THE SCIENCE OF WHIPLASH

3. Phases of Ligament Healing and
Scar Formation

Ligaments do not regenerate as original tissue. They
heal by forming scar tissue, which is biologically and
biomechanically inferior to native ligament. This is
well-established across multiple studies and reviews.

3.1 Inflammatory Phase (Days 1-7+)

* Blood and inflammatory cells flood the injury
site.

» Cytokines and growth factors are released.
* Necrotic tissue is removed.
¢ Pain and swelling are prominent.
Clinically: pain, heat, swelling, and marked motion in-

tolerance.

3.2 Proliferative/Regenerative Phase
(Weeks 1-6+)

e Fibroblasts migrate and begin laying down new
collagen, primarily type III collagen, thinner, more
disorganized fibers.

* The early scar is bulky, disorganized, and weak.

e Mechanical properties are poor; the ligament has
little resistance to stretch and creep.

3.3 Remodeling Phase (Months 2-12+)

e Type III collagen is partially remodeled toward
type I, with some improved fiber orientation.

* Cross-linking increases tensile strength but never

returns to normal.

* Hildebrand and others: “Ligament healing is char-
acterized by the formation and remodeling of scar
tissue that is weaker than normal ligament ow-
ing to alterations in biochemical composition and
structural organization.”

Even after prolonged healing, ligaments exhibit:
* Lower ultimate tensile strength

¢ Increased creep (progressive deformation under
load)

* Increased laxity
* Greater susceptibility to reinjury

Hauser’s review further emphasizes that remodeled
ligament tissue is structurally and mechanically infe-
rior, leading to chronic instability and progressive de-
generation.
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Key Explanation

Untreated or incompletely treated ligament tears heal
with scar tissue, not true ligament, and that scar never
regains original biomechanical integrity.

4. Why Scar Tissue Is Biomechanically
Inferior

Scar tissue differs from normal ligament in:
* Collagen type, more type III, less organized type I

* Fiber orientation, random “felt-like” pattern vs.
parallel bundles along stress lines

e Water and proteoglycan content, altered matrix
composition

* Cross-linking quality, abnormal cross-links that re-
duce elasticity

Studies of ligament and tendon healing show that
the scar:

e Is weaker

* Creeps more under load

* Has inferior fatigue resistance

e Fails at lower loads than native tissue
Functionally, that means:

* Joints become less stable under normal activities.

* Muscles must work harder and more constantly to
compensate.

* Abnormal motion and loading accelerate degen-
erative changes in discs and facets.

Clinically: ligament sub-failure and failure produce
abnormal loading, chronic biomechanical failure, and
arthritis with near 100% probability over time when
the damage is sufficient and untreated.

5. Muscle Injury, Fibrosis, and Scar Tissue
Muscles around an injured segment undergo:
* Reflex spasm initially (splinting)

* Then fatigue and, with repeated overload or pro-
longed inflammation, fibrosis

Skeletal muscle healing also follows inflammation
— regeneration — remodeling. But after significant
trauma, regeneration is incomplete, and fibrotic scar
replaces contractile fibers.

Fibrotic muscle:

o [s stiffer and less elastic
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* Has reduced contractile strength
* Fails earlier under load
* Transfers abnormal forces to joints and discs

Scar tissue in muscle and fascia binds layers together,
restricting glide and further altering mechanics.
Clinically, this manifests as:

* Chronic stiffness
* Limited range of motion
* “Tight” or “rope-like” bands

* Recurrent sprain with minor activities

6. Ligament Injury as a Neurological
Injury: Mechanoreceptors and
Muscle Control

Ligaments contain mechanoreceptors and nociceptors
that participate in spinal stability circuits. Solomonow’s
work shows that:

¢ Sustained or cyclic loading of ligaments leads to
delayed neuromuscular disorder:

° reduced stabilizing muscle activity
° increased spasms
° microfractures in collagen fibers
o chronic pain and instability
After ligament creep or tearing:
* The CNS receives distorted positional feedback

* Muscles fire too late, too little, or in the wrong
pattern

* Stability is compromised even before gross struc-
tural failure is visible

This is why patients can have normal imaging but
unstable, painful segments: the sensor—-motor control
loop is impaired at the ligament level.

7. Denervation Super-sensitivity
aka Hyper-Responsivity

Denervation super-sensitivity (also called denervation
hypersensitivity) is a phenomenon where tissues or
neurons, after losing normal nerve input, become ab-
normally sensitive to neurotransmitters or stimuli.

In pain and neural science, several related findings

are important:

o After partial denervation or nerve injury, surviving
neurons may:

o upregulate receptors

o alter ion channels

o change local synaptic architecture
° become hyperexcitable

* In the dorsal horn and higher centers, repeated
nociceptive input produces:

o central sensitization
o lower thresholds for firing
o amplified pain responses to normal input

In the context of ligament/muscle injury and scar:

1. Local scar tissue may:
o entrap small nerve fibers
o alter microcirculation
o change the local chemical environment

2. Partial denervation of muscle or ligament re-
ceptors (from stretch, compression, or traction)
leads to:

° hypersensitive remaining nociceptors
o altered reflex control of muscle tone
o “twitchy” or irritable motor units

3. Central circuits adapt maladaptively:

° the nervous system “turns the volume up” to
protect the area

° over time, the system remains stuck in a high-
gain state
Clinically, this appears as:

* Hyperalgesia (increased pain to normally painful
stimuli)

* Allodynia (pain to normally non-painful stimuli)

* Dersistent tenderness well after tissue healing
should have completed

 Spread of pain beyond the original injury area

This is part of why chronic whiplash patients often
have amplified pain that cannot be explained solely
by structural imaging. Their tissues are mechanically
altered and their neural systems are hypersensitized.

Injured ligament with denervation
super sensitivity

Following an injury, such as a tear from an auto acci-
dent, scar tissue can damage the nerves and interfere
with proper healing, leading to hypersensitivity.
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1. The damaged nerves and scar tissue: The nerve
endings are disrupted, and the resulting scar tissue
can compress or improperly heal around the nerves.

