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Recent therapeutic approaches for spinal cord injury
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ABSTRACT

Spinal cord injuries refer to the impairment of motor and sensory functions due to traumatic or non-traumatic damage to the spinal cord,
which plays a crucial role in the central nervous system. In traumatic cases, an examination is conducted to distinguish between 'primary
injury' resulting from the impact and 'secondary injury' involving biochemical events. In non-traumatic cases, physiological or neurological
conditions are considered. Spinal cord injuries cause damage to the white and gray matter located in the deeper parts of the spinal cord. To
classify the various complications caused by this damage, a fundamental treatment scale known as the International Standards for Neurological
Classification of Spinal Cord Injury, established by the American Spinal Injury Association, has been created to facilitate diagnosis and treatment.
The course of the disease is better understood through sensory and motor tests conducted according to this standard. Complications in the
lesion area are often diagnosed using magnetic resonance imaging. This review addresses the structure of the spinal cord, the causes and factors
of injury, and some current clinical approaches and treatment methods.
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The spinal cord is a nervous tissue that
provides the connection between the brain and
the organs, carries signals to the brain, and thus
plays an important role in the central nervous
system (CNS) by controlling reflexes and certain
movements. Essentially, it is the main nerve cord
responsible for signal transmission. Spinal cord
injury (SCI) is identified through neurological
assessments and sensory tests, and as a result
of these injuries, patients experience loss of
autonomic movements and functions.

The oldest accessible document on SCI
that is considered a reference is the Edwin
Smith Surgical Papyrus, which is believed to
have been authored by Imhotep, and known
for various scientific studies during Ancient
Egypt.”? This historical document systematically
discusses bodily injuries. Cases are numbered,

Received: August 02, 2024
Accepted: August 15, 2024
Published online: October 01, 2024

Correspondence: Oytun Erbas.
E-mail: oytunerbas2012@gmail.com

Cite this article as:
Kulmag HB, Erbas O. Recent therapeutic approaches for spinal cord injury.
D J Med Sci 2024;10(2):83-89. doi: 10.5606/fng.btd.2024.157.

and for each case, a specific prognosis and
treatments applicable under the conditions of
that period are suggested.®' Subsequently, many
scientists, including Hippocrates, the Roman
Aulus Cornelius Celsus, Galen of Pergamon, and
Paul of Aegina, studied and documented SCls
according to the conditions of their respective
periods.-3

Today, SCI is primarily categorized into
traumatic and non-traumatic injuries. It manifests
through complications and distinct symptoms
that arise based on the progression of the
condition.”! Various treatment methods and
clinical studies are implemented based on these
complications.

SPINAL CORD

The medulla spinalis (spinal cord), a gently
curved, cylindrical-shaped nervous tissue
located within the vertebral canal, varies in
structure among most vertebrate animals.!!
There are seven nerve roots within the cervical
vertebrae, and they are named according to
their respective vertebrae (C1-C7). The longest
segment is the thoracic spine, which contains
12 nerve roots (thoracic vertebrae). The lumbar
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vertebrae consist of five distinct nerve roots
(lumbar vertebrae, L1-L5). The sacrum is made
up of five sacral nerve roots, while the coccyx
(tailbone) contains four nerve roots. The terminal
point of the spinal cord is called the conus
medullaris.’! The medulla spinalis extends from
the brainstem to the conus medullaris. One of
the key functions of the vertebral canal is to
provide an open and protective space for the
spinal cord to pass from the cranium to the
sacrum.!”!

The medulla spinalis is composed of gray and
white matter. The inner gray matter contains
nuclei, which include the cell bodies, dendrites,
and originating axons of the brain hemispheres.
The outer white matter consists of blood vessels,
myelinated fibers, and basal ganglia.!!!' The
disruption of the basal ganglia network leads to
various movement disorders.®

Basal ganglia can essentially be divided into
three categories: input nuclei, output nuclei,
and intrinsic nuclei. The nucleus accumbens
(Acb), caudate nucleus (CN), and putamen
(Put) are considered input nuclei, receiving
information primarily from cortical, thalamic,
and nigral sources. The output nuclei consist
of the internal segment of the globus pallidus
and the substantia nigra pars reticulata. One
of their functions is to send basal ganglia
information to the thalamus. Finally, cortical
and thalamic information goes to the striatum
(CN, Put, and Acb) for further processing within
the basal ganglia system.!”®

