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Abstract: Purpose: The increasing elderly patient population is contributing to the rising worldwide
load of cervical spinal disorders, which is expected to result in a global increase in the number of
surgical procedures in the foreseeable future. Cervical rehabilitation plays a crucial role in optimal
recovery after cervical spine surgeries. Nevertheless, there is no agreement in the existing research
regarding the most suitable postsurgical rehabilitation program. Consequently, this review assesses
the ideal rehabilitation approach for adult patients following cervical spine operations. Materials and
Methods: This review covers activities of daily living and encompasses diverse treatment methods,
including physiotherapy, specialized tools, and guidance for everyday activities. The review is
organized under three headings: (1) historical perspectives, (2) patient-reported functional outcomes,
and (3) general and disease-specific rehabilitation. Results: Rehabilitation programs are determined
on the basis of patient-reported outcomes, performance tests, and disease prognosis. CSM requires
strengthening of the neck and shoulder muscles that have been surgically invaded. In contrast, the
CCI requires mobility according to the severity of the spinal cord injury and functional prognosis.
The goal of rehabilitation for CCTs, as for CCls, is to achieve ambulation, but the prognosis and
impact of cancer treatment must be considered. Conclusions: Rehabilitation of the cervical spine
after surgery is essential for improving physical function and the ability to perform daily activities
and enhancing overall quality of life. The rehabilitation process should encompass general as well
as disease-specific exercises. While current rehabilitation protocols heavily focus on strengthening
muscles, they often neglect the crucial aspect of spinal balance. Therefore, giving equal attention to
muscle reinforcement and the enhancement of spinal balance following surgery on the cervical spine
is vital.

Keywords: cervical spine; rehabilitation; physiotherapy; muscle exercise

1. Introduction

The most critical cervical diseases that require rehabilitation are cervical spondylotic
myelopathy (CSM), cervical spinal cord injury (CCI), and cervical spinal cord tumor (CCT).
CSM is an age-related progressive degenerative disease of the spine that results in cervical
spinal cord dysfunction [1,2]. CSM is the leading cause of cervical myelopathy in individu-
als aged 55 or older [3]. The onset of signs and symptoms is often gradual, and they may
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include, in addition to urologic symptoms, a loss of hand dexterity, muscle weakness, joint
stiffness, spasticity in the extremities, and gait abnormalities [4-6].

The incidence of cervical spine cord injury (CCI) is estimated at 13 per 100,000 people,
with traffic crashes, falls, self-inflicted injuries, and occupational accidents being the most
common causes worldwide [7]. CCI is a devastating neurological state that results in
physical dependency, morbidity, psychological stress, and financial burden [8]. Rehabilita-
tion for CCI patients is essential to prevent complications such as decubitus ulcers, joint
contraception, and acute muscle atrophy and to improve independent mobilization in
chronic patients [9].

The increased possibility of early detection of cervical cord tumors (CCTs) and ad-
vances in tumor management have improved the life expectancy of these patients [10]. As
many as 85% of CCT patients may present with metastatic spinal cord compression. Reha-
bilitation should consider the body’s ability due to oncologic treatment, but it is essential
to shorten the hospital stay and return to daily activities [10,11]. In the multidisciplinary
team approach, when the rehabilitation of CCTs is combined with improved medical,
radiological, and surgical treatment, patient and family efforts are consolidated, function
is enhanced, and complications from neurologic damage are prevented [12]. Recently,
an increase in the number of reports regarding rehabilitation following cervical spine
surgery has been reported [13,14]. However, there has been no comprehensive review of
postoperative rehabilitation of CSM, CCI, and CCT patients. We believe that this would
be an essential report for healthcare providers who perform rehabilitation after cervical
spine surgery.

This paper aims to thoroughly examine rehabilitation’s historical background, fre-
quently employed patient-reported outcome evaluation techniques, modern viewpoints on
spinal rehabilitation following surgery, and methods for integrating rehabilitation into the
recovery journey after cervical spine procedures.

2. Materials and Methods

A thorough literature investigation focused on rehabilitation and patient-reported
outcome assessment methods following cervical spine operations. Our sources included
PubMed-indexed, peer-reviewed journals, clinical data, and case studies that involved ter-
minologies such as cervical spine surgery, rehabilitation, and assessment. The search terms
we used to access the database included “Cervical spine”, “Rehabilitation”, “Surgery”,
“Evaluation”, “CSM”, “CCI”, and “CCT”. We focused on papers published after 1990
when cervical rehabilitation became more widespread [15]. We eliminated case reports,
technical notes, review articles, and publications with an impact factor of less than one
from our analysis.

3. Results
3.1. Historical Review of Rehabilitation for Cervical Diseases

From 1914 to 1924, this period was the pre-revenue phase of rehabilitation. Reha-
bilitation was aimed mainly at occupational rehabilitation because many soldiers were
injured during World War I [16]. Physical and occupational therapies have emerged as
crucial adjuncts of surgical practice, particularly for patients with orthopedic injuries. These
therapies have been pioneered by experts such as R. Tait McKenzie and George Deaver.
Over a decade later, the medicine of spinal cord injury became a well-known field due
to the high number of casualties during World War II [17]. Treating spinal cord injuries
requires a multidisciplinary team led by a physiatrist, occupational therapist, physiother-
apist, psychologist, social worker, speech therapist, and other specialist consultants as
needed. In 1944, the British Council for Rehabilitation defined “rehabilitation” as “the
whole range of services from the time of the onset of the individual’s disability to the
point at which he is restored to normal activity or the nearest possible approach to it” [18].
Furthermore, the World Health Organization (WHO) termed rehabilitation activities of
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daily living (ADL) improvement in 1968 [19]. Since then, the importance of rehabilitation
has increased widely worldwide.

George Engel’s groundbreaking biopsychosocial model arose from a lack of satisfaction
with the biomedical model of illness. His novel model highlighted the dualistic and
dynamic perspective of human experience, signifying the mutual influence of the mind and
body [20]. This allows the rehabilitation framework to encompass biomedical and social,
psychological, and behavioral aspects of illness.

In approximately 1980, rehabilitation focused on patients” quality of life (QOL) because
of the increasing number of elderly patients and the reduced risk of falls [21]. Despite
the increasing incidence of traffic accidents and residual patient neck symptoms, there is
no clear rehabilitation protocol. The Ontario Protocol for Traffic Injury Management (OP-
TIMa) Collaboration suggested in 2016 that clinicians should take into account supervised
strengthening exercises and structured patient education to manage patients with acute
(less than three months) cervical radiculopathy [22]. However, new approaches to rehabili-
tation, such as combined physical and psychological treatments, have been proposed, as
new concepts of psychological factors have been considered [23,24] (Table 1).

Table 1. History of Rehabilitation.

Year Event
1914-1924 Blossoming of rehabilitation (mainly for occupational rehabilitation because of World War I) [16]
1935-1955 Spinal cord injury rehabilitation developed [17]
1944 The word “Rehabilitation” was defined by the British Council for Rehabilitation [18]
1968 Rehabilitation for ADL improvement by the World Health Organization (WHO) [19]
1977 Rehabilitation framework as a biopsychosocial model of illness [20]
1980s Rehabilitation for QOL improvement, especially for elderly patients [21]
2016 Ontario protocol for traffic injury management [22]
Combined treatments of physical and psychological treatments [23]
2018 .
New concept of psychological factors [24]
3.2. Different Types of Rehabilitation
The goal of rehabilitation following spinal surgical interventions is to increase physical,
psychological, and social functioning, accelerate recovery, prevent and treat complications,
address residual symptoms, and treat associated diseases [25]. Patients may experience
reduced neck motion due to multiple factors, such as fusion, pain, and immobilization,
in the immediate postoperative period, resulting in severe muscle atrophy and symptom
persistence after surgery [26,27]. Postsurgical rehabilitation may be recommended by
spine surgeons, general practitioners, physical therapists, chiropractors, and occupational
therapists, depending on the individual’s needs. Table 2 shows examples of postsurgical
rehabilitation interventions.
Table 2. Examples of postoperatively cervical spine rehabilitation.
Intervention Definition Example
> How to deal with pain
> The importance of physical activity in pain
Educate patients about their neck pain and how reduction
Patient education and to reduce pain and suffering.Reduce mortality >  Mitigate pain flare-ups
self-management [28,29] and morbidity after CCI and improve quality of >  Step-by-step rehabilitation methods for
life. return to routine work

> Prevention of complications (bedsores,
urinary tract infections, etc.)
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Table 2. Cont.

Intervention

Definition

Example

Early Exercise [30,31]

Preventing axial pain by strengthening cervical
muscles and ROM exercises early after surgery.
Strengthen respiratory muscles and prevent
pneumonia after CCI.

Stretching

Muscle strengthening
Endurance exercises
Range of motion exercise

Manual therapies [32-34]

Manual therapies can relieve neck pain and
radicular pain in the upper limbs.Massage
Therapy Relieve stiffness and numbness after
CCL

Myofascial release
Neural mobilization
Massage

Traction

Electrical stimulation
therapy [35,36]

Electrical stimulation therapy can improve pain,
muscle activation, and coordination.

YY|YYYVY|VVYY

Transcutaneous electrical nerve stimulation
Functional electrical stimulation therapy

Body weight-supported
gait training [37]

Body weight-supported gait training improves
neural plasticity—the tendency of synapses and
neural circuits to change in response to
activity—by providing intensive locomotor gait
training.

Body weight-supported overground
training

Body weight-supported treadmill training
Robot-assisted gait training

Examples of postsurgical rehabilitation interventions are shown in Table 2.

4. Patients-Reported Outcome (PRO) Measures

The PRO measures are progressively being used to assess value-based care. PROs
are any reports from patients regarding their health [38]. They are particularly useful for
subjective outcomes, such as functional health status, health perceptions, and quality of
life (QOL) [38]. PROs are widely used in clinical settings [39,40]. A critical concept in PRO
analysis is the minimal clinically significant difference (MCID). The slightest change in
treatment outcome that patients consider significant is known as the MCID. This represents
the threshold at which a patient perceives a meaningful improvement in their condition
due to the treatment [41]. Another essential concept is the patient-acceptable symptom state
(PASS), which is the score of a PRO scale that indicates that patients perceive themselves as
being in a satisfactory or healthy condition [42]. A systematic review by Issa et al. reported
the postoperative MCID for cervical spine disorders [42]. The reported MCID values for
cervical spine surgery are shown in Table 3.

Table 3. The reported MCID for cervical spine surgery.

Study PRO Recommended MCID Procedure Diagnosis
. PCS-36 4 Cervical .
Badhiwala [43] MCS-36 4 decompression Cervical myelopathy
JOACMEQ 25
Cervical spine function '
JOACMEQ 13
Upper extremity function
Kato [44] JOACMEQ 9.35 Laminoplasty Cervical myelopathy
Lower extremity function
JOACMEQ 77
Bladder function '
JOACMEQ 9.5
QOL ’
. o Cervical degenerative
Oshima [45] COMI sum score 2.1 Not specified

disease
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Table 3. Cont.

Study PRO Recommended MCID Procedure Diagnosis
NDI 7.5 Cervical d ,
Carreon [46] NRS neck 25 Cervical fusion erv1cad. egenerative
NRS arm 25 1sease
Javeed [47] DASH -8

Okano [48]

Anterior cervical
SWAL-QOL -8 discectomy and
fusion

Cervical degenerative
disease

PCS; physical component score, MCS; mental component score, JOACMEQ; Japanese Orthopedic Association
Cervical Myelopathy questionnaire, COMI; core outcome measure index, NDI; Neck Disability Index, NRS;
numerical rating score, DASH; Disabilities of Arm Shoulder and Hand, SWALL-QOL; Swallowing-related Quality
of Life.

4.1. Neck Disability Index (NDI)

The NDI was developed in 1991 [49]. It is the most widely utilized patient-reported
outcome (PRO) measure internationally for postoperative patients with cervical spine
injuries [50]. The NDI evaluates the degree of disability caused by neck pain. A modified
version of the NDI was introduced by Takeshita et al. in 2013, which included the phrase
“because of neck pain” in the phrase “because of neck pain or numbness in the arm” [51].
The Cronbach’s alpha values for the original and modified NDIs were excellent, at 0.92 and
0.89, respectively [51].

4.2. Japanese Orthopedic Association Cervical Myelopathy Evaluation Questionnaire (JOACMEQ)

The JOACMEQ serves as a patient-reported outcome instrument for assessing cervical
myelopathy, which was developed in 2007 [52]. The assessment consists of 24 items and
encompasses five key areas: functionality of the cervical spine, upper limbs, and lower
limbs, bladder control, and overall life quality (QOL). The scores span from 0 to 100 points,
with more significant numbers signifying more favorable circumstances. Recent studies
have translated and utilized the JOACMEQ in various countries and demonstrated strong
internal consistency, with Cronbach’s alpha values ranging from 0.88 to 0.91 [53,54].

4.3. Spinal Cord Injury—Quality of Life (SCI-QOL)

The SCI-QOL measurement was initially designed to address the deficiency of ordinary
PRO available for the clinical management of patients with SCI. It assesses spinal cord-
injured patients’ medical, functional, and psychological outcomes [55,56]. The SCI-QOL is
comprised of 22 items and evaluates four key areas: (1) physical and medical well-being,
(2) psychological health, (3) community engagement, and (4) physical capabilities [56].
The SCI-QOL has been related to the subjective effects of pressure ulcers, anxiety, and
depression, with excellent reliability reported [57-59]. A shortened version of the SCI-
QOL was also reported, with a Cronbach’s « value of 0.89, demonstrating good internal
consistency reliability [60].

4.4. Disabilities of Arm Shoulder and Hand (DASH)

The DASH scoring system was developed to evaluate upper limb outcomes since it
considers all parts of the upper limb as a single functional unit [61]. For patients with
cervical spine disorders, pain and the restoration of upper extremity function are the highest
priorities [62]. DASH is a significant postoperative upper extremity PRO for cervical spine
surgery because it assesses upper extremity function not captured by other cervical spine-
specific assessments [63,64]. Quick DASH, with fewer questions than the original DASH,
was developed and was reliable, with a Cronbach’s alpha value of 0.92 [65]. Several studies
using Quick DASH in patients with CSM have reported that it is related to NDI scores and
upper extremity pain [66,67].
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4.5. Swallowing-Related Quality of Life (SWAL-QOL)

The SWAL-QOL is used to assess dysphagia after anterior cervical spine surgery
(ACSS) [68,69]. The SWAL-QOL comprises 44 items and encompasses ten domains (social
functioning, sleep, fatigue, mental health, communication, burden, fear, food selection,
eating duration, and eating desire); a better patient quality of life could be expected with
higher scores [70,71]. It has been reported that 10.8% to 50.2% of patients after ACSS
will experience dysphagia during the first postoperative year, with 4.8% having severe
dysphagia [72,73]. Recently, an abridged version of the SWAL-QOL, which reduces the
number of questions to 14 and is designed explicitly for post-ACSS, has been reported [74].

5. Physical Performance Tests

Hand clumsiness and gait disturbances are characteristic clinical manifestations of
cervical spinal cord disease [75-77]. Patients with cervical myelopathy have locomotive
syndrome, a condition in which motor function is impaired [78]. Patients with impaired
motor function are still at high risk of falling even after surgery [79]. Although muscle
strength is preserved, these patients have sensory ataxia and reduced proprioception [80].
Assessing physical function before and after surgery is essential to establish a rehabilitation
program. The commonly used physical examinations include the following.

5.1. Ten-Second Grip and Release Test (10s-G&R) (Figure 1)

Ten-second G&R counts the number of times a finger is performed in 10 s by grasping
and opening each finger on one side as quickly as possible [81]. Age-specific cutoff values
have been reported for the G&R because the G&R is affected by age. CSM is generally
suspected when the number of grips and releases is below the cutoff value [82]. A 10s
G&R of 17-20 cycles in CSM patients is classified as mild hand dexterity impairment,
14-16 cycles as moderate impairment, and 13 cycles or less as severe impairment, indicating
increased disease severity and decreased quality of life [83].

: MR = PEEENBOSE
‘,ltl . |

Figure 1. Ten-second Grip and Release Test. (A): Grip; (B): Release. A 10 s G&R of less than 20 times
G&R is classified as hand dexterity impairment.

5.2. Capabilities of Upper Extremity Test (CUE-T)

A patient-specific upper extremity function assessment method for CCI patients has
been reported to have good validity, reliability, and responsiveness [84,85]. CUE-T is charac-
terized by its ability to quantify functional limitations specific to spinal cord injury tetraple-
gia without needing a special evaluation kit. This consists of coarse movements to check
one-handed movements, including reaching in each direction, two-handed movements for
push-ups and lifting weights, and skillful movements to check grasping, pinching, and
manipulation of objects performing wrist joint, index finger, and thumb movements [86].
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5.3. Foot Tupping Test (FTT) (Figure 2)

The FTT is a method used to assess the speed at which the patients can flex and extend
their toes constantly for ten seconds while their heels are kept on the ground (Figure 1).
This test measures the speed of voluntary limb movements in patients with degenerative
compression myelopathy [87]. The FIT also correlates with the 30 m walk test and is
effortless to execute, as it can be accomplished while the patient sits in a chair [88]. Patients
with myelopathy exhibited a significantly reduced mean FTT of 23.8 + 7.2, compared to
the 31.7 £ 6.4 observed in healthy individuals, with a decline noted as age increased [87].
Additionally, the FTT score significantly correlated with lower extremity motor function, as
measured by the modified JOA score and the grip and release test [87].

Figure 2. Foot Tapping Test.

5.4. The Brief BESTest (Table 4)

The Brief BESTest is a modified version of the BESTest [89], with six sections assessing
biomechanical constraints, stability limits, anticipatory postural adjustments, postural
responses, sensory orientation, and gait stability [90]. In a study on the psychometric
properties of various balance assessment measures, the Brief BESTest was the most effective
in assessing balance ability in CSM patients [89]. Patients with CSM are at a greater risk of
falling if their Brief BESTest score is below eight, and a walking aid is recommended if the
score is nine or lower [91].

