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Abstract

Musculoskeletal pain involving a region of the spine with radiation to the head, trunk, or extremities is relatively common in daily medical practice, such as upper-
neck pain with headache, lower-neck pain and discomfort in the shoulders and arms, or low-back pain with sciatica. The instability of a vertebral segment produces a
persistent barrage of nociceptive impulses that trigger peripheral and central sensitization phenomena, affecting the metamere innervated by the corresponding nerve
root. This process produces clinical manifestations of hyperalgesia and/or allodynia in dermatomes, myotomes, and sclerotomes with a typical regional distribution
known as spinal segmental sensitization (SSS). The activation of new peripheral nociceptive foci within the affected metamere can further aggravate the clinical
picture. This disorder is usually classified as non-specific for being a somatosensory nervous system dysfunction without evident structural damage, which can lead
to confusion since the magnitude of pain and disability reported by the patient appear to be disproportionate to the findings of auxiliary tests. In the absence of a
timely diagnosis and adequate treatment, patients may resort to alternative therapies, which often do not solve the problem. The use of a standardized set of diagnostic
criteria will help clinicians identify SSS and help researchers conduct studies in homogeneous populations. This review of its pathophysiology provides a foundation
for rationally and systematically establishing the best treatment schemes and thus will benefit the many patients who suffer from this syndrome, which represents a
challenge for medicine today.

Introduction pain radiates to the lower limbs or sciatica [13-16]. Regional pain
associated with the head, trunk, or upper or lower extremities that
includes a segment of the spine is relatively common in daily medical
practice, creating confusion when symptoms overlap [17] (Figure 1).
If radiculopathy is established, the diagnosis of this clinical picture
is recognized without further discussion. If no evidence of nerve
damage is found, the condition is classified as a non-specific syndrome,
and the diagnosis is based on the affected painful territory, such as
cervicocranial and cervicobrachial pain syndromes or the well-known
lumbago with sciatica. Some have described these disorders as a form
of root dysfunction with neuropathic characteristics [18-22], but this
had to change when in 2011, to differentiate it from nociceptive pain,
neuropathic pain was redefined [23-25] by introducing two changes
in its description: 1) The word ‘dysfunction’ was removed, and 2) the
involvement of the nervous system must be a lesion or disease of the

Headaches of cervical origin [1-3], sometimes accompanied by
dizziness [4,5]. Cervicalgias radiate to the shoulders and arms [6-
8]. Dorsalgias refer to the chest wall and abdomen [9-12]. Low-back
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Figure 1. Regional pain that includes a segment of the spine with radiation to the head,
trunk or extremities is relatively common in daily medical practice. If no evidence of nerve Received: October 10, 2021; Accepted: October 26, 2021; Published: October
damage is found, the condition is usually classified as “non-specific”. 31,2021
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somatosensory system [26]. This meant that the regional symptoms
described above could no longer be classified as neuropathic or
radiculopathy. Other frequent syndromes, such as fibromyalgia,
complex chronic regional pain syndrome type I, and irritable
bowel, were also left in limbo, since they do not present a structural
lesion or disease of the nervous system demonstrable by imaging,
neurophysiological and serological studies, or biopsies. Therefore, the
vast majority of chronic pain disorders no longer had a mechanistic
descriptor to identify them. This problem was corrected in 2017, when
a third descriptor was coined to fill the gap: nociplastic pain, which was
defined as “pain that arises from altered nociception despite no clear
evidence of actual or threatened tissue damage causing the activation
of peripheral nociceptors or evidence for disease or lesion of the
somatosensory system causing the pain” [27-29]. What is the origin of
non-specific chronic pain of the nociplastic type that covers a region
of the spine with radiation to the trunk or extremities? The answer, in
many of these cases, is spinal segmental sensitization (SSS).

