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REVIEW OF THE LITERATURE

Charles Davis, DC"

ABSTRACT

Objective: The purposes of this article are (1) — %
to review current knowledge of and recent -5
concepts pertaining to the causes of chronic
pain and/or dysfunction following whiplash-
type injuries and (2) to acquaint those who
treat these types of injuries with possible
mechanisms of continued pain and or
dysfunction following whiplash.

Data Collection: A review of the literature on
mechanisms  of injury and neurologic
considerations was undertaken. A hand search
of relevant medical, neuroscience, chiropractic,
and online Index Medicus sources and other sources involving
mechanisms of nociception, neurotransmitters, and receptors
that might evolve from whiplash-type soft tissue injuries was
conducted.

Results: Pain is a complex phenomenon that has great variability.
Chronic pain appears to involve a deficient descending

Chronic Pain/Dysfunction in Whiplash-associated Disorders

inhibitory process and/or ongoing excitatory
___input.
Conclusions: There is a wide variety of reactions
by individuals to any given type of stimulus.
Injury may lead to increases in neuronal
activity and prolonged changes in the nervous
system. Chronic pain may be seen as part of a
central disturbance accompanied by
disinhibition or sensitization of central pain
modulation, mirrored in the immune and
endocrine systems. Patients with chronic
whiplash syndrome may have a generalized
central hyperexcitability from a loss of tonic
inhibitory input (disinhibition) and/or
ongoing excitatory input contributing to dorsal horn hyperex-
citability. Dysfunction of the motor system may also occur,
with or without pain. The purpose of treatment should be not
only to relieve pain but also to allow for proper proprioception. (J
Manipulative Physiol Ther 2001;24:44-51) Key Indexing Terms:
Inhibition; Whiplash Injury; Chronic Pain

INTRODUCTION

The types of injury produced in most low-speed motor
vehicle collisions are soft tissue injuries involving the spine
and nervous system. These injuries are inertial injuries and
not crush injuries, which cause a variety of symptoms and
syndromes. A human spinal column that is devoid of muscle
function is incapable of carrying the loads imposed on it.*
Without muscles, the spine buckles under very low loads.
The average critical buckling load for the osteoligamentous
human cervical spine is 10.5 N (SD 3.8). This is approxi-
mately one fifth to one fourth of the weight of the average
human head.? In a low-velocity impact with whiplash, there is
complex buckling of the cervical spine. Concomitant flexion
and extension occur simultaneously in different regions of the
cervical spine, resulting in an S-shaped curvature; motions
in the lower cervical levels exceed their physiological motion
limits in whiplash-type injuries.** The soft tissue is seldom torn
completely; instead, it is most likely stretched beyond its
elastic limit, the result being an incomplete injury.’> This
subfailure injury can significantly alter the tis-
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sue's mechanical properties®; many subfailure injuries have
potential injury consequence.” Microscopic collagen fiber
failure begins at 3% to 5% strain. Strain greater than 7% to
8% may result in the ligament's undergoing plastic deformation
and may cause the load carrying capacity to be lost, even
when the ligaments appear macroscopically intact.® There is
a wide range of variability in (1) ligament strength between
individuals, (2) the body positions of occupants in the vehicle,
(3) the amount of muscle activation and inhibition, (4) the size
of the spinal canals, and (5) the excitability of the nervous
system.” A whiplash-type injury occurs in deep tissue that
may involve the facets, disk, ligaments, or muscles.’® Deep
tissue pain is different from superficial pain: the former lasts
longer than the latter™™ and does not follow dermatomal
patterns.*2-** Muscular or deep pain may be driven from both A-
fi and C fibers.* A significantly lower pain threshold has been
found in whiplash chronic pain subjects than in normal control
subjects.”®