2. The hypersensitive receptors: As with muscle
tissue, the nerve endings become oversensitive
in response to the initial disruption, a process
known as neuroplasticity.

3. The amplified pain signal: When a hypersensi-
tive nerve ending is triggered, even by a light
touch, movement, or pressure from the scar tis-
sue, it sends a magnified pain signal to the brain,
contributing to chronic pain long after the ini-
tial injury should have healed.

Mechanism of functional changes:

Denervation super-sensitivity:

This phenomenon occurs when cortical neurons are
lost. Due to damaged neurons, there are no nerve signals
passing across these neurons. Thus, to compensate for
this, the post-synaptic membrane develops more recep-
tors for neurotransmitters to pass nerve signal. This phe-
nomenon of increased receptors at post-synaptic mem-

brane leads to super-sensitivity in its denervation stage.

8. Why Scar + Denervation
Hyper-sensitivity = Poor Prognosis

When you combine:
1. Mechanical inferiority

° weaker, more lax ligaments
° fibrotic muscle
o altered load paths
2. Neurological hyper-responsivity

° sensitized nociceptors
o disordered reflex stabilization
o central sensitization

...you get a mechanical and neurological structural
system that is:

¢ Easier to overload
¢ Slower to recover
* More likely to develop chronic pain

* More likely to progress into degenerative joint and
disc disease
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This explains why patients in low-speed collisions
can develop long-term pain and impairment, despite
the absence of fracture or dramatic MRI findings.

From a prognostic standpoint:

e The more extensive the ligament tearing and scar
formation

¢ The more fibrotic the muscle

e The more entrenched the neural hypersensitivity

...the worse the long-term outcome and the greater
the likelihood of permanent impairment.

9. How to Explain This to a Jury
or in a Report

Simple Analogy #1
The Ratchet Strap vs. The Frayed Rope

“Before the crash, the ligaments in the neck were like
high-quality ratchet straps, strong, securing the cargo,
the joints of the body part, the neck, and perfectly
tuned to control motion.

After the injury, the body patched-up the torn area
with scar tissue. Scar tissue is like a frayed, stift rope:
it does not stretch well, it does not recoil, and it fails
much sooner. The joint is now held together by that
weakened frayed rope, not the original ratchet strap.”

Simple Analogy #2
The Car’s Shock Absorbers

“Ligaments and the surrounding muscles are the shock
absorbers of the spine. When they are damaged and
replaced with scars, it is like driving a car with bent
shocks and stiff springs. Every bump is harsher, the
ride is rougher, and the suspension wears out the tires
and frame faster. That is what happens to the discs and
joints over time.”

Simple Analogy #3
The Volume Knob for Pain

“The nerves in and around these injured ligaments and
muscles become extra sensitive, like the body turned
the volume knob up to protect the area. The prob-
lem is that the volume knob stays up. Now normal
movements that used to be quiet are loud enough to
be painful. That is denervation super-sensitivity or
hyper-sensitivity, less nerve input at the direct area
but more nerve sensitivity around the affected area
perimeter, with more sensitivity in the nerves that

remain.”
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Suggested Report Language

You might use wording like this in a narrative or depo-
sition-friendly report:

“Injuries to the ligaments and muscles of the cer-
vical spine result in scar tissue rather than true re-
generation. This scar tissue is mechanically weaker
and less elastic than the original tissue and can-
not restore normal stability. At the same time,
the nerve endings in and around these structures
become hypersensitive (denervation super-sensi-
tivity), which lowers the threshold for pain and

Torn ligament and scar tissue: The image shows
the disruption of the ligament’s normal collagen
fibers, now filled in with thick, less flexible con-
nective tissue (labeled scar tissue).

Damaged nerves and compression: The nerve
endings are shown damaged or compressed by
the shrinking and tightening scar tissue.

Hypersensitive nerves: The nerve endings that
remain in and around the scar tissue have be-
come hypersensitive. They are shown to have an
exaggerated response to minimal stimulation.

maintains an amplified pain response. The com-

o . . Amplifi in signal: P fi h -
bination of permanent mechanical weakness and 4 mplified pain signal: Pressure from the con

. . . . stricting scar tissue, or a minimal movement that
heightened neural sensitivity explains why this pa- & ’

. . . . . . would normally not cause pain, triggers a large
tient is at increased risk for ongoing pain, reduced Y pamn, trigg 8¢

mplifi in signal from the hypersensiti
tolerance to normal activities, and accelerated de- amplified pain signal from the hypersensitive

: » nerves.
generatwe change.

Or more succinctly: Takeaway: .

Nerves cannot penetrate dense scar tissue, but they
“Put simply, the crash damaged the spine’s stabiliz- proliferate around its borders, making the area more
ing ligaments. The body patched them with scar, sensitive and prone to pain amplification.
not original tissue, and turned the pain system up

o : linical meaning:
to protect the area. That combination makes this Clinical meaning

injury more complex and more symptomatic than Healthy ligaments have parallel collagen bundles that

a simple muscle strain.” resist tension. Scar tissue is disorganized, with reduced
load tolerance and greater stiffness.

Be prepared to show an image of scar tissue for the
jury as an effective “moment”.

: . _ Simulations of Ligament Tissue:
Visual anatomical diagram: Ligament and denerva-

tion hyper-sensitivity (Scar Tissue Simulations)
Use a Diagram or Illustration to show normal,
healthy ligament tissue.
Image description: This diagram would show a

healthy ligament connecting two bones.

1. Ligament: The image shows organized, smooth
collagen fibers that make up the ligament (la-
beled ligament).

2. Nerves: Small, healthy nerve endings (nocicep-
tors) are shown embedded within the ligament
tissue (labeled nerves). These nerves are sensing

stress and tension in a normal, regulated way.

Use a second diagram to show the jury an injured
ligament with denervation super-sensitivity / hy-
per-sensitivity.

Image description: This diagram would show the
same ligament after it has been torn and has developed

denervation super sensitivity.

