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Introduction: In the acute phase after a spinal cord injury or disease (SCI/D),
various therapeutic assessments and interventions are applied with the goal of
restoring structures, preventing complications and preparing the patient as
best as possible for further activity and finally participation. The goal was to
identify and evaluate the available evidence on assessments and interventions
for body functions and structures to prepare adults with acute spinal cord SCI/
D for activity and participation during the first 14 days.
Methods: A scoping review was conducted. The search was performed on June
19, 2023 using the databases PubMed, PEDro, Cochrane library and Embase.
These were screened for studies including patients with acute SCI/D and
physiotherapeutic or occupational therapy assessments and interventions.
Only studies in English or German published between 2012 and 2023
were included.
Results: Twelve publications met the inclusion criteria, namely three systematic
reviews, two randomized controlled trials, two observational studies and five
clinical practice guidelines. Assessments as the Spinal Cord Independence
Measure, as well as exercises such as daily passive mobilization of body
structures against contractures were used in the entire population, while
others were only applied in subgroups of SCI/D such as the Graded Redefined
Assessment of Strength, Sensation and Prehension or functional electrical
stimulation with and without additional movements. The methodological
quality of the studies found varied greatly from good to very poor.
Discussion: Heterogeneity in research design and study population as well as
lack of high-quality studies do not cover the standard of clinical management
in the acute phase and further comprehensive research is needed.
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1 Introduction

A spinal cord injury or disease (SCI/D) can be a life-changing

event for patients. Per definition, it can result in various

disturbances in the sensory, motor or autonomic function and

affects the patients physical, psychological and social well-being,

ranging from nearly no impairment to the complete loss of

functioning below the lesion level (1, 2). These different

neurological impairments lead to complete different recovery

patterns and thus to different care requirements depending on

the patient (2). In addition, the different phases of care after

SCI/D involve diverse healthcare professionals focusing on acute

care and integrating rehabilitation as early as possible for

restoring the patient’s functional independence and autonomy

and to avoid long-term consequences (3, 4). Considering the

multitude of impairments and diverse needs, a key inquiry

persists as to whether it is attainable to provide a more precise

delineation of assessments and interventions during the acute

phase after SCI/D.

On a structural and functional neurological level, the therapeutic

goals in the acute phase are to minimize primary neurological

damage and prevent secondary spinal cord injury due to

hypoperfusion, ischemia and apoptotic or biochemical and

inflammatory changes (5). To achieve these goals, an acute

emergency medical, surgical, pharmacological or therapeutic

management is performed through an interdisciplinary team (5).

In addition to this acute treatment, early therapeutic rehabilitation

may be possible during the acute phase to optimize long-term

goals such as functional capacity and participation requiring an

interprofessional team of physiotherapists, occupational therapists

and sometimes speech therapists, social workers and psychologists

(6, 7). These professions cover the individual need of the patient

from a bio-psycho-social perspective based on the International

Classification of Functioning, Disability and Health (ICF), a

framework for describing and measuring health and disability at

the individual and in a wider sense population levels (8, 9). The

terms “activity” and “participation” are integral components of the

ICF. “Activity” refers to specific tasks or actions an individual can

perform, and “participation” reflects engagement in broader life

situations (10, 11). These concepts are interconnected and

contribute to a holistic understanding of an individual’s health

and well-being (8). Those components are universally used by

healthcare workers at different settings including physicians,

rehabilitation therapists, and social workers who examine the body

structures, body functions and activity of patients with SCI/D. The

specific goals of these therapies start within the acute phase after

the onset of SCI/D and accompany patients during the whole

course of the first rehabilitation after SCI/D (12). The

interventions performed by these therapists usually cover

restoration of structures, prevention of complications, access to

assistive devices to maximize independence and best possible

preparation for the patient’s future activity and participation.

Possible interventions include improving mobility or muscle

strength, changing one’s body position, independent locomotion

or the use of assistive devices (13). The integration of assessments

and interventions in the acute phase nevertheless often struggles
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due to patient’s limited load capacity. Therefore, interventions

cannot be performed in a standard way and the validation of

assessments might be difficult due to reduced capacity of the

patient. This leads to an additional uncertainty about the

importance and recommendation of these baseline assessments as

a starting point for the intervention.