Table 4. The Brief BESTest.

III. Anticipatory

L Blomech.amcal I Stability Limits Postural IV. Postural V. .Sensqry VL Stab%hty in
Constraints . Responses Orientation Gait
Adjustments
4. Compensatory
1. Hip/trunk 2. Functional reach 3. Stand on one leg stepping 5. Stance on foam, 6. Timed “Get Up
lateral strength forward (left and right) correction, lateral Eyes closed & Go” Test

(left and right)

5.5. Walking Index for Spinal Cord Injury (WISCI II)

WISCI II is the most commonly utilized scale of walking ability [92-94]. This scale
consists of 21 levels arranged in a hierarchy, assessing an individual’s capacity to traverse a
10 m distance on a level, unobstructed surface. The scoring system spans from 0, indicating
an inability to stand or engage in assisted walking, to 20, representing the ability to walk
10 m independently without any assistive devices, orthoses, or physical support [95].
However, the WISCI score does not consider walking speed or gait quality. The assessment
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of participants is based on their performance in a controlled testing setting rather than
considering their preferred walking habits in everyday situations or at their residences [95].
Nevertheless, the WISCI Il score significantly correlates with the functional independence
measure, walking speed, 6 min walking distance, lower extremity motor score, and Berg
balance scale [96].

5.6. Trunk Control Test (TCT)

Individuals with spinal cord injuries (SCIs) cannot often sit unsupported due to paral-
ysis and sensory loss, making trunk control an essential form of gross motor activity for
those with paraplegia who perform most daily activities from a seated position. According
to Anderson and colleagues [97], more than 60% of people with SCI and tetraplegia consid-
ered core stability combined with arm and hand function to be their highest priority for
enhancing their overall quality of life. The TCT is a standard assessment tool for evaluating
trunk function in SCI patients [98]. The assessment encompasses evaluations of seated
stability and examinations of more intricate tasks associated with trunk control, including
trunk flexion, extension, and rolling movements. Studies have demonstrated that the
TCT possesses prognostic validity, as it can forecast walking ability and autonomy in SCI
patients 12 months following their injury [99,100].

6. Active of Daily Living (ADL) Outcome Measures

Rehabilitation medicine involves assessing alterations in daily living (ADL) activities
due to physical, mental, and functional decline and structural abnormalities caused by
disease. Medical care attempts to restore function and adjust the environment to improve
ADLs. Assessing ADLs is essential for understanding the patient’s status and determining
the effectiveness of treatment. The comprehensive and disease-specific ADL assessment
indicators are listed below.

6.1. Spinal Cord Independence Measure (SCIM)

The SCIM comprises four areas of function: self-care, breathing, sphincter manage-
ment, and mobility. It is rated on a 17-item scale out of 100, with higher scores indicating
more independent ADLs. It is an SCI-specific ADL assessment index that evaluates im-
portant ADL items for patients with SCI, such as bed and decompression movements.
Version 1V is the latest version of the report [101]. Cronbach’s alpha value of 0.96 for the
SCIM 1V has been reported with excellent reliability and validity [102].

6.2. Barthel Index (BI)

The Bl is a commonly used and validated measure to assess a patient’s activities of
daily living and functional ability [103,104]. It consists of 10 items, including mobility, self-
care, and toileting, with total scores ranging from 0 (full assistance) to 100 (independent). BI
assesses “ADLs that can be performed” [105]. In a retrospective comparative study, Zhang
et al. [106] compared the BI for different SCI levels at hospital admission and discharge.
They reported that the Bl improved from 24.7 to 52.7 points for patients with cervical SCI,
19.3 to 56.3 points for patients with thoracic SCI, and 18.1 to 67 points for patients with
lumbar SCI. Additionally, the BI did not correlate with the surgical time, rehabilitation
interval, or mean hospital stay for patients with spinal segment injuries.

6.3. Functional Independence Measure (FIM)

The FIM is the most commonly utilized ADL assessment. The FIM consists of two
major items: motor and cognitive. The motor items are linked to self-care, toileting, trans-
ferring, and mobility activities, whereas the cognitive items are linked to communication
and social awareness. It assesses a patient’s independence on a scale of 18-126 points on
18 items [107]. Unlike BJ, it evaluates the ADLs that are being performed. It is often used
for ADLs in patients with SCI, but it has recently been used to assess ADLs in patients
with SCT and CSM [108-110]. The FIM is easy to use as a general ADL assessment tool but
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difficult for patients with SCI. The FIM does not adequately capture functional changes
because it fails to assess turning over, getting up, and preventing pressure injuries, which
are essential for patients with SCI.

7. Cervical Cord Injury Height Level and Severity Assessment Index

Severe injuries to the spinal cord often result in motor paralysis and sensory deficits in
the extremities and trunk below the level of the injury. Moreover, the autonomic nervous
system may lose its function. Accurate assessment of paralysis and deficits is crucial for
setting rehabilitation goals and developing a suitable program. Notably, in tetraplegic
patients, various functional abilities could be acquired through rehabilitation, even within
the same spinal cord segment. It is also imperative to determine the prognosis for mobility
in patients with spinal cord injuries.

7.1. International Standards for Neurological Classification of Spinal Cord Injury (ISNCSCI) and
American Spinal Injury Association Impairment Scale (AIS) for Neurological Evaluation of
SCI Patients

The ISNCSCI and AIS are the most broadly accepted systems for examining and
classifying sensory and motor impairments in patients with spinal cord injuries. The
ISNCSCI enables consistent and precise communication between researchers, clinicians,
and patients. The information obtained from this system is utilized to develop personalized
rehabilitation programs, predict patient prognosis, document recovery, and assess the
effectiveness of interventions. The first edition of the ISNCSCI, the Standards for the
Neurologic Classification of Spinal Cord Injury, was published by the ASIA in 1982 [111]
and updated in 2019 [112]. The National Institute for Neurological Disorders and Stroke
(NLI) score and AIS score can be determined from the sensory and motor scores. In a
prospective analysis of 600 patients conducted by Scivoletto et al. [113], the MCIDs for
the motor and sensory scores were 4.48 and 5.19, respectively. The MCIDs for the upper
extremity motor score (UEMS) and lower extremity motor score (LEMS) were 2.72 and
3.66, respectively [113]. It is crucial to perform an accurate evaluation according to the
International Standards for Neurological Classification of SCIs developed by the ASIA when
planning a physical therapy program. This evaluation is clinically beneficial and essential
for international research activities because it allows for the quantitative assessment and
analysis of physical function.

7.2. International SCI Datasets

A comprehensive collection of common data elements (CDEs) for Spinal Cord In-
jury Clinical Research and Clinical Trials has been released by the National Institute of
Neurological Disorders and Stroke (NINDS). The release set also included report forms
and expert recommendations. This comprehensive set of CDEs is considered a valuable
resource for clinical researchers who desire to use standardized data collection methods
when performing new clinical studies. The set covers more than fifteen neurological
disaster areas. Many ISCoS International SCI datasets have been incorporated in whole
or in part into the NINDS SCI CDEs and recommendations. The NINDS CDEs and the
ISCoS International SCI datasets are readily available through the NINDS CDE Project
website [114]. Translations of the International SCI datasets are encouraged, but the recom-
mendations in the publication must not be modified [115]. The NINDS SCI CDEs and the
expert recommendations have incorporated numerous ISCoS International SCI datasets,
either in full or partially. These resources are easily accessible through the NINDS CDE
Project website [114]. While translations of the International SCI datasets are encouraged,
the recommendations in the publication must remain unmodified.

8. Postoperative Physical Therapy for Cervical Surgery

The need for surgical intervention in patients with cervical pain and neuropathies
that do not respond to conservative treatment is increasing [25,116]. Anterior cervical
discectomy and fusion are currently among the most common surgical procedures for
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the cervical spine [25,26,117]. The efficacy of cervical spine surgery for treating cervical
nerve root pain is good, but its effect on neck function is unknown [25,118]. During the
immediate postoperative period, cervical fusion decreases range of motion, pain, and
muscle weakness [26,27,117]. Atrophy and deconditioning of cervical muscle function
do not resolve spontaneously and persist over time [27,117,119]. Therefore, a structured
postoperative rehabilitation program, including endurance exercises, isometric strength-
ening, stretching, neck and shoulder function, and aerobic exercise, is recommended to
improve postoperative cervical spine dysfunction and neuropathy [27,116]. Compared with
standard treatment, a structured therapeutic exercise program combined with a cognitive
behavioral protocol improves neck disability, pain intensity, patient satisfaction, and patient
anxiety after surgery [27,116,118]. It is necessary to establish a rehabilitation program that
considers the functional and life prognoses of patients with spinal cord injury (SCI) and
spinal cord tumors (SCTs). The following is a general postoperative rehabilitation plan for
the cervical spine.

8.1. Neck and Shoulder Muscle Strengthening

Strengthening of deep neck muscles is associated with improvements in NDI scores
and neck and upper extremity pain [118]. Strengthening the deep neck muscles begins
with nonresistance exercises and moves to isometric and resistance exercises [118]. Previ-
ous studies demonstrated a strong relationship between deep neck and trapezius muscle
weakness and axial neck pain following cervical spine surgery [120,121]. Therefore, post-
operative muscle strengthening is essential for improved outcomes [122,123]. Isometric
exercises of the neck and trapezius muscles performed early after cervical spine surgery
not only have muscle hypertrophy effects but also improve local blood circulation, with
consequent favorable effects on muscle swelling and pain sensitization at the local surgical
site [124]. The general neck and shoulder muscle strengths are shown. (Figure 3).

Figure 3. (A): Isometric contraction of the extensor muscles of the neck. (B): Self-isometric exercise of
neck extensor muscles. (C): Self-isometric exercise of neck flexor muscles. (D): Scapular elevation
exercises. (E): Scapular rotation exercises. (F): Scapular adduction exercises. (G): Resistance exercise
of the middle trapezius muscle. (H): Resistance exercise of the upper trapezius muscle.
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8.2. Hand Dexterity Movement Exercises

Hand sensory disturbances, hand dexterity disorders, and intrinsic hand muscle
weakness are the initial clinical manifestations of CSM [116,117]. Hand dexterity disorders
are closely associated with the severity of CSM [125]. A study of hand dexterity movement
exercise in monkeys with artificially injured spinal cords revealed that hand dexterity
improved when exercise was performed early in the injury [126]. In recent years, hand
dexterity has improved with interventions combining general rehabilitation and electrical
neuromodulation in patients with SCI [127,128]. To improve hand dexterity, tasks similar
to activities of daily living should be adopted into the rehabilitation program. The results
of conventional hand dexterity movement exercises are shown in Figure 4.

Figure 4. Hand dexterity movement exercises: (A): Pinching action with pegboard. (B): Pinch Power
Strengthening Exercise. (C): Cutting exercise using a knife, (D): Buttoning practice. (E): Hand dexterity
movement exercises using a spoon. (F): Hand dexterity movement exercises using chopsticks.

8.3. Neural Mobilizations (NM)

Neural mobilizations (NMs) are interventions such as exercise and manual techniques
intended to directly or indirectly affect neural tissue in conditions with signs of neural
involvement or neural mechano-sensitivity [129,130]. NM effectively improves upper
extremity pain and quality of life in patients with cervical radiculopathy [131,132]. Their
mechanism of action is thought to involve affecting the axoplasmic flow movement of the
nerve [133]. The nerve microcirculation may be affected by alterations in nervous system
pressure and reductions in intraneural edema [134]. NM can also reduce the excitability
of dorsal horn cells [135]; thus, it has been proven effective in enhancing upper extremity
pain relief and quality of life in patients with cervical radiculopathy [131,132]. The specific
NM techniques used for upper extremity pain in patients with cervical spine disease are
illustrated in Figure 5.
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Figure 5. Neural Mobilization (NM): (A): Neural Mobilization of the median nerve area (C5~7),
(B): Neural Mobilization of the radial nerve area (C6~8), (C): Neural Mobilization of the ulnar nerve
area (C8~Th1).

8.4. Balance Ability Exercise

The incidence of falls and fall-related fractures is more significant in CSM patients
than in healthy adults and partially improves after spinal decompression surgery [136-139].
However, sensory deficits and impaired balance generally persist after cervical spine
surgery [140]. In the balance assessment, the most difficult items for CSM patients were
using the brief BESTest, hip/trunk lateral strength, standing on one leg, compensatory step
correction, standing on foam, and eyes closed [91]. Rehabilitation for balance disorders in
patients with CSM should improve postural control, lower limb strength, and lower limb
muscle response to disturbances [141-143]. Balance ability exercise after CSM surgery is
shown (Figure 6).

Figure 6. Balance ability exercise: (A): Stand on balance cushions and raise heels. (B): Stand with one
foot on balance cushions and abduct the contralateral lower leg. (C): Stand on balance cushions and
raise the ball. (D): Walk on a treadmill and react to changes in speed. (E): Center of gravity movement
exercise using a TV game. (F): Knee walking on a platform. (Used for patients at high risk of falling).

9. Virtual Reality Technology for the Rehabilitation

Virtual reality (VR) technology is increasingly being utilized for rehabilitation pur-
poses, particularly in cases of cervical spinal cord disease [144]. Research using neuroimag-
ing techniques has demonstrated that virtual reality can modify neural connections in
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various brain regions, including the primary sensory-motor cortex, supplementary motor
area (SMA), cerebellum, precentral gyrus, and both ipsilateral and contralateral marginal
gyri. This modification occurs through the integration of visual, auditory, and tactile
feedback [145]. VR technology creates a lifelike environment that offers participants a
secure and engaging platform for learning. The effectiveness of motor function restora-
tion is directly related to the extent of neural network reorganization induced by the VR
intervention. The recovery of neurological function in CSM patients has been shown to
depend on both spinal cord compression and injury and reorganization or plasticity of
brain function [146]. VR technology is being applied to facilitate rehabilitation through
brain remodeling [147,148]. Upper extremity exercise with VR has yielded better results in
SCI patients than conventional therapy [149], significantly improving muscle strength, gait,
balance ability, and WISCI-II [150]. VR therapy stimulates patient attention and motivation,
making the intervention more effective than traditional physical therapy [151]. However,
the effect of rehabilitation via VR after CSM surgery is not yet apparent [144], and further
research is needed to verify its effectiveness.

10. Rehabilitation for Postoperative Complications of Cervical Spine Surgery
10.1. Postoperative C5 Palsy

A frequent complication following cervical spine surgery is C5 palsy, which affects
roughly 5.6% of patients [152]. This condition manifests as weakness in the deltoid and/or
biceps muscles, either on one side or both [153]. Typically, C5 paralysis emerges within two
weeks post-surgery and is temporary, usually resolving within six months [152,153]. How-
ever, the defect may sometimes persist, affecting 15% to 19% of patients [154]. Postoperative
C5 palsy can lead to decreased patient satisfaction and reduced quality of life [155].

10.2. Physical Therapy after C5 Palsy

Regarding physical therapy, the first step is to evaluate the power of the deltoid and
biceps muscles via the manual muscle test (MMT), (Table 5) [155]. The physiotherapy
program is then tailored to the results of the MMT evaluation, with resistance exercise
for MMT 4, active exercise for MMT 3, active assisted exercise for MMT 2, functional
electrical stimulation for MMT 1, and electric muscle stimulation for MMT 0. Recently,
robotic technology has been used to treat C5 palsy [156]. A study by Kubota et al. revealed
that during physical therapy for C5 palsy via the hybrid assistive limb (HAL), patients
with MMT grades 1 to 2 improved from grade 3 to 4, and the shoulder abduction angle
improved from 36.4° to 140.7° [157]. While treating C5 palsy via robotic technology can
reduce trick motion and promote normal muscle activity, further validation is needed [156].

Table 5. Physiotherapy according to muscle strength in postoperative C5 palsy.

MMT Grade Physiotherapy

Range of motion exercises

0 Electric Muscle Stimulation, Robot

Range of motion exercises, Functional Electrical Stimulation

Range of motion exercises, Active assisted exercise

1
2
3 Active exercise
4

Resistance exercise

10.3. Postoperative Dysphagia and Dyspnea

Postoperative dysphagia and dyspnea following cervical spine surgery are significant
complications [158]. In posterior surgery, these complications are more common after
occupational-cervical fixation (OCF) [159]. In severe cases, revision surgery is manda-
tory [160]. Prolonged intermediate dysphagia after cervical spine surgery can lead to
psychological problems such as depression, anxiety, and other issues that decrease quality
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of life [161]. Therefore, early remediation is needed. Although the effectiveness of reha-
bilitation for postoperative dysphagia is not currently apparent, several commonly used
approaches are described below.

10.4. Physiotherapy for Dysphagia after Anterior Fixation

As a preoperative exercise, manual tracheal retraction exercise (TRE) is useful for
preventing dysphagia (Figure 7). TRE has been shown to improve the flexibility of the
tracheoesophageal sheath, reduce intraoperative retractor pressure, and reduce local and
surrounding tissue damage [162]. It also reduced dysphagia more with multilevel anterior
surgery [162]. For postoperative dysphagia, consideration should be given not to stress the
cervical spine. Suprahyoid muscle exercises, including chin tuck and jaw opening exercises,
are recommended (Figure 8) [163,164].

Figure 7. The manual tracheal retraction exercise (TRE).

Figure 8. Suprahyoid muscle exercises: (A): Chin tack exercise, (B): Jaw opening exercise.