Injured Ligament Fibers with Scar Tissue

Normal Ligament Fibers
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Microscopic Normal and
Scar Tissue Formation

Electron micrograph of NORMAL unit
fibrils of collagen (ligament) showing
characteristic pattern of cross striations:

Damaged connective tissue fibers tearing
away from bone attachment under scanning
electron micrograph (SEM):

"?3 ” ‘ E [ |
1 A "}

Partial damaged fibers with scar formation
beginning development between fibrils.
Gaps with frayed fibrils shown under
transmission electron micrograph (TEM):
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Anatomy and Physiology of Ligament
and Muscle Injury

Ligaments, tendons, joint capsules, and deep fascia
collectively form the passive stabilizing system of the
spine. These structures are composed primarily of type
I collagen fibers arranged in a highly organized, paral-
lel pattern that resists tensile forces. Embedded within
these collagen bundles are:

* Mechanoreceptors (Ruffini endings, Pacinian cor-
puscles)

* Nociceptors (free nerve endings)
* Golgi-like receptors

These receptors communicate continuously with
the spinal cord and cerebellum, modulating deep cer-
vical muscle activation to maintain segmental stability.
When ligaments are overstretched or torn during ac-
celeration—deceleration trauma, both the mechanical
and neurological control systems are simultaneously
disrupted.

Muscles surrounding the injured segments, partic-
ularly the deep multifidi, rotatores, intertransversarii,
and longus colli/capitis muscles, rely heavily on intact
proprioceptive input from ligaments. Thus, ligament
injury precipitates:

* Delayed activation of stabilizing muscles

* Abnormal co-contraction patterns

» Compensatory overuse of superficial musculature
* Development of myofascial trigger points

These changes set the stage for dysfunctional move-
ment patterns and long-term mechanical overload.

Detailed Physiology of Scar Tissue
Formation in Ligaments and Muscle

Scar tissue formation is not simply “thicker tissue”; it
represents a complete alteration of tissue biology and
architecture. After ligament or muscle injury, the body
initiates a healing process consisting of three overlap-

ping phases:
1. Inflammatory Phase (Acute)

* Neutrophils and macrophages clear debris.

¢ Pro-inflammatory cytokines (IL-1B, TNF-q, IL-
6) spike dramatically.

* Vascular permeability increases.
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From a clinical standpoint, this explains:
* acute pain
* heat and swelling

* restricted range of motion

2. Proliferation Phase (Subacute)

Fibroblasts begin synthesizing type III collagen, which
1s:

* thinner

* more fragile

* laid down in a random, non-parallel pattern

* less elastic than type I collagen

This early collagen network resembles a web-like clot,

not a functional ligament.

3. Remodeling and Maturation Phase
(Chronic)

Over weeks to months:

» Type III collagen is partially replaced with type I
collagen.

* Tensile strength improves, but fiber alignment
never returns to pre-injury organization.

* Cross-linking remains abnormal.

* Ligament stiffness and elasticity remain perma-
nently impaired.

Even at 12—18 months, healed ligaments:

* reach only 40-70% of normal tensile strength
* demonstrate increased laxity

o fail earlier under repetitive load

* show higher creep deformation (stretch without
recoil)

These realities are well accepted in orthopedic and
rehab literature and are foundational to the under-
standing of chronic whiplash pathology.

Why Nerves Cannot Regenerate
Through Scar Tissue

Peripheral nerves have the ability to regenerate only if:
¢ the endoneurial tube remains intact
* the path is unobstructed
* inflammatory conditions are controlled

Scar tissue disrupts these conditions completely.

Mechanism:
1. Injury to a ligament or muscle disrupts small

sensory nerve fibers (A-delta and C-fibers).

2. The body lays down dense collagenous scar tis-
sue with no organized channels for axonal re-
growth.

3. Regenerating axons cannot penetrate scar tissue,
because:
o collagen density is too high
o disorganized alignment lacks directional cues

o fibroblast-derived inhibitory molecules impede
axonal elongation

Instead, the regrowing nerve fibers cluster at the pe-
rimeter of the scar, where vascularity is higher, pro-
ducing:

* nerve sprouting
* increased receptor density
* heightened nociceptive sensitivity

This is a critical mechanism explaining why patients
experience chronic, localized tenderness at injured lig-
ament sites long after the expected healing window.

Physiology of Hyper-Sensitivity
(Denervation Super-sensitivity)

After injury or partial denervation, three events occur:

1. Peripheral Sensitization

Remaining nociceptors upregulate receptors, making

them more responsive to:
* mechanical stimulation
¢ thermal input
e chemical mediators

This lowers the threshold for pain.

2. Central Sensitization
With persistent nociceptive input:
* spinal dorsal horn neurons increase excitability
* inhibitory interneurons decrease
* receptive fields enlarge
» normal sensations begin producing pain (allodynia)

* painful sensations become amplified (hyperalgesia)
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3. Denervation Hyper-sensitivity
(aka Super-Sensitivity)

When some nerve fibers die, the surviving ones:
* increase receptor density
e sprout additional terminals
* hypersensitize to neurotransmitters

* maintain the pain signal even without major me-
chanical irritation

Thus, the injured segment becomes:
* mechanically weak

¢ neurologically overactive

e structurally vulnerable

e chronically painful

In short: less ligament stability + more nerve sensi-
tivity = chronic pain and poor prognosis.

Glossary of Medically and
Legally Accepted Terms

These definitions are written to withstand scrutiny in
deposition or trial, consistent with accepted medical
literature.

Sub-Failure Injury

A ligament injury caused by forces insufficient to
cause a full tear but sufficient to cause microscopic fi-
ber disruption, mechanoreceptor dysfunction, and al-
tered proprioception. Well described in biomechanical
research (e.g., Solomonow).

Inflammation

A complex vascular and cellular response to tissue inju-
ry characterized by cytokine release, swelling, heat, pain,
and loss of function. The first phase of biological healing.

Scar Tissue

Fibrous tissue composed mostly of disorganized type
III collagen that replaces injured ligament or muscle.
Scar tissue is weaker, less elastic, and mechanically in-
ferior to the original.

Collagen Fibers
The primary structural protein in ligaments and tendons.