The spinal cord is part of the CNS and
facilitates the transmission of neural signals
from the brain to the peripheral nervous
system. This transmission mostly occurs
through spinal interneurons located in the gray
matter. Sensory axons in the white matter and
spinal interneurons, primarily found in the
gray matter, conduct and control these signals.
Any damage to the spinal cord components
or the disruption of axons in the passing
nerves affects sensory transmission, motor
signal transmission, and the autonomic nervous
system at the lesion sites. This leads to motor
and sensory function loss, with symptoms such
as coordination loss, pain, and paralysis. Such
clinical impairments are associated with axon or
neuron degeneration. 1%
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Etiology and epidemiology

The incidence, prevalence, and even gender
distribution ratios of SCI vary across different
regions of the world. Spinal cord injury results
in permanent damage, typically caused by
sudden and severe trauma, such as motor
vehicle accidents, falls from heights, workplace
accidents, recreational injuries, sports accidents
(diving into shallow water, jumping), and, to
a lesser extent, falls and injuries at home.!!
In studies conducted in past years, the rate of
SCI due to motor vehicle accidents is higher in
developing countries compared to developed
countries. The primary reasons for the lower
rate of traumatic spinal injuries in developed
countries compared to low and middle-income
countries include factors such as vehicle quality,
seat belt usage, and airbags.'?!3 The global
incidence of traumatic spinal injury, which is

very serious and often fatal, is approximately
10.5 cases per 100,000 people.'

The rates of non-traumatic SCI are lower
compared to traumatic injuries, and consequently,
there are fewer studies related to non-traumatic
SCIL' Causes of non-traumatic SCI include
spinal tumors, transverse muyelitis, spinal cord
infections, neurological disorders, paraplegia, and
even herniated discs.1¢17!

Pathophysiological process

When seeking appropriate treatment after
this type of injury, the injury process and how it
progresses are considered. In traumatic injuries,
an initial mechanical damage occurs, referred
to as primary injury. This is essentially the
first observed problem in the patient.18° In
this process, where the central and peripheral
nervous systems are directly affected, fractures
occur, blood vessels are damaged, and neural cell
structures are disrupted, transmission problems,
particularly in the gray matter, arise within
minutes.19-21

Following the mechanical damage, which is
considered the first stage of the injury, the
biochemical transmission system begins.'®! This
is referred to as secondary damage. In secondary
damage, neurotransmitters involved in the neural
transmission of the injury, along with stress factors,
are released from cells that have been affected,
damaged, or severely injured as a result of the
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primary damage.?1?¥ In this situation, particularly
in damaged cells, free radicals, proteases,
arachidonic acid metabolites, and excitotoxins such
as glutamate and aspartate emerge.?¥ The sudden
release of neurotransmitters and these various
metabolites affects cellular stability. When there is
an abnormal change in the amount of glutamate
in the damaged area, the internal balances within
the cells are disrupted accordingly.?® When the
amount of glutamate increases excessively, it
leads to the influx of calcium (Ca%*) into the cell.
This is a neurotoxic condition because excessive
glutamate causes the death of other neurons.
Neuroprotective agents prevent this potential
neural damage by blocking Ca®* entry, acting as
channel blockers. Potassium (K+) ions also play
a crucial role in the CNS, similar to Ca?*.[24:26-28]
Increased extracellular K+ levels, the influx of
Ca?* into the intracellular space, elevated tissue
sodium (Na) levels, and lipid hydrolysis are among
the potential secondary pathological damages
that occur.[24.2528.29)

Diagnosis

In SCI, damage is more commonly observed
in the cervical vertebrae region. The junction
of the thoracic and lumbar regions has a lower
incidence of damage compared to the cervical
region. However, when examining such traumatic
accidents, it is evident that these two regions
are most commonly affected, even though their
frequencies may vary. Fractures and dislocations
are frequently observed in SCL.M