11. Physical Therapy for Cervical Cord Injury (CCI)

Approximately two months after injury is regarded as the acute phase of CCI. During
this phase, the patient’s neurological status will be stabilized, and the goal of rehabilitation
at such intervals is to prevent sedimentary pneumonia (respiratory complications), pressure
ulcers, and orthostatic hypotension that may occur long-term [165]. After the acute phase,
the most crucial key in the recovery phase is to set the rehabilitation goal for both complete
and incomplete paraplegic patients. Several goals include free ambulation, gait with
support, and wheelchair drive. For social mobility, the individual should be capable of
traversing 50 m independently or with mobility devices [165]. Rehabilitation protocols
and general physical therapy are shown from the acute postoperative phase of CCI to the
recovery phase [166] (Figures 9 and 10).
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Figure 9. Physical therapy algorithm from Acute phase to Recovery phase [166].

Figure 10. Physical Therapy for CCI Patients: (A): Stretching the hamstrings. (B): Strengthening
exercises for the serratus anterior muscle. (C): Push-ups to Prevent Pressure Ulcers. (D): Floor-to-
wheelchair transfers. (E): Strengthening of trunk muscles for stabilization of sitting position. (F): Gait

practice with a cane and lower limb orthosis.



J. Clin. Med. 2024, 13, 5363

16 of 30

11.1. Acute Phase of CCI
11.1.1. Pneumonia

Respiratory issues are a significant cause of illness and death in individuals with
acute CCI [167]. Damage to the phrenic nerve can occur from injuries above the C4 level,
necessitating ventilator support. Even injuries below C5 can significantly weaken respira-
tory muscles, including the intercostals and abdominal muscles, which may compromise
breathing function [168]. Effective secretion management is crucial in caring for patients
with CCI to avoid complications like mucous plugs, atelectasis, and pneumonia. Percussion,
vibration, or assisted suctioning can facilitate secretion mobilization [169]. Individuals with
CCI may experience improvements in respiratory function through respiratory muscle
training [170].

11.1.2. Pressure Sore

Patients with CCI are highly susceptible to pressure sores due to immobility, a lack of
sensation, and other physiological changes, which can lead to skin breakdown and delay
rehabilitation [171]. Those in lateral decubitus, sitting, and transferring to wheelchairs
with full-assistance positions are at high risk of developing pressure sores [172,173]. The
guidelines recommend turning or repositioning individuals with CCI every two hours
during the acute rehabilitation phase and placing them on a pressure-reducing device [174].

11.1.3. Low Blood Pressure

Patients with CCI often experience unstable blood pressure, which can result in
frequent episodes of low blood pressure or orthostatic hypotension [175]. A tilt table can
be helpful for patients with orthostatic hypotension, beginning from a 45-degree angle for
30 min per day, with the angle gradually increasing based on the patient’s complaints or
condition [165]. During episodes of orthostatic hypotension, various non-pharmacological
approaches can prove beneficial. These include applying compression and pressure to the
abdomen, performing upper body exercises, utilizing functional electrical stimulation (FES)
on the legs, and employing biofeedback techniques [176-180] (Figure 11).

Figure 11. Treatment of OH using tilt table and EMS.
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11.2. Recovery Phase of CCI
11.2.1. Goal of SCI Rehabilitation

The neurological level of injury (NLI) and paralysis severity are significant predictors
of walking independence in individuals with CCI. An international standardized method
developed by ASIA is widely employed for neurological assessment [181]. The ASIA
Impairment Scale (AIS) is used to evaluate the severity of paralysis at 72 h or 1-month
postinjury and can predict AIS at one-year postinjury [182]. In addition to motor function,
pain perception and age at injury correlate with the ability to walk with the CCI [183,184].
Age at CCI injury and motor and tactile scores at the L3 and S1 levels within 15 days of
injury foretell the acquisition of indoor walking one year after injury [185]. To predict ADLs
that can be acquired by patients with CClIs, treatment programs should be designed based
on appropriate prognostic predictions, and rehabilitation should be practiced as needed
(Table 6).

Table 6. The goal of CCI rehabilitation.

Residual Height Main Muscle Motor Function Act1v1t.y 2 f Daily Self-Help De‘.nces and
Living Orthotics
Sternocleidomastoid Head forward bending Ventilator
263 muscle and rotation Total support Electric wheelchair
Transverse diaphragm Head and neck Environment controller
C4 . movement Total support . .
Trapezius muscle S . Lifter, mouse stick
capular elevation
. Shoqlder joint exercises BFO and eatlr.lg Wheelchair on flat
cs5 Deltoid muscle Flexion—extension and movements with round
Biceps brachii muscle rotation of the elbow orthotics and self-help & .
. . Electric typewriter
joint devices
. ‘ Shoulder joint Transferring (b.ack and
Pectoralis major muscle . forth) possible,
it adduction R . .
Ce Extensor carpi radialis . . wheelchair-driven, Tenodesis-synth print
Extension of the wrist : .
muscle - turning over in bed,
joint changing jackets
Independent
Triceps brachii muscle  Elbow joint extension movement on th.e floor
s . and transferring
c7 Flexor carpi radialis Palmar flexion of the .
e Independence in
muscle wrist joint .
dressing
Able to ride a bicycle
C8-T1 Intrinsic muscles of the Finger flexion Independent of ADL in

hand

the wheelchair

11.2.2. Sitting Training

Once the patient’s general condition is stabilized, sitting exercises are initiated. For
CCI patients, stabilization of the sitting balance stabilizes the wheelchair sitting position
and increases the standard of living [186]. Furthermore, improving the sitting posture
of CCI patients is one of the primary objectives of rehabilitation because it enhances
life satisfaction [187]. Rehabilitation to improve balance ability in CCI patients includes
seated balance training [188], balance training on an unstable mat [189], and virtual reality
exercise [190]. Seated balance exercises necessitate interventions focusing on sitting and
postural control during daily upper extremity movements.

11.2.3. Wheelchair Training

The goal of rehabilitation for CCI patients in the recovery phase focuses on acquiring
mobility. Therefore, the initial stage of mobility acquisition in CCI rehabilitation involves
learning wheelchair skills [191]. The wheelchair is the most effective device that not



J. Clin. Med. 2024, 13, 5363

18 of 30

only enables mobility but also gains the freedom to participate in the community [192].
Upper extremity and trunk muscle strength are crucial for wheelchair propulsion and
wheelchair-to-bed/floor transfer [193,194]. Wheelchair maneuver acquisition is related
to life satisfaction [195]. Rehabilitation to gain wheelchair control includes a wheelchair
skills training program [196], which improves sitting function and wheelchair control
skills [197,198].

11.2.4. Standing Training

CC(I patients have worse standing balance and are at greater risk of falling [199,200].
CCI patients decrease their activity level due to fear of falling [201]. CCI patients’ standing
balance control depends on visual input [199]. Therefore, balance exercises with visual
feedback help CCI patients achieve stable standing. Balance exercises include visual
feedback balance training (VFBT) to improve postural balance control in CCI patients [202].
Recently, balance exercises combining VFBT and FES have been effective for standing
balance in patients with CCI [203].

11.2.5. Gait Training

Body weight-supported treadmill training (BWSTT) and robot-assisted gait training
(RAGT) are used for gait practice in patients with CCI (Figure 12). In the BWSTT, gait
training is initiated early and uses a symmetrical gait pattern of the lower extremities to
improve step and balance [204]. However, reproducing a normal gait pattern with manual
BWSTT requires the assistance of multiple therapists. Therapist-assisted gait practice is
physically demanding and exhausting; therefore, the RAGT was introduced [205].

LB E H;?f-?
IR =]

) £ 'ré?
LS SR b3

]
7

Figure 12. Gait practice for SCI patients using body weight-bearing treadmill training (BWSTT)
and robot-assisted gait training (RAGT). (A): Body weight-supported treadmill training, (B): Body
weight-supported training with a walker.

RAGT has advantages such as increasing the intensity and total duration of training
while maintaining the gait pattern. Compared with the BWSTT, the RAGT allows patients
with severe CCls to begin gait training earlier, reduces physical therapist effort, and in-
creases gait duration and intensity [206]. The reported effects of BWSTT and RAGT on
patients with CCI are shown in Table 7.
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Table 7. Effect of BWSTT and RAGT on Patients With CCI.

Author Intervention Result
Walia [207] BWSTT Improve Standing Balance
Alajam [208] BWSTT Improve cardiovascular and pulmonary health

Alexeeva [209]

BWSTT Improvement in maximal walking speed, muscle strength, and psychological

well-being
Alashram [210] RAGT Improve gait speed, walking distance, strength, range of motion, and mobility
Gil-Agudo [211] RAGT Improved their walking independence as measured by the WISCI-II
Fang [212] RAGT Improve spasticity and walking ability

BWSTT: body weight-supported treadmill training, RAGT: robot-assisted gait training.

12. Postoperative Rehabilitation of Cervical Tumors

In recent years, advancements have been made in research on rehabilitating cancer
patients undergoing treatment [213]. The emphasis is placed on ADLs and quality of life
in the remainder of a cancer patient’s life to ensure long-term survival [214]. CCT causes
pain and paralysis [215] due to spinal cord compression, which can also alter the structure
of the spine, resulting in spinal instability. The treatment of CCT depends on the spine’s
stability, neurological status, and the presence or absence of pain. Different treatment
options, including surgical and non-surgical, can be combined with rehabilitation to relieve
symptoms, improve quality of life, and increase functional independence in patients with
malignant spinal cord compression [216].

The Tokuhashi score has been utilized to determine treatment strategies for patients
with CCT [217], and it is useful as a scoring system for predicting life expectancy in patients
with CCI [218] (Table 8). The goals of rehabilitation for patients with CCT are similar to
those for patients with traumatic SCI: providing patient and caregiver education, improv-
ing mobility and safety, maximizing independence, and facilitating safe discharge to the
community [219]. In addition, based on the severity of paralysis and the CCI [220], im-
provements in ambulation are associated with improved life expectancy. During inpatient
rehabilitation, 65% of CCT patients are discharged home, significantly improving FIM
during hospital discharge [221]. Gait practice for CCT patients with RAGT improves gait
ataxia [222], and rehabilitation results in less pain and depression [223].

Patients with CCI may experience further complications due to primary cancer or
metastatic disease [224,225]. Patients with primary tumors who undergo an inpatient
rehabilitation program have a median survival of 9.5 months, a 47.4% 1-year survival rate,
and a 10.5% 5-year survival rate. In contrast, patients with metastatic disease have a median
survival of 2.8 months, a 21.4% 1-year survival rate, and a 3.6% 5-year survival rate [225].
Survival rates vary depending on tumor pathology, with lung metastases having a 16%
survival rate at 24 months and breasts having a 44% survival rate at 24 months [226].

Table 8. Tokuhashi score [217].

Prognosis Parameter Score
Patient condition
Poor (performance status: 10-40%) 0
Moderate (performance status: 50-70%) 1
Good (performance status: 80-100%) 2

No. of bone metastases outside spine
Poor (performance status: 10-40% 0
Moderate (performance status: 50-70%)
Good (performance status: 80-100%) 2

—_
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Table 8. Cont.

Prognosis Parameter Score
No. of bone metastases outside spine
>2 0
1-2 1
0 2
Metastasis to major organs
Nonremovable 0
Removable 1
None 2

Primary site
Lung; osteosarcoma; stomach; bladder; esophagus; pancreas
Liver; gallbladder; unidentified
Other
Kidney; uterus
Rectum
Thyroid; breast; prostate; carcinoid tumor

Gk W= O

Palsy
Complete (Frankel A; B)
Incomplete (Frankel C; D)
None (Frankel E) 2

_ O

Rehabilitation for patients with CCT should be extensive. The severity of NLI and CCI,
life expectancy, and symptoms of the primary tumor should be considered to determine
post-discharge goals. The following is a list of factors that may be important in rehabilitating
CCT patients (Table 9).

Table 9. Rehabilitation key after CCT surgery.

Intervention Definition
Assess neurological status and severity of spinal cord injury. As the severity
Neurological Evaluation of Spinal Cord Injury of spinal cord injury increases, changes in improvement in neurologic

function are scant.

Life expectancy

The prognosis varies greatly depending on the type of tumor, and evaluation
is necessary to construct rehabilitation goals.

Symptoms of Primary Tumors

In the case of metastatic tumors, rehabilitation should be performed,
considering the symptoms of the primary tumor.

Secondary health conditions can affect a patient’s ability to participate in

Support for pain caused by osteolysis rehabilitation and must be optimally managed. First, a comprehensive

assessment and management of pain must be performed.

Social support at hospital discharge

The patient’s social support significantly impacts his or her plans for home
after discharge and should be discussed from the beginning of rehabilitation.

13. Limitation

The limitation of this study is that it is a narrative review, which may introduce
subjective bias in our perspectives and interpretations. It is also not a systematic review
and may lack comprehensiveness and reproducibility. The number of databases used was
limited, and the choice of keywords was only seven. We did not include reports with low-
impact factors in this study, and we could not evaluate the quality of the included studies.

14. Conclusions

Rehabilitation of the cervical spine after surgery is essential for improving physical
function and the ability to perform daily activities and enhance overall quality of life.
The multifaceted rehabilitation process aims to restore mobility, improve functionality,
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and boost life quality. To evaluate and assess lumbar spine conditions, practitioners
employ various methods, including physical therapy, cognitive-behavioral therapy, and
activities of daily living, utilizing patient-reported outcomes and physical performance
assessments. While current rehabilitative approaches heavily focus on strengthening
muscles, the significance of spinal balance is frequently neglected. Therefore, giving equal
attention to muscle strengthening and enhancing spinal balance following cervical spine
surgical procedures is crucial.

Author Contributions: T.S.—writing draft preparation; A.H.—writing and editing; M.T. (Masato
Tanaka)—conceptualization; K.U.—data collection; T.O.—data collection; Y.K.—data collection;
K.T.—data collection; Y.Y.—data collection; M.N.—data collection; A.S.—writing and editing; M.T.
(Masanori Takeda)—writing and editing. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was supported by research funds to promote the hospital functions of the
Japan Organization of Occupational Health and Safety (2023-OKA).

Institutional Review Board Statement: This study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the institutional review boards at Okayama Rosai Hospital
(approval No. 508, 25 June 2024).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the
study’s design, data collection, analysis, or interpretation, manuscript writing, or decision to publish
the results.

References

1.

10.

11.

12.

13.

14.

15.

Singh, A.; Tetreault, L.; Casey, A.; Laing, R.; Statham, P.; Fehlings, M.G. A Summary of Assessment Tools for Patients Suffering
from Cervical Spondylotic Myelopathy: A Systematic Review on Validity, Reliability and Responsiveness. Eur. Spine J. 2015, 24
(Suppl. S2), 209-228. [CrossRef] [PubMed]

Edwards, C.C.; Riew, K.D.; Anderson, P.A ; Hilibrand, A.S.; Vaccaro, A.F. Cervical Myelopathy. Current Diagnostic and Treatment
Strategies. Spine J. 2003, 3, 68-81. [CrossRef]

Klineberg, E. Cervical Spondylotic Myelopathy: A Review of the Evidence. Orthop. Clin. N. Am. 2010, 41, 193-202.
[CrossRef] [PubMed]

Crandall, PH.; Batzdorf, U. Cervical Spondylotic Myelopathy. J. Neurosurg. 1966, 25, 57-66. [CrossRef] [PubMed]

Echols, D.H. The Hoffmann Sign. J. Nerv. Ment. Dis. 1936, 84, 427. [CrossRef]

Denno, J.J.; Meadows, G.R. Early Diagnosis of Cervical Spondylotic Myelopathy. A Useful Clinical Sign. Spine 1991,
16, 1353-1355. [CrossRef]

GBD 2016 Traumatic Brain Injury and Spinal Cord Injury Collaborators. Global, Regional, and National Burden of Traumatic
Brain Injury and Spinal Cord Injury, 1990-2016: A Systematic Analysis for the Global Burden of Disease Study 2016. Lancet Neurol
2019, 18, 56-87. [CrossRef]

Anjum, A,; Yazid, M.D.; Fauzi Daud, M.; Idris, J.; Ng, A.M.H.; Selvi Naicker, A.; Ismail, O.H.R.; Athi Kumar, R.K.; Lokanathan, Y.
Spinal Cord Injury: Pathophysiology, Multimolecular Interactions, and Underlying Recovery Mechanisms. Int. . Mol. Sci. 2020,
21,7533. [CrossRef]

Xiang, X.; Zong, H.; He, H. Research Progress of Lower Limb Exoskeleton Rehabilitation Robot in Improving the Walking Ability
of Patients with Spinal Cord Injury. Chin. ]. Rehabil. Med. 2020, 35, 119-122.