* Type I collagen = strong, organized, high tensile
strength

* Type III collagen = weaker, disorganized, typical
of early scar formation
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Osteoarthritis

Degenerative joint disease marked by deterioration of ar-
ticular cartilage, osteophyte formation, and subchondral
bone changes. Often accelerated by ligament instability.

Degenerative Disc Disease (DDD)

A structural and biochemical breakdown of the inter-
vertebral disc over time, often accelerated by abnormal
motion and ligament injury. Characterized by disc space
narrowing, annular tears, and vertebral endplate changes.

Degenerative Bone Changes

Reactive changes in bone (osteophytes, sclerosis, facet
degeneration) secondary to altered biomechanics and
chronic instability.

Creep (Biomechanics)

Progressive deformation of a ligament or soft tissue
over time when subjected to a constant load. Perma-
nent creep contributes to chronic instability.

Ligament Laxity

Abnormal elongation or looseness of a ligament due
to tearing, creep, or scar tissue remodeling, resulting in
joint instability.

Proprioception
The body’s ability to sense joint position and move-

ment, largely mediated by ligament mechanoreceptors.
Disrupted in ligament injury.

Denervation Super-Sensitivity
(aka Hyper-Sensitivity)

Increased responsiveness of neurons after partial nerve
injury, leading to hypersensitivity of the tissues in-
volved and chronic pain amplification.

Central Sensitization

A long-term increase in the excitability of neurons
in the central nervous system, causing enhanced pain
perception.

Peripheral Sensitization

Lowered threshold of nociceptors at the injury site
due to inflammatory mediators, making normal me-

chanical input painful.

Fibrosis

The abnormal proliferation of fibrous connective tis-
sue (scar) within muscles or fascia, reducing elasticity
and contractility.
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Visual Explanation of flow chart below:

» Arrows show progression through biologic heal-

e Neural sensitization increases over time when no-

ciceptive input persists.

* Mechanical weakness does not revert to pre-inju-

ing phases.
ry norms.
Phases of Ligament Healing
Phase Time Frame |Primary Biological Tissue Characteristics Clinical Correlates
Events
Inflammatory | 0-7 days Vascular permeability, Edema, heat, pain, early Pain at rest & with
immune cell infiltration, | hematoma formation motion, guarding
cytokine release
Proliferative/ 7—42 days Fibroblast proliferation, Disorganized, weak scar Pain with movement,
Reparative collagen III deposition matrix limited ROM
Early 6—12 weeks Transition from collagen | Increased tensile strength, | Diminishing pain,
Remodeling III — collagen 1 still irregular fibers gradual function return
Late 3—12+ months | Collagen alignment along | Improved strength, residual | Persistent stiffness,
Remodeling/ stress lines laxity functional deficits
Maturation
Chronic Scar & | >12 months Permanent scar matrix, Biomechanically inferior Chronic pain, instability,
Remodeling possible fibrosis tissue degeneration

Key: ROM = range of motion Cytokines = IL-1B, TNF-q, IL-6
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Central Hyperexcitability
in Chronic Whiplash

Systematic Review and Meta-Analysis

Primary Source:

Stone AM, Vicenzino B, Lim ECW, Sterling M. Measures
of central hyperexcitability in chronic whiplash associated
disorder—a systematic review and meta-analysis. Man Ther.
2013;18(2):111-117.

Overview and Purpose of the Study

Stone and colleagues conducted a formal systemat-
ic review and meta-analysis to determine whether
individuals with chronic whiplash-associated disor-
der (WAD) demonstrate measurable signs of central
nervous system hyperexcitability when compared
with healthy controls. Central hyperexcitability, of-
ten described clinically as central sensitization, refers
to abnormal amplification of pain signaling within
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the central nervous system and is recognized as a core
mechanism in persistent pain disorders.

Rather than relying on narrative summaries, the au-
thors used structured evidence screening and pooled
statistical analysis to evaluate whether central sensory
abnormalities are consistently present in chronic WAD
populations across multiple testing methods.

Takeaway:

This study asked: Do chronic whiplash patients show mea-
surable nervous system amplification, not just local neck pain,
when formally tested?

Methods and Evidence Screening

The investigators searched multiple scientific databas-
es for controlled studies evaluating central hyperex-
citability measures in adults with chronic WAD using
standardized sensory testing procedures. Eligible stud-
ies were required to:

¢ Include chronic WAD subjects
* Include healthy control groups

* Use standardized quantitative sensory or reflex
testing

* Report measurable threshold or response outcomes
* Follow defined testing protocols

The screening pipeline was extensive and structured:
* Initial articles identified: 452

* Full-text articles reviewed: 42

¢ Studies meeting protocol criteria: 27

* Studies suitable for pooled meta-analysis: 13

The included trials were rated as generally good
methodological quality. In addition to pooled out-
come analysis, the authors reviewed testing protocols
themselves, noting differences in stimulus types, ana-
tomical test sites, and measurement methods.

Takeaway:
This was a large, structured evidence review, not a se-
lective or narrative literature summary.

Meta-Analysis Findings

Multimodal Sensory Hypersensitivity
Across pooled data, chronic WAD subjects demon-
strated statistically significant hypersensitivity across
multiple sensory modalities and body regions, consis-

tent with central pain amplification rather than isolat-
ed cervical tissue injury.
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Pressure Pain Threshold
(Mechanical Sensitivity)

Pressure pain thresholds were significantly reduced in
chronic WAD subjects:

* Head/Neck/Upper Thoracic: SMD —1.36 (95%
CI —1.89 to —0.82)

e Upper Limb: SMD —1.33 (95% CI —2.50 to —0.16)
* Lower Limb: SMD —1.01 (95% CI —1.70 to —0.33)
This demonstrates widespread mechanical hyperal-

gesia, extending beyond the injured neck region.

Takeaway:

These patients are more pressure-sensitive not only at
the neck, but throughout the body.

Reflex and Neural Provocation Measures

Objective neural response testing also showed abnor-
mal excitability:

¢ Flexor withdrawal reflex threshold reduced
SMD —0.73 (95% CI —1.11 to —0.35)

* Brachial Plexus Provocation Test, reduced elbow
extension tolerance

SMD —0.55 (95% CI —0.76 to —0.35)
These findings indicate altered spinal and supraspinal

reflex responsiveness.

