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History of Spinal Cord “Pain”
Pathways Including the Pathways
Not Taken

Allan Basbaum*

Department of Anatomy, University of California San Francisco, San Francisco, CA, United States

Traditional medical neuroanatomy/neurobiology textbooks teach that pain is generated
by several ascending pathways that course in the anterolateral quadrant of the spinal
cord, including the spinothalamic, spinoreticular and spinoparabrachial tracts. The
textbooks also teach, building upon the mid-19th century report of Brown-Séquard, that
unilateral cordotomy, namely section of the anterolateral quadrant, leads to contralateral
loss of pain (and temperature). In many respects, however, this simple relationship has
not held up. Most importantly, pain almost always returns after cordotomy, indicating
that activation of these so-called “pain” pathways may be sufficient to generate pain, but
they are not necessary. Indeed, Brown-Séquard, based on his own studies, eventually
came to the same conclusion. But his new view of “pain” pathways was largely ignored,
and certainly did not forestall Spiller and Martin’s 1912 introduction of cordotomy to
treat patients. This manuscript reviews the history of “pain” pathways that followed from
the first description of the Brown-Séquard Syndrome and concludes with a discussion
of multisynaptic spinal cord ascending circuits. The latter, in addition to the traditional
oligosynaptic “pain” pathways, may be critical to the transmission of “pain” messages,
not only in the intact spinal cord but also particularly after injury.

Keywords: anterolateral quadrant, Brown-Séquard Syndrome, spinothalamic tract, multisynaptic spinal cord
pathway, pain pathways

Noordenbos (1) “It is abundantly clear that an anterolateral or medullary tractotomy is anything but a
mere interruption of the “pathway for pain”

Livingston (2) “In the treatment of pain there should be more physiologic means for its control than
mere interruption of its communication”

INTRODUCTION

Several years ago, I was invited to lecture on “The History of Neuropathic Pain” at the Berlin
meeting of the Neuropathic Pain Special Interest Group. I assumed that I was chosen to present
this lecture because most folks in the audience were born before any of the history took place.
Interestingly, the word neuropathic did not enter the neurology literature until the latter half of
the 20th century. Rather, the existence of nerve injury-induced pain was first recognized by Weir
Mitchell during the American Civil War (No, I did not know Weir Mitchell personally). Of course,
history does have a tendency to repeat itself, which I presume is what led to my invitation to write
this piece, in essence on the History of the Pain Pathway, or to be more inviting, focusing according
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to our editor, Tony Yaksh, on pivotal moments that defined the
Pain Pathway. This is an interesting and important topic, and
as someone who believes that “The Bane of Pain is Plainly in
the Brain” (3), the topic is a difficult one. Of course, there is no
pain pathway, but rather neuroanatomical routes through which
inputs reach the brain and lead to a pain percept. The question is
whether the traditional “pain” pathways are necessary for input
transmitted from the spinal cord to be experienced as pain.

With these caveats in mind, I will take readers through
a review of the association of different ascending pathways
that course in the anterolateral quadrant to the generation
of pain. I was helped significantly by colleagues as well as
by a very detailed historical record described in a wonderful
book by Lenz et al. (4). The story begins in the 19th century,
with the preclinical observations of the Mauritian neurologist
Brown-Séquard, who reported that hemisection of the spinal
cord produced contralateral loss of pain and temperature [(5);
Figures 1B,C]. These laboratory findings were followed by
striking clinical observations, notably Brown-Séquards 1862
report to the British Medical Association, in which he described
a sailor who had been stabbed in the neck. Eight years
after the stabbing, the sailor presented with paralysis and
loss of non-painful tactile sensation ipsilateral to the knife
entry and contralateral loss of pain and temperature. Here
was the classic Brown-Séquard Syndrome, in which “pain”
messages are transmitted by a pathway that crosses in the
spinal cord. Also worth noting, but not commonly reported,
is that his description of the syndrome that carries his name
also highlighted the presence of ipsilateral symptoms, including
hyperesthesia and pain.