Neurological examination, including sensory
and motor control assessments, is conducted
according to the American Spinal Injury
Association (ASIA) and International Standards for
Neurological Classification of Spinal Cord Injury
standards, which facilitate the classification of SCls
and motor disorders. The sensory examination
involves testing the areas with diminished
sensation and progressing toward normal regions
using a pinprick sensation test. Sensory testing is
evaluated based on the impairment scale defined
by ASIA.BY

In addition to these sensory tests, magnetic
resonance imaging (MRI) is commonly used to
analyze different brain structures, identify lesions,
and plan surgeries. Clinical research has shown
that spinal cord segmentation is not as advanced
as brain segmentation. However, in the past
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decade, significant progress has been made in the
tield of spinal cord MRI segmentation.®®!

The MRI examinations, such as T1, T2,
diffusion, apparent diffusion coefficient,
and short tau inversion recovery, are used
for various purposes including assessing the
severity of symptoms, investigating the structural
and functional integrity of the spinal cord,
determining the degree of tissue damage, and
measuring morphometric changes.®? These
various MRI modalities are also used to identify
gray and white matter and to measure atrophy of
the gray matter.133:34

There is no single method that provides
detailed imaging of the spinal cord and its
underlying structures in cases of spinal cord
deformation, abnormal densities, or contrast loss.
In such situations, combinations of different
approaches are used as support. For example,
cross-sectional area measurement, a quantitative
method, helps therapeutically evaluate disease
progression. However, due to its ability to better
assess microstructural damage, non-invasive
nature, and sensitivity to parenchymal tissue, MRI
is recommended as one of the best methods for
these purposes.[31-33:34

CLINICAL SYNDROMES

Central cord syndrome

This syndrome is the most common form of
traumatic SCI. Due to severe pressure toward
the center of the spinal cord following the injury,
there is a slowdown in blood flow to the area,
resulting in significant damage to the gray matter
at the center. This condition is characterized
by disproportionate sensory and muscle loss in
the upper extremities compared to the lower
extremities, impaired motor function, and loss of
bladder control.[34:3%)

Brown-Séquard syndrome

It is a neurological condition resulting from
hemisection of the spinal cord. It is characterized
by weakness, paralysis, and proprioceptive deficits
on the same side as the lesion, with loss of pain
and temperature sensation on the contralateral
side.!3¢!

Anterior Cord syndrome

This syndrome typically affects most
of the anterior portion of the spinal cord.
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It characteristically results in a loss of motor
function below the level of the lesion, often
accompanied by loss of sensation, pain, and
temperature perception. Other findings may
include back pain or hypotension, autonomic
dysfunction such as neurogenic bowel or bladder
issues, and sexual dysfunction.®”!

Posterior Cord syndrome

This syndrome is the least common type
among spinal cord syndromes. It is characterized
by selective dysfunction of the posterior
columns of the spinal cord. Due to the loss
of proprioception, it causes impairments in
movement and balance, resulting in difficulties
with coordination and stability.3®!

Conus Medullaris syndrome

It is known that the spinal cord extends from
the brainstem to the conus medullaris. The conus
medullaris is the terminal point of the spinal
cord, corresponding to the L1 segment. Injuries
occurring in the T11-T12-L1-L2 regions affect
the level of the conus medullaris. As a result of
damage, ischemia, weakness in the legs, muscle
atrophy, sensory loss, and sphincter muscle
damage occur, leading to urinary and fecal
incontinence and loss of reflexes.!*%40

Cauda Equina syndrome

The cauda equina is a group of nerve roots
extending below the L1 segment, known as the
conus medullaris. It results from compression
or damage to these nerves. The damage can
affect the conus medullaris and may extend
to more distant regions. It includes the axons
of nerves responsible for motor and sensory
transmission to the legs, bladder, anus, and
perineum. Consequently, the resulting damage
can cause similar symptoms to those seen in
conus medullaris syndrome, including motor and
sensory dysfunction in the lower extremities,
bladder and bowel dysfunction, sexual
dysfunction, and pain radiating to the legs and
back.10!

