissolve enamel, leading to cavities and gum
inflammation.

® Indirect systemic effects: Excess refined carbohydrates
can depress fat burning, increase fat storage, raise respi-
ratory quotient (RQ), promote chronic inflammation, and
reduce salivary pH.

Ergogenic carbohydrate should be carefully timed around
training and competition. However, many athletes consume
excess amounts throughout the day, displacing nutrient-dense
whole foods. After measuring salivary pH for over 20 years in
thousands of athletes, I observed that chronically low oral pH
closely correlated with increased refined carbohydrate intake
and injury rates, and reduced performance (17). Oral pH is
easily monitored using standard pH paper available through
most major retailers.

Brain injury

In addition to traumatic brain injuries, dysfunction caused by
biochemical issues like impaired metabolism can occur. Re-
duced cellular energy can disrupt the brain’s ability to neu-
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rologically drive physical movement, causing specific deficits
in perceptual-motor tasks like visual-motor coordination (18,
19). This mental fatigue can result from metabolic inflex-
ibility—the body’s inability to obtain sufficient energy from
glucose, fat, and ketones, and the brain’s inability to uti-
lize glucose and ketones. Early signs of inflexibility include
excess body fat, insulin resistance, and overconsumption of
refined carbohydrates, and can be measured by RQ. When
blood glucose falls during training or competition, the body’s
reduced ability to burn stored fat or ketones causes muscle
fatigue, while the brain’s inability to use ketones increases
mental fatigue. Resulting elevated compensatory stress hor-
mones, such as cortisol, when chronic, can significantly impair
performance. Psychologically, mental fatigue degrades per-
formance by increasing perceived exertion and decreasing an
individual’s motivation and willingness to work harder (20).

Practical applications

Ongoing assessment of an athlete’s brain-body signs and
symptoms is a highly effective strategy in the prevention,
treatment, and monitoring of sports injuries.

Health survey:

® Subjective information on mental and physical energy,
moods, discomfort, pain.

® Objective information about sleeping quantity and quality.

® Gut function and digestion: bloating, excess intestinal gas,
indigestion, and other abnormal signs and symptoms dur-
ing rest, training, and competition.

® Diet: Assess regular meals and snacks (whole foods),
training/competitive-related products (sports foods), and
hydration.

® Drugs: Caffeine, alcohol, over-the-counter and prescription
drugs, others.

® Footwear: Training, competitive, casual—fit and comfort.
Feet: discomfort, callousing, blisters, blackened toenails.

® Regular comprehensive care from health practitioner(s) in-
cluding dentist, with blood, urine, and other laboratory
evaluations.

Fitness evaluations:

® Regular submax HR evaluations, such as the MAF Test
(13).

Morning/resting HR.

HR variability.

Waist-to-height ratio.

Oral pH.

Training and competition performance monitoring.
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