Takeaway:

Protective reflexes activate sooner, the nervous system
1S more reactive.

Thermal Pain Sensitivity

Thermal thresholds were also altered:

Cold pain thresholds:

* Head/Neck/Upper Thoracic: SMD +0.91

* Upper Limb: SMD +0.66

Heat pain thresholds:

* Head/Neck/Upper Thoracic: SMD —0.58

These patterns show abnormal temperature pain

processing.

Plain-Speak Takeaway:

Heat and cold pain responses are shifted, another
marker of central processing change.
Electrocutaneous Stimulation

Electrical sensory thresholds were reduced:

* Head/Neck/Upper Thoracic: SMD —1.04
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e Lower Limb: SMD —0.85

Again demonstrating multisite sensory amplification.

Author Conclusions

Stone et al. concluded that pooled data provide com-
pelling evidence that chronic WAD is associated with
central nervous system hyperexcitability. Sensory ab-

normalities are:
* Statistically significant
* Multimodal
* Multiregional
* Consistent across testing methods

The authors emphasized that chronic WAD pain
frequently reflects central processing alteration, not
solely local tissue pathology, and that these mecha-
nisms should be considered in patient management
and rehabilitation planning.

Clinical Relevance
For doctors treating chronic WAD:

* Persistent pain may reflect central amplification,
not only structural injury

* Sensory abnormalities may appear outside the cer-
vical region

* Objective testing supports neurophysiologic in-

volvement

e Patient education should include central mecha-

nisms

* Treatment models should not assume purely local
pathology

Clinical Bottom Line:
Chronic whiplash often involves a sensitized nervous
system, not just an injured neck.

Facet Pain and Hyper Sensitivity as a
Result of Chronic Whiplash Patients

Schneider GM, Smith AD, Hooper A, Stratford P, Schnei-
der KJ, Westaway MD, Frizzell B, Olson L. Minimizing the
source of nociception and its concurrent effect on sensory

hypersensitivity: an exploratory study in chronic whiplash
patients. BMC Musculoskelet Disord. 2010;11:29.

Study Overview

This exploratory clinical study examined whether
reducing cervical facet joint nociception via medial
branch block (MBB) would concurrently reduce sen-

sory hypersensitivity in patients with chronic whip-
lash-associated disorder (WAD Grade II).

Up to 60% of chronic WAD patients have been
shown to have pain originating from the cervical zy-
gapophyseal (facet) joints. Chronic WAD is also fre-
quently associated with widespread sensory hyper-
sensitivity, thought to represent central sensitization,
which is linked to poorer prognosis and chronicity.

The authors sought to determine whether central
hypersensitivity in chronic whiplash patients is main-
tained by ongoing peripheral nociceptive input from
cervical facet joints.

Methods
Participants:
* 18 patients with chronic WAD Grade I
* 18 age- and gender-matched healthy controls

Measures:
Quantitative Sensory Testing (QST) including:

 Pressure Pain Thresholds (PPT)

* Cold Pain Thresholds (CPT)
Testing sites:

* Cervical spine

* Remote body sites bilaterally

Reduced pain thresholds at remote sites were inter-
preted as evidence of central hypersensitivity.

¢ Testing was performed:
e Pre—medial branch block
e Post—medial branch block

Key Findings
Baseline (Chronic WAD vs Healthy Controls)

Significantly decreased pressure pain thresholds at all
sites in WAD patients (p < 0.001)

— Indicates widespread mechanical hypersensitivity

Increased cold pain thresholds at the cervical spine
(p < 0.001)

— Indicates altered thermal pain processing

These findings demonstrate central sensitization in
chronic whiplash patients.

Post-Medial Branch Block

After reducing facet joint nociceptive input:
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Significant increase in pressure pain thresholds at all
sites (p < 0.05)

— Reduced widespread mechanical hypersensitivity

Significant decrease in cold pain thresholds at cervi-
cal spine (p < 0.001)

— Improved local thermal pain sensitivity

This indicates that reducing the primary peripheral
pain source resulted in measurable reductions in cen-

tral hypersensitivity.

Clinical Significance

1. Supports a Peripheral Driver of
Central Sensitization

The most important finding is that central hypersen-
sitivity in chronic WAD appears to be at least partially
maintained by ongoing peripheral nociceptive input
from cervical facet joints.

This challenges the notion that chronic whiplash
pain is purely centrally mediated or psychogenic. In-
stead, persistent peripheral ligament/facet pathology
may perpetuate central nervous system amplification.

2. Validates the Role of Facet Joints in
Chronic Whiplash

This study provides physiologic support for prior work
(e.g., Lord et al.) showing that medial branch blocks
and radiofrequency neurotomy can relieve chronic
whiplash pain.

It demonstrates:

* Facet joint nociception contributes not only to
local pain

e It may drive widespread sensory hypersensitivity

3. Explains Chronic Pain Amplification
Central sensitization is associated with:

* Lower pain thresholds

* Expanded receptive fields

* Increased pain intensity

* Poor treatment response

By showing that reducing facet joint input improves
hypersensitivity, the study suggests:

Whiplash — Facet joint injury — Persistent no-
ciceptive input — Central sensitization — Chronic
widespread pain
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4. Implications for Prognosis

Widespread hypersensitivity is associated with worse
outcomes in chronic pain populations.
If facet-mediated nociception is treated early, it may:

* Reduce development of chronic central sensiti-
zation

* Improve long-term prognosis

* Prevent chronic disability

5. Medico-Legal and Mechanistic
Implications

This study supports the structural injury model of
chronic WAD:

* Chronic symptoms are not solely psychological

e There is a measurable physiologic link between
peripheral tissue injury and central hypersensitiv-
ity

* Even in the absence of dramatic imaging findings,
facet joint nociception may drive chronic pain

This aligns with ligament injury and capsular strain
models demonstrated in biomechanical studies (Panja-
bi, Tominaga, etc.).