Syringomyelia

It is a condition characterized by the
accumulation of cerebrospinal fluid within the
central part of the spinal cord, leading to an
increase in the spinal cord’s diameter. The
syringomyelic cord is highly sensitive and
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fragile, and its expansion can cause damage.
This results in various dysfunctions, including
muscle weakness, pain, and loss of reflexes
and control in both the upper and lower
extremities. /4142

TREATMENT AND CLINICAL
STUDIES

Spinal cord injuries are classified in two ways
to facilitate the choice of treatment, based on their
type and progression:

Tetraplegia, also known as quadriplegia, refers
to a condition where neural elements within the
spinal cord are damaged, resulting in a reduction
or complete loss of motor and sensory functions
in the trunk, arms, legs, and pelvic regions,
including the bladder, rectum, and uterus. In
short, the term signifies paralysis affecting all four
limbs. 143!

Paraplegia is a term frequently used in cases
of cauda equina and conus medullaris injuries. It
refers to the preservation of arm functions while
causing motor and sensory loss in the lower
extremities, specifically the legs and lower back,
depending on the severity of the injury.®3

After clinically assessing the patient's
condition and conducting sensory examinations,
physiotherapy and rehabilitation treatments
are carried out. Depending on the severity of
the condition, there are early and late-stage
interventions. Early-stage treatment focuses
on strengthening muscle functions, minimizing
secondary damage complications, and providing
psychotherapy when the neurological damage
is less severe. Late-stage treatment aims to
restore mobility function if the patient is in
a wheelchair or bed, support with assistive
devices, and provide medical support to
help the patient achieve greater functional
independence.30-43]

Some of the clinical studies aimed at treatment
for SClIs can be listed as follows:

1. It was mentioned that when the spinal
cord is damaged, the axons of the nerves
in that area are disrupted. Interventions
aimed at increasing the number of axons
in the damaged region or enhancing the
speed of weak stimuli from the axons can
be effective in treatment.4
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2. Hyperbaric oxygen therapy has been
observed to positively affect the biochemical
transmission system. Developments have
indicated that it reduces -cytotoxicity,
increases certain antioxidants in the spinal
cord, enhances angiogenesis to improve
blood circulation, and raises oxygen levels
in damaged tissues.®

3. The use of edaravone, which acts as a
free radical scavenger, has been shown
to clean antioxidants and lipid peroxides
and stimulate the release of interleukin-10,
which functions as an anti-inflammatory
agent. Studies have demonstrated that
edaravone administration helps protect
remaining motor neurons and prevents the
progression of the disease.!*®!

4. The entry of Ca? into cells, caused by
increased glutamate levels, leads to toxic
neuronal death. It has been observed
that the administration of nimodipine,
which blocks Ca?* channels, can promote
neurological recovery when tested with
various combinations.['8!

5. Prevention of reactive oxygen species
(ROS) within cells has shown promising
results in the treatment of neurological
disorders. Research indicates
that wusing casuarinin significantly
reduces intracellular ROS levels and
glutamate-induced cell death. This
finding underscores the potential of
casuarinin as a therapeutic agent in
mitigating oxidative stress and neuronal
damage associated with SCIs and other
neurological conditions.®”!

6. Various clinical studies focus on neural
regeneration through stem cell research,
biomaterial grafts, and filling of lesion
cavities. These approaches aim to promote
recovery and repair by stimulating neural
regeneration and addressing damaged
areas within the spinal cord.*8l

7. Recently, robotic therapy approaches have
been actively used in both early and
late-stage treatments. The use of hybrid
assistive limb has been associated with
positive outcomes, including increased
endurance, improved walking speed,
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beneficial changes in muscle activity, and
enhanced management of bladder and
bowel functions.!”!

Studies have demonstrated that examinations
conducted within 72 hours after a traumatic
injury provide more reliable prognostic
information.®"

In conclusion, the structure of the spinal cord
and the CNS more accurately reflects the extent
of dysfunction resulting from damage. The
preservation of the sacral sensation particularly
the pinprick sensation during the early stages
also offers hope for the effectiveness of potential
treatments. Research at the molecular biology
level, which is linked to wvarious disciplines
such as medicine, physiology, and anatomy,
aims to develop diverse treatment methods
by integrating with other scientific fields. This
research seeks to restore lost motor functions
to patients and help them return to independent
daily living.

