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ABSTRACT

Objective: This paper will review the physiological mechanisms associated with nociceptive
processing. Special emphasis will be placed on the concept of central sensitization and its link
to long-term potentiation and long-term depression. The author will also review the latest
proposed mechanisms of spinal manipulative therapy and its beneficial effect on chronic low
back pain.

Data Collection: A computer search using PubMed and Ovid generated articles relating to
neuroplasticity, chronic low back pain, and spinal manipulation. Referenced sources were
identified from the individual searches as well as throughout the neuroscience literature.
Searches of PubMed and Ovid generated over 26,000 articles relating to neuroplasticity. Over
5,000 articles related to chronic low back pain were generated. More than 2,800 articles
related to spinal manipulation were generated. Only one article contained a combination of all
three search titles.

Data Synthesis: Chronic pain states are influenced by many factors including nociceptive and
non-nociceptive pathways. An understanding of these factors and the processes involved with
neuroplasticity is essential for physicians treating those with chronic pain.

Conclusion: Neuroplastic processes such as long-term potentiation and long-term depression
have recently been identified as possible mechanisms maintaining or reducing chronic pain
states. Spinal manipulation may induce long-term depression through stimulation of low-
threshold mechanoreceptors, which could be an explanation for the long lasting analgesic
effects of SMT.

Key Indexing Terms: Neuroplasticity, chronic low back pain, spinal manipulation



INTRODUCTION

Pain, as defined by the International Association for the Study of Pain, is an unpleasant
sensory and emotional experience associated with actual or potential tissue damage, or
described in terms of such damage. ' Low back pain (LBP) affects approximately one quarter of
adults in any 1 month. 2 Chronic low back pain has been defined as pain lasting for more than 3
months in the area below the inferior border of the twelfth rib and above the gluteal folds. 34
Much of the emphasis in treating this condition has been focused on restoring normal function
to the pain producing tissue. It is now apparent that chronic pain can persist even when injured
tissues are healed, and that the central nervous system is a large contributor to the
maintenance of this pain. An understanding of the central nervous system mechanisms
involved in chronic low back pain is essential to the practitioner attempting to treat this
condition. A review of these processes that occur at sites throughout the nervous system will

be discussed along with considerations for treatment of chronic low back pain.

DISCUSSION

Gate Control Theory

Over the past half century the way we view the brain and the processes in which we
perceive pain has changed drastically. This shift in thinking was largely brought about by
Ronald Melzack and Patrick Wall’s proposed Gate Control Theory in 1965. ® This theory opened
the door to thousands of studies and undoubtedly has changed our understanding of pain
processes. The gate control theory’s most important contribution to biological and medical

science was its emphasis on central nervous system mechanisms. The theory forced the



medical and biological sciences to accept the brain as an active system that filters, selects, and
modulates inputs. The dorsal horns were no longer viewed only as passive transmission
stations but sites at which dynamic activities including inhibition, excitation, and modulation
occurred. The theory highlighted the central nervous system as an essential component in pain

processes.

Melzack and Wall’s theory states that afferent nociceptive input could be modulated at
the dorsal horn level by afferent input provided by larger non-nociceptive fibers. This functions
as a regulator or “gating” mechanism for the nociceptive information before it is sent to cortical
centers where the pain could be perceived. It is now apparent that this “gating mechanism”
along with plastic change also takes place at peripheral receptor sites, the spinal cord, and at

higher CNS centers. *°

Chronic pain can be elicited and maintained through several mechanisms. This paper
will focus on the nociceptive mechanisms of pain. The author acknowledges that non-
nociceptive (cognitive-evaluative) factors play a large role in the perception and maintenance of

chronic pain, but discussion of these mechanisms lies outside the scope of this paper.

Peripheral Sensitization

When injury occurs at peripheral tissues there is activation of local nociceptors. For
relevance to injuries commonly encountered by chiropractors, these peripheral tissues may
include many structures like muscles, intervertebral discs, or ligaments of the spine. These
nociceptive signals are transmitted through Ad-fiber and C-fiber neurons. Fast conducting Ab-
fibers transmit impulses from low-threshold nociceptors while the slower unmyelinated C-
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fibers conduct impulses from high-threshold nociceptors. Tissue injury also leads to a local
inflammatory response which releases substances like potassium ions, bradykinin,
prostaglandins, and substance P which can induce changes in the response characteristics of
peripheral receptors. ' It has been demonstrated that these receptors become sensitized and
require lower thresholds for firing along with increased rates of firing when stimulated at levels
similar to before injury. ? Prior injury may also reduce the threshold of these primary afferent
fibers. 1° These inflammatory substances may work to activate nociceptors that are normally
dormant or inactive. **> AB-fibers, which are normally mechanosensitive in nature, may show
a phenotype change and begin to adopt characteristics normally found in nociceptive C-fibers.*®
This allows normal mechanical or thermal stimuli to elicit nociceptive or painful signals
(allodynia). 2>**® All of these changes that occur at peripheral sites act to increase the amount

of afferent nociceptive information traveling to the cord.