What is $SS? It can be defined as ‘A chronic regional pain syndrome
characterized by the presence of peripheral and central sensitization
phenomena, which are produced by the persistent bombardment of
nociceptive impulses from an unstable joint and/or tissue lesions, and
which involves one or more adjacent segments of the spinal column,
its corresponding spinal nerves (nerve roots) and all the metameres
that these innervate, with predominance of the integumentary and
musculoskeletal systems’ The observation of this clinical picture is not
new. In 1874, Dr Andrew Taylor Still, founder of osteopathy, described
alterations in a segment of the spine that caused symptoms and signs
in the internal organs and extremities, which he called ‘osteopathic
lesions’ [30]. Since bone or joint injuries could not be identified once
imaging methods were developed, the term was changed to ‘somatic
dysfunction’ [31,32]. This disorder was also observed in chiropractic (a
derivation of osteopathy) and acupuncture (which originated in ancient
Asian medicine) [33,34]. These alternative therapies continue to be the
subject of controversy because their original concepts predate modern
medicine, and even today there is a divide between those who practice
them strictly following the original empirical principles and those
who are trying to adapt them to the scientific method [35,36]. Despite
being controversial, many patients with chronic pain opt for alternative
therapies because they do not find relief with conventional treatment.
Dr Andrew Fischer (specialist in physical medicine and rehabilitation)
coined the term SSS in 1997 [37] when publishing a description based
on the work of Drs Robert Maigne [38] (who practised osteopathy) and
C. Chan Gunn [22,39] (who developed an intramuscular stimulation
system with acupuncture needles). As there is no obvious damage to
the somatosensory nervous system and it has a tendency to perpetuate
if not properly treated, we consider SSS a type of primary chronic
regional pain, according to the ICD-11 [40], of the nociplastic type.

Pathophysiology of SSS

Pain is an unpleasant sensory and emotional experience
associated with or resembling that associated with actual or potential
tissue damage [27]. The reaction of our body to it is a response of
interconnected networks that regulate each other and that include
the inhibition/repression or the stimulation/expression of multiple
physiological processes to maintain or restore homeostasis [41].
Therefore, the persistence of a stimulus that can cause or is already
causing tissue damage will exert on this system an effect of amplification
of the nociceptive signals, known as sensitization, which is defined
as a ‘reduction in the threshold and an increase in the magnitude
of the response to the harmful stimulus, which can develop into
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spontaneous activity’ [27], alerting the central nervous system. Not
only are the nociceptors affected, producing hyperalgesia, but other
receptors that encode sensory modalities such as touch and pressure
may be involved [42], so that stimuli that previously did not produce a
nociceptive response now begin to do so, which manifests as allodynia.
These phenomena, which occur at the levels of the peripheral and
central nervous system, represent adaptive physiological protective
mechanisms that can configure a nosological entity, such as SSS. In
this picture, nociceptive processing is intensified, usually in areas that
classically compromise one or more contiguous metameric segments
with signs of hyperalgesia and allodynia. We recognize four key
pathophysiological factors that lead to SSS, which may act sequentially
or at the same time (Figure 2).

Factor 1: Instability of a spinal segment as a source of
potential or actual damage

The vertebral segment is formed by a complex of three joints (two
vertebral bodies with their intervertebral disc and a pair of facet joints)
[43]. Its instability can be functional or mechanical [44] and is produced
by the presence of abnormal loads that alter or injure the passive
stabilization system of the vertebrae, which consists of ligaments, the
annulus fibrosus, and joint capsules. These loads can be static, produced
by poor posture, or dynamic, produced by repetitive loads or excessive
stresses [45,46]. Degenerative disorders and various diseases (such as
autoimmune diseases, tumours, or infections) are other factors that can
lead to instability [47-49]. Instability is compensated for by the muscles
surrounding the vertebral segment [50-52], which are shortened by a
simultaneous contraction stimulated by agonists and antagonists [53].
If the situation does not improve, the mechanical nociceptors will be
stimulated by direct compression [44,54]. This stimulation is magnified
when inflammation occurs in these tissues [55] and generates peripheral
sensitization via the production of chemical mediators that affect the
polymodal and silent nociceptors, making them mechanosensitive [56].

