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Abstract
Study Design: Literature Review.

Objective: Myelopathy affecting the thoracic spinal cord can arise secondary to several aetiologies which have similar
presentation and management. Consequently, there are many uncertainties in this area, including optimal terminology and
definitions. Recent collaborative cervical spinal research has led to the proposal and subsequent community adoption of the
name degenerative cervical myelopathy(DCM), which has facilitated the establishment of internationally-agreed research priorities
for DCM. We put forward the case for the introduction of the term degenerative thoracic myelopathy(DTM) and degenerative
spinal myelopathy(DSM) as an umbrella term for both DCM and DTM.

Methods: Following PRISMA guidelines, a systematic literature search was performed to identify degenerative thoracic
myelopathy literature in Embase and MEDLINE.

Results: Conditions encompassed within DTM include thoracic spondylotic myelopathy, ossification of the posterior lon-
gitudinal ligament, ossification of the ligamentum flavum, calcification of ligaments, hypertrophy of ligaments, degenerative disc
disease, thoracic osteoarthritis, intervertebral disc herniation, and posterior osteophytosis. The classic presentation includes
girdle pain, gait disturbance, leg weakness, sensory disturbance, and bladder or bowel dysfunction, often with associated back
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pain. Surgical management is typically favoured with post-surgical outcomes dependent on many factors, including the causative
pathology, and presence of additional stenosis.

Conclusion: The clinical entities encompassed by the term DTM are interrelated, can manifest concurrently, and present
similarly. Building on the consensus adoption of DCM in the cervical spine and the recent proposal of degenerative cervical
radiculopathy(DCR), extending this common nomenclature framework to the terms degenerative spinal myelopathy and de-

generative thoracic myelopathy will help improve recognition and communication.

Keywords

thoracic, myelopathy, ossification of the posterior longitudinal ligament, spondylosis, disc herniation, stenosis

Introduction

Myelopathy refers to a symptomatic spinal cord injury re-
sulting from multiple causes, including degeneration, tu-
mours, inflammation, infection, and vascular anomalies. It
may occur at any spinal cord level, albeit most commonly at
the cervical level. Myelopathies arise secondary to a range of
aetiologies, however those resulting from degenerative spinal
conditions are the most common. This review focuses on
thoracic myelopathy and, in particular, myelopathy caused by
degenerative conditions of the spine, which precipitate me-
chanical stress on the spinal cord.

The thoracic spine consists of 12 vertebrae from T1 to T12.
Important distinguishing factors of the thoracic vertebrae
include a body size that is larger than the cervical vertebrae but
smaller than the lumbar vertebrae, pointed and downward-
angled spinous processes, and articulation with the ribs. The
latter is responsible for the reduced mobility of the thoracic
spine compared to the cervical spine, which is thought to
contribute to the lower prevalence of degenerative spinal
myelopathy at the thoracic compared to the cervical level.'

Myelopathy from thoracic spondylotic myelopathy, and
other forms of thoracic spine degeneration, including ossifi-
cation of the posterior longitudinal ligament (OPLL),” ossi-
fication of the ligamentum flavum (OLF),*¢ calcification of
ligaments,>’ hypertrophy of ligaments,” degenerative disc
disease (DDD), thoracic osteoarthritis, intervertebral disc
herniation (with the exception of acute herniation)®’ and
posterior osteophytes'®!" (Figure 1) share similarities in
presentation and management. They trigger an uncommon,
but disabling form of ‘slow motion’ spinal cord injury.

Many uncertainties challenge clinical care and research in
this area, including significant heterogeneity in the use of
terminology and definitions. Recent work in the cervical spine
has resolved classification uncertainties with the proposal and
subsequent community adoption of the term degenerative
cervical myelopathy (DCM). DCM recognises that multiple
degenerative spine pathologies converge on a common neu-
rological phenotype, which is diagnosed and managed with
similar approaches. This improvement in classification has
also facilitated the establishment of common data elements
and the definition of National Insitute for Health Research
(NIHR) James Lind Alliance (JLA) research priorities.'*'?