Therefore, the type of assessments and therapies, the number

and duration of treatments might play an important role during

the acute phase in order to balance the effectiveness of therapies

with the needs and capabilities of the patient and to adjust the

type and intensity to the severity of the injury (6). However, an

early safe use of a wide variety of therapies can lead to early

improvement in the patient’s activity for example through passive

or strengthening exercises and prevention of complications as

contractures might be an important goal (6).

Due to these different aspects and patients’ situations, there

still remain controversies about management strategies of SCI/

D throughout de continuum of care starting in the acute phase.

In this context, lack of standardization rehabilitation especially

during the acute phase integrating the different needs of

patients with acute SCI/D poses a major challenge (1).

Standardization of therapeutic interventions during the acute

phase with a focus on body functions and structures to prepare

for activity participation based on scientific evidence might

increase quality of care and consecutively the quality of life of

patients living with a SCI/D.

In order to provide evidence for the conceptualization of

rehabilitation strategies we aimed to determine the extent to

which assessments and interventions during the first 14 days

after SCI/D contribute to a successful course of rehabilitation,

the following goal was set: To systematically search for

therapeutic assessments and interventions focusing on body

functions and structures to prepare for activity and

participation during the acute phase in the first 14 days after

newly acquired SCI/D and to evaluate the methodological

quality of the available literature.
2 Methods

A scoping review was conducted, using the methodology

outlined in the “Preferred Reporting Items for Systematic reviews

and Meta-Analyses extension for Scoping Reviews” (PRISMA-

ScR) guideline (14) (Appendix Table 1). This scoping review was

not registered and therefore, no review protocol was created.
2.1 Literature search

A comprehensive literature research was conducted on

December 16, 2022 followed by an update search on the June 19,

2023 using the databases PubMed, PEDro, Cochrane library and

Embase. The basis for this search were a priori defined research

question and underlying key questions (Table 1). The key

questions relate to assessments and interventions on body

functions and structures to prepare for activity and participation.
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TABLE 1 Key questions.

No. Key question
1 Which assessments are used in the acute phase to measure the body

functions and structures to prepare for activity and participation?

2 Which therapeutic interventions are used in the acute phase to maintain or
improve muscle function?

3 Which interventions during the acute phase are suitable for the prevention of
contractures and which are used to maintain joint mobility?

4 Which therapeutic interventions are used in the acute phase to improve hand
function?

5 What supports the formation of the tenodesis grasp during the acute phase?

No., Number.
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Physio- and occupational therapeutic interventions in the acute

phase, such as respiratory management or the supply of assistive

devices, were excluded from the search. To find all relevant

studies, both search terms and medical subject headings (MeSH)

were used in the primary search. The following terms were used:

“acute”, “therapeutic measures”, “therapeutic recommendation”,

and the MeSH term for “spinal cord injury”, “acute disease”,

“exercise therapy” and “treatment outcomes” (Appendix Table 2).

The literature search was limited to year of publication from

2012 to 2023, English or German language and human studies.

The search was completed by screening the references for

additional literature and conducting a manual search.
2.2 Eligibility criteria

The eligibility criteria of this scoping review were defined

according to the PICOS framework and are presented in Table 2

(15). Hereby, systematic reviews, randomized controlled trials

(RCTs), observational studies and clinical practice guidelines

(CPG) were the desired study designs. The large number of

different study designs was deliberately chosen to capture the full

range of possible evidence. All studies that investigate or

recommend assessments or interventions starting within the first

14 days after new SCI/D were included. Given that the acute

phase is not uniformly defined in the SCI/D literature, we

defined it as the first 14 days after the onset of SCI/D based on

an expert consensus as part of the development of a S3

Guideline on diagnostics and therapy during the acute phase of

SCI/D, which was officially registered on the website of the

Association Working Group of Medical Societies (AWMF) (16).
TABLE 2 PICOS framework.