Pathways in the Anterolateral Quadrant

Implicated in Pain

Subsequent studies narrowed down the spinal cord pathways that
carry information leading to pain. These were comprehensively
described in Gowers' 1886 two volume compendium (6),
“Manual of Diseases of the Nervous System.” Gowers illustrated
the pathology following the loss of pain in a patient whose
upper cervical region was damaged by a bullet-generated bone
fragment. Based on his observation that “the chief injury is clearly
to the lateral column and gray matter, the posterior column being
merely swollen, apparently by oedema,” Gowers concluded that
“pain” is transmitted by a crossed pathway that courses in the
anterolateral quadrant (Figure 1A). He wrote “We may accept
as certain the fact that the tactile or painful impulse we feel
crosses the middle line soon after entering the cord.” Soon after
these findings were published, William Spiller identified a patient
with a bilateral tuberculoma of the anterolateral quadrant (7).
Based on his finding that the patient experienced no pain below
the spinal cord damage Spiller convinced the neurosurgeon,
Edward Martin to perform the first anterolateral cordotomy for
the relief of pain (8). In their post-operative report, they wrote:
“The division of each anterolateral column was performed by Dr.
Martin, Jan. 10, 1911. On January 22, there was great relief of pain
in both lower limbs. The patient appeared very grateful for the
relief from suffering and received only 1/0 grain morphine on the

day following the operation and a similar amount 2 days later,
and this was given for the pain caused by the operation.” The rest,
as they say, is history.

What Exactly Is cut by Anterolateral

Cordotomy?

Interestingly, detailed studies of the anatomical basis of the
pain relief from anterolateral cordotomy only came many
years later, by Otfrid Foerster (9), a neurosurgeon with
a remarkable pedigree, having studied with Karl Wernicke,
Joseph Dejerine and Joseph Babinski. From 7 cases of pain
relief after a cord lesion, he concluded that the relevant
nerve fibers ascend less than two segments from their cell
bodies before crossing. Furthermore, a poor result occurred
when the lesion was not sufficiently deep, i.e., the incision
did not completely transect the anterolateral quadrant. In
another seminal postmortem finding in patients who underwent
cordotomy for pain, Foerster and Gagel (10) identified retrograde
degeneration of neurons in the contralateral dorsal horn,
including large neurons in the most superficial dorsal horn.
Subsequent neuroanatomical studies of the major ascending
pathways that course in the anterolateral quadrant including
spinothalamic and spinoreticular pathways, led to the conclusion
that these pathways carry nociceptive messages to the brain,
i.e., they are the “pain” pathways. Of course, the functional
association of these ascending pathways with pain processing
has been supported by numerous electrophysiological studies of
antidromically activated, nociresponsive dorsal horn projection
neurons in laminae I, V and VII (11-13). More recently, studies
of the spinoparabrachial pathway (14, 15), which more selectively
targets limbic brain regions involved in the affective component
of the pain experience, have dominated preclinical research into
ascending “pain” transmission systems.

The focus on these major anterolateral quadrant ascending
pathways is understandable, and activation of these pathways
does appear sufficient to generate pain. But which pathway
actually carries the input that generates pain? And which brain
areas engaged by the pathway are critical? Here the studies
of William (Bill) Mehler, a student of Walle Nauta, who
developed the silver staining methods that greatly increased
the ability to detect degenerating fibers, are incredibly relevant.
Mehler published the most beautiful and most comprehensive
descriptions of the supraspinal targets where degenerating
terminals are located after cordotomy (16, 17). His images are
memorable, not only for their accuracy, but in my opinion,
his hand drawn sketches of the different brainstem and
thalamic targets where he identified degenerating fibers after
cordotomy, in monkey, gorilla and human, have no equal in
the neuroanatomical literature. Mehler clearly demonstrated
that the patterns of degeneration following cordotomy include
much more than the terminal targets of the spinothalamic,
spinoreticular and spinoparabrachial pathways. Specifically,
although the names of the pathways derive from the origin
and their terminal targets, e.g., spinothalamic, each pathway
collateralizes extensively, with terminations throughout the
brainstem and even hypothalamus (18).
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FIGURE 1 | Consequences of cutting different spinal cord pathways. (A) Anterolateral cordotomy purportedly provokes contralateral analgesia below the lesion, albeit
not permanently. (B) Brown-Sequard Syndrome produced by hemisection of the spinal cord. (C-F) Longitudinal views of different spinal cord pthways and lesions. (C)
Unilateral hemisection; (D) Double hemisection performed on the same side of the spinal cord; (E) Spaced hemisection performed on opposite sides of the spinal
cord; (F) lllustrates how a multisynaptic system that interconnects the two sides of the spinal cord can “escape” lesions to the long ascending pathways.
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How Effective Is Anterolateral Cordotomy

for the Relief of Pain?