Factor 2: Root suffering with neural dysfunction

The paraspinal muscles try to maintain the stability of the vertebral
segment, but their shortening can in turn produce the narrowing of
the intervertebral or neural foramen by a lever mechanism, in which
the facet joints constitute the fulcrum. In this way, the nerve root is
compressed [37,53]. This is aggravated if there is concomitant bad
posture (hyperlordosis, scoliosis), discopathy (degenerations, disc
prominences), or stenosis (due to osteophytes or ligament thickening),
among other disorders [22]. At the level of the S1 and S2 roots, where
there is no participation of the vertebral segment, instability of the
sacroiliac joint and sciatic nerve root compression by the piriformis
muscle may be involved [57,58]. This will lead to root suffering due
to impaired transport of nutrients to the neural tissue (by affecting
the circulation of spinal fluid and blood in the perineurium) and
an inflammatory response at this level [18,21,59-61], which will
lead to sensory and motor hypersensitivity. Therefore, not only will
hyperalgesia and allodynia occur in the territory innervated by the
nerve root, but the corresponding peripheral muscles may also be
sensitized to circulating acetylcholine, resulting in tight bands and
myofascial trigger points in the myotome [22,62]. The spinal ganglion,
which is part of the nerve root, may also be involved. This structure
houses the neuronal bodies of the afferent sensory pathway of the
peripheral nervous system, enveloped by satellite glial cells that protect
and regulate them [63]. As a consequence of mechanical compression,
these glial cells can release inflammatory substances (such as cytokines)
due to the threat of damage, decreasing the threshold of the sensory
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Figure 2. Four key pathophysiological factors of SSS: The instability of a spinal segment (factor 1) produces paraspinal muscle shortening to compensate. Paraspinal muscle shortening
in turn narrows the intervertebral foramen, leading to root suffering (factor 2). The resulting peripheral sensitization affecting the corresponding metamere activates peripheral nociceptive
foci (old and new), exacerbating the clinical picture (factor 3). All three factors produce a persistent bombardment of nociceptive inputs towards the corresponding medullary segment,
generating central sensitization phenomena (factor 4).

Table 1. Proposed new diagnostic criteria for SSS.

DEFINITION. Chronic regional pain syndrome characterized by the presence of peripheral and central sensitization phenomena, which involve one or more contiguous vertebral
segments, their spinal nerves (nerve roots), and the entire metamere they innervate, with predominance of the integumentary and musculoskeletal systems. To make the diagnosis, the
following criteria must be met:

A. ANAMNESIS (interrogation). Having the following 2 (two) symptoms.

1. Chronic pain. At least 3 (three) months in duration.

2. Regional pain and of metameric distribution. Should include a region of the spine and a related peripheral region.
B. CLINICAL EXAMINATION. Must have at least 4 (four) of the following 6 (six) signs, corresponding to the anamnesis (A.2.).
- Structures innervated by the posterior branch of the spinal nerve (nerve root).

1. Dermatome: Pain on pinching/rolling pain and/or on friction with the finger at the level of the skin and subcutaneous cell tissue within 10 cm on both sides of the midline
of the back.

2. Myotome: Pain on palpation of trigger points and/or tight myofascial bands of paraspinal muscles.

3. Sclerotome: Pain on palpation of the supra- and/or interspinous ligament.

- Structures innervated by the anterior branch of the spinal nerve (nerve root).

4. Dermatome!: Pain on pinching/rolling and/or friction at the peripheral level (outside the 10 cm of the midline of the back - at the level of the lateral/anterior trunk and/or
extremities).

5. Myotome?: Pain on palpation of trigger points and/or tight myofascial bands of non-paraspinal muscles.

6. Sclerotome?: Pain on palpation and/or mobilization of ligaments, tendons, joints, and/or the periosteum, unrelated to the spine.

'For examination of dermatomes, the Keegan and Garret scheme is used [52].

*To identify trigger points and tight myofascial bands, the test of Travell and Simons is used [94].

3For the examination of the sclerotome, the distribution according to Inman and Saunders is used [57] [41].
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neurons, affecting the entire corresponding root segment [64,65], and
aggravating the peripheral sensitization with neurogenic symptoms
and signs without axonal damage. Spinal ganglion neurons also send
collaterals to the prevertebral sympathetic ganglia [66], so autonomic
hypersensitivity can be concomitantly found in the affected segment
[67]. This condition can compromise one or several adjacent segments
of the spine and its nerve roots, which innervate the corresponding
metameres [68,69], producing sensory, motor, and autonomic
symptoms and signs without clear evidence of injury in routine
electrophysiological studies (electromyography and nerve conduction
velocity tests).