Criteria Description
Population Adults (≥18 years) with acute (until 14 days after the onset of the

injury) spinal cord injury/disease

Interventions Various interventions regarding physio- and occupational therapy
in the acute phase

Comparators No comparators

Outcomes Therapeutic recommendations for use in acute care after newly
acquired spinal cord injury

Study Design Systematic reviews, randomized controlled trials, observational
studies, clinical practice guidelines
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The consensus among the experts was based on the

characterization of the early acute phase in the EMSCI study,

which defined this phase as the first 15 days after an SCI/D (17).

All patients with newly acquired SCI/D were included, regardless

of their level and degree of paraplegia or etiology. Studies

involving participants younger than 18 years, patients suffering

from another acute or chronic musculoskeletal or neurological

diseases, or animal studies were excluded. In case a study

population include multiple diagnoses or stages of disease, 80%

had to correspond to the inclusion criteria to be eligible.
2.3 Selection process

The selection of the retrieved studies was based on the

predefined inclusion criteria (Appendix Table 3). To simplify the

screening process, the tool Rayyan (18) was used. Two trained

and blinded researchers (SI, SH) consecutively screened the

studies for matching titles, abstracts and full texts. In case of

ambiguity or disagreement during any stage of the screening

process, an expert (ASS) was involved in the decision to include

or exclude a study.
2.4 Analysis of study quality

To analyze the quality of the included literature, the checklists

required by the AMWF were used (19). The quality of the available

literature was evaluated with different tools. To assess the quality of

systematic reviews and review articles, the MeaSurement Tool to

Assess systematic Reviews 2 (AMSTAR 2) tool was used (20).

RCTs were assayed by using Cochrane risk-of-bias tool for

randomized controlled trials (RoB 2) (21). The quality of

observational studies was assessed by using the Scottish

Intercollegiate Guidelines Network (SIGN) checklists (22).

Guidelines were reviewed using the Appraisal of Guidelines for

Research & Evaluation II (AGREE II) tool. Scores over 70% was

set to represent a good methodological quality in the according

domain (23). These evaluations were conducted independently by

two blinded reviewers (SI, SH) and were subsequently compared.

Discrepancies between the two reviewers regarding the quality of

the literature were discussed with a rehabilitation expert (ASS)

experienced in the field of SCI/D.
2.5 Data collection and synthesis of results

The order of presentation of results is based on the revised

evidence pyramid, so that systematic reviews come first, followed

by RCTs, observational studies, and finally CPGs (24). To

present the evidence on assessments and therapies in the acute

phase of SCI/D, data was extracted from the included studies.

The analysis of these results is based on the previously defined

key questions.

The corresponding studies for each key question have been

compiled in tabular form. This table displays information on
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author, year, design, population, number of studies or participants,

assessments or interventions performed, outcome measurements,

adverse events and subsequent findings and recommendations.
3 Results

3.1 Study selection

The comprehensive literature search resulted in 1,228 articles.

After 96 duplicates had been removed, a total of 1,101 studies

were screened for title and abstract. For the full-text screening,

64 studies remained. From these, nine studies were ultimately

included in this scoping review. The primary factors leading to

exclusion were either an extended period since SCI/D (<14

days) or incorrect study objectives, such as surgical or other

invasive interventions. Additionally, a total of 16 further studies

were found in the reference screening, three of which were

additionally included. In total, twelve studies were included in

this scoping review (25–36). The entire study selection process

is outlined in Figure 1 (14).
3.2 Study characteristics

Three systematic reviews (25–27), two RCTs (28, 29), two

observational studies (30, 31) and five CPGs (32–36) with

recommendations for the PT and OT assessments and
FIGURE 1

PRISMA flow diagram.
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interventions were identified. The characteristics of the included

studies are summarized in Table 3.
3.3 Methodological quality assessment of
the included studies

The systematic reviews, assessed with the AMSTAR 2 tool,

achieved the following results out of 16 possible items: Gomes-

Osman et al. (25) six, Readdy et al. (26) five and Bolliger et al.