After the Spiller and Martin report, anterolateral cordotomy
became rather commonplace for chronic pain management, even
in non-terminal cancer pain patients. What is puzzling is that
despite considerable evidence and concern that pathways that
course in the anterolateral quadrant are neither the sole, nor even
a necessary route through which pain is generated, the procedure
continued to be performed. Cordotomy does produce pain relief
contralateral to the lesion, but rarely, if ever, produces long lasting
pain relief. For example, Cowley and Hitchcock (19) reported
that pain relief after cordotomy for non-malignant disease fell to
20% within 1 year of the surgery, despite autopsy confirmation
that the surgery was successful. In fact, the reappearance of pain
is now the reason why the procedure is no longer recommended
for non-terminal patients. Also remarkable is the report of
Noordenbos and Wall (20) that somatosensory, including pain,

and motor function, including activation of the cortex, can
persist despite severe cord injury that spares only a sliver of one
anterolateral quadrant.

Of particular interest is that recurrence of pain after
cordotomy often does not appear in the region of the body where
the pain that precipitated the surgery occurred. Peter Nathan,
with whom, as a postdoc, I saw patients at the National Hospital
for Neurology and Neurosurgery at Queen Square in London,
elegantly discussed the recurrence of pains. In a 1956 article (21),
he wrote “After the spinothalamic tract has been cut in man, loss
of pain and temperature caudal to the lesion is expected. In a
small proportion of patients, although analgesia in the usual sense
of the term is present, painful or thermal stimuli applied to parts
of the body caudal to the lesion arouse a sensation, which is felt,
not at the place actually stimulated, but in a normally innervated
part of the body.” He went on to write that “There may be a
reference from the analgesic side to the analogous place on the
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opposite side of the body, but cranially, caudally, and in more
complicated ways.” In effect, Nathan is describing a maladaptive
reorganization of the “pain pathway” after it was cut!

Besides the recurrence of pain, there are numerous adverse
effects associated with anterolateral cordotomy, including
post-cordotomy dysesthesia, a severe central pain condition,
potentially more severe than the pain that precipitated the
cordotomy (22) and allochiria, namely the appearance of pain
in the mirror region of the body, a condition described in the
19th century by Obersteiner (23). Also of interest is the report
that post-stroke pain, yet another central (neuropathic) pain
condition, occurs when the brain lesion clearly involves the
spinothalamic tract (22, 24). And, of course, there is the Dejerine-
Roussy syndrome (25), a devastating central neuropathic pain
condition that results from damage to the thalamic target of the
spinothalamic tract. That syndrome, of course, is precisely the
opposite of what one would predict if damage interfered with
the major target of the “pain pathway.” Apparently, although
transient loss of pain does occur after cordotomy, over time,
destruction of these pathways can trigger CNS changes that lead
to devastating central neuropathic pain states, including chronic
pain that can be provoked by normally non painful stimulation.
Clearly, the traditional “pain” pathways are not necessary for pain
to be generated.

From an historical perspective it is of particular interest
that the concerns about a “pain pathway” in the anterolateral
quadrant were raised by Brown-Séquard, almost two decades
before the first cordotomy was performed. Specifically, despite
Gowers apparent confirmation of Brown-Séquard’s earliest
conclusions as to the contralateral transmission of “pain”
information in the anterolateral quadrant, in a three-page
paper published in 1894, the year that he died, Brown-Séquard
rather emphatically rejected his own conclusions concerning
the contribution of a crossed pain pathway (26). His new view
followed upon an 1892 report of Frederick Mott, that lateral
hemisection of the spinal cord in monkeys did not produce
contralateral analgesia (27). In his own preclinical studies,
Brown-Sequard found that a second hemisection performed
caudal to the first one could reverse the contralateral analgesia
produced by the first lesion (Figure 1D). Even slight stretch of the
contralateral sciatic nerve could reinstate the pain that had been
blocked by the hemisection. As beautifully summarized in a 2017
biography, Michael Aminoft (28) wrote that Brown-Séquard
“now Dbelieved that the analgesia and hyperaesthesia related
to inhibitory and excitatory effects, respectively, on central
sensory mechanisms by the various interventions, rather than
simply from the interruption of hard-wired pathways.” Brown-
Séquard believed that the nervous system was best regarded
as a system of dynamic processes rather than consisting of
hard-wired structures. Aminoff concluded, rather sadly, that
most neurologists failed to understand what Brown-Séquard had
grasped so intuitively. Rather, they ignored Brown-Séquard’s later
observations and have chosen instead to cling to the earlier
concept that he advanced and later repudiated.