Palacio, A.; Calmels, P.; Genty, M.; Le-Quang, B.; Beuret-Blanquart, F. Oncology and Physical Medicine and Rehabilitation. Ann.
Phys. Rehabil. Med. 2009, 52, 568-578. [CrossRef]

Guo, Y.; Young, B.; Palmer, J.L.; Mun, Y.; Bruera, E. Prognostic Factors for Survival in Metastatic Spinal Cord Compression: A
Retrospective Study in a Rehabilitation Setting. Am. J. Phys. Med. Rehabil. 2003, 82, 665-668. [CrossRef] [PubMed]

Abrahm, J.L.; Banffy, M.B.; Harris, M.B. Spinal Cord Compression in Patients with Advanced Metastatic Cancer: “All I Care
about Is Walking and Living My Life”. JAMA 2008, 299, 937-946. [CrossRef]

Ling, J.; Thirumavalavan, J.; Shin, C.; Lee, T.M.; Marco, R.A.W.; Hirase, T. Postoperative Rehabilitation to Improve Outcomes
After Cervical Spine Fusion for Degenerative Cervical Spondylosis: A Systematic Review. Cureus 2023, 15, e39081. [CrossRef]
Lantz, ].M.; Abedi, A ; Tran, F.,; Cahill, R; Kulig, K.; Michener, L.A.; Hah, R.J.; Wang, ].C.; Buser, Z. The Impact of Physical Therapy
Following Cervical Spine Surgery for Degenerative Spine Disorders: A Systematic Review. Clin. Spine Surg. 2021, 34, 291-307.
[CrossRef] [PubMed]

Dweik, A.; Van den Brande, E.; Kossmann, T.; Maas, A.LR. History of Cervical Spine Surgery: From Nihilism to Advanced
Reconstructive Surgery. Spinal Cord 2013, 51, 809-814. [CrossRef]


https://doi.org/10.1007/s00586-013-2935-x
https://www.ncbi.nlm.nih.gov/pubmed/24005994
https://doi.org/10.1016/S1529-9430(02)00566-1
https://doi.org/10.1016/j.ocl.2009.12.010
https://www.ncbi.nlm.nih.gov/pubmed/20399358
https://doi.org/10.3171/jns.1966.25.1.0057
https://www.ncbi.nlm.nih.gov/pubmed/5947048
https://doi.org/10.1097/00005053-193610000-00005
https://doi.org/10.1097/00007632-199112000-00001
https://doi.org/10.1016/S1474-4422(18)30415-0
https://doi.org/10.3390/ijms21207533
https://doi.org/10.1016/j.rehab.2009.05.004
https://doi.org/10.1097/01.PHM.0000083662.85497.1F
https://www.ncbi.nlm.nih.gov/pubmed/12960907
https://doi.org/10.1001/jama.299.8.937
https://doi.org/10.7759/cureus.39081
https://doi.org/10.1097/BSD.0000000000001108
https://www.ncbi.nlm.nih.gov/pubmed/33323701
https://doi.org/10.1038/sc.2013.107

J. Clin. Med. 2024, 13, 5363 22 of 30

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Lanska, D.J. The Influence of the Two World Wars on the Development of Rehabilitation for Spinal Cord Injuries in the United
States and Great Britain. In Frontiers of Neurology and Neuroscience; Tatu, L., Bogousslavsky, J., Eds.; S. Karger AG: Basel,
Switzerland, 2016; Volume 38, pp. 56-67. ISBN 978-3-318-05605-1.

Ditunno, J.E. Linking Spinal Cord Injury Rehabilitation between the World Wars: The R. Tait McKenzie Legacy. J. Spinal Cord Med.
2017, 40, 641-648. [CrossRef] [PubMed]

Gensini, G.F; Conti, A.A. Rehabilitation in the elderly: Differentiated strategies and objectives? Ital. Heart ]. 2003, 4
(Suppl. S8), 735-75S.

World Health Organization. WHO Expert Committee on Medical Rehabilitation [Meeting Held in Geneva from 12 to 18 November 1968]:
Second Report; World Health Organization: Geneva, Switzerland, 1969; ISBN 978-92-4-120419-4.

Engel, G.L. The Need for a New Medical Model: A Challenge for Biomedicine. Scienice 1977, 196, 129-136. [CrossRef]

Kottke, T.E.; Caspersen, C.J.; Hill, C.S. Exercise in the Management and Rehabilitation of Selected Chronic Diseases. Prev. Med.
1984, 13, 47-65. [CrossRef]

Coté, P.; Wong, J.].; Sutton, D.; Shearer, H.M.; Mior, S.; Randhawa, K.; Ameis, A.; Carroll, L.J.; Nordin, M.; Yu, H.; et al.
Management of Neck Pain and Associated Disorders: A Clinical Practice Guideline from the Ontario Protocol for Traffic Injury
Management (OPTIMa) Collaboration. Eur. Spine J. 2016, 25, 2000-2022. [CrossRef]

Borsook, D.; Youssef, A.M.; Simons, L.; Elman, I.; Eccleston, C. When Pain Gets Stuck: The Evolution of Pain Chronification and
Treatment Resistance. Pain 2018, 159, 2421-2436. [CrossRef] [PubMed]

Fredin, K.; Lords, H. Manual Therapy, Exercise Therapy or Combined Treatment in the Management of Adult Neck Pain—A
Systematic Review and Meta-Analysis. Musculoskelet. Sci. Pract. 2017, 31, 62-71. [CrossRef] [PubMed]

Tederko, P; Krasuski, M.; Tarnacka, B. Effectiveness of Rehabilitation after Cervical Disk Surgery: A Systematic Review of
Controlled Studies. Clin. Rehabil. 2019, 33, 370-380. [CrossRef] [PubMed]

Coronado, R.A.; Devin, C.J.; Pennings, ].S.; Vanston, S.W.; Fenster, D.E.; Hills, ].M.; Aaronson, O.S.; Schwarz, ].P,; Stephens, B.E,;
Archer, K.R. Early Self-Directed Home Exercise Program After Anterior Cervical Discectomy and Fusion: A Pilot Study. Spine
2020, 45, 217-225. [CrossRef]

Cheng, C.-H.; Chien, A.; Hsu, W.-L.; Lai, D.-M.; Wang, S.-F.; Wang, ].-L. Identification of Head Control Deficits Following Anterior
Cervical Discectomy and Fusion in Patients with Cervical Spondylotic Myelopathy. Eur. Spine J. 2016, 25, 1855-1860. [CrossRef]
Javdaneh, N.; Saeterbakken, A.H.; Shams, A.; Barati, A.H. Pain Neuroscience Education Combined with Therapeutic Exercises
Provides Added Benefit in the Treatment of Chronic Neck Pain. Int. |. Environ. Res. Public Health 2021, 18, 8848. [CrossRef]
Gélis, A.; Stéfan, A.; Colin, D.; Albert, T.; Gault, D.; Goossens, D.; Perrouin-Verbe, B.; Fattal, C.; Pelissier, J.; Coudeyre, E.
Therapeutic Education in Persons with Spinal Cord Injury: A Review of the Literature. Ann. Phys. Rehabil. Med. 2011,
54, 189-210. [CrossRef]

Uehara, T.; Tsushima, E.; Yamada, S.; Kimura, S.; Satsukawa, Y.; Yoshihara, A.; Inada, A.; Hayakawa, T. A Randomized Controlled
Trial for the Intervention Effect of Early Exercise Therapy on Axial Pain after Cervical Laminoplasty. Spine Surg. Relat. Res. 2022,
6,123-132. [CrossRef]

Wang, X.; Zhang, N.; Xu, Y. Effects of Respiratory Muscle Training on Pulmonary Function in Individuals with Spinal Cord Injury:
An Updated Meta-Analysis. BioMed Res. Int. 2020, 2020, 7530498. [CrossRef]

Khan, Z.K.; Ahmed, S.I; Baig, A.A.M.; Farooqui, W.A. Effect of Post-Isometric Relaxation versus Myofascial Release Therapy on
Pain, Functional Disability, Rom and Qol in the Management of Non-Specific Neck Pain: A Randomized Controlled Trial. BMC
Musculoskelet. Disord. 2022, 23, 567. [CrossRef]

Kuligowski, T.; Skrzek, A.; Cieslik, B. Manual Therapy in Cervical and Lumbar Radiculopathy: A Systematic Review of the
Literature. Int. J. Environ. Res. Public Health 2021, 18, 6176. [CrossRef] [PubMed]

Deetz, D.; Petrie, B.K. Massage Therapy as a Complementary Treatment for Stiffness and Numbness Post Cervical Spinal Cord
Injury: A Case Study. Int. |. Ther. Massage Bodyw. 2022, 15, 3-8. [CrossRef]

Miao, Q.; Qiang, J.-H.; Jin, Y.-L. Effectiveness of Percutaneous Neuromuscular Electrical Stimulation for Neck Pain Relief in
Patients with Cervical Spondylosis. Medicine 2018, 97, e11080. [CrossRef]

Balbinot, G.; Li, G.; Gauthier, C.; Musselman, K.E.; Kalsi-Ryan, S.; Zariffa, J. Functional Electrical Stimulation Therapy for Upper
Extremity Rehabilitation Following Spinal Cord Injury: A Pilot Study. Spinal Cord Ser. Cases 2023, 9, 11. [CrossRef] [PubMed]
Yang, F-A.; Chen, S.-C.; Chiu, J.-F; Shih, Y.-C.; Liou, T.-H.; Escorpizo, R.; Chen, H.-C. Body Weight-Supported Gait Training for
Patients with Spinal Cord Injury: A Network Meta-Analysis of Randomised Controlled Trials. Sci. Rep. 2022, 12, 19262. [CrossRef]
Weldring, T.; Smith, S.M.S. Patient-Reported Outcomes (PROs) and Patient-Reported Outcome Measures (PROMs). Health Serv.
Insights 2013, 6, 61-68. [CrossRef]

Bech, P; Austin, S.F; Lau, M.E. Patient Reported Outcome Measures (PROMs): Examination of the Psychometric Properties of
Two Measures for Burden of Symptoms and Quality of Life in Patients with Depression or Anxiety. Nord. J. Psychiatry 2018,
72,251-258. [CrossRef]

Turner, G.M,; Slade, A.; Retzer, A.; McMullan, C.; Kyte, D.; Belli, A.; Calvert, M. An Introduction to Patient-Reported Outcome
Measures (PROMs) in Trauma. . Trauma Acute Care Surg. 2019, 86, 314-320. [CrossRef]

Jaeschke, R ; Singer, J.; Guyatt, G.H. Measurement of Health Status. Ascertaining the Minimal Clinically Important Difference.
Control. Clin. Trials 1989, 10, 407-415. [CrossRef]


https://doi.org/10.1080/10790268.2017.1370522
https://www.ncbi.nlm.nih.gov/pubmed/28880132
https://doi.org/10.1126/science.847460
https://doi.org/10.1016/0091-7435(84)90040-9
https://doi.org/10.1007/s00586-016-4467-7
https://doi.org/10.1097/j.pain.0000000000001401
https://www.ncbi.nlm.nih.gov/pubmed/30234696
https://doi.org/10.1016/j.msksp.2017.07.005
https://www.ncbi.nlm.nih.gov/pubmed/28750310
https://doi.org/10.1177/0269215518810777
https://www.ncbi.nlm.nih.gov/pubmed/30458634
https://doi.org/10.1097/BRS.0000000000003239
https://doi.org/10.1007/s00586-015-4368-1
https://doi.org/10.3390/ijerph18168848
https://doi.org/10.1016/j.rehab.2011.03.004
https://doi.org/10.22603/ssrr.2021-0110
https://doi.org/10.1155/2020/7530498
https://doi.org/10.1186/s12891-022-05516-1
https://doi.org/10.3390/ijerph18116176
https://www.ncbi.nlm.nih.gov/pubmed/34200510
https://doi.org/10.3822/ijtmb.v15i4.745
https://doi.org/10.1097/MD.0000000000011080
https://doi.org/10.1038/s41394-023-00568-4
https://www.ncbi.nlm.nih.gov/pubmed/37005407
https://doi.org/10.1038/s41598-022-23873-8
https://doi.org/10.4137/HSI.S11093
https://doi.org/10.1080/08039488.2018.1451918
https://doi.org/10.1097/TA.0000000000002102
https://doi.org/10.1016/0197-2456(89)90005-6

J. Clin. Med. 2024, 13, 5363 23 of 30

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Issa, T.Z.; Lee, Y.; Henry, TW,; Trenchfield, D.; Schroeder, G.D.; Vaccaro, A.R.; Kepler, C.K. Values Derived from Patient Reported
Outcomes in Spine Surgery: A Systematic Review of the Minimal Clinically Important Difference, Substantial Clinical Benefit,
and Patient Acceptable Symptom State. Eur. Spine J. 2023, 32, 3333-3351. [CrossRef]

Badhiwala, J.H.; Witiw, C.D.; Nassiri, F; Akbar, M.A ; Jaja, B.; Wilson, J.R.; Fehlings, M.G. Minimum Clinically Important
Difference in SF-36 Scores for Use in Degenerative Cervical Myelopathy. Spine 2018, 43, E1260-E1266. [CrossRef] [PubMed]
Kato, S.; Oshima, Y.; Matsubayashi, Y.; Taniguchi, Y.; Tanaka, S.; Takeshita, K. Minimum Clinically Important Difference in
Outcome Scores among Patients Undergoing Cervical Laminoplasty. Eur. Spine J. 2019, 28, 1234-1241. [CrossRef] [PubMed]
Oshima, Y.; Nagata, K.; Nakamoto, H.; Sakamoto, R.; Takeshita, Y.; Ohtomo, N.; Kawamura, N.; lizuka, M.; Ono, T.; Nakajima, K.;
et al. Validity of the Japanese Core Outcome Measures Index (COMI)-Neck for Cervical Spine Surgery: A Prospective Cohort
Study. Eur. Spine J. 2021, 30, 402-409. [CrossRef] [PubMed]

Carreon, L.Y,; Glassman, S.D.; Campbell, M.]J.; Anderson, P.A. Neck Disability Index, Short Form-36 Physical Component
Summary, and Pain Scales for Neck and Arm Pain: The Minimum Clinically Important Difference and Substantial Clinical Benefit
after Cervical Spine Fusion. Spine J. 2010, 10, 469-474. [CrossRef] [PubMed]

Javeed, S.; Greenberg, ] K.; Plog, B.; Zhang, ].K.; Yahanda, A.T.; Dibble, C.E; Khalifeh, ].M.; Ruiz-Cardozo, M.; Lavadi, R.S.;
Molina, C.A.; et al. Clinically Meaningful Improvement in Disabilities of Arm, Shoulder, and Hand (DASH) Following Cervical
Spine Surgery. Spine |. 2023, 23, 832-840. [CrossRef]

Okano, I.; Ortiz Miller, C.; Salzmann, S.N.; Hoshino, Y.; Shue, J.; Sama, A.A.; Cammisa, EP; Girardi, EP.; Hughes, A.P. Minimum
Clinically Important Differences of the Hospital for Special Surgery Dysphagia and Dysphonia Inventory and Other Dysphagia
Measurements in Patients Undergoing ACDE. Clin. Orthop. Relat. Res. 2020, 478, 2309-2320. [CrossRef]

Vernon, H.; Mior, S. The Neck Disability Index: A Study of Reliability and Validity. J. Manip. Physiol. Ther. 1991, 14, 409-415.
Ueda, H.; Cutler, H.S.; Guzman, ].Z.; Cho, S.K. Current Trends in the Use of Patient-Reported Outcome Instruments in Degenera-
tive Cervical Spine Surgery. Glob. Spine J. 2016, 6, 242-247. [CrossRef]

Takeshita, K.; Hosono, N.; Kawaguchi, Y.; Hasegawa, K.; Isomura, T.; Oshima, Y.; Ono, T.; Oshina, M.; Oda, T; Kato, S.; et al. Valid-
ity, Reliability and Responsiveness of the Japanese Version of the Neck Disability Index. J. Orthop. Sci. 2013, 18, 14-21. [CrossRef]
Fukui, M.; Chiba, K.; Kawakami, M.; Kikuchi, S.-I.; Konno, S.-I.; Miyamoto, M.; Seichi, A.; Shimamura, T.; Shirado, O.;
Taguchi, T.; et al. An Outcome Measure for Patients with Cervical Myelopathy: Japanese Orthopaedic Association Cervical
Myelopathy Evaluation Questionnaire JOACMEQ): Part 1. J. Orthop. Sci. 2007, 12, 227-240. [CrossRef]

Chien, A ; Lai, D.-M.; Cheng, C.-H.; Wang, S.-F.; Hsu, W.-L.; Wang, ] .-L. Translation, Cross-Cultural Adaptation, and Validation
of a Chinese Version of the Japanese Orthopaedic Association Cervical Myelopathy Evaluation Questionnaire. Spine 2014,
39, 963-970. [CrossRef] [PubMed]

Ramirez Valencia, M.; Haddad, S.; Pons Carreto, A.; Garcia de Frutos, A.; Nufiez-Pereira, S.; PelliséUrquiza, F. Translation,
Adaptation, and Validation of a Spanish Version of the Japanese Orthopaedic Association Cervical Myelopathy Questionnaire.
Spine 2024, 49, ES0-E57. [CrossRef] [PubMed]

Tulsky, D.S.; Kisala, P.A.; Victorson, D.; Choi, S.W.; Gershon, R.; Heinemann, A.W.; Cella, D. Methodology for the Development
and Calibration of the SCI-QOL Item Banks. J. Spinal Cord Med. 2015, 38, 270-287. [CrossRef]

Tulsky, D.S.; Kisala, P.A.; Victorson, D.; Tate, D.G.; Heinemann, A.W.; Charlifue, S.; Kirshblum, S.C.; Fyffe, D.; Gershon, R,;
Spungen, A.M.; et al. Overview of the Spinal Cord Injury—Quality of Life (SCI-QOL) Measurement System. J. Spinal Cord Med.
2015, 38, 257-269. [CrossRef]

Kisala, P.A ; Tulsky, D.S.; Kalpakjian, C.Z.; Heinemann, A.W.; Pohlig, R.T.; Carle, A.; Choi, S.W. Measuring Anxiety after Spinal
Cord Injury: Development and Psychometric Characteristics of the SCI-QOL Anxiety Item Bank and Linkage with GAD-7. J.
Spinal Cord Med. 2015, 38, 315-325. [CrossRef] [PubMed]

Tulsky, D.S.; Kisala, P.A.; Kalpakjian, C.Z.; Bombardier, C.H.; Pohlig, R.T.; Heinemann, A.W.; Carle, A.; Choi, S.W. Measuring
Depression after Spinal Cord Injury: Development and Psychometric Characteristics of the SCI-QOL Depression Item Bank and
Linkage with PHQ-9. |. Spinal Cord Med. 2015, 38, 335-346. [CrossRef]

Kisala, P.A.; Tulsky, D.S.; Choi, S.W.; Kirshblum, S.C. Development and Psychometric Characteristics of the SCI-QOL Pressure
Ulcers Scale and Short Form. J. Spinal Cord Med. 2015, 38, 303-314. [CrossRef]