(27) two items (Appendix Table 4). Overall, all three systematic

reviews were assessed with a critically low quality. The RCT

of Iwahashi et al. (28) raised concerns regarding the risk of

bias during its assessments using the RoB2 tool (Appendix

Table 5). The RCT by Galea et al. (29) had a low risks of bias

and was judged with a higher quality by the RoB2 tool

(Appendix Table 6). The two observational studies (30, 31),

assessed with the SIGN checklist, were classified having an

overall acceptable methodological quality (Appendix Table 7).

The CPG assessment relates to six domains of which Walters

et al. (32) reached acceptable domain scores in three, Fehlings

et al. (33) and Ginis et al. (34) each in five and Roquilly et al.

(35) in two domains (Appendix Tables 8–11). As a final quality

evaluation of the AGREE II tool these four CPGs were

recommended for usage with modifications. Krylov et al. (36)

were not able to reach a domain score from over 70% and was

therefore not recommended for further usage (Appendix Table 12).
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3.4 Synthesis of the results

The synthesis of the results was based on the key questions

presented in Table 1.

The identified interventions encompass various outcomes,

objectives and therapeutic approaches. However, this variability

illustrates that even in the acute phase of SCI/D, a spectrum of

interventions may be considered to improve body functions and

structures to prepare for activity and participation throughout

the continuum of care.

The study characteristics and a summary of the evidence is

displayed in Table 3. Four studies originated from the United

States of America (25, 26, 31, 32). Three studies were done in

Canada (30, 33, 34) and one each in Russia (36), Switzerland

(27), France (35), Australia (29) and Japan (28) (Table 3).
3.4.1 Which assessments are used in the acute
phase to measure the body functions and
structures to prepare for activity and participation?

Bolliger et al. (27) elaborated in their review that there are

different lower extremity assessments throughout different disease

phases and patient types. For all types of SCI/D, they suggest

using the International Standards for Neurological Classification

of Spinal Cord Injuries (ISNCSCI), the Walking Index for Spinal

Cord Injuries II (WISCI II) and the Spinal Cord Independence

Measure III (SCIM III) (27). The SCIM or the third version of

the SCIM (SCIM III) are also proposed by Readdy et al. (26) and

Walters et al. (32) for use in the acute phase of SCI/D. Walters

et al. (32) rate the level of this recommendation as level 1,

reflecting a strong recommendation.

To classify the general status of the patient and their injury or

illness, Readdy et al. (26) suggest the American Spinal Injury

Association (ASIA) score, which is meanwhile known as ISNCSCI.

The observational studies from Kalsi-Ryan et al. (30) and Oleson

et Marino (31) both looked at the responsiveness of assessments of

hand and arm function. Kalsi-Ryan et al. (30) proposed the use of

the Graded Redefined Assessment of Strength, Sensation and

Prehension (GRASSP) from the tenth day after the onset of a

traumatic cervical SCI onwards. They found this tool to be

responsive and sensitive in their study with 60 participants (30).

Oleson et Marino (31) documented a high responsiveness and

validity of the capabilities of upper extremity questionnaire (CUE-

Q), which is why they suggest the use to assess the upper extremity

function in patients with an acute traumatic tetraplegia.

Krylov et al. (36) were recommending in their CPG to use the

Functional Independence Measure (FIM) to assess functional

outcomes instead of the SCIM. They also consider the use of the

Karnofsky scale for functional assessments during the first 14

days after the onset of a SCI/D (36).
3.4.2 Which therapeutic interventions are used in
the acute phase to maintain or improve muscle
function?

The systematic review of Gomes-Osman et al. (25) found

positive effects of robotic training on muscle function in the
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lower extremities and ADLs and no adverse events resulting

from the interventions respecting the patient’s performance

and neurological conditions in patients with a traumatic SCI.

They also observed a positive effect of locomotion training with

a robotic orthosis on muscle and walking function (25).