Central Sensitization

If this increase in afferent nociceptive input is maintained for a prolonged period, it may
induce a reversible increase in the excitability of central sensory neurons. % It has been
demonstrated that this increased excitability is influenced by activation of N-methyl D-
aspartate receptors. 1920 other changes are noted at the level of the dorsal horn. Receptive
fields of single dorsal horn neurons have been shown to enlarge during this “sensitized” state.
This may allow stimuli distant from the site of peripheral injury to elicit a response from the

hyperexcitable neuron. **



Peterson and Curatolo state that “Central hypersensitivity is not just confined to the
painful areas, but may involve the whole central nervous system.” ** In fact, patients with
chronic low back pain have been shown to have generalized augmented pain sensitivity and

cortical activation patterns which suggests abnormal central processing of pain. 2

Neuroplasticity

“It is clear from the material present that the perception of pain does not simply involve
a moment-to-moment analysis of afferent noxious input, but rather involves a dynamic process
that is influenced by the effects of past experiences." 2 Neuronal plasticity refers to changes in
neuron behavior influenced by previous events (activity dependent) and includes such
processes as synaptic potentiation, synaptic depression, alterations in gene expression, and
synaptic structural change. 2* The most simple forms of plasticity are when repeated stimuli
lead to habituation (decreased response) or sensitization (increased response). % The
aforementioned changes over an extended period of time are known as long-term potentiation

and long-term depression which will be discussed in greater detail later in the paper.
Long Term Potentiation/Long Term Depression

As theories of pain processing have evolved, there is a growing body of evidence that
suggests that noxious stimulus-induced plasticity can lead to changes in the central nervous
system which contribute to pathological processes. A review of central neuronal plasticity by
Coderre concluded that central neuronal plasticity not only contributes to the initial response

to injury, but that it also contributes to the persistence of pain perception even when tissues



appear to be healed.r We also know that these plastic changes may take place at the level of

peripheral receptors, at the spinal cord, or at higher cerebral centers.”®

Long-Term Potentiation (LTP) can be defined as an increase in synaptic strength and an
increase in discharge activity over an extended period of time (hours, days). It has been found
that repeated high-frequency (10-200 Hz) synaptic activation can result in LTP. 2 Much of what
we know about LTP has come from studies of the hippocampus. Although the exact
physiological function of LTP is unknown, it has been suggested that it possibly plays a role in
long-term memory since it appears in the hippocampus. It has also been suggested that LTP
may play a role in chronic pain.”” While LTP has been shown to increase neuronal activity,
Long-Term Depression (LTD) can decrease neuronal activity for time periods that are clinically
relevant.?® This process may be produced de novo or it can reverse LTP.?® It is stimulated by

repeated low frequency (1-3 Hz) electrical input.

sandkihler *° has proposed that stimulation of A8-fibers can initiate LTD in the dorsal
horn. He goes on to state that this is the main mechanism responsible for the pain-relieving
affects of electroacupuncture and high-intensity, low-frequency TENS. Although descending
modulatory pathways are likely a co-factor in this analgesia, the proposed LTD is argued to be a

result of direct afferent glutamatergic synaptic action.
Manipulation and Chronic Low Back Pain

Spinal Manipulative Therapy (SMT) has been the main tool utilized in chiropractic

treatment since the profession’s development over 110 years ago. SMT has been known for its



analgesic effects for many years, but has just recently been shown to be a useful form of

treatment for acute and chronic low back pain. **

Ongoing spinal “dysfunction/subluxation” is thought to cause the release of pain-
producing agents.>* Spinal manipulative therapy has been demonstrated to be an effective
treatment for acute and chronic back conditions.?* SMT has been proposed to restore normal
biomechanics to dysfunctional areas and also stimulate the release of algesic agents that result
in a reduction of pain. It has also been suggested that SMT activates ascending and descending
pain modulating elements of the pain system.**** These suggestions do much to explain the
immediate analgesic effects of spinal manipulation, but fall short of explaining the long-lasting
effects of spinal manipulation. As of late, more is being discovered about the plastic changes
that occur in the nervous system, namely LTP and LTD. Knowledge about the mechanisms of
LTP and LTD has sparked new theories on how and why spinal manipulation may produce

lasting changes in patients with chronic low back pain.