Summary Statement

Schneider et al. (2010) demonstrated that chronic
WAD patients exhibit widespread sensory hypersensi-
tivity consistent with central sensitization. Importantly,
reducing cervical facet joint nociception via medial
branch block significantly decreased both mechanical
and thermal hypersensitivity.

The findings support a model in which ongoing pe-
ripheral nociceptive input from injured cervical zy-
gapophyseal joints contributes to the maintenance of
central sensitization and chronic whiplash pain.

Cervical Facet Pain in Whiplash:
Peripheral Drivers,

Central Sensitization, and
Evidence-Based Management
Schneider (2010) and Hellinga et al. (2025)

Cervical facet joints are among the most commonly
implicated structures in chronic neck pain, particularly
in patients with whiplash-associated disorder (WAD).
Two important bodies of literature help clarify both the
mechanism of persistent pain and the appropriate treat-
ment model: the exploratory clinical study by Schneider
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et al. (2010) and the comprehensive systematic review
by Hellinga et al. (2025).Together, they provide a coher-
ent, evidence-based framework for understanding and
managing facet-mediated whiplash pain.

Schneider et al. (2010):
Peripheral Nociception Drives
Central Sensitization

Schneider and colleagues conducted an exploratory
clinical study evaluating patients with chronic WAD
Grade II to determine whether reducing cervical facet
joint nociception would also reduce widespread sen-
sory hypersensitivity.

Up to 60% of chronic WAD patients have been
shown to have pain originating from the cervical zy-
gapophyseal (facet) joints. Chronic WAD is also fre-
quently associated with widespread sensory hypersen-
sitivity, consistent with central sensitization, which is
associated with poorer prognosis and chronicity.

Study design:

* 18 chronic WAD Grade II patients
* 18 age- and gender-matched healthy controls

* Quantitative sensory testing (pressure pain thresh-
olds and cold pain thresholds) at cervical and re-
mote sites

¢ Testing performed before and after medial branch
block (MBB)
Key findings:
At baseline, chronic WAD patients demonstrated:

* Significantly decreased pressure pain thresholds at
all sites (p < 0.001), indicating widespread me-
chanical hypersensitivity

* Increased cold pain thresholds at the cervical spine
(p < 0.001), indicating altered thermal processing

These findings confirmed central sensitization.
After medial branch block reduced facet joint noci-
ceptive input:

* Pressure pain thresholds increased significantly at
all sites (p < 0.05)

* Cold pain thresholds improved significantly at the
cervical spine (p < 0.001)

In other words, reducing the peripheral facet pain
source resulted in measurable reductions in wide-
spread hypersensitivity.

Clinical implication:

Chronic whiplash pain is not purely central or psycho-
genic. Ongoing nociceptive input from injured facet
joints can help maintain central sensitization. When
the peripheral driver is reduced, central hypersensitiv-
ity partially improves.

This supports a peripheral-to-central model:

Injured facet joint — persistent nociceptive signal-
ing — central amplification — chronic pain.

Hellinga et al. (2025):
Evidence-Based Treatment Hierarchy

The 2025 systematic review by Hellinga and col-
leagues examined diagnosis and treatment of cervical
facet pain in both degenerative and whiplash-associat-
ed conditions.

The authors emphasize that cervical facet pain is
common and frequently implicated in chronic neck
pain after trauma.

Diagnosis

The review states:
“Facet-related pain is typically diagnosed based
on history and physical examination... combined

with a diagnostic block of the medial branches in-
nervating the joints.”

They further conclude:

“There is no additive value for imaging techniques
to diagnose cervical facet pain.”

This confirms that normal MRI does not exclude
facet-mediated pain.

Treatment Model
The review establishes a structured treatment hierar-

chy.

First-line therapy:
“First-line therapy for pain treatment includes focused
exercise, graded activity, and range-of-motion training.”

For chronic facet pain:
“For chronic facet joint pain, evidence for pharmaco-

logical treatment is lacking.”

Interventions not recommended:
“Considering the lack of evidence for treatment
with botulinum toxin, intra-articular steroid
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injections, or surgery, these interventions are
not recommended.”

Diagnostic medial branch blocks are useful diagnosti-
cally, but:

“Diagnostic blocks are not considered a viable
treatment option.”

Radiofrequency neurotomy:

“Long-term analgesia (>6 months) has been observed
for radiofrequency treatment of the medial branches.”

Integrated Interpretation: Schneider (2010) + Hell-
inga (2025)

When these studies are viewed together, a clinically
coherent and scientifically supported pathway emerg-
es:

1. Whiplash can injure cervical facet capsules and
ligaments.

2. Ongoing nociceptive signaling from these joints
can sustain central sensitization (Schneider 2010).

3. Imaging is frequently normal and does not rule
out facet pain (Hellinga 2025).

4. Conservative care is the foundation of treatment
(Hellinga 2025).

5. Injections such as intra-articular steroids or Bo-
tox lack sufficient evidence and are not rec-
ommended (Hellinga 2025).

6. If conservative care fails and facet-mediated pain
is confirmed, radiofrequency medial branch

treatment has evidence for longer-term benefit
(Hellinga 2025).

The stepwise model supported by current literature is:

History — Physical Examination — Diagnostic Medial
Branch Block — Conservative R ehabilitation — Ra-

diofrequency (if persistent facet-mediated pain remains)

This framework reinforces that chronic whiplash pain
often has a biologically plausible peripheral source, that
central sensitization may be driven by that source, and
that evidence-based management prioritizes rehabilita-
tion over repeated injections or surgical intervention.

References:

Hellinga MD, van Eerd M, Stojanovic MP, Cohen SP, de
Andres Ares J, Kallewaard JW,Van Boxem K, Van Zundert J,
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Deposition Q&A
Facet Injury, Nerve Irritation,
and Chronic Symptoms

Q1. Doctor, are the cervical facet joints
recognized as a common source of pain in
chronic whiplash patients?

A:Yes. Multiple studies have shown that the cervical
zygapophyseal, or facet, joints are the primary

pain generator in up to 60% of chronic whiplash
patients. These joints are richly innervated and
particularly vulnerable to strain during rear-impact
trauma. Schneider et al. specifically studied patients
with chronic whiplash and confirmed that facet-
mediated nociception plays a central role in persistent
symptoms.