The RCT of Galea et al. (29) compared functional electrical

stimulation (FES)-cycling with passive cycling, both conducted

on a leg cycle ergometer, over a period of 12 weeks, starting

during the first 14 days after the onset of a SCI/D. Included were

24 patients with a motor complete or incomplete SCI ASIA A-C

above the neurological level of T12. Looking at the primary

outcome of muscle atrophy, the authors did not find a significant

benefit of one intervention over another. Nevertheless, they

stated, that leg cycle ergometry is a safe and feasible therapy

early after the onset of a SCI/D. Furthermore, both interventions

tested may be able to attenuate muscle atrophy and therefore

improve muscle function when comparing the study data with

other published data without any intervention (29).

In their CPG, Fehlings et al. (33) recommended starting PT

with patients when they are medically stable and can tolerate

the required intensity of therapy. However, the exact intensity

or the extremities used in the therapy were not defined more

precisely. The expected outcomes of the recommendation are

improved neurological status, ADLs and quality of live. The

strength of this recommendation was rated as weak by the

guideline authors (33).

Ginis et al. (34) noted in their CPG that other exercise CPGs

for patients with chronic SCI/D may be appropriate for use in

acute patients. The authors’ recommendation lacked specification

regarding the specific body regions to be targeted for training.

The uncertainty in this recommendation stems from the fact that

to date, there is too little scientific data and evidence concerning

exercises during the acute phase of SCI/D. The authors stated

that the patient should consult a healthcare professional before

performing exercises to improve muscle function (34).

3.4.3 Which interventions during the acute phase
are suitable for the prevention of contractures and
which are used to maintain joint mobility?

As an expert opinion in their CPG, Roquilly et al. (35)

suggested the following interventions to reduce limb spasticity

and contractures: (I) rehabilitation and passive mobilization

of body structures affected by the motor deficit, (II) positioning

of joints in the opposite direction from the predictable

deformation, (III) application of an orthosis, (IV) manual

muscle reinforcement. These interventions should be performed

at least once a day right from the beginning on. Furthermore,

they suggested that stretching should be performed for at

least 20 min per zone and be completed by a posture orthosis

and by bed or chair positioning to prevent and correct

predictable deformities (35).

3.4.4 Which therapeutic interventions are used in
the acute phase to improve hand function?

The RCT of Iwahashi et al. (28) included 29 patients with an

acute cervical SCI. They compared a combination of orthotic
Frontiers in Rehabilitation Sciences 07
therapeutic electric stimulation (TES) with conventional training

and simple conventional training, starting within the first week

after the onset of a SCI/D. Total of passive movement (TPM) of

the fingers, upper-extremity motor score and hand edema at 1

week, 1 month and 3 months after the onset were measured. No

significant between-group differences were found in all outcome

measurements. There was a slight negative trend in the TPM of

the fingers in the control group, which tended to be lower.

Nevertheless, the authors stated that TES is a possible therapy

that can be started in the acute phase, as there were no adverse

events during their study (28).

The CPG by Fehlings et al. (33) indicated that FES

should be offered as part of therapy. The strength of this

recommendation was rated as weak, as little evidence supports

this recommendation and no therapy parameters or intensities

were given (33).

3.4.5 What supports the formation of the
tenodesis grasp during the acute phase?

No studies about possible therapies to support the formation of

a tenodesis grasp during the acute phase were found in the

literature search.
4 Discussion

4.1 Summary of the evidence

Three studies used the SCIM III as a standard assessment for

all patients with SCI/D already during the acute phase (26, 27,

32), while the FIM is only given as another functional

assessment by Krylov et al. (36). In addition, other assessments

such as the GRASSP or the WISCI II were considered reliable

assessments early after SCI/D (27, 30). We found four

publications addressing the question of improving muscle

function in patients within the first 14 days after the onset of a

SCI/D. The results of these studies included unspecified PT or

OT once the patient is medically stable and robotic assisted

training or FES-cycling to improve activity and mobility (25, 29,

33, 34). To prevent contractures and maintain joint mobility, one

CPG suggested the application of different interventions like

passive mobilization of body structures at least once a day during

the acute phase (35). Regarding the question of the improvement

of hand function, two studies recommended FES and

orthotic TES (28, 33).