As discussed earlier, Sandkihler has proposed that electroacupuncture and low-
frequency TENS act by stimulating A8 fibers which drive LTD in dorsal horn neurons. He
suggests that this process, along with other ascending and descending modulatory pathways is

responsible for the long term algesic affects of these modalities.”

In a recent review by Boal and Gillette, it was proposed that spinal manipulative therapy

also produces sufficient AS stimulation to induce LTD and thus reverse LTP.*

“specifically, we propose that SMT provides low and, most
importantly, high threshold mechanosensory (A8/11 fiber) input to
spinal cord neurons, and thus the therapeutic effects of SMT might be
linked to at least 1 of the known persistent mechanisms of plasticity,
LTD.”



They state that force measurements during a typical chiropractic adjustment are
sufficient to trigger activation of both A6 and C—ﬁber mechanosensitive afferents.”** They also
state that the total applied adjustive force is significantly dissipated by soft tissues, and that the
remaining forces are likely to be at a lower frequency, thus similar to those frequencies needed
for LTD. They propose that SMT effectively activates A-fibers initiating LTD, which is
responsible for reversing ongoing LTP in dorsal horn neurons that are likely participating in the
generation of low back pain. A study by Sung et al. * used an animal model to demonstrate
that loads applied at typical speeds for spinal manipulation were capable of activating low-
frequency receptors (A8) in lumbar spine musculature. Boal and Gillette concluded that this
neural discharge could be the process responsible for SMT’s favorable physiological effects.

They offer this statement on the urgency with which therapeutic intervention should be

initiated.
“A new appreciation of the significance of plasticity in the
development of persistent pain has underscored the general
recommendation that early therapeutic intervention should be
utilized to interrupt (or even preempt) the start up of sensitized

(hyperexcitability) states in patients, thus decreasing the likelihood of
developing of persistent pain condition.!

Several studies dealing with amputation and phantom limb pain underline the
importance of timely intervention. Bach et al. demonstrated phantom limb pain following

amputation could be reduced by using epidural anesthesia to block the limb pain prior to

amputation.”’

It has been demonstrated that chronic pain can detrimentally affect cognitive processes.
Pain has been shown to reduce cortical processing capacity, slow decision making, and increase

cognitive error rate.®*° Recent evidence has shown decreased pre-frontal and thalamic gray
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matter density in subjects experiencing chronic pain.‘u"“1 A recent study by Buckalew et al. $
showed that patients with chronic low back pa;m had significantly decreased gray matter
volume in the posterior parietal cortex and middle cingulate white matter volume of the left
hemisphere. The chronic low back pain group also showed impaired attention and mental

flexibility.

The above data suggest that therapeutic interventions aimed at reducing or preventing
nociceptive afferent activity and central sensitization in the nervous system should be initiated
as early as possible to prevent these changes from occurring. This presents as a challenge to
health care providers where patients often present only after pain has significantly impacted

their lives and these processes may be long established.

Although outside the scope of therapeutic interventions used in chiropractic, several
pharmacological agents have shown benefit for preventing or reversing cortical reorganization.
Among these substances, GABA agonists, N-Methyl-D-aspartate (NMDA) receptor antagonists

and anticholinergic substances seem to be the most promising.18

CONCLUSION

A substantial amount of research exists on the topics of neuroplasticity, chronic low
back pain, and spinal manipulation. PubMed and Ovid searches generated over 26,000 articles
related to neuroplasticity, over 5,000 articles on chronic low back pain, and over 2,800 articles

on spinal manipulation. The review by Boal and Gillette was the only article found to address

all three topics.
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Evidence strongly supports that neuroplastic changes such as long-term potentiation
and long-term depression can promote or enhance nociceptive processes via central
sensitization. It is also apparent that early therapeutic intervention should be utilized to
interrupt the start-up of sensitized states in patients in order to decrease the likelihood of

developing a persistent pain condition.

Although the amount of research continues to grow, much work needs to be done to
explore how therapeutic interventions like SMT address the central nervous system changes
discussed above. Knowledge gained in this area would likely improve treatment strategies and

outcomes for patients dealing with chronic low back pain.
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