In this review we put forward the case for the introduction
of the term degenerative thoracic myelopathy (DTM) to depict
degenerative spinal pathologies affecting the thoracic spinal
cord. A list of conditions that can be considered as constituents
of DTM is provided in Table 1. We draw upon a structured
search of the evidence and expert opinion to consolidate
current knowledge and propose critical knowledge gaps. The
choice of DTM is based on the framework used in the cervical
spine (DCM and degenerative cervical radiculopathy (DCR)).
We also propose a broader nomenclature of degenerative
spinal myelopathy to capture all degenerative conditions of the
spine associated with myelopathy, including DCM and DTM.
Adopting this standardized terminology throughout the spine
will help augment understanding, raise awareness and pro-
mote research efficiency.

Methods

A systematic literature search was performed in Embase and
MEDLINE using the Ovid platform (Ovid Technologies, New
York, USA), using an adapted version of a published search
strategy for degenerative cervical myelopathy'*'> and fol-
lowing PRISMA guidelines'® from inception to 27th July
2022. Tables 2 and 3 outline the search strategy. The results of
this search underwent title and abstract screening. Exclusion
criteria included letters, editorials, opinion articles, correc-
tions, and papers not relevant to DTM or the scope of the
review. Neither informed consent nor institutional review
board approval were required due to the nature of the study.

The majority of the screened papers had information ir-
relevant to DTM with a focus on topics such as cervical
myelopathy, non-degenerative causes of myelopathy, and
other spinal pathologies, such as osteomyelitis. Additionally,
many papers focused on specific surgical procedures, which
was outside the scope of this review. Papers meeting the
inclusion criteria of a focus on degenerative pathology of the
thoracic spinal column published in the English language were
sought for retrieval. Retrieved papers were assessed for eli-
gibility using a full-text review, and those that contained
relevant information were included. The reference lists of
included papers were also hand-searched to identify additional
relevant studies. The search methodology is summarised in
Figure 2. MEDLINE was searched first, with duplicate results
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Figure |. A sagittal view of the thoracic spine demonstrates several pathologies that can cause DTM, including spondylosis, degenerative disc

disease, and ossification of the posterior longitudinal ligament.

from Embase automatically excluded from the search results.
Included papers are listed in Supplementary Table 1. Most
papers were published after 2010; 11 papers were published in
2021 and 8 in the first 6 months of 2022. A narrative synthesis
of the identified literature is presented; no statistical analysis
was performed.

Discussion
Aetiology of DTM

Degenerative pathology in the thoracic spine that causes
DTM can be divided into spondylotic (or osteoarthritic) and

non-osteoarthritic (Figure 3). Both subcategories can com-
promise the spinal cord via exerting mechanical stress. In
addition, certain congenital disorders can predispose to
DTM. For example, Ehler-Danlos syndrome predisposes to
thoracic instability and subsequent myelopathy'’; Scheuer-
mann’s disease is associated with thoracic disc herniation
and OLF and is thus associated with at increased risk of DTM
in affected individuals.'®'® Additionally, there may be a link
between DTM and scoliosis, with a reported case of a patient
with Klippel-Trenaunay-Weber syndrome having spinal
stenosis and suffering from myelopathy.?® However, due in
part to the low incidence of thoracic myelopathy, research on
predisposing factors is sparse.
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Table I. List of conditions From the International Classification of Diseases | Ith Revision (ICD-11) That may be Considered Under the

Umbrella Term DTM.

Classification Group

Specific Category

8B42 myelopathy
FA37 certain joint disorders, not elsewhere classified

FAB80 intervertebral disc degeneration

FA81 Spondylolysis

FA82 spinal stenosis
FA83 ossification of spinal ligaments
FA84 spondylolisthesis

FA8Y other specified degenerative condition of spine

FA8Z degenerative condition of spine, unspecified

FBIY other specified conditions associated with the
spine

FB1Z conditions associated with the spine, unspecified

FA37.0 osteophyte

FA37.Y other specified certain joint disorders, not elsewhere classified

FA80.4 intervertebral disc degeneration of thoracic spine without prolapsed disc

FAB80.5 intervertebral disc degeneration of thoracic spine with prolapsed disc

FAB80.6 intervertebral disc degeneration of thoracic spine with bony spur at the
vertebra