DISCUSSION

Nociception

The perception of pain involves activation of nociceptors in
the periphery, which then activate second-order neurons in the
spinal cord. At the cord level, pain signals can be transmitted
and modulated. Areas of the brain, thalamus, and
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brainstem receive the nociceptive information and can originate
descending inhibition. Nociceptors are primary afferent
neurons that respond to noxious or potentially tissue-damaging
stimuli and can be sensitized. Acute pain can induce long-term
neuronal remodeling and sensitization.”® After joint or muscle
injury, the spinal cord processes nociceptive information and
controls peripheral inflammation. The dorsal horn neurons can be
sensitized by peripheral injury with activation of N-methyl-D-
aspartate (NMDA), non-NMDA excitatory amino acid, and
neurokinin 1 (NK1) receptors.” A non-NMDA receptor, oc-
amino-3-hydroxy-5-methyl-4-isoxazolepropionate ~ (AMPA),
appears to set the baseline level of nociception and faithfully
transmits the intensity and duration of the stimulus. NMDA
receptors enhance noxious information.®

After tissue damage, the substances released include potas-
sium (from damaged cells), serotonin (platelets), bradykinin
(plasma), histamine (mast cells), prostaglandins (PGE2; dam-
aged cells), leukotrienes (damaged cells), and substance P (SP;
primary afferent fibers).”®

Tetrodotoxin sodium current receptors,”® nerve growth
factor (NGF), NK1 receptors (for SP), 5-p.-K-opioid receptors,
glutamate, NMDA and AMPA receptors, nitric oxide (NO),
cyclooxygenase, and other neurotrophic factors and
neurotransmitters can also affect nociception.* Glutamate is the
main excitatory neurotransmitter in the central nervous
system and has been implicated in neurodevelopment and
synaptogenesis,?? neurodegenerative disorders, neurotoxici-ly
23,24 . synaptjc plasticity, as in long-term potentiation
(LTP) and long-term depression.”> Adenosine 5'-triphos-
phate, which may also evoke nociceptor activation, is known to
depolarize sensory neurons and may play a role in nociceptor
activation when released from damaged tissue through
primary afferent neurotransmission.?-*

Presynaptic NMDA receptors found in the afferent termi-
nals in the dorsal horn may control the release of SP and other
neuropeptides. Glutamate and SP coexist in primary afferent

terminals and are coexpressed and act synergistically in the
dorsal horn. The release of SP in the dorsal horn is frequency
dependent and appears to be controlled by NMDA receptors in
laminae | and Il of the spinal cord. Glutamate, an excitatory
neurotransmitter in the dorsal horn, has its effects enhanced by
SP acting on NK1 receptors.”® SP is under the control of at
least 2 functionally antagonistic glutamate receptors: inhibitory
metabotropic receptors (groups | and Ill) and facilitatory
ionotropic receptors (NMDA receptors). The predominance of
the mechanisms depends on the pain condition, inasmuch as
the pro-nociceptive function of mGIuRs (a type of glutamate
receptor) has been found to be mainly associated with inflam-
mation.®* Various intracellular messengers linked to excitatory
amino acid receptors (such as NO, arachidonic acid, and protein
kinase C) may also play a critical role in the development of
persistent nociception after tissue injury.

Inflammation

Inflammation increases the sensitivity of the receptors in
the periphery and in the central nervous system by altering
membrane properties of nociceptors, permitting a higher
discharge frequency and contributing to hyperalgesia, and by
activating synapses that are usually inactive.*® Inflammatory
pain and the sensitization of peripheral nociceptors can be
very rapid and involve non-neuronal cells such as mast
cells, neutrophils, fibroblasts, and macrophages.*’
Inflammation increases the sensitivity in the peripheral ter-
minals of A-5 and C fibers (Fig 1). Inflammation causes A-|3
fibers, which normally inhibit nociception, to sprout into
lamina 11 in the dorsal horn® and express SP as C fibers.*
Inflammation elevates the neurotrophin NGF,* increases
levels of PGE2* activates cholecystokinin-B receptors,*
alters the sensory processing in the substantia gelatinosa,*
increases nociceptin (also know as orphanin FQ),* sensitizes
tetrodotoxin sodium current receptors® that are present in
peripheral terminals of primary afferent nociceptors,*
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increases NO that is involved in the maintenance of mechanical
allodynia,*” induces central sensitization in the spinal cord,*
and increases the number of sensory axons containing
ionotropic glutamate receptors that contribute to peripheral
sensitization.* The medullary dorsal reticular nucleus plays a
pronociceptive role in both acute and tonic inflammatory
pain, leading to amplification of the nociceptive signal,> and
it may also underlie the noxious response to the
temporomandibular joint.>*