Factor 3: Activation of peripheral nociceptive foci

The resulting sensitization can affect some or all of the tissues of
the metameres involved, amplifying the sensory stimuli [70,71], with
which any new threats of damage or injury in tissues located within
the compromised metamere will exert positive feedback on the central
nervous system, further exacerbating the clinical picture [36,72,73].
This can lead to confusion since new lesions by themselves are not severe
enough to explain the magnitude of pain and disability manifested by
the patient if we do not consider the existence of concomitant SSS.
Painful behaviour, exaggerated in the eyes of the observer who has not
experienced this syndrome, can cause it to be classified improperly as a
psychogenic disorder or even malingering [74,75].

Factor 4: Central sensitization by persistent nociceptive
bombardment

Joint instability, nerve root suffering, and peripheral foci produce a
persistent barrage of nociceptive impulses towards the corresponding
medullary segment, generating central sensitization phenomena [76-
78] that will further affect the metamere, which has already been harmed
by the nerve root compromise. This leads to alterations in medullary
and supraspinal sensory processing and descending antinociceptive
mechanisms, increased activity of nociceptive facilitatory pathways,
temporal summation of secondary pain, and long-term potentiation of
neuronal synapses in the anterior cingulate cortex [79]. The supraspinal
centres that normally produce descending inhibitory effects in the
posterior horn of the spinal cord [79,80] will instead favour its activity
through the descending facilitatory modulatory circuitry, which
aggravates the development of persistent pain initially produced in
the periphery [81-83]. This mechanism will increase the alertness of
the central nervous system, warning the brain that a structure in the
body is under threat of damage or is being increasingly injured and that
it is not being adequately treated. Therefore, other brain centres that
govern the perception of pain, emotions, and painful behaviour will
also begin to activate, which can be misinterpreted as psychogenic pain,
when in reality, it is SSS that is causing the cognitive and behavioural
disorders [84]. The central nervous system perceives that something is
not working well and hence activates its alarms to find a solution. The
problem occurs when the doctor who sees the patient does not consider
this full clinical picture.

Diagnosis of SSS

SSS is diagnosed by anamnesis and physical examination, since
sensitization is not detected by auxiliary tests, and it is not excluded
by the concomitant presence of other, defined painful disorders
because any lesion or disease that produces nociceptive stimuli in the
sensitized metameric segment can aggravate the clinical picture. SSS
has been diagnosed using Fischer’s diagnostic criteria [85-88], which
have the drawback of not having been established operationally, so the
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professional who uses them typically makes a particular interpretation
of them. In addition, it is difficult to evaluate all the characteristics in
daily medical practice, where time is a critical factor. These have been,
in our opinion, the main obstacles preventing more research on SSS. To
avoid these shortcomings, we have developed a set of diagnostic criteria
based on an internship with the late Dr Fischer and more than 20 years
of managing SSS. A first attempt was made in 2014 [89,90], and the
criteria were perfected in 2019 [91]. To elaborate the criteria, we took
two diagnostic schemes as references: complex chronic regional pain
syndrome type I (CRPS I) [92] and fibromyalgia syndrome [93], which
are recognized nociplastic clinical disorders. We included symptoms
and signs that correspond to the posterior branch (which innervates
the structures related to the spine) and the anterior branch of the nerve
root which forms the plexuses and peripheral nerves of the rest of the
body for the diagnosis of SSS [94]. Both the posterior and anterior
rami innervate structures of the corresponding dermatome, myotome,
and sclerotome. The nerve root also has sympathetic innervation.
Sensitization produces several important autonomic disorders, such
as trophoedema (microedema or ‘neurogenic oedema’), peripheral
vasoconstriction (‘coldness’), piloerection (‘goosebumps’), increased
sweating (leading to decreased cutaneous electrical impedance), and
trophic changes in the skin [22,37,38]. These signs are particularly
important in the clinical picture of the patient but are not decisive for
the diagnosis, so we have preferred to leave them aside in our proposal
to shorten the time needed to perform the examination. The set of
criteria proposed for the diagnosis of SSS is detailed in Table 1, and an
example of its application is shown in Figure 3.