FAB80.7 intervertebral disc degeneration of thoracic spine with nervous system
involvement

FAB80.Y other specified intervertebral disc degeneration

FA80.Z intervertebral disc degeneration, unspecified

FA81.0 Spondylolysis with slippage

FA8I.l Spondylolysis without slippage

FA81.Z Spondylolysis, unspecified

FA84.0 spondylolisthesis with pars defect
FA84.1 spondylolisthesis without pars defect
FA84.Z spondylolisthesis, unspecified

Table 2. Search Strategy for MEDLINE.

Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review & Other Non-Indexed Citations, Daily and Versions

# Searches

Number of
Results

I myelopath*.mp. or exp spinal cord diseases/or (spinal cord adj3 (diseas* or disorder*)).mp. or myeloradiculopath*.mp. or 160243
spondylomyelopath*.mp. or spondylomyeloradiculopath*.mp. or (spinal cord adj3 Compress*).mp. or exp spinal cord
compression/or exp ossification of posterior longitudinal ligament/or exp ligamentum flavum/or ((“Japanese Orthopledic
association" adj2 score*) or (joa adj2 score*)).mp.

2 exp Thoracic Vertebrae/or exp Thoracic cord/or thoracic.tw. 273334

w

| and 2

28558

4 exp Atlanto-Occipital Joint/or exp Arteriovenous Fistula/or exp Radiotherapy/or exp Vitamin B |12/or exp Radiation/or exp 12067042
Radiation Injuries/or exp Re-Irradiation/or exp Craniospinal Irradiation/or exp Whole-body Irradiation/or exp motor
Neuron disease/or exp Amyotrophic lateral Sclerosis/or exp neoplasm/or exp metastasis/or exp Nervous system
Malformations/or exp “autoimmune diseases of the nervous system”/or exp “congenital, hereditary, and neonatal diseases
and abnormalities"/or exp virus diseases/or exp tuberculosis/or exp cyst/or exp hematoma/or exp infection/or
hemangioma.mp. or cancer.mp. or meningioma.mp. or tumo*r.mp. or cyst.mp. or h*ematoma.mp. or exp trauma/or exp
vascular diseases/or web.ti. or acute.ti. or exp Myelin Sheath/or plexus.ti. or tuberculosis.mp. or myelitis.mp. or exp dog/or
exp cat/or glioma.mp. or deficiency.ti. or exp multiple sclerosis/

5 3 not4
6 Limit 5 to english language

2641
2248

As recently outlined for DCM,** the pathophysiology of  of loading, not just compression. Spinal cord vulnerability
degenerative spinal myelopathy can be considered a is influenced by cellular processes, and systemic factors,
function of mechanical stress, vulnerability and time, such as genetic and adaptive protective mechanisms, in-
wherein mechanical stress consists of multiple mechanisms cluding autoregulation of spinal cord perfusion and
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Table 3. Search Strategy for Embase.

Embase

# Searches

Number of
Results

| Myelopath*.mp. or exp myelopathy/or exp spondylosis/or spondylotic thoracic myelopathy.mp. or exp *spinal cord disease/ 308383
or thoracic spinal cord injury.ti,ab. or exp *myelography/or exp *myeloradiculopathy/or myeloradiculopath*.ti,ab. or

(spinal cord adj3 (diseas* or disorder®)).ti,ab. or spondylomyelopath*.ti,ab. or (spinal cord adj3 Compress*).ti,ab. or exp
*spinal cord compression/or exp *Japanese Orthopaedic association score/or Japanese Orthopledic Association.mp. or
(Japanese Orthopledic association adj2 scor*).mp. or (joa adj2 scor¥).mp. or exp ligamentum flavum/or ossification of

posterior longitudinal ligament.ti,ab. or exp *ligament calcinosis/or (exp posterior longitudinal ligament/and (exp

*ossification/or ossifi*.ti,ab.))