During the acute rehabilitation, the SCIM III was the most

used assessment tool in the interprofessional team (37). The

SCIM III can be used over a long period of time during

therapy. For instance, Hodel et al. (38) found in their

longitudinal analysis that the SCIM III can be used for the first

time eleven days after admission to rehabilitation and up to

132 days afterwards. In addition, the SCIM III was already

used for some patients during their time in the intensive care

unit (38). Ideally, the time in the intensive care unit (ICU) is

already spent in a SCI/D-specific center, to offer the specific

therapies through an experienced interprofessional that is also
frontiersin.org

https://doi.org/10.3389/fresc.2024.1272682
https://www.frontiersin.org/journals/rehabilitation-sciences
https://www.frontiersin.org/


Irrgang et al. 10.3389/fresc.2024.1272682
trained in performing these specific assessments. Though, the

average time of admission from the acute hospital to a SCI/D-

specific center is 16.2 days (39). The ISNCSCI, proposed by

Bolliger et al. (27), should be conducted within the first 40

days after the onset of SCI/D, according to its 2019 revision

(40). According to a Swiss study, 59% of the included

participants were assessed with the ISNCSCI within the

suggested time frame of 40 days (41). Furthermore, the

assessment of the ISNCSCI may take up to 60 min (42), which,

depending on the patient, can pose challenges in the execution

during the acute phase. Completing the ISNCSCI is not only

time-consuming, but also requires specialized training.

According to the study by Schuld et al. (43), practitioners, such

as physicians or therapists, benefit from several trainings to

complete the assessment correctly. This highlights that

although this assessment is regularly used in a SCI/D specific

rehabilitation, the implementation still has room for

improvement. Although both assessments are commonly used

in the acute phase, it is important to distinguish their purpose

carefully. The ISNCSCI describes the sensory and motor

impairment, as well as the neurological level and completeness

of the injury. However, it does not include functional testing.

The SCIM III, on the other hand, tests different functional

areas such as self-care or patient’s mobility abilities. Since both

the SCIM and the ISNCSCI are used in the acute phase as well

as in the rehabilitative phase, they can be employed to evaluate

the patient’s development over time. When used right from the

beginning, it becomes possible to track the improvements,

particularly in the functional areas, throughout the continuum

of care as there is a baseline measurement.

It was found that there is an indication of a relationship

between PT interventions and improved participation in daily life

in the long term and interventions help to improve impairments

such as weakness and limited joint mobility (44, 45). However,

there is still uncertainty about the effectiveness of the different

interventions and intensities focusing on strengthening or

prevention of complications in the long term (44). When

examining interventions for improving hand function in the

acute phase, there is evidence supporting treatment with FES for

functional independence of the upper extremity and functional

exercises in rehabilitation. But also in this intervention, not only

a specialized training but also a cost-intensive technical

equipment is needed. To support the formation of a tenodesis

grasp in the post-acute phase, a combination of splinting and

passive movements is suggested during the course of

rehabilitation (46), but uncertainty remains if the tenodesis grasp

is desirable at all and at what time the formation should be

commenced. When trying to transfer therapies from later

rehabilitation stages to the acute phase setting, feasibility of

therapies is a major issue. Some add-on therapies like robot-

assisted treadmill training will not be feasible for most patients

in the first 14 days of a SCI/D while some subgroups of patient

can integrate this treatment and achieve their goals on walking

and mobility even faster. Nevertheless, the lack of evidence in the

acute phase and the complex requirements remain a challenge

for clinical practice.
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Regarding the results of this review, a discrepancy between

established therapies in the clinical management during the acute

phase of SCI/D and evidence-based therapies has emerged. Many

used interventions are derived from CPG recommendations

based on expert opinion, which often lack methodological

quality. In various therapeutic textbooks, different therapeutic

interventions are describe based on expert knowledge and

established treatment concepts in specialized SCI centers without

any scientific evidence. Consequently, there is currently a lack of

more precise information and treatment parameters for possible

interventions, highlighting the importance of better-quality

evidence with clearer treatment parameters. Overcoming this

challenges will ultimately aid in the development of CPG

recommendations and thus provide a more accurate

representation of the therapeutic interventions used in real world

clinical practice (47).
4.2 Limitations of the study

Since the search was limited to German- and English-language

studies, it is possible that studies in other languages could not be

included in this scoping review. Furthermore, the search period

was limited to the years 2012 to 2023 to ensure that the results

are up to date. However, it is possible that relevant studies

published before 2012 were not included in this review.