Data Sharing Statement: The data that support
the findings of this study are available from the
corresponding author upon reasonable request.

Author Contributions: Writing the article: H.B.K.;
Control/supervision: O.E.

Conflict of Interest: The authors declared no
conflicts of interest with respect to the authorship and/or
publication of this article.

Funding: The authors received no financial support
for the research and/or authorship of this article.

REFERENCES

1. Anjum A, Yazid MD, Fauzi Daud M, Idris J, Ng
AMH, Selvi Naicker A, et al. Spinal Cord Injury:
Pathophysiology, Multimolecular Interactions, and
Underlying Recovery Mechanisms. Int J Mol Sci
2020;21:7533. doi: 10.3390/ijms21207533.

2. Hughes JT. The Edwin Smith Surgical Papyrus: An
analysis of the first case reports of spinal cord injuries.
Paraplegia 1988;26:71-82. doi: 10.1038/s¢.1988.15.

3. Tahayori B, Koceja DM. Activity-dependent plasticity
of spinal circuits in the developing and mature
spinal cord. Neural Plast 2012;2012:964843. doi:
10.1155/2012/964843.

4. Gel, Arul K, Ikpeze T, Baldwin A, Nickels JL, Mesfin
A. Traumatic and nontraumatic spinal cord injuries.
World Neurosurg 2018;111:e142-8. doi: 10.1016/j.
wneu.2017.12.008.

5. Nieuwenhuys R. Comparative anatomy of spinal cord.
Prog Brain Res 1964;11:1-57. doi: 10.1016/s0079-
6123(08)64043-1.



88

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Kirshblum SC, Burns SP, Biering-Sorensen F,
Donovan W, Graves DE, Jha A, et al. International
standards for neurological classification of spinal
cord injury (revised 2011). J Spinal Cord Med
2011;34:535-46. doi: 10.1179/204577211X13207
446293695.

Peabody T, Black AC, Das JM. Anatomy, Back,
Vertebral Canal. [Updated 2023 Nov 16]. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing;
2024.

Lanciego JL, Luquin N, Obeso JA. Functional
neuroanatomy of the basal ganglia. Cold Spring
Harb Perspect Med 2012;2:a009621. doi: 10.1101/
cshperspect.a009621.

Bennett J, M Das J, Emmady PD. Spinal Cord
Injuries. [Updated 2022 May 11]. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing;
2023 Jan-.

Feng C, Deng L, Yong YY, Wu JM, Qin DL, Yu L,
et al. The application of biomaterials in spinal cord
injury. Int J Mol Sci 2023;24:816. doi: 10.3390/
iims24010816.

Tator CH, Edmonds VE. Acute spinal cord injury:
Analysis of epidemiologic factors. Can J Surg
1979;22:575-8.

Eckert MdJ, Martin MJ. Trauma: Spinal cord injury.
Surg Clin North Am 2017;97:1031-1045. doi:
10.1016/j.suc.2017.06.008.

Lee BB, Cripps RA, Fitzharris M, Wing PC. The global
map for traumatic spinal cord injury epidemiology:
Update 2011, global incidence rate. Spinal Cord
2014;52:110-6. doi: 10.1038/sc.2012.158.

Golestani A, Shobeiri P, Sadeghi-Naini M, Jazayeri
SB, Maroufi SF, Ghodsi Z, et al. Epidemiology of
traumatic spinal cord injury in developing countries
from 2009 to 2020: A systematic review and meta-
analysis. Neuroepidemiology 2022;56:219-39. doi:
10.1159/000524867.

van den Berg ME, Castellote JM, Mabhillo-Fernandez
I, de Pedro-Cuesta J. Incidence of spinal cord injury
worldwide: A systematic review. Neuroepidemiology
2010;34:184-92. doi: 10.1159/000279335.
McKinley WO, Seel RT, Hardman JT. Nontraumatic
spinal cord injury: Incidence, epidemiology,
and functional outcome. Arch Phys Med
Rehabil 1999;80:619-23. doi: 10.1016/s0003-
9993(99)90162-4.