2 exp *thoracic vertebra/or exp *thoracic spinal cord/or thoracic.tw. or exp *thoracic spine/ 230149
3 land2 16449
4 exp atlantooccipital joint/or exp arteriovenous fistula/or exp radiotherapy/or exp cyanocobalamin/or exp radiation injury 15244318

repair/or exp radiation injury/or exp *radiation/or exp re-irradiation/or exp irradiation/or exp craniospinal irradiation/or
exp whole body radiation/or exp *motor neuron disease/or exp *amyotrophic lateral sclerosis/or neoplasm metastasis.mp.
or exp metastasis/or exp *neoplasm/or exp malignant neoplasm/or exp radiation induced neoplasm/or exp
myeloproliferative neoplasm/or exp vertebra hemangioma/or exp hemangioma/or exp nervous system malformation/or
autoimmune diseases of the nervous system.mp. or autoimmune nervous system.mp. or (congenital, hereditary, and
neonatal diseases and abnormalities).mp. or congenital disorder.mp. or exp genetic disorder/or newborn disease.mp. or
exp virus infection/or exp tuberculosis/or exp cyst/or exp hematoma/or exp infection/or hemangioma.mp. or cancer.mp.
or meningioma.mp. or tumo*r.mp. or cyst.mp. or h*ematoma.mp. or exp trauma/or exp vascular diseases/or web.ti. or
acute.ti. or exp Myelin Sheath/or plexus.ti. or tuberculosis.mp. or myelitis.mp. or exp dog/or exp cat/or glioma.mp. or

deficiency.ti. or exp multiple sclerosis/
5 3 not4
6 Limit 5 to medline
7 5notéb
8 Limit 7 to english language

1607
228

1379
1232

nutritional status.”> The association between obesity and
smoking and both DCM and DTM, suggests similar
pathogenesis may be exist for both DCM and DTM.*?
Moreover, the co-existence of DCM and DTM, such as
by cervical and thoracic OLF and/or OPLL occurring
concurrently, reinforces this hypothesis.**

The aetiology of the mechanical stress that triggers
DSM, i.e., whether it is due to static or dynamic mecha-
nisms, can be used to subcategorise DTM.?® Static spinal
cord compression or spinal canal stenosis is the result of
degenerative changes indenting the spinal cord, including
osteophyte formation and ligament hypertrophy, calcifi-
cation, and ossification.”> Dynamic compression refers to
compression as a result of movement, whether physio-
logical or pathological. Due to the relatively reduced mo-
bility of the thoracic spine, dynamic mechanisms are likely
to be less important than in the cervical spine. Nevertheless,
dynamic mechanisms may explain the increased rate of
DTM in individuals with increased mobility and laxity of
the thoracic spine.'” Importantly, static and dynamic
mechanisms of spinal cord stress may occur concomi-
tantly.”* Since dynamic mechanisms likely play a smaller
role in DTM, a greater degree of static compression may
well be needed compared to DCM to precipitate
myelopathy.?*?® However, comparative analysis of the

MRIs of patients with DCM and DTM and correlation with
their presentations are needed to evaluate this hypothesis.

DTM Conditions

The most common aetiology of DTM is dependent on the
population. In Japanese populations, in which most of the
included studies were conducted, OLF and OPLL are the
commonest causes, followed by disc herniation, with rare
causes including calcification of the ligamentum flavum and
degenerative spondylolisthesis.''*’' A recent systematic
review found that in Japan, 45% of cases were OPLL, 36.4%
OLF, 16.5% OPLL with OLF and 2.1% disc herniation,3 !
whilst in China, 75.8% of cases were OLF, 13.8% disc her-
niation, 6.6% OPLL and 3.8% OPLL with OLF.?' That same
study found that in the US, disc herniation is the commonest
aetiology with 95.7% of cases, with OLF making up 3.6% and
OPLL .5%.%! Overall, 41.5% of cases were OLF, 18.7%
OPLL, 7.4% OPLL with OLF and 32.4% disc herniation.>!
Another systematic review of surgical procedures on thoracic
myelopathy found that of 2183 patients, 69.8% had OLF,
20.0% OPLL and 9.3% disc herniation.’® Table 4 provides a
summary of the prevalence of the different causes of DTM.
Equivalent conditions affect the cervical spine, with the
prevalence of each being similarly population-dependent.’
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Records identified from