The methodological quality of the studies varied greatly from

good quality (34) to very poor quality (27, 36). The poor quality

of some studies raises questions about the significance of the

results found, which can have an influence on their

interpretation. Therefore, it is difficult to consider the

recommendation by Krylov et al. (36) to use the FIM as an

assessment for patients with SCI/D as a reliable finding of this

review, as the quality of this CPG was rated as very poor.

Apart from the insufficient quality of the studies, the varying

definitions of the acute phase after a SCI/D posed challenges in the

evaluation of the studies. For instance, in the study by Gomes-

Osman et al. (25), the acute phase is defined as minutes to six

months after the onset of a SCI/D. In other studies, no clear

definition of the acute phase after SCI/D was given (33, 36). These

different definitions made a precise search challenging and a clear

interpretation of the study results difficult. Since the included

studies describe different clinical pictures and levels of paralysis,

there is limited generalizability of the presented results. Depending

on the clinical picture and its severity, the therapies applied differ

greatly, which is why the results of the individual studies cannot be

transferred to the entire population of patients with SCI/D.
4.3 Implementation and further research

The results of this review showed that early assessments and

therapeutic interventions during the acute phase after SCI/D are

safe and can be integrated in the clinical management of any

trauma center in the acute phase to optimize body functions

and structures to prepare for activity and participation for a
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long-term perspective. Existing evidence rather focuses on new

interventions which often are technically supported and may

often be considered as add-on therapies. Yet, established

clinical practices or routines are not captured in a scientifically

based manner. Due to the lack of high-quality evidence, the

recommendations of the CPGs are mostly based on expert

opinion. International multicenter observational studies should

focus on therapy intensity or training parameters, age groups

of the patients or the disease-related subgroups and outcome

measurements in all stages to understand the benefit of

therapeutic interventions in the first 14 days of SCI/D. The

scientific community should agree on common definitions of

disease stages and accordingly indicate the time since injury in

studies. It might be important to include the aspects of safety

and the competencies of therapeutic health care professionals

to develop a strong recommendation for basic therapy

interventions adapted to the functioning status of the

individual patient.
5 Conclusion

The SCIM III, the ISNCSCI and the GRASSP version 2 can

be used as assessments in the early phase, serving as starting

points for outcomes measurements in the continuum of

rehabilitation and should be conducted as soon as the

individual patients is able to perform the assessment.

Therapies in the first 14 days after SCI/D are important to

avoid complications, to support functioning and to guarantee a

basis for the subsequent participation of patients with newly

acquired SCI/D. However, due to the low quality and

heterogeneity of studies on assessments and therapies in the

acute phase, no specific and patient-tailored recommendation

can be made. Observational studies might be the next step to

further substantiate therapeutic assessments and interventions

during the acute phase after SCI/D.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Frontiers in Rehabilitation Sciences 09
Author contributions

SI: Conceptualization, Methodology, Project administration,

Visualization, Writing – original draft, Writing – review &

editing. SH: Conceptualization, Methodology, Writing – review &

editing. KA: Conceptualization, Writing – review & editing.

ID: Conceptualization, Writing – review & editing. AG:

Conceptualization, Supervision, Writing – review & editing.

KK: Conceptualization, Writing – review & editing. AvR:

Conceptualization, Writing – review & editing.

AS: Conceptualization, Supervision, Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article.

The Swiss Paraplegic Research, Nottwil, Switzerland

supported this scoping review with the provision of materials

and access to databases.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made

by its manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fresc.2024.