Q2. What makes the facet joints so susceptible
to injury in a rear-end collision?

A: During a rear-impact event, the cervical spine
undergoes rapid hyperextension followed by flexion.
This motion places significant tensile strain on the
capsular ligaments surrounding the facet joints. These
capsular ligaments contain mechanoreceptors and
nociceptors, pain-sensitive nerve endings. Even if
the ligament does not rupture, sub-failure strain can
injure these embedded nerve fibers and produce
ongoing nociceptive signaling.

Q3. In the Schneider study, what was meant by
“sensory hypersensitivity>’?

A: Sensory hypersensitivity refers to a state in which
the nervous system becomes overly responsive to
mechanical or thermal stimuli. In Schneider et al.
(2010), chronic whiplash patients demonstrated
significantly lower pressure pain thresholds and
abnormal cold pain thresholds compared to controls,
including at remote body sites. That pattern is
consistent with central sensitization. Importantly, the
2025 systematic review by Hellinga et al. recognizes
that cervical facet pain is common in whiplash-
associated disorder and that ongoing nociceptive
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input from these joints can contribute to persistent
symptoms, which aligns with the physiologic findings
in Schneider.

Q4.Why is it important that hypersensitivity
was found at remote body sites?

A: When hypersensitivity appears at areas distant
from the neck, it indicates that pain processing has
become centrally amplified rather than remaining
localized. Schneider demonstrated that pressure pain
thresholds were reduced at remote sites, confirming
central sensitization. Hellinga’s 2025 review reinforces
that facet-mediated pain is often not visible on im-
aging yet can be clinically significant, supporting the
concept that persistent peripheral input from the fac-
et joints can drive broader neurologic amplification.

Q5. What happened when the researchers
performed a medial branch block?

A: A medial branch block anesthetizes the nerves
that supply the facet joints. In Schneider’s study,
after the block was performed, patients showed
significant increases in pressure pain thresholds and
normalization of cold pain thresholds. That means
when the facet joint nociceptive input was reduced,
widespread hypersensitivity improved. Hellinga’s
review confirms that medial branch blocks are
valuable diagnostically in identifying facet-mediated
pain, although they are not considered definitive
long-term treatment.

Q6.What does that tell us about the
relationship between facet injury and chronic
symptoms?

A: It suggests that ongoing nociceptive input

from injured facet joints can help maintain central
hypersensitivity. When that peripheral driver was
temporarily reduced, central measures improved.
Hellinga’s 2025 review supports this by identifying
cervical facet joints as common pain generators in
both degenerative and whiplash-associated conditions
and emphasizing that diagnosis is clinical and block-
confirmed, even when imaging is normal.

Q7. Does this study support the idea that
chronic whiplash pain can persist even if MRI
findings are minimal?

A:Yes. Schneider demonstrated measurable
physiologic abnormalities in pain processing despite
the absence of dramatic imaging findings. Hellinga
explicitly states that there is no additive diagnostic
value of imaging for confirming cervical facet pain.
Together, these findings support that ligamentous and

capsular injuries can produce persistent symptoms
even when MRI does not show obvious structural
disruption.

Q8. How does ongoing facet-mediated noci-
ception affect the nervous system over time?
A: Persistent nociceptive input can sensitize dorsal
horn neurons and higher central pathways, lowering
pain thresholds and amplifying responses. Schneider’s
findings show this in measurable physiologic terms.
Hellinga’s review emphasizes that conservative
management is first-line and that long-term reliance
on pharmacologic or intra-articular injections lacks
strong evidence, indicating that the structural pain
source must be addressed appropriately rather than
simply masked.

Q9. Doctor, in your opinion, does this
combined literature support a structural

and neurologic basis for chronic whiplash
symptoms?

A:Yes. Schneider demonstrated objective evidence

of central hypersensitivity that improved when facet
nociception was reduced. Hellinga confirms that
cervical facet joints are common pain generators in
whiplash-associated disorder and that imaging may be
normal. Together, they support a biologically plausible
model in which capsular ligament injury leads

to persistent nociceptive signaling, which in turn
contributes to central sensitization.

Q10. Is this consistent with other
biomechanical research on whiplash?

A: Yes. Biomechanical studies have demonstrated
that whiplash loading can produce capsular ligament
strain and altered joint mechanics. Schneider shows
the neurologic consequences of that injury, while
Hellinga provides an evidence-based treatment
framework that prioritizes conservative care and
recognizes radiofrequency treatment as supported
when conservative measures fail. The combined
literature supports a model of structural injury
leading to ongoing nociception and, in some patients,
persistent central amplification.

Cross-Examination-Resistant
Deposition Q&A

Q1. Doctor, isn’t it true that chronic whiplash
symptoms are often subjective?

A: Pain is reported by the patient, but Schneider used
quantitative sensory testing to demonstrate measurable
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differences in pressure and cold pain thresholds com-
pared to healthy controls. Those are objective physi-
ologic measurements. Hellinga’s 2025 review further
recognizes cervical facet pain as common and clinical-

ly diagnosable even when imaging is unremarkable.

Q2. Couldn’t those abnormal thresholds reflect
psychological distress rather than structural
injury?

A: Psychological factors can influence pain
perception, but Schneider demonstrated that reducing
facet nociceptive input via medial branch block
significantly improved those abnormal thresholds.
That indicates a physiologic peripheral contribution.
Hellinga supports the diagnostic role of medial
branch blocks in identitying facet pain generators.

Q3. But a medial branch block is temporary,
correct?

A: Yes. It is primarily diagnostic. Hellinga’s review
states that diagnostic blocks are not considered a
viable long-term treatment option, but they are useful
in confirming the facet joint as a pain source.

Q4. If the block only provides temporary relief,
doesn’t that suggest the condition isn’t serious?
A: No.The temporary nature reflects the
pharmacologic duration of the anesthetic. The fact
that measurable improvement occurs confirms an
active nociceptive source. Hellinga emphasizes that
treatment should proceed in a stepwise fashion,
beginning with conservative care.