MEDLINE (n = 2248)

- N

Records excluded
(n=1748)
Reasons for exclusion:
- letters
- editorials
- opinion articles
- corrections

Records screened (title and
abstract screening)
(n=2248)
- information not relevant to DTM; e.g:

- cervical or lumbar myelopathy

- non degenerative causes of myelopathy

- other spinal pathologies like osteomyelitis

e

Reports not retrieved
(n=199)
Reasons for exclusion:
- information not relevant to the scope of the review; e.g:
- focus on specific surgical procedures

Reports sought for
retrieval
(n=461)

Reports excluded (n = 154)
Reasons for exclusion:
- information not relevant to the scope of the review; e.g:
- focus on specific surgical procedures
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Studies included in review
(n=358)
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- focus on specific surgical procedures
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- information not relevant to DTM; e.g:

- cervical or lumbar myelopathy

- non degenerative causes of myelopathy

- other spinal pathologies like osteomyelitis /

Y

Figure 2. Search methodology flowchart based on PRISMA 2020 statement.'®.

Furthermore, multiple degenerative changes often occur
simultaneously.”* For example, OLF and OPLL may present
concomitantly,3 !and coexistent OPLL, OLF, and thoracic disc
herniation have also been reported.””!

Osteoarthritic Degenerative Conditions

Due to repetitive use, ageing, and environmental factors
such as smoking, the proteoglycan composition of the
nucleus pulposus changes, altering hydrostatic pressure,
disc height, and subsequently force distribution.**-** This
can lead to a cascade of degenerative changes, which lead to
osteophyte formation and intervertebral disc failure, such as
disc bulging and herniation.?>**° Polymorphisms in several
genes, such as those associated with cartilage and collagen
formation like AGCI and COL9A, have been associated
with this degenerative process,’’ indicating a possible
genetic vulnerability.

Thoracic disc herniation is a cause of myelopathy with an
estimated frequency between 1 per 1000 and 1 per
million.>*° It is less common than cervical disc herniation,41
which has an annual incidence of 18.6 per 100,000.** In fact,
thoracic disc herniation accounts for only .15-4% of all disc

operations.*>** In approximately 40% of cases, the herniated
disc is calcified. Typically, thoracic disc herniation occurs in
middle-aged or older men and at levels below T8.”*'**> The
levels affected are classically at mechanical inflection points;
increased mobility at these spinal levels is postulated to ex-
plain the increased prevalence of herniations.*!

Spondylosis is another osteoarthritic degenerative condi-
tion that can cause myelopathy. Here, protruding osteophytes,
formed by the degenerative processes outlined above, com-
press the spinal cord.*® This condition is infrequent in the
thoracic spine compared to the cervical and lumbar regions*®;
the low prevalence is partly explained by the high rate of
misdiagnosis due to its co-occurrence with cervical and
lumbar spondylosis.*®

In addition, another cause of thoracic myelopathy sec-
ondary to osteoarthritic pathology is degenerative spondylo-
listhesis. In this condition, an increased pedicle—facet joint
angle and facet joint disruption has been observed.*” Whilst
far more common in the cervical and lumbar regions,*® it can
also occur in the thoracic region, often secondary to inter-
vertebral disc degeneration.*® Thoracic degenerative spon-
dylolisthesis tends to occur in combination with lumbar
spondylosis, which can lead to misdiagnosis and subsequently
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Figure 3. A conceptual differentiation of the constituents of degenerative thoracic myelopathy. DTM can be due to either osteoarthritic or
non-osteoarthritic degeneration. In addition, certain congenital abnormalities can predispose individuals to DTM. Figure drawn with

reference to Nouri et al 2015.%'

Table 4. Comparison of Prevalence of Difference Causes of DTM

Study Population Size OLF(%) OPLL(%) OPLL with OLF Disc Herniation(%)
Shiqi et al 2020*° All 2183 69.8 20.0 — 9.3
Chen et al 2020%' All 1935 41.5 18.7 7.4% 324