Patients rarely have involvement of a single metameric segment, so
we have grouped the diagnoses into 10 clinical pictures for practical

ANAMNMESIS:

) “Neck pain rat-i_i_é't'?rrg-,.to the shoulder
¢ and the external side
upper limb for >3 months

[ S

PHYSICAL EXAMINATION:
AXIAL (Posterior branch) PERIPHERAL (Anterior branch)

‘Within 10 cm
of midline

More than
: 10 cm from
Pinch and roll midline

(dermatome)

Palpation of
trigger points
(myotome)

Lateral
Palpation of epicondyle
ligaments,
tendons, joints

(sclerotome)

Figure 3. Example of diagnosis of a right lower cervical (C6) SSS using the new set of
diagnostic criteria.
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Table 2. SSS segments.

Nerve roots
C2-C3

Name Distribution of regional pain

Upper-cervical Neck pain radiating to the head.

. . Neck pain radiating to the front of the shoulder,
2. Mid-cervical C4-C5 arm, and back of the chest.
. Neck pain radiating to the outer and posterior side
3. Lower-cervical Co-C7 of the shoulder, arm, forearm, and hand.
. . Neck and back pain radiating to the inner side of’
4. Cervico-thoracic  C8-Tl the shoulder, arm, forearm, and hand.
5. Upper-thoracic T2-T4  Back pain radiating to the chest wall.
6. Mid-thoracic T5-T8 Back pain radiating to the upper hemiabdomen.
7. Lower-thoracic T9-T11 Back pain radiating to the lower hemiabdomen.
8 Lumbo-thoracic T12-L1 Back pain radiating to the pelvis and inguinal
: region.
Low-back pain radiating to the anterointernal
9. Lumbar L2-L4  aspect of the thigh and knee, and the internal aspect
of the leg.
10. Lumbo-sacral L5-S2 Low-back pain radiating to the posterolateral

aspect of the thigh, leg, and entire foot.

purposes (Table 2). A preliminary study we conducted showed that the
proposed new criteria had a sensitivity of 88%, a specificity of 64%, and
a moderate inter-examiner reliability (Cohen's kappa value of 0.535)
with respect to the diagnosis based on Fischer [95]. We calculated
that 41.6% of patients who came to our outpatient clinic for chronic
musculoskeletal pain had SSS, and it was more frequent in women
(71.4%). The most frequent segment was the lumbosacral segment
(L5-S2), followed by the mid-cervical segment (C4-5) and the lumbar
segment (L2-L4) [90-98]. The radiated pain in SSS does not usually
have the traditionally described root pattern, since the patient does not
typically refer to the pain only according to the dermatomic distribution;
rather, pain can also manifest in the structures corresponding to the
myotome, sclerotome, as well as the angiotome and viscerotome, which
are not necessarily below the affected dermatome. In addition, due to
their spinal interconnections, it is common for more than one segment
to be sensitized simultaneously, producing pain patterns that vary
between patients.

Within the differential diagnosis, the radiculopathies defined with
neurophysiological studies should be considered an aetiological cause
of SSS if the criteria for its diagnosis are met. Some accepted regional
entities, despite not having a defined aetiology, are in our opinion
variants of SSS, such as Arnold’s neuralgia (upper cervical segment C2-
C3), and piriformis muscle syndrome (lumbosacral segment L5-S2). A
particularly striking scenario is CRPS I, which could represent a severe
form of SSS. The entrapment of peripheral nerves (such as those present
in thoracic outlet syndrome, carpal and tarsal tunnel syndromes, or
meralgia paresthetica) could lead to symptoms similar to SSS, but
because only the fibres of the anterior branch of the nerve root (and not
the posterior branch) are affected, this would not meet the diagnostic
criteria. A patient with multiple injuries (for example, from a motor
vehicle accident or fall) involving a region of the spine and extremities
could have a positive clinical examination for SSS, but the pain usually
resolves in less than three months with adequate treatment, so it would
not meet the anamnesis criterion.

Treatment of SSS

The four pathophysiological factors described allow us to define
three therapeutic objectives on a rational and systematic basis.