Studies many years later provided further support for Brown-
Séquard’s new view. Derek Denny-Brown (29), a brilliant
neurologist performed double hemisection studies (in his studies
the second hemisection was performed rostral to the first)

and found that the contralateral analgesia produced by the
first hemisection was lost. Denny-Brown proposed that the
second hemisection may have eliminated brainstem-derived
descending inhibitory controls that are normally engaged by the
first hemisection. The loss of descending controls, he proposed,
sensitizes spinal cord nociceptive circuits. These findings lead to
the conclusion that pain is not only a product of activation of
projection neurons at the origin of the long ascending pathways
in the anterolateral quadrant, but is also a product of maladaptive
CNS circuit changes that can occur, particularly after damage
to the “pain” pathways. Of course, studies of descending and
other controls on spinal cord nociceptive processing came many
years later.

What Spinal Cord Pathways Transmit
Pain-Provoking Information After Unilateral

Anterolateral Cordotomy?

The post cordotomy return of pain poses two obvious and
important questions: First, how can anterolateral cordotomy cut
“the pain pathway” if pain returns? Second, what pathway or
pathways underlie the return of the pain? The focus these days,
at least in rodent studies, has been on dorsal horn projection
neurons, but the very different receptive field properties of lamina
VII spinoreticular neurons may be particularly relevant (30).
Not only do spinoreticular neurons in laminae VII have large,
often bilateral receptive fields, but they can also be antidromically
activated from both ipsilateral and contralateral brainstem.
In other words, the information that these neurons transmit
could readily bypass a unilateral cordotomy. Furthermore, these
neurons have exceptionally large inhibitory receptive fields (12),
which if altered after spinal cord injury, could dramatically
increase the transmission of “pain” messages to the brain. Lastly,
but generally not discussed in reports on the transmission of
somatic “pain” messages, is the contribution of the posterior
columns to visceral pain (31).

Multisynaptic Ascending “Pain” Pathways:
The Forgotten Pathways

The last paragraph discusses how more traditional “pain”
pathways could underlie the failures of cordotomy, but in another
key paper Nathan (32) concluded that normal pain channels,
namely the spinothalamic and related tracts, are indeed blocked
by the cordotomy, but that afferent input eventually reaches
consciousness via other routes, including some that course
ipsilaterally. He postulated that propriospinal circuits, namely
relatively long range, multisynaptic routes within the spinal cord,
can transmit information from the spinal cord to the brain. There
is, in fact a long, largely ignored, history demonstrating that a
multisynaptic system of short neurons can transmit nociceptive
information from the spinal cord to the brain. For the record,
my PhD thesis research in the rat reported that the presence
of spaced hemisections, one on the left side of the cord, and
another several segments caudally on the right side, did not
eliminate the ability of the animal to respond to a noxious
stimulus [(33); Figure 1E]. As the rats could not respond with
limb movements, they reported awareness of a noxious stimulus
to the hindpaw by initiating a head movement to terminate the
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stimulus. Sadly, and this is a lesson to all young pain researchers,
I soon learned that Karplus and Kriedl (34) had performed
this experiment, in the cat, in the early 20™ century, with the
same result. In fact, many other studies that preceded my thesis
report suggested that short chains of neurons could relay pain
relevant information from the cord to the brain. Looking at the
cup half full, perhaps I could conclude that these authors “pre-
confirmed” my results. Despite these many reports, with the
increasing use of cordotomy, it was generally assumed that the
post-operative loss of pain contralateral to the lesion resulted
from cutting a “pain pathway,” namely the spinothalamic and
spinoreticular tracts. That pain returned was largely ignored,
as was a possible contribution of a multisynaptic pathway that
escaped the cordotomy (Figure 1F).