Japan 662 36.4 45.0 16.5% 2.1

China 625 758 6.6 3.8% 13.8

USA 391 3.6 0.5 2% 95.7

under-reporting.*® Furthermore, it has also been associated
with degenerative scoliosis.*’

Non-Osteoarthritic Degenerative Conditions

Changes in the spinal ligaments, notably the ligamentum
flavum and the posterior longitudinal ligament, can lead to
DTM. Although genetics may play a role in calcification,
hypertrophy, and ossification of these ligaments, the fact that
these phenomena usually manifest in older age implies a link
with ageing and a likely degenerative actiology.’*>"

OLF is a condition whereby the ligamentum flavum un-
dergoes progressive endochondral ossification.’**> Ossifica-
tion at multiple different spinal levels, i.e., tandem
ossification, is a frequently recognised occurrence.>***! OLF
is more common in the thoracic spine compared to the cervical
or lumbar spine, which may be due to the reduced mobility of
this segment.”*>® The lower thoracic spine (T10-T12) is
typically most affected.’®>%%? Thoracic OLF typically pres-
ents before 60 years of age’” and is thought to be more
prevalent in men,’*®"-*3%% although this is inconsistent across
studies.®>%° Genetic factors are believed to play a role in the
development of OLF; an altered genome-wide DNA meth-
ylation profile has been reported in individuals with thoracic
OLE.®” Furthermore, overexpression of genes and transcrip-
tion factors associated with the Notch and Wnt signaling

pathways such as LGRS, ANGPT2, CX48, Runx2, and Osterix
have also been associated with OLF in overexpression and
knockdown experiments.*%%7! Polymorphisms in the
COL6AI gene, which plays an important role in forming
collagen, also appear to be associated with OLF.”> None-
theless, environmental factors are likely to play a role; me-
chanical stress has been shown to promote OLF by inducing
the Notch and Wnt pathways.”*> Diet appears to be another
important factor,”* and fluoride intake is associated with risk
of OLF.”® There is also an association with obesity.’®
OPLL is another non-osteoarthritic degenerative precipi-
tant of DTM. This is a condition whereby the posterior
longitudinal ligament undergoes progressive thickening and
endochondral ossification.”” Similar to OLF, tandem ossifi-
cation is frequent.>*>>" OPLL is more common in the cervical
spine.”® In the thoracic spine, the mid-levels are typically
affected.?”*! Thoracic OPLL is less common than OLF and is
most commonly seen in Asian populations,®’”**" with most
studies conducted in Japan.®**! The prevalence is much lower
in North America and Europe.*® Moreover, thoracic OPLL
seems to be more often reported in males,”'** although reports
are inconsistent.*® Similar to OLF, both genetic and envi-
ronmental factors play a role in the development of the
condition. Increased expression of /L/7RC and COL6A1, two
osteogenic genes, have been associated with OPLL.***7 IGF-
1 has been associated with ligament ossification,*® which may
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explain the association between acromegaly and OPLL.*
Hyperleptinemia and hyperinsulinemia are other factors in-
volved in the development of OPLL,” as is obesity.’**°

Prevalence

DTM is less common than DCM. This may be due to the
reduced range of motion in the thoracic spinal segment.”’
Nonetheless, accurate estimation of DTM prevalence is cur-
rently a challenge due to the heterogeneity in the classification
of DTM as separate clinical entities, the paucity of literature on
the topic, and the fact that studies have been mainly performed
in Asian populations. Underdiagnosis is another challenge.'’
The incidence of surgical interventions is an important esti-
mate of the prevalence of thoracic myelopathy. However, this
is likely to be a substantial underestimate. Surgical inter-
vention for thoracic myelopathy has a reported prevalence of
approximately .9 per 100,000 population, which is less 10% of
that of cervical myelopathy, according to a retrospective study
in Japan.”' These values were reported in studies of highly
specific populations and are thus are not likely to be repre-
sentative of the wider global epidemiology.