Kuzu, D.; Kallen, M.A ; Kratz, A.L. Psychometric Properties of the Spinal Cord Injury-Quality of Life (SCI-QOL) Resilience Short
Form in a Sample with Spinal Cord Injury. Arch. Phys. Med. Rehabil. 2024, 105, 59-66. [CrossRef]

Hudak, P.L.; Amadio, P.C.; Bombardier, C. Development of an Upper Extremity Outcome Measure: The DASH (Disabilities
of the Arm, Shoulder and Hand) [Corrected]. The Upper Extremity Collaborative Group (UECG). Am. ]. Ind. Med. 1996,
29, 602-608. [CrossRef]

Davies, B.; Mowforth, O.; Sadler, I.; Aarabi, B.; Kwon, B.; Kurpad, S.; Harrop, J.S.; Wilson, ].R.; Grossman, R.; Fehlings, M.G.; et al.
Recovery Priorities in Degenerative Cervical Myelopathy: A Cross-Sectional Survey of an International, Online Community of
Patients. BMJ Open 2019, 9, e031486. [CrossRef]

Huisstede, B.M.A.; Feleus, A.; Bierma-Zeinstra, S.M.; Verhaar, J.A.; Koes, B.W. Is the Disability of Arm, Shoulder, and Hand Ques-
tionnaire (DASH) Also Valid and Responsive in Patients with Neck Complaints. Spine 2009, 34, E130-E138. [CrossRef] [PubMed]
Melloh, M.; Gabel, C.P.; Cuesta-Vargas, A.I. Factor Analysis Findings for the QuickDASH. Re: Mehta, S.; MacDermid, J.C,;
Carlesso, L.C.; et al. Concurrent Validation of the DASH and the QuickDASH in Comparison to Neck-Specific Scales in Patients
with Neck Pain. Spine 2010, 35, 2150-2156. Spine 2011, 36, 1260, author reply 1260-1. [CrossRef] [PubMed]


https://doi.org/10.1007/s00586-023-07896-x
https://doi.org/10.1097/BRS.0000000000002684
https://www.ncbi.nlm.nih.gov/pubmed/29652783
https://doi.org/10.1007/s00586-019-05945-y
https://www.ncbi.nlm.nih.gov/pubmed/30877386
https://doi.org/10.1007/s00586-020-06657-4
https://www.ncbi.nlm.nih.gov/pubmed/33211189
https://doi.org/10.1016/j.spinee.2010.02.007
https://www.ncbi.nlm.nih.gov/pubmed/20359958
https://doi.org/10.1016/j.spinee.2023.01.010
https://doi.org/10.1097/CORR.0000000000001236
https://doi.org/10.1055/s-0035-1559584
https://doi.org/10.1007/s00776-012-0304-y
https://doi.org/10.1007/s00776-007-1118-1
https://doi.org/10.1097/BRS.0000000000000313
https://www.ncbi.nlm.nih.gov/pubmed/24718075
https://doi.org/10.1097/BRS.0000000000004855
https://www.ncbi.nlm.nih.gov/pubmed/37871230
https://doi.org/10.1179/2045772315Y.0000000034
https://doi.org/10.1179/2045772315Y.0000000023
https://doi.org/10.1179/2045772315Y.0000000029
https://www.ncbi.nlm.nih.gov/pubmed/26010966
https://doi.org/10.1179/2045772315Y.0000000020
https://doi.org/10.1179/2045772315Y.0000000017
https://doi.org/10.1016/j.apmr.2023.10.002
https://doi.org/10.1002/(SICI)1097-0274(199606)29:6%3C602::AID-AJIM4%3E3.0.CO;2-L
https://doi.org/10.1136/bmjopen-2019-031486
https://doi.org/10.1097/BRS.0b013e318195a28b
https://www.ncbi.nlm.nih.gov/pubmed/19182703
https://doi.org/10.1097/BRS.0b013e31821bbd7c
https://www.ncbi.nlm.nih.gov/pubmed/21494189

J. Clin. Med. 2024, 13, 5363 24 of 30

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Beaton, D.E.; Wright, ].G.; Katz, ].N.; Upper Extremity Collaborative Group. Development of the QuickDASH: Comparison of
Three Item-Reduction Approaches. J. Bone Jt. Surg. 2005, 87, 1038-1046. [CrossRef]

Mehta, S.; Macdermid, J.C.; Carlesso, L.C.; McPhee, C. Concurrent Validation of the DASH and the QuickDASH in Comparison
to Neck-Specific Scales in Patients with Neck Pain. Spine 2010, 35, 2150-2156. [CrossRef]

Alreni, A.S.E.; Harrop, D.; Lowe, A.; Potia, T.; Kilner, K.; McLean, S.M. Measures of Upper Limb Function for People with Neck
Pain. A Systematic Review of Measurement and Practical Properties. Musculoskelet Sci. Pract. 2017, 29, 155-163. [CrossRef]

Ge, P; Cheng, J.; Li, K.; Zhang, Z.; Tao, E.; Zhang, B.; Shen, C. The Early Effects of Longus Colli Muscle and Anterior Longitudinal
Ligament Reconstructions on Swallowing Function after Anterior Cervical Surgery: A Six-Month Follow-Up Study. Discov. Med.
2023, 35, 823-830. [CrossRef]

Cha, E.D.K,; Lynch, C.P; Ahn, J.; Patel, M.R.; Jacob, K.C.; Geoghegan, C.E.; Prabhu, M.C.; Vanjani, N.N.; Pawlowski, H.; Singh, K.
Dysphagia May Attenuate Improvements in Postoperative Outcomes Following Anterior Cervical Discectomy and Fusion. Int. .
Spine Surg. 2022, 16, 983-990. [CrossRef]

Rivelsrud, M.C.; Kirmess, M.; Hartelius, L. Cultural Adaptation and Validation of the Norwegian Version of the Swallowing
Quality of Life Questionnaire (SWAL-QOL). Health Qual. Life Outcomes 2019, 17, 179. [CrossRef] [PubMed]

Lai, X.; Zhu, H.; Du, H.; Wang, J.; Bo, L.; Huo, X. Reliability and Validity of the Chinese Mandarin Version of the Swallowing
Quality of Life Questionnaire. Dysphagia 2021, 36, 670-679. [CrossRef]

Kalb, S.; Reis, M.T.; Cowperthwaite, M.C.; Fox, D.J.; Lefevre, R.; Theodore, N.; Papadopoulos, S.M.; Sonntag, V.K.H. Dysphagia
after Anterior Cervical Spine Surgery: Incidence and Risk Factors. World Neurosurg. 2012, 77, 183-187. [CrossRef]

Bazaz, R.; Lee, ML].; Yoo, J.U. Incidence of Dysphagia after Anterior Cervical Spine Surgery: A Prospective Study. Spine 2002,
27,2453-2458. [CrossRef] [PubMed]

Mayo, B.C.; Massel, D.H.; Bohl, D.D.; Patel, D.V.; Khechen, B.; Haws, B.E.; Narain, A.S.; Hijji, FY.; Singh, K. Dysphagia
Following Anterior Cervical Spine Surgery: Assessment Using an Abridged SWAL-QOL. Int. ]. Spine Surg. 2019, 13, 102-109.
[CrossRef] [PubMed]

Yamaguchi, S.; Mitsuhara, T.; Abiko, M.; Takeda, M.; Kurisu, K. Epidemiology and Overview of the Clinical Spectrum of
Degenerative Cervical Myelopathy. Neurosurg. Clin. N. Am. 2018, 29, 1-12. [CrossRef]

Nagata, K.; Yoshimura, N.; Hashizume, H.; Yamada, H.; Ishimoto, Y.; Muraki, S.; Nakagawa, Y.; Minamide, A.; Oka, H,;
Kawaguchi, H.; et al. Physical Performance Decreases in the Early Stage of Cervical Myelopathy before the Myelopathic Signs
Appear: The Wakayama Spine Study. Eur. Spine J. 2019, 28, 1217-1224. [CrossRef]

Machino, M.; Ando, K.; Kobayashi, K.; Nakashima, H.; Kanbara, S.; Ito, S.; Inoue, T.; Koshimizu, H.; Ito, K.; Kato, F.; et al.
Prediction of Outcome Following Laminoplasty of Cervical Spondylotic Myelopathy: Focus on the Minimum Clinically Important
Difference. |. Clin. Neurosci. 2020, 81, 321-327. [CrossRef]

Hachiya, K.; Kawabata, S.; Michikawa, T.; Nagai, S.; Takeda, H.; Ikeda, D.; Kaneko, S.; Fujita, N. Severity of Locomotive Syndrome
in Surgical Cervical Spondylotic Myelopathy Patients: A Cross-Sectional Study. Fujita Med. . 2023, 9, 246-252. [CrossRef]
Kimura, A.; Takeshita, K.; Inoue, H.; Seichi, A.; Kawasaki, Y.; Yoshii, T.; Inose, H.; Furuya, T.; Takeuchi, K.; Matsunaga, S.; et al.
The 25-Question Geriatric Locomotive Function Scale Predicts the Risk of Recurrent Falls in Postoperative Patients with Cervical
Myelopathy. J. Orthop. Sci. 2018, 23, 185-189. [CrossRef]

McKinley, W.; Hills, A.; Sima, A. Posterior Cord Syndrome: Demographics and Rehabilitation Outcomes. J. Spinal Cord Med. 2021,
44,241-246. [CrossRef] [PubMed]

Ono, K; Ebara, S.; Fuji, T.; Yonenobu, K.; Fujiwara, K.; Yamashita, K. Myelopathy Hand. New Clinical Signs of Cervical Cord
Damage. J. Bone Jt. Surg. 1987, 69, 215-219. [CrossRef]

Machino, M.; Ando, K.; Kobayashi, K.; Morozumi, M.; Tanaka, S.; Ito, K.; Kato, F.; Ishiguro, N.; Imagama, S. Cut off Value in
Each Gender and Decade of 10-s Grip and Release and 10-s Step Test: A Comparative Study between 454 Patients with Cervical
Spondylotic Myelopathy and 818 Healthy Subjects. Clin. Neurol. Neurosurg. 2019, 184, 105414. [CrossRef]

Liang, G.; Ye, Y.; Zheng, S.; Liao, T.; Wu, W.; Chen, C.; Chen, J.; Chang, Y. Classifying Hand Dexterity Impairment in Degenerative
Cervical Myelopathy with 10-Second Grip and Release Test. Spine 2024, 49, 500-505. [CrossRef] [PubMed]

Marino, R.J.; Patrick, M.; Albright, W.; Leiby, B.E.; Mulcahey, M.; Schmidt-Read, M.; Kern, S.B. Development of an Objective
Test of Upper-Limb Function in Tetraplegia: The Capabilities of Upper Extremity Test. Am. |. Phys. Med. Rehabil. 2012,
91, 478-486. [CrossRef]

Marino, R.J.; Kern, S.B.; Leiby, B.; Schmidt-Read, M.; Mulcahey, M.]. Reliability and Validity of the Capabilities of Upper Extremity
Test (CUE-T) in Subjects with Chronic Spinal Cord Injury. J. Spinal Cord Med. 2015, 38, 498-504. [CrossRef]

Capabilities of Upper Extremity Test (CUE-T). Available online: https:/ /www.jefferson.edu/academics/colleges-schools-institutes /
rehabilitation-sciences/departments/outcomes-measurement/measures-assessments /upper-extremity-test-cue-t.html (accessed
on 8 August 2024).

Numasawa, T.; Ono, A.; Wada, K.; Yamasaki, Y.; Yokoyama, T.; Aburakawa, S.; Takeuchi, K.; Kumagai, G.; Kudo, H.; Umeda,
T.; et al. Simple Foot Tapping Test as a Quantitative Objective Assessment of Cervical Myelopathy. Spine 2012, 37, 108-113.
[CrossRef] [PubMed]

Enoki, H.; Tani, T.; Ishida, K. Foot Tapping Test as Part of Routine Neurologic Examination in Degenerative Compression
Myelopathies: A Significant Correlation between 10-Sec Foot-Tapping Speed and 30-m Walking Speed. Spine Surg. Relat. Res.
2019, 3, 207-213. [CrossRef]


https://doi.org/10.2106/JBJS.D.02060
https://doi.org/10.1097/BRS.0b013e3181c85151
https://doi.org/10.1016/j.msksp.2017.02.004
https://doi.org/10.24976/Discov.Med.202335178.77
https://doi.org/10.14444/8334
https://doi.org/10.1186/s12955-019-1248-0
https://www.ncbi.nlm.nih.gov/pubmed/31805954
https://doi.org/10.1007/s00455-020-10181-4
https://doi.org/10.1016/j.wneu.2011.07.004
https://doi.org/10.1097/00007632-200211150-00007
https://www.ncbi.nlm.nih.gov/pubmed/12435974
https://doi.org/10.14444/6014
https://www.ncbi.nlm.nih.gov/pubmed/30805293
https://doi.org/10.1016/j.nec.2017.09.001
https://doi.org/10.1007/s00586-019-05907-4
https://doi.org/10.1016/j.jocn.2020.09.065
https://doi.org/10.20407/fmj.2022-035
https://doi.org/10.1016/j.jos.2017.10.006
https://doi.org/10.1080/10790268.2019.1585135
https://www.ncbi.nlm.nih.gov/pubmed/30939076
https://doi.org/10.1302/0301-620X.69B2.3818752
https://doi.org/10.1016/j.clineuro.2019.105414
https://doi.org/10.1097/BRS.0000000000004905
https://www.ncbi.nlm.nih.gov/pubmed/38112277
https://doi.org/10.1097/PHM.0b013e31824fa6cc
https://doi.org/10.1179/2045772314Y.0000000272
https://www.jefferson.edu/academics/colleges-schools-institutes/rehabilitation-sciences/departments/outcomes-measurement/measures-assessments/upper-extremity-test-cue-t.html
https://www.jefferson.edu/academics/colleges-schools-institutes/rehabilitation-sciences/departments/outcomes-measurement/measures-assessments/upper-extremity-test-cue-t.html
https://doi.org/10.1097/BRS.0b013e31821041f8
https://www.ncbi.nlm.nih.gov/pubmed/21252819
https://doi.org/10.22603/ssrr.2018-0033

J. Clin. Med. 2024, 13, 5363 25 of 30

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Horak, EB.; Wrisley, D.M.; Frank, J. The Balance Evaluation Systems Test (BESTest) to Differentiate Balance Deficits. Phys. Ther.
2009, 89, 484-498. [CrossRef]

Padgett, PK.; Jacobs, ].V.; Kasser, S.L. Is the BESTest at Its Best? A Suggested Brief Version Based on Interrater Reliability, Validity,
Internal Consistency, and Theoretical Construct. Phys. Ther. 2012, 92, 1197-1207. [CrossRef] [PubMed]

Chiu, A.Y.Y;; Pang, M.Y.C. Assessment of Psychometric Properties of Various Balance Assessment Tools in Persons with Cervical
Spondylotic Myelopathy. J. Orthop. Sports Phys. Ther. 2017, 47, 673-682. [CrossRef]

Dittuno, PL.; Ditunno, ].F. Walking Index for Spinal Cord Injury (WISCI II): Scale Revision. Spinal Cord 2001, 39, 654—656. [CrossRef]
Esclarin-Ruz, A.; Alcobendas-Maestro, M.; Casado-Lopez, R.; Perez-Mateos, G.; Florido-Sanchez, M.A.; Gonzalez-Valdizan, E.;
Martin, J.L.R. A Comparison of Robotic Walking Therapy and Conventional Walking Therapy in Individuals with Upper versus
Lower Motor Neuron Lesions: A Randomized Controlled Trial. Arch. Phys. Med. Rehabil. 2014, 95, 1023-1031. [CrossRef]

Wirz, M.; Mach, O.; Maier, D.; Benito-Penalva, J.; Taylor, J.; Esclarin, A ; Dietz, V. Effectiveness of Automated Locomotor Training
in Patients with Acute Incomplete Spinal Cord Injury: A Randomized, Controlled, Multicenter Trial. ]. Neurotrauma 2017,
34, 1891-1896. [CrossRef] [PubMed]

Ditunno, J.F; Ditunno, P.L.; Scivoletto, G.; Patrick, M.; Dijkers, M.; Barbeau, H.; Burns, A.S.; Marino, R.J.; Schmidt-Read, M. The
Walking Index for Spinal Cord Injury (WISCI/WISCI II): Nature, Metric Properties, Use and Misuse. Spinal Cord 2013, 51, 346-355.
[CrossRef] [PubMed]

Ditunno, J.F; Barbeau, H.; Dobkin, B.H.; Elashoff, R.; Harkema, S.; Marino, R.J.; Hauck, WW.; Apple, D.; Basso, D.M,;
Behrman, A.; et al. Validity of the Walking Scale for Spinal Cord Injury and Other Domains of Function in a Multicenter
Clinical Trial. Neurorehabilit. Neural Repair 2007, 21, 539-550. [CrossRef] [PubMed]

Anderson, K.D. Targeting Recovery: Priorities of the Spinal Cord-Injured Population. |. Neurotrauma 2004, 21, 1371-1383. [CrossRef]
Quinzafios, J.; Villa, A.R.; Flores, A.A.; Pérez, R. Proposal and Validation of a Clinical Trunk Control Test in Individuals with
Spinal Cord Injury. Spinal Cord 2014, 52, 449-454. [CrossRef]

Quinzanos-Fresnedo, J.; Fratini-Escobar, P.C.; Almaguer-Benavides, K.M.; Aguirre-Giliemez, A.V.; Barrera-Ortiz, A.; Pérez-Zavala,
R.; Villa-Romero, A.R. Prognostic Validity of a Clinical Trunk Control Test for Independence and Walking in Individuals with
Spinal Cord Injury. J. Spinal Cord Med. 2020, 43, 331-338. [CrossRef]

Abou, L.; de Freitas, G.R.; Palandji, J.; Ilha, J. Clinical Instruments for Measuring Unsupported Sitting Balance in Subjects with
Spinal Cord Injury: A Systematic Review. Top. Spinal Cord Inj. Rehabil. 2018, 24, 177-193. [CrossRef]

Catz, A.; Itzkovich, M.; Rozenblum, R.; Elkayam, K ; Kfir, A.; Tesio, L.; Chhabra, H.S.; Michaeli, D.; Zeilig, G.; Engel-Haber, E.; et al.
A Multi-Center International Study on the Spinal Cord Independence Measure, Version IV: Rasch Psychometric Validation. J.
Spinal Cord Med. 2023, 47, 681-691. [CrossRef]

Catz, A.; Itzkovich, M.; Elkayam, K.; Michaeli, D.; Gelernter, I.; Benjamini, Y.; Chhabra, H.S.; Tesio, L.; Engel-Haber, E.;
Bizzarini, E.; et al. Reliability Validity and Responsiveness of the Spinal Cord Independence Measure 4th Version in a Multicultural
Setup. Arch. Phys. Med. Rehabil. 2022, 103, 430—440.e1. [CrossRef]

Mabhoney, E1; Barthel, D.W. Functional Evaluation: The Barthel Index. Md. State Med. ]. 1965, 14, 61-65.