The most detailed description of a multisynaptic spinal cord
“pathway” can be found in a remarkable book, “Pain,” written
by William Noordenbos, a neurosurgeon from the Netherlands
(1). Noordenbos cites studies of Fajersztajn (35) who concluded
that this system of neurons is “intimately mixed with the long
ascending tracts, so the “pure” pain fiber tracts do not occur.”
Cordotomy might concurrently cut into this system, however,
unlike the long tracts, a single lesion would rarely, if ever,
completely interrupt transmission of information. In addition to
reviewing the arguments against there being a straight through
“oligosynaptic pain” pathway, with few synaptic connections,
Noordenbos illustrated numerous examples how de novo activity
in an ascending multisynaptic system could underlie a host of
chronic clinical pain conditions, from causalgia (the original
term for burning pain produced by peripheral nerve damage) to
post-herpetic neuralgia, post cordotomy girdle pain and even to
phantom limb pain.

Pain Pathways in the 21st Century
Is there any relevance to “reintroducing” a multisynaptic
pathway to contemporary preclinical pain research scientists,
who unquestionably focus on the long ascending “oligosynaptic”
pathways that originate from the major spinal cord projection
neurons? Unquestionably, there are monosynaptic and
polysynaptic inputs from the periphery to these projection
neurons, which contribute to the acute pain experience. There
is also an enormous literature on the contribution, in the
setting of tissue or nerve injury, of dorsal horn interneurons
that enhance the input to the major projection neurons, via
central sensitization processes (36). This includes loss of local
and descending inhibitory controls and even engagement of
rostral ventral medulla-derived facilitation of dorsal horn circuits
(37). But do these interneurons only exert their effects on the
projection neurons, or can they also access the brain via complex
multisynaptic circuits? Perhaps normally “silent synapses” that
are engaged after injury are at the origin of these multisynaptic
pathways (38). Interestingly, that possibility was hypothesized
by Gowers in the late 19" century, when he wrote that “it is
probable that some impulses that we do not feel do not cross. We
must never forget that there is strong reason to believe that only
a minority of the impulses that traverse afferent nerves affect
our consciousness.”

Do these multisynaptic pathways also underlie the fact that
unilateral injury can result in bilateral engagement of spinal

cord nociceptive circuits, a finding with an important clinical
correlate, namely in the appearance of contralateral pains in
patient with CRPS, or in the induction of allochiria. Or,
perhaps this pathway underlies the reappearance of pain after
unilateral hemisection by a hemisection made caudal to the
first one, which Brown-Séquard observed. Do collaterals of
the projection neurons, along their ascending course to the
brain, engage short chain multisynaptic circuits within the cord,
taking a route that could not only bypass the hemisections
but engage circuits both ipsilateral and contralateral to the
lesions? That hypothesis is a central theme in the Noordenbos
book. There is certainly evidence that collaterals of lamina I
neurons engage local circuits at the level of the cell body, but
Szucs et al. (39) concluded that axons of lamina I neurons
also “govern large numbers of neurons, providing anatomical
substrate for rostrocaudal “processing units” in the dorsal horn.”
An interesting, and testable hypothesis, is that cordotomy (or
hemisection) induces sprouting of the collaterals, resulting in the
formation of new circuits, both ipsilateral and contralateral to the
lesion (question mark in Figure 1F). Such new connections could
greatly expand the networks with which the projection neurons
are involved and could underlie the many pathophysiological
consequences of cordotomy, including the loss of analgesia and
the appearance of hyperesthetic states characteristic of many
central pain conditions.

CONCLUSION

What then is the significance of this historical review of the
pain pathway? Yes, there are “pain” pathways in the anterolateral
quadrant, activation of which, in the normal setting, generate
pain experienced on the contralateral side of the body. On the
other hand, although activation of these anterolateral quadrant
located pathways are sufficient to generate pain, their activation
is clearly not necessary. In fact, in the setting of tissue or
nerve injury, there appear to be many complex ascending
circuits, including multisynaptic ones, that can transmit the
information that generates pain. These considerations provide
a very different view of spinal cord “pain” pathways, and
importantly, may be relevant to the development of novel
pharmacotherapeutic approaches to ameliorate pain, not only
by targeting the projection neurons at the origin of the major
ascending “pain” pathways, but also by interfering with the
interactions between the projection neurons and what to date
are poorly studied multisynaptic spinal cord “pain” pathways.
To paraphrase Livingston (2), there must be a more effective
approach to chronic pain management than cutting illusive
“pain” pathways.
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