The first objective consists of peripheral desensitization and the
treatment of injured tissues (factors 2 and 3) because they are usually
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the reasons why a patient comes in for a medical consultation. To do
this, we can use pharmacological therapies that include non-steroidal
anti-inflammatory drugs (NSAIDs), corticosteroids, opioid and non-
opioid analgesics, and adjuvants such as muscle relaxants, among others.
Peripheral desensitization can also be achieved with electrotherapy,
manual therapies, dry needling, or -corticosteroid infiltrations.
Peripheral lesions require physical therapy, as well as severe cases,
may require surgical intervention (such as advanced gonarthrosis/
coxarthrosis or massive tendon/ligament tears). Radiation in the
metamere is typically eased by decompressing the nerve root. This is
achieved by performing a paraspinal block with lidocaine described by
Fischer [37,85] which relaxes the muscles innervated by the posterior
branch [99]. This procedure usually produces immediate relief of many
of the radiated symptoms, but it is important to locate the compromised
segment for it to be effective. Other options are the application of a dry
needle into the paraspinal muscles according to Gunn and others, which
can also relax the musculature by mechanical stimulation [39,97,100-
102], and vertebral manipulations as proposed by Maigne and others
[38,68,103]. Other therapies, such as thermotherapy, electrotherapy,
deep massage [104], or vertebral tractions, can yield similar results
[105]. Decompression surgery (such as the resection of hernias of the
nucleus pulposus or in spinal stenosis) may be an option for severe
cases [106]. This would explain why there are so many treatments for
the same phenomenon: if nerve root decompression is achieved, much
of the segmental pain is alleviated.

The second objective is central desensitization (factor 4). To
accomplish it, we can also use the pharmacological treatment
described in the first objective, combining it with pain modulators
such as antidepressants (tricyclic or dual) and anticonvulsants. Non-
pharmacological treatments include electrotherapy, manipulations,
acupuncture, and massage therapy, which stimulate sensory receptors
that release endogenous opioids and activate supraspinal and medullary
inhibition [22,103,107,108]. Cognitive behavioural therapy, relaxation
and meditation techniques, and low-impact aerobic exercise can also be
useful to relieve supraspinal sensitization [109-112].

If the unstable segment of the spine is not fixed (factor 1) and the
factors that condition it are not removed, the patient usually relapses.
Thus, the third therapeutic objective includes ergonomic measures and
orthoses to improve posture. Therapeutic exercise also contributes to
this end but also improves the motor control of the paraspinal muscles
by stabilizing the segment. Surgical treatment may be an option for
severe instability that does not improve with conservative treatment
[44,53,55,80,113,114].

Conclusion

In theabsence of confirmatory tests that explain regional and chronic
musculoskeletal pain of metameric distribution (which includes a
segment of the spine with radiation to the extremities or trunk), doctors
usually tell patients that it is only a ‘referred pain’ or the ‘consequence
of stress. Worse still, doctors may begin to suspect a psychiatric
disorder or malingering due to the apparently disproportionate
painful behaviour in relation to the findings of the auxiliary tests. The
distribution usually has radicular features but without signs of motor or
sensory deficit and with normal neurophysiological exams, so it cannot
be classified as neuropathic/radiculopathic. In the best scenario, only
slight structural alterations are found on imaging, such as intervertebral
disc dehydrations or prominences, mild spondylolisthesis, incipient
spondylotic changes, or minimal postural disorders, which do not
explain the symptoms and signs found if we do not take into account
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the diagnosis of SSS. Since they do not obtain relief in traditional
health centres, patients turn to alternative therapies. The disadvantage
of these disciplines is that they still rely on conceptions that are more
philosophical than scientific, in addition to basing their treatments on a
single modality, such as manipulations by osteopaths and chiropractors
or the application of needles by acupuncturists.

SSS gives us a new view of this clinical picture by providing
a pathophysiological explanation without the ties that diagnoses
originating before the establishment of modern medicine tend to
have. We expect that the pathophysiological framework described
here will be used to define various therapeutic strategies, including a
diverse arsenal that includes drugs, physical therapy, infiltrations or
nerve blocks, and even surgery, in addition to alternative treatments
such as manual therapies, dry needling or acupuncture, cognitive
behavioural therapy, and meditation or exercise, without any particular
bias. Having a diagnostic system with standardized criteria will allow
better communication among professionals who treat musculoskeletal
pain and will serve as the basis for studies of patient samples and the
identification of the best treatments in homogeneous samples. This will
benefit a vast number of patients who suffer from this type of chronic
regional pain, one of the main causes of disability worldwide.
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