Cytokines released from an injury may be proinflammato-ry
or anti-inflammatory, Cytokines are small proteins that are
essential for healing of connective tissue after injury and play
roles in cell-to-cell signaling. The interaction between a
cytokine and its receptor is highly specific. The response of a
cell to its own cytokine is known as an autocrine response;
the response of a cell to cytokines produced by adjacent cells is
known as aparacrine response.® Cytokines can also act as
endocrine signals. Evidence points to tumor necrosis factor-ex
(@ proinflammatory cytokine) having a role in inducing the
hyperalgesic response to inflammation; this is likely to be the
consequence of its induction of later-acting intermediaries,
particularly interleukin-1-p and NGF.>* Cytokines may act as a
link between the nervous and immune systems.

Mechanisms of Chronic Pain

Chronic pain can be due to tissue injury, nervous system
injury, or both. Pain may be stimulus-dependent or stimulus-
independent. In the development of chronic pain, wind-up-
type mechanisms and LTP play roles in neuroplasticity to
cause hyperalgesia and allodynia. Abnormal processing allows
transmission of signals along the central nervous system path-
ways independent of the degree of nociception that is occurring
in the periphery. The term central sensitization refers to an
increase in spinal cord neuronal excitability and a decrease in
threshold. Wind-up, a progressive increase in the magnitude of
the C-fiber evoked response, may also produce some charac-
teristics of central sensitization, including expansion of the
receptive fields and enhanced responses to C-fiber stimula-
tion.>® Wind-up differs from LTP in that wind-up requires a
very low frequency input and is manifest only during repetitive
inputs. LTP requires a brief high-frequency input and is manifest
only as a potentiated response to subsequent inputs for very
prolonged periods®”; an ongoing afferent stimulation is not
required. LTP can be suppressed by tonically active
supraspinal descending systems.® Wind-up is not equivalent to
central sensitization, but the stimulation that caused wind-up in
the dorsal horn may give rise to central sensitization. Both are
dependent on NMDA receptors and/or SP acting on neurokinin
receptors. The NMDA receptor system in wind-up is changed
after inflammation and central sensitization.®

The NMDA receptor appears to be important for synaptic
plasticity, and its function seems to be related to some charac-
teristics of the receptor complex. The NMDA receptor is gated
by both ligand binding to the receptor and by the membrane
voltage. Activation of the channel can take place only when the
membrane of the cell is partially depolarized by activation of
other (non-NMDA) receptors. At normal resting membrane