Devivo MJ. Epidemiology of traumatic spinal cord
injury: Trends and future implications. Spinal Cord
2012;50:365-72. doi: 10.1038/sc.2011.178.

Tator CH, Fehlings MG. Review of the secondary
injury theory of acute spinal cord trauma with
emphasis on vascular mechanisms. J Neurosurg
1991,75:15-26. doi: 10.3171/jns.1991.75.1.0015.
Wang JZ, Yang M, Meng M, Li ZH. Clinical
characteristics and treatment of spinal cord injury
in children and adolescents. Chin J Traumatol
2023;26:8-13. doi: 10.1016/j.cjtee.2022.04.007.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

D J Med Sci

Naderi S, Tire U, Pait TG. History of the spinal
cord localization. Neurosurg Focus 2004;16:E15. doi:
10.3171/foc.2004.16.1.16

Steeves J. Spinal cord injury. J Spinal Cord Med
2012;35:271. doi: 10.1179/1079026812Z.0000000
0089.

Pala HG, Erbas O, Pala EE, Artunc Ulkumen B,
Akman L, Akman T, et al. The effects of sunitinib
on endometriosis. J Obstet Gynaecol 2015;35:183-7.
doi: 10.3109/01443615.2014.941345.

Giindogdu G, Taghizadehghalehjoughi A, Cicek B,
Senol O, Nalar KA, Demirkaya AK, et al. Glutamat
eksitotoksisitesi olusturulan primer kortikal noéron
kiiltiirlerinde  parietinin noéroprotektif etkisinin
incelenmesi. Atatiirk Universitesi Veteriner Bilimleri
Dergisi 2018;13:165-73.

Giulian D, Robertson C. Inhibition of mononuclear
phagocytes reduces ischemic injury in the spinal
cord. Ann Neurol 1990;27:33-42. doi: 10.1002/
ana.410270107.

Young W, Koreh 1. Potassium and calcium changes in
injured spinal cords. Brain Res 1986;365:42-53. doi:
10.1016/0006-8993(86)90720-1.

Anderson DK, Demediuk P, Saunders RD, Dugan
LL, Means ED, Horrocks LA. Spinal cord injury and
protection. Ann Emerg Med 1985;14:816-21. doi:
10.1016/50196-0644(85)80064-0.

Chesler M, Sakatani K, Hassan AZ. Elevation and
clearance of extracellular K+ following contusion of
the rat spinal cord. Brain Res 1991;556:71-7. doi:
10.1016/0006-8993(91)9054 8-a.

Dayan K. Akut torakal medulla spinalis lezyonunda
hiperbarik oksijenin sinir iyilesmesi tizerine etkisi. izmir
Bozyaka Egitim ve Arastirma Hastanesi Ortopedi ve
Travmatoloji Klinigi. {zmir, 2009.

Kwo S, Young W, Decrescito V. Spinal cord sodium,
potassium, calcium, and water concentration changes
in rats after graded contusion injury. J Neurotrauma
1989;6:13-24. doi: 10.1089/neu.1989.6.13.

Engin O, El O. Spinal kord yaralanmali hastanin
degerlendirilmesi. TOTBID Dergisi 2018;17:545-53.
doi: 10.14292 /totbid.dergisi.2018.71.

De Leener B, Taso M, Cohen-Adad J, Callot V.
Segmentation of the human spinal cord. MAGMA
2016;29:125-53. doi: 10.1007/510334-015-0507-2.

Ercan G, Yigitturk G, Erbas O. Therapeutic
effect of adenosine on experimentally induced
acute ulcerative colitis model in rats. Acta Cir
Bras 2020;34:¢201901204. doi: 10.1590/50102-
865020190120000004.

Zhu D, Zhang T, Jiang X, Hu X, Chen H, Yang N, et
al. Fusing DTI and fMRI data: A survey of methods
and applications. Neuroimage 2014;102:184-91. doi:
10.1016/j.neuroimage.2013.09.071.