Furlan, ].C.; Noonan, V,; Singh, A_; Fehlings, M.G. Assessment of Disability in Patients with Acute Traumatic Spinal Cord Injury:
A Systematic Review of the Literature. |. Neurotrauma 2011, 28, 1413-1430. [CrossRef] [PubMed]

Sainsbury, A.; Seebass, G.; Bansal, A.; Young, J.B. Reliability of the Barthel Index When Used with Older People. Age Ageing 2005,
34,228-232. [CrossRef]

Zhang, J.L.; Chen, J.; Wu, M.; Wang, C.; Fan, W.X_; Mu, J.S.; Wang, L.; Ni, C.M. Several Time Indicators and Barthel Index
Relationships at Different Spinal Cord Injury Levels. Spinal Cord 2015, 53, 679-681. [CrossRef] [PubMed]

Ottenbacher, K.J.; Hsu, Y.; Granger, C.V.; Fiedler, R.C. The Reliability of the Functional Independence Measure: A Quantitative
Review. Arch. Phys. Med. Rehabil. 1996, 77, 1226-1232. [CrossRef]

Suzuki, T.; Tsuji, O.; Ichikawa, M.; Ishii, R.; Nagoshi, N.; Kawakami, M.; Watanabe, K.; Matsumoto, M.; Tsuji, T.; Fujiwara, T.; et al.
Early Phase Functional Recovery after Spinal Intramedullary Tumor Resection Could Predict Ambulatory Capacity at 1 Year after
Surgery. Asian Spine . 2023, 17, 355-364. [CrossRef] [PubMed]

Formica, V.; Del Monte, G.; Giacchetti, I.; Grenga, I.; Giaquinto, S.; Fini, M.; Roselli, M. Rehabilitation in Neuro-Oncology: A
Meta-Analysis of Published Data and a Mono-Institutional Experience. Integr. Cancer Ther. 2011, 10, 119-126. [CrossRef]
Whitten, T.A.; Loyola Sanchez, A.; Gyawali, B.; Papathanassoglou, E.D.E.; Bakal, ].A.; Krysa, ].A. Predicting Inpatient Rehabilita-
tion Length of Stay for Adults with Traumatic Spinal Cord Injury. J. Spinal Cord Med. 2024, 11, 1-11. [CrossRef] [PubMed]
Snider, B.A.; Eren, F,; Reeves, R.K.; Rupp, R.; Kirshblum, S.C. The International Standards for Neurological Classification of
Spinal Cord Injury: Classification Accuracy and Challenges. Top. Spinal Cord Inj. Rehabil. 2023, 29, 1-15. [CrossRef]

Kirshblum, S.; Snider, B.; Rupp, R.; Read, M.S. International Standards Committee of ASIA and ISCoS Updates of the International
Standards for Neurologic Classification of Spinal Cord Injury: 2015 and 2019. Phys. Med. Rehabil. Clin. N. Am. 2020, 31, 319-330.
[CrossRef]

Scivoletto, G.; Tamburella, F.; Laurenza, L.; Molinari, M. Distribution-Based Estimates of Clinically Significant Changes in the
International Standards for Neurological Classification of Spinal Cord Injury Motor and Sensory Scores. Eur. J. Phys. Rehabil. Med.
2013, 49, 373-384.

Welcome | NINDS Common Data Elements. Available online: https://commondataelements.ninds.nih.gov/ (accessed on
8 August 2024).


https://doi.org/10.2522/ptj.20080071
https://doi.org/10.2522/ptj.20120056
https://www.ncbi.nlm.nih.gov/pubmed/22677295
https://doi.org/10.2519/jospt.2017.7283
https://doi.org/10.1038/sj.sc.3101223
https://doi.org/10.1016/j.apmr.2013.12.017
https://doi.org/10.1089/neu.2016.4643
https://www.ncbi.nlm.nih.gov/pubmed/27750478
https://doi.org/10.1038/sc.2013.9
https://www.ncbi.nlm.nih.gov/pubmed/23459122
https://doi.org/10.1177/1545968307301880
https://www.ncbi.nlm.nih.gov/pubmed/17507642
https://doi.org/10.1089/neu.2004.21.1371
https://doi.org/10.1038/sc.2014.34
https://doi.org/10.1080/10790268.2018.1518124
https://doi.org/10.1310/sci17-00027
https://doi.org/10.1080/10790268.2023.2183334
https://doi.org/10.1016/j.apmr.2021.07.811
https://doi.org/10.1089/neu.2009.1148
https://www.ncbi.nlm.nih.gov/pubmed/20367251
https://doi.org/10.1093/ageing/afi063
https://doi.org/10.1038/sc.2014.206
https://www.ncbi.nlm.nih.gov/pubmed/25622731
https://doi.org/10.1016/S0003-9993(96)90184-7
https://doi.org/10.31616/asj.2022.0068
https://www.ncbi.nlm.nih.gov/pubmed/36625019
https://doi.org/10.1177/1534735410392575
https://doi.org/10.1080/10790268.2024.2325165
https://www.ncbi.nlm.nih.gov/pubmed/38466871
https://doi.org/10.46292/sci22-00036
https://doi.org/10.1016/j.pmr.2020.03.005
https://commondataelements.ninds.nih.gov/

J. Clin. Med. 2024, 13, 5363 26 of 30

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

Biering-Serensen, F.; Alexander, M.S.; Burns, S.; Charlifue, S.; DeVivo, M.; Dietz, V.; Krassioukov, A.; Marino, R.; Noonan, V.; Post,
M.W.M.,; et al. Recommendations for Translation and Reliability Testing of International Spinal Cord Injury Data Sets. Spinal Cord
2011, 49, 357-360. [CrossRef] [PubMed]

Badran, A.; Davies, B.M.; Bailey, H.-M.; Kalsi-Ryan, S.; Kotter, M.R. Is There a Role for Postoperative Physiotherapy in Degenera-
tive Cervical Myelopathy? A Systematic Review. Clin. Rehabil. 2018, 32, 1169-1174. [CrossRef] [PubMed]

Peolsson, A.; Peolsson, M.; Jull, G.; Lofstedt, T.; Trygg, J.; O’Leary, S. Preliminary Evaluation of Dorsal Muscle Activity during
Resisted Cervical Extension in Patients with Longstanding Pain and Disability Following Anterior Cervical Decompression and
Fusion Surgery. Physiotherapy 2015, 101, 69-74. [CrossRef] [PubMed]

Wibault, J.; Oberg, B.; Dedering, A Lofgren, H.; Zsigmond, P.; Peolsson, A. Structured Postoperative Physiotherapy in
Patients with Cervical Radiculopathy: 6-Month Outcomes of a Randomized Clinical Trial. J. Neurosurg. Spine 2018, 28, 1-9.
[CrossRef] [PubMed]

Hermansen, A.M.K.; Cleland, J.A.; Kammerlind, A.-5.C.; Peolsson, A.L.C. Evaluation of Physical Function in Individuals 11 to
14 Years after Anterior Cervical Decompression and Fusion Surgery—A Comparison between Patients and Healthy Reference
Samples and between 2 Surgical Techniques. |. Manip. Physiol. Ther. 2014, 37, 87-96. [CrossRef]

Oshima, Y.; Matsubayashi, Y.; Taniguchi, Y.; Hayakawa, K.; Fukushima, M.; Oichi, T.; Oka, H.; Riew, K.D.; Tanaka, S. Men-
tal State Can Influence the Degree of Postoperative Axial Neck Pain Following Cervical Laminoplasty. Global Spine |. 2019,
9,292-297. [CrossRef]

Zhang, X.; Gao, Y.; Gao, K.; Yu, Z.; Lv, D.; Ma, H.; Zhai, G. Factors Associated with Postoperative Axial Symptom after Expansive
Open-Door Laminoplasty: Retrospective Study Using Multivariable Analysis. Eur. Spine J. 2020, 29, 2838-2844. [CrossRef]

Ito, S.; Sakai, Y.; Ando, K.; Nakashima, H.; Machino, M.; Segi, N.; Tomita, H.; Koshimizu, H.; Hida, T.; Ito, K.; et al. Neck
Pain after Cervical Laminoplasty Is Associated with Postoperative Atrophy of the Trapezius Muscle. Nagoya J. Med. Sci. 2023,
85,103-112. [CrossRef]

Fujibayashi, S.; Neo, M.; Yoshida, M.; Miyata, M.; Takemoto, M.; Nakamura, T. Neck Muscle Strength before and after Cervical
Laminoplasty: Relation to Axial Symptoms. J. Spinal Disord. Tech. 2010, 23, 197-202. [CrossRef]

Nie, C.; Chen, K,; Zhu, Y.U,; Song, H.; Lyu, F; Jiang, J.; Xia, X.; Zheng, C. Comparison of Time-Dependent Resistance Isometric
Exercise and Active Range of Motion Exercise in Alleviating the Sensitization of Postoperative Axial Pain after Cervical
Laminoplasty. Musculoskelet. Sci. Pract. 2022, 62, 102669. [CrossRef]

Kalsi-Ryan, S.; Riehm, L.E.; Tetreault, L.; Martin, A.R.; Teoderascu, F.; Massicotte, E.; Curt, A.; Verrier, M.C.; Velstra, I.-M.; Fehlings,
M.G. Characteristics of Upper Limb Impairment Related to Degenerative Cervical Myelopathy: Development of a Sensitive Hand
Assessment (Graded Redefined Assessment of Strength, Sensibility, and Prehension Version Myelopathy). Neurosurgery 2020,
86, E292-E299. [CrossRef] [PubMed]

Higo, N. Effects of Rehabilitative Training on Recovery of Hand Motor Function: A Review of Animal Studies. Neurosci. Res.
2014, 78, 9-15. [CrossRef]

Moritz, C.; Field-Fote, E.C.; Tefertiller, C.; van Nes, I.; Trumbower, R.; Kalsi-Ryan, S.; Purcell, M.; Janssen, T.W.].; Krassioukov, A.;
Morse, L.R.; et al. Non-Invasive Spinal Cord Electrical Stimulation for Arm and Hand Function in Chronic Tetraplegia: A Safety
and Efficacy Trial. Nat. Med. 2024, 30, 1276-1283. [CrossRef] [PubMed]

Lu, D.C.; Edgerton, V.R.; Modaber, M.; AuYong, N.; Morikawa, E.; Zdunowski, S.; Sarino, M.E.; Sarrafzadeh, M.; Nuwer, M.R;
Roy, RR;; et al. Engaging Cervical Spinal Cord Networks to Reenable Volitional Control of Hand Function in Tetraplegic Patients.
Neurorehabilit. Neural Repair 2016, 30, 951-962. [CrossRef]

Allison, G.T.; Nagy, B.M.; Hall, T. A Randomized Clinical Trial of Manual Therapy for Cervico-Brachial Pain Syndrome—A Pilot
Study. Man. Ther. 2002, 7, 95-102. [CrossRef]

Nee, R.].; Vicenzino, B.; Jull, G.A ; Cleland, J.A.; Coppieters, M.W. Neural Tissue Management Provides Immediate Clinically
Relevant Benefits without Harmful Effects for Patients with Nerve-Related Neck and Arm Pain: A Randomised Trial. J. Physiother.
2012, 58, 23-31. [CrossRef]

Rafiq, S.; Zafar, H.; Gillani, S.A.; Waqas, M.S.; Liaqat, S.; Zia, A.; Rafiq, Y. Effects of Neurodynamic Mobilization on Health-Related
Quality of Life and Cervical Deep Flexors Endurance in Patients of Cervical Radiculopathy: A Randomized Trial. BioMed Res. Int.
2022, 2022, 9385459. [CrossRef] [PubMed]

Rafiq, S.; Zafar, H.; Gillani, S.A.; Razzaq, A. Effectiveness of Neuro Mobilisation On Pain, Range Of Motion, Muscle Endurance
And Disability In Cervical Radiculopathy: A Systematic Review. J. Pak. Med. Assoc. 2023, 73, 1857-1861. [CrossRef] [PubMed]
Coppieters, M.W.; Alshami, A.M. Longitudinal Excursion and Strain in the Median Nerve during Novel Nerve Gliding Exercises
for Carpal Tunnel Syndrome. J. Orthop. Res. 2007, 25, 972-980. [CrossRef]

Bolton, J.E.; Wilkinson, R.C. Responsiveness of Pain Scales: A Comparison of Three Pain Intensity Measures in Chiropractic
Patients. J. Manip. Physiol. Ther. 1998, 21, 1-7.

Bialosky, J.E.; Bishop, M.D.; Price, D.D.; Robinson, M.E.; Vincent, K.R.; George, S.Z. A Randomized Sham-Controlled Trial of a
Neurodynamic Technique in the Treatment of Carpal Tunnel Syndrome. J. Orthop. Sports Phys. Ther. 2009, 39, 709-723. [CrossRef]
Horowitz, J.A.; Puvanesarajah, V,; Jain, A.; Raad, M.; Gjolaj, J.P,; Shen, FH.; Hassanzadeh, H. Fragility Fracture Risk in Elderly
Patients with Cervical Myelopathy. Spine 2019, 44, 96-102. [CrossRef]


https://doi.org/10.1038/sc.2010.153
https://www.ncbi.nlm.nih.gov/pubmed/21060313
https://doi.org/10.1177/0269215518766229
https://www.ncbi.nlm.nih.gov/pubmed/29663830
https://doi.org/10.1016/j.physio.2014.04.010
https://www.ncbi.nlm.nih.gov/pubmed/25066646
https://doi.org/10.3171/2017.5.SPINE16736
https://www.ncbi.nlm.nih.gov/pubmed/29087809
https://doi.org/10.1016/j.jmpt.2013.11.002
https://doi.org/10.1177/2192568218793861
https://doi.org/10.1007/s00586-020-06494-5
https://doi.org/10.18999/nagjms.85.1.103
https://doi.org/10.1097/BSD.0b013e3181a1a73e
https://doi.org/10.1016/j.msksp.2022.102669
https://doi.org/10.1093/neuros/nyz499
https://www.ncbi.nlm.nih.gov/pubmed/31792501
https://doi.org/10.1016/j.neures.2013.09.008
https://doi.org/10.1038/s41591-024-02940-9
https://www.ncbi.nlm.nih.gov/pubmed/38769431
https://doi.org/10.1177/1545968316644344
https://doi.org/10.1054/math.2002.0453
https://doi.org/10.1016/S1836-9553(12)70069-3
https://doi.org/10.1155/2022/9385459
https://www.ncbi.nlm.nih.gov/pubmed/36246968
https://doi.org/10.47391/JPMA.7111
https://www.ncbi.nlm.nih.gov/pubmed/37817698
https://doi.org/10.1002/jor.20310
https://doi.org/10.2519/jospt.2009.3117
https://doi.org/10.1097/BRS.0000000000002762

J. Clin. Med. 2024, 13, 5363 27 of 30

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

Radcliff, K.E.; Curry, E.P,; Trimba, R.; Walker, ].B.; Purtill, J.J.; Austin, M.S.; Parvizi, J.; Vaccaro, A.R.; Hilibrand, A.S.; Albert, T.J.
High Incidence of Undiagnosed Cervical Myelopathy in Patients with Hip Fracture Compared with Controls. J. Orthop. Trauma
2016, 30, 189-193. [CrossRef] [PubMed]

Kimura, A.; Seichi, A.; Takeshita, K.; Inoue, H.; Kato, T.; Yoshii, T.; Furuya, T.; Koda, M.; Takeuchi, K.; Matsunaga, S.; et al.
Fall-Related Deterioration of Subjective Symptoms in Patients with Cervical Myelopathy. Spine 2017, 42, E398-E403.
[CrossRef] [PubMed]

Kimura, A.; Takeshita, K.; Shiraishi, Y.; Inose, H.; Yoshii, T.; Maekawa, A.; Endo, K.; Miyamoto, T.; Furuya, T.; Nakamura, A.; et al.
Effectiveness of Surgical Treatment for Degenerative Cervical Myelopathy in Preventing Falls and Fall-Related Neurological
Deterioration: A Prospective Multi-Institutional Study. Spine 2020, 45, E631-E638. [CrossRef] [PubMed]

Kawaguchi, Y.; Nakano, M.; Yasuda, T.; Seki, S.; Hori, T.; Suzuki, K.; Makino, H.; Kanamori, M.; Kimura, T. More Than 20 Years
Follow-up After En Bloc Cervical Laminoplasty. Spine 2016, 41, 1570-1579. [CrossRef]

Boerger, T.F.; McGinn, L.; Wang, M.C.; Schmit, B.D.; Hyngstrom, A.S. Degenerative Cervical Myelopathy Delays Responses to
Lateral Balance Perturbations Regardless of Predictability. J. Neurophysiol. 2022, 127, 673-688. [CrossRef]