Presentation and Management

DTM may present with back or girdle pain, gait difficulty, leg
weakness, sensory disturbance, and bladder or bowel
dysfunction.’””* Symptom burden usually increases over
time. Initial symptoms typically include leg numbness, leg
weakness, gait difficulty, and bladder or bowel disturbance.*’
Gait disturbance is particularly common in OPLL,>”** and
back pain at initial diagnosis is particularly associated with
myelopathy at the upper or middle thoracic levels.”” Neuro-
logical signs may include hyperreflexic patellar and ankle
tendon reflexes, ankle clonus, and positive Babinski sign,

Table 5. mJOA for DTM. Adapted From Hilton et al, 2019.”

although with lower frequency if spinal cord compression is at
lower levels of the thoracic spine.”””> The severity of the
disease can be scored using an adapted version of the modified
Japanese Orthopedic Association (mJOA) score, assessing
lower limb motor function, sensory dysfunction, and bladder
and bowel issues.”'*”"** Table 5 provides a summary of the
adapted mJOA score that can be used for DTM.

Furthermore, there are some rarer presentations of DTM.
For example, high thoracic OLF may present with Horner’s
syndrome,”® whilst foot drop can be a symptom of calcified
thoracic disc herniation at T11-L1 level.”’

The symptoms described are also often present when
cervical or lumbar spinal disorders compress neural elements,
which can result in misdiagnosis and delayed treatment.?”-*3
False localising levels, whereby the symptoms appear to
emanate from a different anatomical location than their true
origin,””*'%" are another challenge that complicates diagnosis.
For instance, cervical cord compression may present with a
thoracic sensory level, and thoracic cord compression may
present with a lumbar sensory level.”**° Furthermore, it is
relatively common for other neurological problems, such as
peripheral neuropathy or lumbar and cervical spine disease, to
occur concurrently with thoracic myelopathy, adding further
diagnostic challenge.””'°" Radiculopathy and myelopathy
also often occur simultaneously.'®® Finally, it is important
always to consider the many non-degenerative conditions that
can cause myelopathy, including autoimmune, inflammatory,
and idiopathic causes.

Thoracic myelopathy tends to respond poorly to conser-
vative management.'®*'** Consequently, surgery is often
required. Posterior decompressive laminectomy or lam-
inoplasty and circumferential decompression via a posterior
approach are the favoured approaches for posterior patholo-
gies.” Posterior decompression is the most common operation
for thoracic disc herniation, OLF, and OPLL.*® whilst

Score  mJOA

Lower limb motor dysfunction

Complete loss of motor and sensory function

Sensory preservation without ability to move legs

Able to move legs but unable to walk

Able to walk on flat floor with a walking aid

Able to walk up and/or down stairs with a handrail

Moderate to significant lack of stability but able to walk up and/or downstairs without handrail
Mild lack of stability but walk unaided with smooth reciprocation

Sensory dysfunction

Mild sensory loss
No sensory loss
Sphincter dysfunction

Complete loss of sensation
Severe sensory loss or pain

Inability to urinate voluntarily

Marked difficulty with micturition
Mild to moderate difficulty with micturition

0
I
2
3
4
5
6
7 No dysfunction
0
I
2
3
0
I
2
3

Normal micturition
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Table 6. Summary of the Current Understanding of DTM and Uncertainties.

Current Understanding

Uncertainty

Classification of Conditions causing DTM can be divided into spondylotic,
non-spondylotic, and predisposition due to congenital
conditions. Another classification is via pathophysiology
whereby spinal cord stress can be due to static and

DTM

dynamic mechanisms.

DTM conditions The most common cause of DTM is OLF, followed by
posterior osteophytosis, OPLL and disc herniation with
rare causes being calcification of the ligamentum flavum

and degenerative spondylolisthesis.
Prevalence

population are affected by DTM.

Presentation

positive Babinski sign may also be present.

Management

Surgical intervention is the most accurate source of
prevalence estimates. Approximately .9 per 100,000

Surgery is the first line of management and involves
decompression of the spinal cord, with posterior
decompression typically the favoured approach. Post-

- Both classifications are based mainly on DCM research.
Research is needed to assess the validity of the
classifications for DTM.

- Which congenital conditions predispose to DTM?

- The most is known about OLF and disc herniation.
Research on the other conditions is lacking.

- What are the genetic and environmental associations for
each of the conditions?