Q5. Should the patient receive repeated facet
injections?

A: Hellinga’s 2025 review concludes that intra-
articular steroid injections and botulinum toxin are
not recommended due to insufficient supporting
evidence. Diagnostic blocks are not considered long-
term therapy. Conservative management is first-line.

Q6. What about radiofrequency ablation?

A: Hellinga notes that radiofrequency treatment

of the medial branches has evidence for long-term
analgesia exceeding six months in appropriate cases.
However, it is considered after conservative measures
have been attempted. It modifies nociceptive
signaling but does not reverse underlying ligament
changes.

Q7. Does central sensitization mean the
nervous system alone is the problem?

A: No. Schneider’s data demonstrate that central
hypersensitivity improved when peripheral facet
input was reduced. That indicates the central changes
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were being maintained by ongoing peripheral
nociception. Hellinga’s review supports the role of
facet joints as common drivers of chronic neck pain,
reinforcing the interconnection between peripheral
injury and central processing.

Q8. Doctor, are the patient’s chronic symptoms
consistent with facet capsular injury and nerve
irritation?

A: Based on the trauma mechanism, the known
vulnerability of cervical facet capsules, Schneider’s
demonstration of peripheral-driven central
hypersensitivity, and Hellinga’s evidence-based
recognition of facet pain as common in whiplash-
associated disorder, persistent facet-mediated
nociception is a scientifically plausible and literature-
supported explanation.

Q9. In summary, how should injections be
understood in this context?

A: According to Hellinga, diagnostic medial branch
blocks confirm the pain source but are not definitive
treatment. Intra-articular steroid injections and
botulinum toxin are not recommended due to
insufficient evidence. Radiofrequency treatment may
be considered when conservative care fails. Long-
term management should prioritize rehabilitation and
biomechanical restoration rather than repeated short-
term injections alone.

Q10. Doctor, are you saying that the patient’s
chronic symptoms are consistent with facet
capsular injury and nerve irritation?

A: Based on the mechanism of rear-impact trauma,
the known vulnerability of the cervical capsular
ligaments, and the Schneider study demonstrating
that facet-mediated nociception can drive widespread
hypersensitivity, yes, persistent facet capsular injury
with ongoing nociceptive signaling is a scientifically
plausible and evidence-supported explanation for
chronic symptoms.

Q11. So, in your opinion, what is the
appropriate understanding of injections in this
context?

A: Injections are best understood as diagnostic tools
and temporary symptom modulators. They help
identify the pain generator and can provide relief.
However, they do not reverse structural ligament
weakening or capsular strain. Long-term management
must address biomechanics, neuromuscular
stabilization, and pain modulation rather than relying
solely on repeated injections.
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Closing Expert Summary
(Deposition-Style)

In summary, the Schneider study provides physiologic
evidence that chronic whiplash pain is not merely sub-
jective or psychological. It demonstrates that ongoing
nociceptive input from cervical facet joints can drive
and maintain central hypersensitivity. When that periph-
eral source is reduced, measurable neurologic improve-
ment occurs. This supports a structural injury model for
chronic whiplash-associated disorder and explains how
facet joint injury can lead to persistent symptoms.

Temporary interventions such as medial branch blocks
confirm the pain source but do not cure structural dam-
age. Radiofrequency ablation may reduce symptoms but
does not restore ligament integrity or joint mechanics.

In my opinion, the scientific literature supports a
biologically plausible and evidence-based connection
between rear-impact trauma, facet capsular injury, and
chronic persistent symptoms.

Below is a cross-examination—resistant deposition Q&A
written to anticipate defense strategies.
Answers are structured to be:

¢ Scientifically grounded

e Neutral in tone

* Not overstated

» Consistent with literature

Clinically defensible

Expert Witness Q&A and Cross-
Examination Preparation (Stone study)

Direct Examination: Sample Q&A

Q1: Doctor, what did Stone and colleagues
study in their meta-analysis?

A: They studied whether chronic whiplash patients
show measurable signs of central nervous system
hyperexcitability compared to healthy controls, using
pooled data from multiple controlled trials.

Q2: How strong was the evidence base?

A: They screened over 450 papers, reviewed 42

in full, included 27 qualified trials, and statistically
pooled 13 studies, which is a robust systematic review
and meta-analysis structure.

Q3:What did they find?
A: They found statistically significant hypersensitivity
across pressure, temperature, reflex, and electrical

sensory testing, not just in the neck, but in upper and
lower limbs as well, indicating widespread central

sensitization.

Q4:Why is that important in chronic whiplash
cases?

A: Because it shows persistent symptoms are often
driven by altered central pain processing, not simply
unresolved local tissue injury.

Q5: Is that consistent with what you see
clinically?

A:Yes. Many chronic whiplash patients show
disproportionate pain responses and multisite
sensitivity consistent with central amplification

Cross-Examination: Likely Challenges

Q6: Doctor, this study doesn’t prove injury, it
only shows sensitivity, correct?

A: It proves measurable physiologic alteration in pain
processing. That is objective neurophysiology, not
subjective complaint.

Q7: Isn’t central sensitization psychological?
A: No.These are quantitative sensory and reflex
measures, physiologic testing outcomes, not
psychological surveys.

Q8: These were not imaging findings, right?

A: Correct, they are functional neurophysiologic
findings, which are equally recognized in pain science
literature.

Q9: Could this happen without trauma?

A: It can, but in this paper the population studied
was chronic whiplash patients compared to healthy
controls. Trauma was the defining exposure variable.

Q10: Doctor, how do you know this patient
had nerve hypersensitivity?

A: Because hypersensitivity can be measured using
validated sensory testing methods such as pressure
thresholds, electrical thresholds, reflex thresholds, and
repeated stimulus response patterns. These methods
are documented in peer-reviewed whiplash research

Q11: Isn’t that subjective?

A: No. Reflex thresholds and sensory thresholds
are objective physiological measures recorded with
instrumentation.

Q12: What specific tests show this?

A: Nociceptive withdrawal reflex testing, quantitative
sensory testing, temporal summation protocols, and
detection threshold measurements.
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