Boerger, T.F.; McGinn, L.; Bellman, M.; Wang, M.C.; Schmit, B.D.; Hyngstrom, A.S. People with Degenerative Cervical Myelopathy
Have Impaired Reactive Balance during Walking. Gait Posture 2024, 109, 303-310. [CrossRef]

Nardone, A.; Galante, M.; Grasso, M.; Schieppati, M. Stance Ataxia and Delayed Leg Muscle Responses to Postural Perturbations
in Cervical Spondylotic Myelopathy. J. Rehabil. Med. 2008, 40, 539-547. [CrossRef]

Wu, J; Sun, Z,; Ge, Z.; Zhang, D.; Xu, J.; Zhang, R.; Liu, X.; Zhao, Q.; Sun, H. The Efficacy of Virtual Reality Technology for
the Postoperative Rehabilitation of Patients with Cervical Spondylotic Myelopathy (CSM): A Study Protocol for a Randomized
Controlled Trial. Trials 2024, 25, 133. [CrossRef]

You, S.H.; Jang, S.H.; Kim, Y.-H.; Hallett, M.; Ahn, S.H.; Kwon, Y.-H.; Kim, J.H.; Lee, M.Y. Virtual Reality-Induced Cortical
Reorganization and Associated Locomotor Recovery in Chronic Stroke: An Experimenter-Blind Randomized Study. Stroke 2005,
36, 1166-1171. [CrossRef] [PubMed]

Holly, L.T. Management of Cervical Spondylotic Myelopathy with Insights from Metabolic Imaging of the Spinal Cord and Brain.
Curr. Opin. Neurol. 2009, 22, 575-581. [CrossRef] [PubMed]

Villiger, M.; Grabher, P.; Hepp-Reymond, M.-C.; Kiper, D.; Curt, A.; Bolliger, M.; Hotz-Boendermaker, S.; Kollias, S.; Eng, K,;
Freund, P. Relationship between Structural Brainstem and Brain Plasticity and Lower-Limb Training in Spinal Cord Injury: A
Longitudinal Pilot Study. Front. Hum. Neurosci. 2015, 9, 254. [CrossRef] [PubMed]

Xie, P; Wang, Z.; Li, Z.; Wang, Y.; Wang, N.; Liang, Z.; Wang, ].; Chen, X. Research on Rehabilitation Training Strategies Using
Multimodal Virtual Scene Stimulation. Front. Aging Neurosci. 2022, 14, 892178. [CrossRef]

Dimbwadyo-Terrer, I.; Gil-Agudo, A.; Segura-Fragoso, A.; de los Reyes-Guzman, A.; Trincado-Alonso, F.; Piazza, S.; Polonio-
Loépez, B. Effectiveness of the Virtual Reality System Toyra on Upper Limb Function in People with Tetraplegia: A Pilot
Randomized Clinical Trial. BioMed Res. Int. 2016, 2016, 6397828. [CrossRef]

Yeo, E.; Chau, B.; Chi, B.; Ruckle, D.E; Ta, P. Virtual Reality Neurorehabilitation for Mobility in Spinal Cord Injury: A Structured
Review. Innov. Clin. Neurosci. 2019, 16, 13-20.

De Miguel-Rubio, A.; Rubio, M.D.; Alba-Rueda, A.; Salazar, A.; Moral-Munoz, ].A.; Lucena-Anton, D. Virtual Reality Systems for
Upper Limb Motor Function Recovery in Patients with Spinal Cord Injury: Systematic Review and Meta-Analysis. JMIR Mhealth
Uhealth 2020, 8, €22537. [CrossRef]

Barak, U.; Sheinis, D.; Sidon, E.; Shemesh, S.; Amitai, A.; Ohana, N. C5 Palsy Following Cervical Spine Decompression. Isr. Med.
Assoc. |. 2021, 23, 521-525.

Nassr, A.; Eck, ]J.C.; Ponnappan, R.K.; Zanoun, R.R.; Donaldson, W.E;; Kang, J.D. The Incidence of C5 Palsy after Multilevel
Cervical Decompression Procedures: A Review of 750 Consecutive Cases. Spine 2012, 37, 174-178. [CrossRef]

Bydon, M.; Macki, M.; Kaloostian, P.; Sciubba, D.M.; Wolinsky, J.-P.; Gokaslan, Z.L.; Belzberg, A.].; Bydon, A.; Witham, T.F.
Incidence and Prognostic Factors of C5 Palsy: A Clinical Study of 1001 Cases and Review of the Literature. Neurosurgery 2014, 74,
595-604, discussion 604-605. [CrossRef]

Miller, J.A.; Lubelski, D.; Alvin, M.D.; Benzel, E.C.; Mroz, T.E. C5 Palsy after Posterior Cervical Decompression and Fusion: Cost
and Quality-of-Life Implications. Spine J. 2014, 14, 2854-2860. [CrossRef] [PubMed]

Lafitte, M.N.; Kadone, H.; Kubota, S.; Shimizu, Y.; Tan, C.K.; Koda, M.; Hada, Y.; Sankai, Y.; Suzuki, K.; Yamazaki, M. Alteration
of Muscle Activity during Voluntary Rehabilitation Training with Single-Joint Hybrid Assistive Limb (HAL) in Patients with
Shoulder Elevation Dysfunction from Cervical Origin. Front. Neurosci. 2022, 16, 817659. [CrossRef] [PubMed]

Kubota, S.; Kadone, H.; Shimizu, Y.; Watanabe, H.; Koda, M.; Sankai, Y.; Yamazaki, M. Feasibility and Efficacy of the Newly
Developed Robotic Hybrid Assistive Limb Shoulder Exercises in Patients with C5 Palsy during the Acute Postoperative Phase.
Medicina 2023, 59, 1496. [CrossRef] [PubMed]

Wewel, ].T.; Brahimaj, B.C.; Kasliwal, M.K.; Traynelis, V.C. Perioperative Complications with Multilevel Anterior and Posterior
Cervical Decompression and Fusion. J. Neurosurg. Spine 2019, 32, 9-14. [CrossRef]

Singh, A.; von Vogelsang, A.-C.; Tatter, C.; El-Hajj, V.G.; Fletcher-Sandersjoo, A.; Cewe, P; Nilsson, G.; Blixt, S.; Gerdhem, P;
Edstrom, E.; et al. Dysphagia, Health-Related Quality of Life, and Return to Work after Occipitocervical Fixation. Acta Neurochir.
2024, 166, 90. [CrossRef]


https://doi.org/10.1097/BOT.0000000000000485
https://www.ncbi.nlm.nih.gov/pubmed/26562581
https://doi.org/10.1097/BRS.0000000000001798
https://www.ncbi.nlm.nih.gov/pubmed/27438386
https://doi.org/10.1097/BRS.0000000000003355
https://www.ncbi.nlm.nih.gov/pubmed/31809466
https://doi.org/10.1097/BRS.0000000000001579
https://doi.org/10.1152/jn.00159.2021
https://doi.org/10.1016/j.gaitpost.2024.02.014
https://doi.org/10.2340/16501977-0214
https://doi.org/10.1186/s13063-024-07962-9
https://doi.org/10.1161/01.STR.0000162715.43417.91
https://www.ncbi.nlm.nih.gov/pubmed/15890990
https://doi.org/10.1097/WCO.0b013e3283325ea7
https://www.ncbi.nlm.nih.gov/pubmed/19741530
https://doi.org/10.3389/fnhum.2015.00254
https://www.ncbi.nlm.nih.gov/pubmed/25999842
https://doi.org/10.3389/fnagi.2022.892178
https://doi.org/10.1155/2016/6397828
https://doi.org/10.2196/22537
https://doi.org/10.1097/BRS.0b013e318219cfe9
https://doi.org/10.1227/NEU.0000000000000322
https://doi.org/10.1016/j.spinee.2014.03.038
https://www.ncbi.nlm.nih.gov/pubmed/24704502
https://doi.org/10.3389/fnins.2022.817659
https://www.ncbi.nlm.nih.gov/pubmed/36440285
https://doi.org/10.3390/medicina59081496
https://www.ncbi.nlm.nih.gov/pubmed/37629786
https://doi.org/10.3171/2019.6.SPINE198
https://doi.org/10.1007/s00701-024-05991-6

J. Clin. Med. 2024, 13, 5363 28 of 30

160.

161.

162.

163.

164.

165.

166.
167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

Charalampidis, A.; Hejrati, N.; Ramakonar, H.; Kalsi, P.S.; Massicotte, E.M.; Fehlings, M.G. Clinical Outcomes and Revision Rates
Following Four-Level Anterior Cervical Discectomy and Fusion. Sci. Rep. 2022, 12, 5339. [CrossRef]

Yu, C.; Chunmei, L.; Caiping, S. Symptoms and Coping of Patients with Dysphagia after Anterior Cervical Spine Surgery: A
Qualitative Study. BMC Musculoskelet. Disord. 2023, 24, 498. [CrossRef]

Chaudhary, S.K; Yu, B.; Pan, F; Li, X.; Wang, S.; Shaikh, LI.; Wu, D. Manual Preoperative Tracheal Retraction Exercise Decreases
the Occurrence of Postoperative Oropharyngeal Dysphagia after Anterior Cervical Discectomy and Fusion. J. Orthop. Surg. 2017,
25,2309499017731446. [CrossRef]

Kiling, H.E; Arslan, S.S.; Demir, N.; Karaduman, A. The Effects of Different Exercise Trainings on Suprahyoid Muscle Activation,
Tongue Pressure Force and Dysphagia Limit in Healthy Subjects. Dysphagia 2020, 35, 717-724. [CrossRef]

Smaoui, S.; Langridge, A.; Steele, C.M. The Effect of Lingual Resistance Training Interventions on Adult Swallow Function: A
Systematic Review. Dysphagia 2020, 35, 745-761. [CrossRef]

Nas, K; Yazmalar, L.; Sah, V,; Aydin, A.; Ones, K. Rehabilitation of Spinal Cord Injuries. World ]J. Orthop. 2015, 6, 8-16.
[CrossRef] [PubMed]

Physical Therapy Guidelines, 2nd ed.; Japanese Sciety of Physical Therapy: Tokyo, Japan, 2021. (In Japanese)

Hachem, L.D.; Ahuja, C.S.; Fehlings, M.G. Assessment and Management of Acute Spinal Cord Injury: From Point of Injury to
Rehabilitation. J. Spinal Cord Med. 2017, 40, 665-675. [CrossRef] [PubMed]

Tollefsen, E.; Fondenes, O. Respiratory Complications Associated with Spinal Cord Injury. Tidsskr. Nor. Laegeforening 2012,
132,1111-1114. [CrossRef] [PubMed]

Galeiras Vazquez, R.; Rascado Sedes, P.; Mourelo Farifia, M.; Montoto Marqués, A.; Ferreiro Velasco, M.E. Respiratory Manage-
ment in the Patient with Spinal Cord Injury. BioMed Res. Int. 2013, 2013, 168757. [CrossRef]

Sheel, A.W.; Reid, W.D.; Townson, A.E; Ayas, N.T.; Konnyu, K.J.; Spinal Cord Rehabilitation Evidence Research Team. Effects
of Exercise Training and Inspiratory Muscle Training in Spinal Cord Injury: A Systematic Review. ]. Spinal Cord Med. 2008,
31, 500-508. [CrossRef]

Marin, J.; Nixon, J.; Gorecki, C. A Systematic Review of Risk Factors for the Development and Recurrence of Pressure Ulcers in
People with Spinal Cord Injuries. Spinal Cord. 2013, 51, 522-527. [CrossRef]

Groah, S.L.; Schladen, M.; Pineda, C.G.; Hsieh, C.-H.]J. Prevention of Pressure Ulcers Among People with Spinal Cord Injury: A
Systematic Review. PM R 2015, 7, 613-636. [CrossRef]

Flett, H.M.; Delparte, J.J.; Scovil, C.Y.; Higgins, ].; Laramée, M.-T.; Burns, A.S. Determining Pressure Injury Risk on Admission to
Inpatient Spinal Cord Injury Rehabilitation: A Comparison of the FIM, Spinal Cord Injury Pressure Ulcer Scale, and Braden Scale.
Arch. Phys. Med. Rehabil. 2019, 100, 1881-1887. [CrossRef]

Consortium for Spinal Cord Medicine Clinical Practice Guidelines. Pressure Ulcer Prevention and Treatment Follow-
ing Spinal Cord Injury: A Clinical Practice Guideline for Health-Care Professionals. [. Spinal Cord Med. 2001, 24
(Suppl. S1), S40-5101. [CrossRef]

Claydon, V.E; Steeves, ].D.; Krassioukov, A. Orthostatic Hypotension Following Spinal Cord Injury: Understanding Clinical
Pathophysiology. Spinal Cord 2006, 44, 341-351. [CrossRef]

Huang, C.T.; Kuhlemeier, K.V.; Ratanaubol, U.; McEachran, A.B.; DeVivo, M.]; Fine, P.R. Cardiopulmonary Response in Spinal
Cord Injury Patients: Effect of Pneumatic Compressive Devices. Arch. Phys. Med. Rehabil. 1983, 64, 101-106. [PubMed]
Sampson, E.E.; Burnham, R.S.; Andrews, B.]. Functional Electrical Stimulation Effect on Orthostatic Hypotension after Spinal
Cord Injury. Arch. Phys. Med. Rehabil. 2000, 81, 139-143. [CrossRef] [PubMed]

Lopes, P; Figoni, S.F; Perkash, I. Upper Limb Exercise Effect on Tilt Tolerance during Orthostatic Training of Patients with Spinal
Cord Injury. Arch. Phys. Med. Rehabil. 1984, 65, 251-253. [PubMed]

Ince, L.P. Biofeedback as a Treatment for Postural Hypotension. Psychosom. Med. 1985, 47, 182-188. [CrossRef]

Harvey, L.A. Physiotherapy Rehabilitation for People with Spinal Cord Injuries. J. Physiother. 2016, 62, 4-11. [CrossRef]

ASIA and ISCoS International Standards Committee. The 2019 Revision of the International Standards for Neurological
Classification of Spinal Cord Injury (ISNCSCI)-What’s New? Spinal Cord 2019, 57, 815-817. [CrossRef]

Scivoletto, G.; Tamburella, F.; Laurenza, L.; Torre, M.; Molinari, M. Who Is Going to Walk? A Review of the Factors Influencing
Walking Recovery after Spinal Cord Injury. Front. Hum. Neurosci. 2014, 8, 141. [CrossRef]

Oleson, C.V,; Burns, A.S.; Ditunno, J.F.; Geisler, EH.; Coleman, W.P. Prognostic Value of Pinprick Preservation in Motor Complete,
Sensory Incomplete Spinal Cord Injury. Arch. Phys. Med. Rehabil. 2005, 86, 988-992. [CrossRef] [PubMed]

Burns, S.P; Golding, D.G.; Rolle, W.A; Graziani, V.; Ditunno, J.F. Recovery of Ambulation in Motor-Incomplete Tetraplegia. Arch.
Phys. Med. Rehabil. 1997, 78, 1169-1172. [CrossRef]

van Middendorp, J.J.; Hosman, A.J.F; Donders, A.R.T.; Pouw, M.H.; Ditunno, J.E; Curt, A.; Geurts, A.C.H.; Van de Meent, H.;
EM-SCI Study Group. A Clinical Prediction Rule for Ambulation Outcomes after Traumatic Spinal Cord Injury: A Longitudinal
Cohort Study. Lancet 2011, 377, 1004-1010. [CrossRef]

Sprigle, S.; Wootten, M.; Sawacha, Z.; Thielman, G. Relationships among Cushion Type, Backrest Height, Seated Posture, and
Reach of Wheelchair Users with Spinal Cord Injury. J. Spinal Cord Med. 2003, 26, 236-243. [CrossRef] [PubMed]

van Middendorp, ].J.; Hosman, A.J.E; Doi, S.A.R. The Effects of the Timing of Spinal Surgery after Traumatic Spinal Cord Injury:
A Systematic Review and Meta-Analysis. . Neurotrauma 2013, 30, 1781-1794. [CrossRef] [PubMed]


https://doi.org/10.1038/s41598-022-09389-1
https://doi.org/10.1186/s12891-023-06621-5
https://doi.org/10.1177/2309499017731446
https://doi.org/10.1007/s00455-019-10079-w
https://doi.org/10.1007/s00455-019-10066-1
https://doi.org/10.5312/wjo.v6.i1.8
https://www.ncbi.nlm.nih.gov/pubmed/25621206
https://doi.org/10.1080/10790268.2017.1329076
https://www.ncbi.nlm.nih.gov/pubmed/28571527
https://doi.org/10.4045/tidsskr.10.0922
https://www.ncbi.nlm.nih.gov/pubmed/22614314
https://doi.org/10.1155/2013/168757
https://doi.org/10.1080/10790268.2008.11753645
https://doi.org/10.1038/sc.2013.29
https://doi.org/10.1016/j.pmrj.2014.11.014
https://doi.org/10.1016/j.apmr.2019.04.004
https://doi.org/10.1080/10790268.2001.11753592
https://doi.org/10.1038/sj.sc.3101855
https://www.ncbi.nlm.nih.gov/pubmed/6830418
https://doi.org/10.1016/S0003-9993(00)90131-X
https://www.ncbi.nlm.nih.gov/pubmed/10668765
https://www.ncbi.nlm.nih.gov/pubmed/6712450
https://doi.org/10.1097/00006842-198503000-00010
https://doi.org/10.1016/j.jphys.2015.11.004
https://doi.org/10.1038/s41393-019-0350-9
https://doi.org/10.3389/fnhum.2014.00141
https://doi.org/10.1016/j.apmr.2004.09.031
https://www.ncbi.nlm.nih.gov/pubmed/15895346
https://doi.org/10.1016/S0003-9993(97)90326-9
https://doi.org/10.1016/S0140-6736(10)62276-3
https://doi.org/10.1080/10790268.2003.11753690
https://www.ncbi.nlm.nih.gov/pubmed/14997965
https://doi.org/10.1089/neu.2013.2932
https://www.ncbi.nlm.nih.gov/pubmed/23815524