potential, the NMDA channel is blocked by magnesium (Mg
2+). Excitatory amino acids acting at non-NMDA receptors
may produce a fast excitatory postsynaptic potential, whereas
various neuropeptides may induce a slow synaptic potential,
generating enough depolarization to remove Mg 2+ from the
NMDA receptor channel. Because the NMDA receptor is a
high-capacity calcium (Ca 2+) channel, the Ca 2+ ions flow
into the cell during NMDA receptor activation. Calcium triggers
a number of intracellular biochemical processes that are
important for LTP of the particular synapse. These processes
include phosphorylation of membrane (receptor) proteins,
activation of NO synthase, and activation of immediate early
genes coding for factors regulating protein synthesis. The out-
come of these biochemical alterations is a potentiation and
consolidation of the particular synapse, and this may lead to
persistent changes in neuronal excitability. It is assumed that
the changes in cellular excitability caused by NMDA receptor-
mediated Ca 2+ influx may underlie wind-up.**
Chronic pain is characterized by an abnormal sensitivity that
may be due to generation of pain in response of low-
threshold mechanoreceptive A-(3 fibers that normally generate
innocuous sensations.%* A decrease in non-nociceptive input
may lead to pain by a deafferentation mechanism. The pain in
deafferentation is described as "burning, raw, or searing" or as a
“tingling, numb sensation."® A-(3 axons may exhibit spon-
taneous discharges as early as 1 day after injury. A-|3 fiber
madification may cause allodynia by altering the processing of
afferent input into the dorsal horn.* Because the patho-
physiology of chronic pain indicates increased sensitivity to
low threshold A-|3 fiber inputs, low levels of afferent activity
are sufficient to maintain a state of central sensitization
responsible for sensory changes. Pain and changed
somatosensory thresholds may occur after relatively minor
axonal damage and nerve sheath inflammation when no axon-al
damage is present.®® Repeated low-intensity, non-painful
stimulation can result in integration of neural responses and
cause severe pain. Sparse nociceptive activity from minor
pathologic conditions (minor nerve trauma or tissue inflam-
mation) can become excruciatingly painful as a result of central
integration of the neural responses.”® Generated by tissue injury,
persistent small afferent input results in a hyperalgesia at the
site of injury and allodynia in areas adjacent to the injury
site. Hyperalgesia reflects a sensitization of the peripheral
terminal and a central facilitation evoked by the small
afferent input, and allodynia reflects a central sensitization.®” The
changes in spinal sensory processing may occur without changes
in blood flow® or inflammation.®® Mediated by low-threshold
mechanosensitive afferents projecting to sensitized dorsal horn
neurons, the nociceptive processes are qualitatively altered in
patients with chronic myofascial pain.” Patients suffering from
chronic whiplash syndrome™ and patients with fibromyalgia
have a generalized central hyperexcitabil-ity of the nervous
system.
There is also evidence that chronic pain may be seen as part of
a central disturbance accompanied by disinhibition or sen-
sitization of central pain modulation, these being mirrored in
the immune and endocrine systems.” Recent research indi-



cates that pain and immune function mechanisms have mutual
features, immunocerebral communication playing an important
role in hyperalgesia. Immune parameters have been shown
to be related to activity in brain areas involved in pain
perception, emotion, and attention.”™ This reflection does not
need specific pathways or specific cerebral centers.”™"

Dysfunction

Pain is not the only sequela to whiplash. Because the cervical
spine is richly supplied with mechanoreceptors and muscle
spindles, chronic pain can play a role in locomotor system dys-
function and in its perpetuation””® associated with whiplash
trauma.” Patterns of normal proprioceptive input are distorted
when articular nociception is incurred. This interferes with the
precise continuous input necessary for coordinated normal pat-
terns of motion, balance, coordination, and equilibrium.80
Muscle spindle output from neck muscles is significantly
altered when the bradykinin concentration is elevated. This
may also induce pain through supraspinal projections and at
the same time cause disturbances in motor coordination and
proprioception by altering the activity of the y-muscle spindle
system.®' Hypertonicity of the muscles, autonomic reflexes,
and overexcitation of proprioceptors affecting the central ner-
vous system play a preeminent role in the genesis of disequi-
librium and chronic postural instability from whiplash-induced
injury. 2% As a result of disorganized proprioceptive activity, a
whiplash injury can cause distortion of the posture control sys-
tem,** including oculomotor dysfunction

Some patients who claimed no symptoms after trauma
showed oculomotor dysfunction and repositioning dysfunc-
tion. Neck pain measured with a cervicobrachial visual analog
pain scale did not correlate significantly with oculomotor per-
formance and kinesthetic sensibility. A proprioceptive dys-
function might be one of the most important factors for under-
standing the morbidity after a noncontact whiplash injury to
the neck.® Dysfunction related to whiplash trauma may be
seen with dysfunction of the smallest muscles (muscles of the
eye).¥ which may reveal what otherwise might be overlooked.