Martin AR, De Leener B, Cohen-Adad J, Cadotte
DW, Kalsi-Ryan S, Lange SF, et al. A novel MRI
biomarker of spinal cord white matter injury: T2*
weighted white matter to gray matter signal intensity



Spinal cord injuries

35.

36.

37.

38.

39.

40.

41.

42.

43.

ratio. AJNR Am J Neuroradiol 2017;38:1266-73. doi:

10.3174/ajnr.A5162.

Hashmi SZ, Marra A, Jenis LG, Patel AA.
Current concepts: Central cord syndrome.
Clin Spine Surg 2018;31:407-12. doi: 10.1097/
BSD.0000000000000731.

Shams S, Arain A. Brown Sequard Syndrome. 2022
Sep 12. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2023 Jan-.

Pearl NA, Dubensky L. Anterior Cord Syndrome.
2022 Aug 22. In: StatPearls [Internet]. Treasure Island
(FL): StatPearls Publishing; 2023 Jan-.

McKinley W, Hills A, Sima A. Posterior cord
syndrome: Demographics and rehabilitation
outcomes. J Spinal Cord Med 2021;44:241-6. doi:
10.1080/10790268.2019.1585135.

Tanaka S, Kubota M, Fujimoto Y, Hayashi J,
Nishikawa K. Conus medullaris syndrome secondary
to an L1 burst fracture in osteoporosis. A case
report. Spine (Phila Pa 1976) 1993;18:2131-4. doi:
10.1097/00007632-199310001-00034.

Rider LS, Marra EM. Cauda Equina And Conus
Medullaris Syndromes. [Updated 2022 Aug 8]. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2023 Jan-.

Williams B. Syringomyelia. Neurosurg Clin N Am
1990;1:653-85.

Emel E, Abdallah A. Spinal tiimérler ve siringomiyeli.
In: Ozer AF, editér. Siringomiveli. Istanbul: Us
Akademi; 2016. s. 81-98.

Nas K, Yazmalar L, Sah V, Aydin A, Ones K.
Rehabilitation of spinal cord injuries. World J Orthop

44.

45.

46.

47.

48.

49.

50.

89

2015;6:8-16. doi: 10.5312/wjo.v6.i1.8.

Kraus KH. The pathophysiology of spinal cord injury
and its clinical implications. Semin Vet Med Surg
Small Anim 1996;11:201-7. doi: 10.1016/51096-
2867(96)80013-2.

Kirby JP, Snyder J, Schuerer DJE, Peters JS,
Bochicchio GV. Essentials of hyperbaric oxygen
therapy: 2019 Review. Mo Med 2019;116:176-179.
Yoshino H. Edaravone for the treatment of amyotrophic
lateral sclerosis. Expert Rev Neurother 2019;19:185-
93. doi: 10.1080/14737175.2019.1581610.

Song JH, Kang KS, Choi YK. Protective effect
of casuarinin against glutamate-induced apoptosis
in HT22 cells through inhibition of oxidative
stress-mediated MAPK phosphorylation. Bioorg
Med Chem Lett 2017;27:5109-13. doi: 10.1016/j.
bmcl.2017.10.075.

Xiao Z, Tang F, Zhao Y, Han G, Yin N, Li X, et al.
Significant improvement of acute complete spinal
cord injury patients diagnosed by a combined criteria
implanted with neuroregen scaffolds and mesenchymal
stem cells. Cell Transplant 2018;27:907-15. doi:
10.1177/0963689718766279.

Yokota C, Tanaka K, Omae K, Kamada M, Nishikawa
H, Koga M, et al. Effect of cyborg-type robot
Hybrid Assistive Limb on patients with severe walking
disability in acute stroke: A randomized controlled
study. J Stroke Cerebrovasc Dis 2023;32:107020.
doi: 10.1016/j.jstrokecerebrovasdis.2023.107020.
Giindiiz B, Turna I. Spinal kord hasarli hastanin
rehabilitasyonu. TOTBID Dergisi 2018;17:581-91.
doi: 10.14292/totbid.dergisi.2018.77.