J. Clin. Med. 2024, 13, 5363 29 of 30

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

Seong Choe, H.; Min, D.-K.; Ahn, J. Effects of Anterior Weight-Shifting Methods on Sitting Balance in Wheelchair-Dependent
Patients with Spinal Cord Injury. J. Phys. Ther. Sci. 2018, 30, 393-397. [CrossRef]

Aissaoui, R.; Boucher, C.; Bourbonnais, D.; Lacoste, M.; Dansereau, ]J. Effect of Seat Cushion on Dynamic Stability in Sitting
during a Reaching Task in Wheelchair Users with Paraplegia. Arch. Phys. Med. Rehabil. 2001, 82, 274-281. [CrossRef] [PubMed]
Lee, M.-].; Lee, S.-M. The Effect of Virtual Reality Exercise Program on Sitting Balance Ability of Spinal Cord Injury Patients.
Healthcare 2021, 9, 183. [CrossRef]

Haisma, J.A.; Post, M.W.; van der Woude, L.H.; Stam, H.]J.; Bergen, M.P.; Sluis, T.A.; van den Berg-Emons, H.J.; Bussmann,
J.B. Functional Independence and Health-Related Functional Status Following Spinal Cord Injury: A Prospective Study of the
Association with Physical Capacity. J. Rehabil. Med. 2008, 40, 812-818. [CrossRef]

Worobey, L.A.; Heinemann, A.W.; Anderson, K.D.; Fyffe, D.; Dyson-Hudson, T.A.; Berner, T.; Boninger, M.L. Factors Influencing
Incidence of Wheelchair Repairs and Consequences Among Individuals with Spinal Cord Injury. Arch. Phys. Med. Rehabil. 2022,
103, 779-789. [CrossRef]

Gagnon, D.; Nadeau, S.; Noreau, L.; Eng, ].].; Gravel, D. Trunk and Upper Extremity Kinematics during Sitting Pivot Transfers
Performed by Individuals with Spinal Cord Injury. Clin. Biomech. 2008, 23, 279-290. [CrossRef]

Gagnon, D.H.; Roy, A.; Gabison, S.; Duclos, C.; Verrier, M.C.; Nadeau, S. Effects of Seated Postural Stability and Trunk and Upper
Extremity Strength on Performance during Manual Wheelchair Propulsion Tests in Individuals with Spinal Cord Injury: An
Exploratory Study. Rehabil. Res. Pract. 2016, 2016, 6842324. [CrossRef]

Hosseini, S.M.; Oyster, M.L.; Kirby, R.L.; Harrington, A.L.; Boninger, M.L. Manual Wheelchair Skills Capacity Predicts Quality of
Life and Community Integration in Persons with Spinal Cord Injury. Arch. Phys. Med. Rehabil. 2012, 93, 2237-2243. [CrossRef]
Dalhousie University. Wheelchair Skills Program Manual Version 5.4.2. 2023. Published Electronically in Halifax, NS, Canada.
Available online: https:/ /wheelchairskillsprogram.ca/en/skills-manual-forms/ (accessed on 8 August 2024).

Nam, S.-M.; Koo, D.-K.; Kwon, ].-W. Efficacy of Wheelchair Skills Training Program in Enhancing Sitting Balance and Pulmonary
Function in Chronic Tetraplegic Patients: A Randomized Controlled Study. Medicina 2023, 59, 1610. [CrossRef] [PubMed]
Worobey, L.A.; Kirby, R.L.; Heinemann, A.W.; Krobot, E.A.; Dyson-Hudson, T.A.; Cowan, R.E.; Pedersen, J.P.; Shea, M.; Boninger,
M.L. Effectiveness of Group Wheelchair Skills Training for People with Spinal Cord Injury: A Randomized Controlled Trial. Arch.
Phys. Med. Rehabil. 2016, 97, 1777-1784.e3. [CrossRef] [PubMed]

Lemay, J.-F.; Gagnon, D.; Duclos, C.; Grangeon, M.; Gauthier, C.; Nadeau, S. Influence of Visual Inputs on Quasi-Static Standing
Postural Steadiness in Individuals with Spinal Cord Injury. Gait Posture 2013, 38, 357-360. [CrossRef] [PubMed]

Krause, ].S. Factors Associated with Risk for Subsequent Injuries after Traumatic Spinal Cord Injury. Arch. Phys. Med. Rehabil.
2004, 85, 1503-1508. [CrossRef]

Fletcher, P.C.; Hirdes, ].P. Restriction in Activity Associated with Fear of Falling among Community-Based Seniors Using Home
Care Services. Age Ageing 2004, 33, 273-279. [CrossRef]

Tamburella, E; Scivoletto, G.; Molinari, M. Balance Training Improves Static Stability and Gait in Chronic Incomplete Spinal Cord
Injury Subjects: A Pilot Study. Eur. ]. Phys. Rehabil. Med. 2013, 49, 353-364. [PubMed]

Houston, D.J.; Lee, ]JW.; Unger, J.; Masani, K.; Musselman, K.E. Functional Electrical Stimulation Plus Visual Feedback Balance
Training for Standing Balance Performance Among Individuals with Incomplete Spinal Cord Injury: A Case Series. Front. Neurol.
2020, 11, 680. [CrossRef]

Dietz, V.; Wirz, M.; Curt, A.; Colombo, G. Locomotor Pattern in Paraplegic Patients: Training Effects and Recovery of Spinal Cord
Function. Spinal Cord 1998, 36, 380-390. [CrossRef]

Tefertiller, C.; Pharo, B.; Evans, N.; Winchester, P. Efficacy of Rehabilitation Robotics for Walking Training in Neurological
Disorders: A Review. J. Rehabil. Res. Dev. 2011, 48, 387-416. [CrossRef]

Schwartz, I.; Meiner, Z. Robotic-Assisted Gait Training in Neurological Patients: Who May Benefit? Ann. Biomed. Eng. 2015,
43,1260-1269. [CrossRef]

Walia, S.; Kumar, P.; Kataria, C. Interventions to Improve Standing Balance in Individuals with Incomplete Spinal Cord Injury: A
Systematic Review and Meta-Analysis. Top. Spinal Cord Inj. Rehabil. 2023, 29, 56-83. [CrossRef] [PubMed]

Alajam, R.; Algahtani, A.S.; Liu, W. Effect of Body Weight-Supported Treadmill Training on Cardiovascular and Pulmonary
Function in People with Spinal Cord Injury: A Systematic Review. Top. Spinal Cord Inj. Rehabil. 2019, 25, 355-369. [CrossRef]
Alexeeva, N.; Sames, C.; Jacobs, P.L.; Hobday, L.; Distasio, M.M.; Mitchell, S.A.; Calancie, B. Comparison of Training Methods to
Improve Walking in Persons with Chronic Spinal Cord Injury: A Randomized Clinical Trial. J. Spinal Cord Med. 2011, 34, 362-379.
[CrossRef] [PubMed]

Alashram, A.R.; Annino, G.; Padua, E. Robot-Assisted Gait Training in Individuals with Spinal Cord Injury: A Systematic Review
for the Clinical Effectiveness of Lokomat. J. Clin. Neurosci. 2021, 91, 260-269. [CrossRef]

Gil-Agudo, A Megia-Garcia, A.; Pons, J.L.; Sinovas-Alonso, I.; Comino-Suérez, N.; Lozano-Berrio, V.; Del-Ama, A.]. Exoskeleton-
Based Training Improves Walking Independence in Incomplete Spinal Cord Injury Patients: Results from a Randomized
Controlled Trial. J. Neuroeng. Rehabil. 2023, 20, 36. [CrossRef]

Fang, C.-Y,; Tsai, J.-L.; Li, G.-S.; Lien, A.S.-Y.; Chang, Y.-J. Effects of Robot-Assisted Gait Training in Individuals with Spinal Cord
Injury: A Meta-Analysis. BioMed Res. Int. 2020, 2020, 2102785. [CrossRef] [PubMed]

Kiwerski, J.E. Surgery and Subsequent Rehabilitation for Cervical Spine Tumours Compressing Neural Structures. Ortop.
Traumatol. Rehabil. 2008, 10, 620-625.


https://doi.org/10.1589/jpts.30.393
https://doi.org/10.1053/apmr.2001.19473
https://www.ncbi.nlm.nih.gov/pubmed/11239326
https://doi.org/10.3390/healthcare9020183
https://doi.org/10.2340/16501977-0258
https://doi.org/10.1016/j.apmr.2021.01.094
https://doi.org/10.1016/j.clinbiomech.2007.09.017
https://doi.org/10.1155/2016/6842324
https://doi.org/10.1016/j.apmr.2012.05.021
https://wheelchairskillsprogram.ca/en/skills-manual-forms/
https://doi.org/10.3390/medicina59091610
https://www.ncbi.nlm.nih.gov/pubmed/37763730
https://doi.org/10.1016/j.apmr.2016.04.006
https://www.ncbi.nlm.nih.gov/pubmed/27153762
https://doi.org/10.1016/j.gaitpost.2012.11.029
https://www.ncbi.nlm.nih.gov/pubmed/23332191
https://doi.org/10.1016/j.apmr.2004.01.017
https://doi.org/10.1093/ageing/afh077
https://www.ncbi.nlm.nih.gov/pubmed/23486301
https://doi.org/10.3389/fneur.2020.00680
https://doi.org/10.1038/sj.sc.3100590
https://doi.org/10.1682/JRRD.2010.04.0055
https://doi.org/10.1007/s10439-015-1283-x
https://doi.org/10.46292/sci21-00065
https://www.ncbi.nlm.nih.gov/pubmed/37235196
https://doi.org/10.1310/sci2504-355
https://doi.org/10.1179/2045772311Y.0000000018
https://www.ncbi.nlm.nih.gov/pubmed/21903010
https://doi.org/10.1016/j.jocn.2021.07.019
https://doi.org/10.1186/s12984-023-01158-z
https://doi.org/10.1155/2020/2102785
https://www.ncbi.nlm.nih.gov/pubmed/32280681

J. Clin. Med. 2024, 13, 5363 30 of 30

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.
226.

Xiao, R.; Miller, J.A.; Abdullah, K.G.; Lubelski, D.; Mroz, T.E.; Benzel, E.C. Quality of Life Outcomes Following Resection of Adult
Intramedullary Spinal Cord Tumors. Neurosurgery 2016, 78, 821-828. [CrossRef]

McKinley, W.O.; Conti-Wyneken, A.R.; Vokac, C.W.; Cifu, D.X. Rehabilitative Functional Outcome of Patients with Neoplastic
Spinal Cord Compressions. Arch. Phys. Med. Rehabil. 1996, 77, 892-895. [CrossRef]

Ruppert, L.M. Malignant Spinal Cord Compression: Adapting Conventional Rehabilitation Approaches. Phys. Med. Rehabil. Clin.
N. Am. 2017, 28, 101-114. [CrossRef]

Tokuhashi, Y.; Matsuzaki, H.; Oda, H.; Oshima, M.; Ryu, J. A Revised Scoring System for Preoperative Evaluation of Metastatic
Spine Tumor Prognosis. Spine 2005, 30, 2186-2191. [CrossRef] [PubMed]

Wang, M.; Biinger, C.E.; Li, H.; Wu, C.; Hoy, K.; Niedermann, B.; Helmig, P.; Wang, Y.; Jensen, A.B.; Schittiger, K.; et al. Predictive
Value of Tokuhashi Scoring Systems in Spinal Metastases, Focusing on Various Primary Tumor Groups: Evaluation of 448 Patients
in the Aarhus Spinal Metastases Database. Spine 2012, 37, 573-582. [CrossRef] [PubMed]

New, PW.; Eriks-Hoogland, I.; Scivoletto, G.; Reeves, R.K.; Townson, A.; Marshall, R.; Rathore, F.A. Important Clinical Re-
habilitation Principles Unique to People with Non-Traumatic Spinal Cord Dysfunction. Top. Spinal Cord Inj. Rehabil. 2017,
23,299-312. [CrossRef]

Lafeuillee, G.; Desai, M.; Magni, F; Knight, S. Challenge or Opportunity: Rehabilitation Outcomes in Patients with Metastatic
Spinal Cord Compression—A UK Single Center Experience. . Spinal Cord Med. 2024, 47, 432-439. [CrossRef]

Fortin, C.D.; Voth, J.; Jaglal, S.B.; Craven, B.C. Inpatient Rehabilitation Outcomes in Patients with Malignant Spinal Cord
Compression Compared to Other Non-Traumatic Spinal Cord Injury: A Population Based Study. J. Spinal Cord Med. 2015,
38, 754-764. [CrossRef]

Soma, Y.; Kubota, S.; Kadone, H.; Shimizu, Y.; Hada, Y.; Koda, M.; Sankai, Y.; Yamazaki, M. Postoperative Acute-Phase Gait
Training Using Hybrid Assistive Limb Improves Gait Ataxia in a Patient with Intradural Spinal Cord Compression Due to Spinal
Tumors. Medicina 2022, 58, 1825. [CrossRef] [PubMed]

Ruff, R.L.; Adamson, V.W.; Ruff, S.S.; Wang, X. Directed Rehabilitation Reduces Pain and Depression While Increasing Indepen-
dence and Satisfaction with Life for Patients with Paraplegia Due to Epidural Metastatic Spinal Cord Compression. ]. Rehabil. Res.
Dev. 2007, 44, 1-10. [CrossRef]

McKinley, W.O.; Seel, R.T.; Hardman, J.T. Nontraumatic Spinal Cord Injury: Incidence, Epidemiology, and Functional Outcome.
Arch. Phys. Med. Rehabil. 1999, 80, 619-623. [CrossRef] [PubMed]

Raj, V.S.; Lofton, L. Rehabilitation and Treatment of Spinal Cord Tumors. . Spinal Cord Med. 2013, 36, 4-11. [CrossRef]

Fattal, C.; Fabbro, M.; Gelis, A.; Bauchet, L. Metastatic Paraplegia and Vital Prognosis: Perspectives and Limitations for
Rehabilitation Care. Part 1. Arch. Phys. Med. Rehabil. 2011, 92, 125-133. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1227/NEU.0000000000001147
https://doi.org/10.1016/S0003-9993(96)90276-2
https://doi.org/10.1016/j.pmr.2016.08.007
https://doi.org/10.1097/01.brs.0000180401.06919.a5
https://www.ncbi.nlm.nih.gov/pubmed/16205345
https://doi.org/10.1097/BRS.0b013e31822bd6b0
https://www.ncbi.nlm.nih.gov/pubmed/21796024
https://doi.org/10.1310/sci2304-299
https://doi.org/10.1080/10790268.2022.2097997
https://doi.org/10.1179/2045772314Y.0000000278
https://doi.org/10.3390/medicina58121825
https://www.ncbi.nlm.nih.gov/pubmed/36557027
https://doi.org/10.1682/JRRD.2005.10.0168
https://doi.org/10.1016/S0003-9993(99)90162-4
https://www.ncbi.nlm.nih.gov/pubmed/10378485
https://doi.org/10.1179/2045772312Y.0000000015
https://doi.org/10.1016/j.apmr.2010.09.017

	Introduction 
	Materials and Methods 
	Results 
	Historical Review of Rehabilitation for Cervical Diseases 
	Different Types of Rehabilitation 

	Patients-Reported Outcome (PRO) Measures 
	Neck Disability Index (NDI) 
	Japanese Orthopedic Association Cervical Myelopathy Evaluation Questionnaire (JOACMEQ) 
	Spinal Cord Injury–Quality of Life (SCI-QOL) 
	Disabilities of Arm Shoulder and Hand (DASH) 
	Swallowing-Related Quality of Life (SWAL-QOL) 

	Physical Performance Tests 
	Ten-Second Grip and Release Test (10s-G&R) (Figure 1) 
	Capabilities of Upper Extremity Test (CUE-T) 
	Foot Tapping Test (FTT) (Figure 2) 
	The Brief BESTest (Table 4) 
	Walking Index for Spinal Cord Injury (WISCI II) 
	Trunk Control Test (TCT) 

	Active of Daily Living (ADL) Outcome Measures 
	Spinal Cord Independence Measure (SCIM) 
	Barthel Index (BI) 
	Functional Independence Measure (FIM) 

	Cervical Cord Injury Height Level and Severity Assessment Index 
	International Standards for Neurological Classification of Spinal Cord Injury (ISNCSCI) and American Spinal Injury Association Impairment Scale (AIS) for Neurological Evaluation of SCI Patients 
	International SCI Datasets 

	Postoperative Physical Therapy for Cervical Surgery 
	Neck and Shoulder Muscle Strengthening 
	Hand Dexterity Movement Exercises 
	Neural Mobilizations (NM) 
	Balance Ability Exercise 

	Virtual Reality Technology for the Rehabilitation 
	Rehabilitation for Postoperative Complications of Cervical Spine Surgery 
	Postoperative C5 Palsy 
	Physical Therapy after C5 Palsy 
	Postoperative Dysphagia and Dyspnea 
	Physiotherapy for Dysphagia after Anterior Fixation 

	Physical Therapy for Cervical Cord Injury (CCI) 
	Acute Phase of CCI 
	Pneumonia 
	Pressure Sore 
	Low Blood Pressure 

	Recovery Phase of CCI 
	Goal of SCI Rehabilitation 
	Sitting Training 
	Wheelchair Training 
	Standing Training 
	Gait Training 


	Postoperative Rehabilitation of Cervical Tumors 
	Limitation 
	Conclusions 
	References