Inhibition

Peripheral injury that produces inflammation can result in
central sensitization and hyperalgesia. SP and glutamate,
acting at the NK-1 and NMDA receptors, are involved in
sensitizing spinal neurons inducing hyperalgesia. It is also
evident that this is not the only mechanism. A decrease in the
effectiveness of inhibitory synaptic transmission leads to
increased responsiveness of spinal reflex pathways and pain
sensations. In animals, damage to the descending inhibitory
systems enhanced wind-up, indicating that wind-up is influ-
enced by supraspinal, descending inhibitory pathways.®
The inhibition of wind-up-like pain is associated with reduction
in the intensity of continuous ongoing pain and with
increased pressure-pain thresholds.”*

Decreases in inhibitory processes—ie, disinhibition
and/or an increase in excitatory input—are also involved in
central sensitization and hyperalgesia. A disturbed inhibitory
mechanism may result in widespread deep hyperalgesia.”

Journal of Manipulative and Physiological Therapeutics 47
\Volume 24 « Number 1 « January 2001
Pain/Dysfunction in Whiplash ¢ Davis

Attenuated responses of deep dorsal horn neurons are
dependent on the previous state of the neuron. Descending
inhibitory cortical control is effected by the opioidergic,
noradrenergic, and serotonergic systems.”> Some patients
may be genetically predisposed to decreased amounts of
opioid receptors,” and ischemia can reduce the expression of
J.-opioid receptors in the dorsal horn.”® The greater the
quantity of opioid receptors one has, the more likely it is that
the result will be less perception of pain.
The midbrain periaqueductal gray (PAG), rostral ventrome-dial
medulla, and spinal cord are components of the endogenous pain
modulating pathway®*® (Fig 2). These brain stem-descending
pathways are involved in modulation of spinal nociceptive
neurons in response to transient stimuli and in modulation of
spinal nociceptive processes in developing persistent pain. The
fine-tuning by descending pathway modulating systems may
underlie the variability of perceived pain and hyperalgesia. The
imbalance can be a mechanism in acute and chronic pain
conditions.” The endogenous descending antinociceptive
system, including the seratogenic and noradrenergic
descending pathways from the medulla and pons into the spinal
cord, may be influenced by environmental stimuli. Functions of the
PAG include pain, analgesia, anxiety, and cardiovascular
control.” The descending pathways differentially modulate
spinoparabrachial neurons in the superficial and deep dorsal
horn in inhibiting nociceptive neurons in the superficial dorsal
horn. The descending serotoninergic pathway is more effective
in suggressing neuronal hyperexcitabili-ty in the deep dorsal
horn.”™ PAG ii-opioids activate a descending antinociceptive
circuit with a 5-opioid receptor-mediated endogenous opioid link
to the rostral ventromedial medulla'® The principal action of
serotonin in this process is to limit neuronal excitability.
Serotonergic transmission is largely mediated by
nonjunctional contacts, which suggests that the actions of
seratonin are mediated predominantly by volume rather than by
wiring transmission.'™ This release of seratonin may modulate
nociceptive transmission in a tonic state-dependent manner.%
y-aminobutyric acid (GABAg also reduces nociceptive reflexes,
hyperalgesia, and allodynia.* In the spinal cord, GABA is
concentrated in interneurons of the dorsal horn. Between 24%
and 33% of the neurons in laminae I-1H are reported to contain
GABA.™® Normal tonic inhibition is partly by means of a GABA-
dependent mechanism and, if it is not functioning properly, may
play a role in prolonged pathologic states of increased spinal
cord excitability.'® Nociceptive transmission in the dorsal horn
is subject to tonic-descending inhibition, and tonic-descending
inhibition may prevent plastic changes in nociceptive
transmission in the spinal cord."*

Activation of NO signal transduction contributes to the
sensitization of wide dynamic range spinothalamic tract
neurons in the deep dorsal horn, causing simultaneous atten-
uation in inhibition produced in the PAG.'® Sensitization of the
spinothalamic tract cells is produced in part by disinhibi-
tion.*% Tinnitus (an auditory perception not caused by
external stimulation) after head injury'® or whiplash™®’ may be
due to a type of disinhibition.
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Fig 2. Simplified descending pain modulating pathway.