- Studies investigating prevalence have been mainly carried
out in specific Asian populations. Exploring prevalence in
other populations is an important topic for future
research.

DTM may present with back or girdle pain, gait difficulty, leg - The frequency, sensitivity, specificity and positive
weakness, sensory disturbance and bladder or bowel
dysfunction. The burden of symptoms usually increases
over time. Neurological signs may include hyperreflexic
patellar and ankle tendon reflexes; ankle clonus and

predictive value of the symptoms and signs are current
uncertainties.

- What are the differences in how each of the DTM
pathologies present?

- What is the best scoring system for grading the severity of
DTM?

- How important is the timing of intervention for outcomes?

- What is the role of novel therapies in DTM?

- Which surgical technique works best for each pathology?

surgical outcome depends on many factors such as the
specific causative pathology, symptom duration and

presence of additional stenosis.

circumferential decompression is rarer and most commonly
used in OPLL.?° The preference for posterior decompression
over circumferential decompression is related to factors such
as reduced blood loss, lower complication rates, post-
operation recovery rate, and less immediate neurologic de-
terioration.’® Similar to the surgical approach for DCM,'%
there does not appear to be a clear difference between ap-
proaches with regard to long-term outcomes,’® however
conclusions are limited by a paucity of high quality com-
parative studies. Instrumented fusion may also be utilised
alongside posterior decompression in OPLL, which has been
associated with overall favourable outcomes.'’® Moreover,
there appears to be a trend towards posterior instrumented
fusion surgery for OLF, with 48.9% of cases in one pro-
spective multicentre study being posterior decompression
with instrumented fusion.'®’

Anterior or lateral surgical approaches are performed
less commonly but may be required for anterior com-
pressive pathology; these come with the additional risks of
damage to structures such as the aorta and oesophagus.'*®
Nonetheless, anterior decompression for calcified discs may
be associated with improved neurological outcomes.'®
Minimally invasive surgery has become increasingly
common, particularly for disc herniations affecting a single
thoracic level''®!!'!: however, data on minimally invasive
surgery is sparse.

Post-surgical outcomes in DTM depend on many factors,
such as the operative approach, causative pathology, symptom
duration, and presence of additional stenosis.>®'%* For OLF,
statistically significant improvements of JOA scores are re-
ported, although recovery is typically incomplete.’”->!12%113
Recovery is dependent on several factors, such as preoperative
neurological status, duration of symptoms, imaging findings,
age, sex, number of levels involved, and type of
OLE>2°700113:114 "However, the preoperative severity of
myelopathy appears to be the most important factor.>’-°%-!13
Outcomes for surgical management of thoracic disc hernia-
tions are generally poorer than those for cervical disc
herniation.'"

Conclusion

Myelopathy of the thoracic spinal cord can be triggered by
several interrelated, degenerative conditions that affect the
thoracic spine, such as disc herniation, OLF, and OPLL. The
paucity of published literature in this area is partly due to the
relatively low prevalence of these conditions. The heteroge-
neity and inconsistency in the classification of DTM condi-
tions as separate clinical entities further hinders synthesis of
published data. Similar to the recent consensus process for
DCM, we propose the introduction of the term degenerative
thoracic myelopathy as an umbrella term for thoracic
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myelopathies triggered by degenerative conditions of the
thoracic spine. Whilst there may be early hurdles in adoption,
this terminology will improve recognition and communication
as well as promote research efficiency and accelerate un-
derstanding of DTM. The present proposal represents current
evidence-based expert consensus; future wider consultation
may be necessary to refine it further.

To further standardise the classification of myelopathies
triggered by spinal degenerative pathologies, we propose the
term degenerative spinal myelopathy (DSM) as overarching
nomenclature for all degenerative spinal pathology triggering
myelopathy. DSM as the umbrella term for DCM and DTM,
will further aid communication and enable synergies, such as
for studies investigating molecular and cellular changes un-
derpinning myelopathies triggered by spine conditions, as
well as their risk factors. Nevertheless, further research is
needed both on DTM itself and on better defining how it
compares to DCM. Table 6 provides a summary of the current
understanding of DTM and current uncertainties.
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