Modulation Stimulation

Impulses in primary afferent nerve fibers may produce
short- or long-lasting modifications in spinal nociception.
Afferent stimulation may facilitate or inhibit transmission of
nociception information in the spinal dorsal horn. A-fiber
stimulation selectively inhibits C-fiber-evoked and noxious
stimulus-evoked excitation of dorsal horn neurons. Inhibition
may considerably outlast the duration of the stimulus, presy-
naptic and postsynaptic mechanisms contributing to the inhi-
bition. Somatosensory thalamic stimulation may activate pain
modulation circuits. The effective thalamic output from the
ventrocaudal nucleus of the thalamus to the cortex is affected by
somatosensory input. Stimulation of the ventralposterior
lateral nucleus has reduced mechanical alloydynia in experi-
ments.'® A loss of non-nociceptive input into the thalamus
may unmask or strengthen nouceptlon and allow nociceptive
neuronal input to be prominent.'®

Experimental studies suggest that mylinated afferents
mediate electrically induced muscle pain and that unmylinat-ed
afferents (C fibers) mainly mediate saline-induced muscle
pain.*'® Electric nerve stimulation is more effective for
immediate relief of myofascial pain, and electric muscle
stimulation has a better effect on the immediate release of
muscle tightness."™ The same transcutaneous electric nerve
stimulation (TENS) has different de ﬁgrees of antinociceptive
influence on chronic and acute pain.~ Stimulation frequencies
have produced varied results. In one study, low-stimulation
frequencies were found to be more effective than high-
stimulation frequencies™; another study indicated that a
high-frequency burst stimulation of A-8 fiber strength pro-
duced long-term depression of C-fiber-evoked potentials.
TENS at high intensities (painful but tolerable) was found to be
more effective than stimulation at low intensities. C-fiber
synaptic transmission inhibition has been achieved by means

of high-frequency stimulation of A-8 fibers.™* This deep-tissue

stimulation on the contralateral side activates inhibitory
descending projections from higher centers.™> The resultant
descending inhibition reduces the expression of LTP in dorsal
horn cells, and that longterm descendlng inhibition may
override a segmental facilitation.*® Physical actmtg can also
significantly increase the threshold nociceptive reflex.

Manipulation therapy can also improve pain tolerance.
Spinal manipulative treatments show a consistent reflex
response of multireceptor origin and may cause clinically
observed benefits, including a reduction of pain and a
decrease in hypertonicity of muscles.**%

The PAG-mediated descending pain inhibitory system is
not the only mechanlsm associated with manipulative therapy-
induced h};poalgesm ! The cerebral cortex is mvolved in pain
activity,2** pain facilitation® and pain inhibition.® Afferent
input evokes changes in the central nervous system and causes
changes in the brain, depending on the side being treated
(ipsilateral or contralateral).”’ In addition to antinoci-ception,
manipulation therapy produces changes in sudomo-tor,
cutaneous vasomotor, respiratory, and cardiac activity. This
suggests that activation is through a central control
mechanism at a high level of the neuroaX|s ® p-endorphin
levels have also been shown to increase™ after manipulation.

CONCLUSION

There is ample evidence that |nd|cates diminished endoge-
nous systems with chronic pain.**® Injury may lead to in-
creases in neuronal activity that are reflected in gene ex-
pression and prolonged changes in the nervous system. The
functional result is hyperalgesia and spontaneous pain asso-
ciated with tissue injury. Pain can be biochemical, with
apparently normal structure.® Patients suffering from chronic



whiplash syndrome may have a generalized central hyper-



excitability from a loss of tonic inhibitory input (disinhibi-
tion) and/or an increase in excitatory input contributing to
dorsal horn hyperexcitability. This may lead to dysfunction of
the motor system. The aim of treatment should be not only to
relieve pain but also to allow for proper proprioception.®**
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