1272682/full#supplementary-material
References
1. Fehlings MG, Tetreault LA, Wilson JR, Kwon BK, Burns AS, Martin AR, et al. A
clinical practice guideline for the management of acute spinal cord injury:
introduction, rationale, and scope. Global Spine J. (2017) 7(3 Suppl):84s –94.
doi: 10.1177/2192568217703387

2. Lukersmith S. International Perspectives on Spinal Cord Injury. Bickenbach J, ed.
Geneva: WHO, ISCOS (2013). p. 133–49.

3. Scivoletto G, Morganti B, Molinari M. Early versus delayed inpatient spinal cord
injury rehabilitation: an Italian study. Arch Phys Med Rehabil. (2005) 86(3):512–6.
doi: 10.1016/j.apmr.2004.05.021

4. Byrnes M, Beilby J, Ray P, McLennan R, Ker J, Schug S. Patient-focused goal
planning process and outcome after spinal cord injury rehabilitation: quantitative
and qualitative audit. Clin Rehabil. (2012) 26(12):1141–9. doi: 10.1177/
0269215512442669

5. Ko H-Y. Management and Rehabilitation of Spinal Cord Injuries. 2 ed. Singapore:
Springer (2019).

6. Nas K, Yazmalar L, Şah V, Aydın A, Öneş K. Rehabilitation of spinal cord
injuries. World J Orthop. (2015) 6(1):8–16. doi: 10.5312/wjo.v6.i1.8

7. Meyer T, Kiekens C, Selb M, Posthumus E, Negrini S. Toward a new
definition of rehabilitation for research purposes: a comparative analysis of
current definitions. Eur J Phys Rehabil Med. (2020) 56(5):672–81. doi: 10.
23736/S1973-9087.20.06610-1
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fresc.2024.1272682/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fresc.2024.1272682/full#supplementary-material
https://doi.org/10.1177/2192568217703387
https://doi.org/10.1016/j.apmr.2004.05.021
https://doi.org/10.1177/0269215512442669
https://doi.org/10.1177/0269215512442669
https://doi.org/10.5312/wjo.v6.i1.8
https://doi.org/10.23736/S1973-9087.20.06610-1
https://doi.org/10.23736/S1973-9087.20.06610-1
https://doi.org/10.3389/fresc.2024.1272682
https://www.frontiersin.org/journals/rehabilitation-sciences
https://www.frontiersin.org/


Irrgang et al. 10.3389/fresc.2024.1272682
8. World Health Organization. International Classification of Functioning Disability
and Health (ICF). Geneva: World Health Organization (2001).

9. World Health Organization. Towards a Common Language for Functioning,
Disability and Health. Geneva: ICF (2002).

10. Ustün TB, Chatterji S, Bickenbach J, Kostanjsek N, Schneider M. The
international classification of functioning, disability and health: a new tool for
understanding disability and health. Disabil Rehabil. (2003) 25(11-12):565–71.
doi: 10.1080/0963828031000137063

11. Bickenbach J, Rubinelli S, Stucki G. Being a person with disabilities or
experiencing disability: two perspectives on the social response to disability.
J Rehabil Med. (2017) 49(7):543–9. doi: 10.2340/16501977-2251

12. Steiner WA, Ryser L, Huber E, Uebelhart D, Aeschlimann A, Stucki G. Use of the
ICF model as a clinical problem-solving tool in physical therapy and rehabilitation
medicine. Phys Ther. (2002) 82(11):1098–107. doi: 10.1093/ptj/82.11.1098

13. Rauch A, Escorpizo R, Riddle DL, Eriks-Hoogland I, Stucki G, Cieza A. Using a
case report of a patient with spinal cord injury to illustrate the application of the
international classification of functioning, disability and health during multidisciplinary
patient management. Phys Ther. (2010) 90(7):1039–52. doi: 10.2522/ptj.20090327

14. Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. Prisma
extension for scoping reviews (PRISMA-ScR): checklist and explanation. Ann Intern
Med. (2018) 169(7):467–73. doi: 10.7326/M18-0850

15. Nishikawa-Pacher A. Research questions with PICO: a universal mnemonic.
Publications. (2022) 10(3):21. doi: 10.3390/publications10030021

16. Arbeitsgemeinschaft der Wissenschaftlichen Medizinischen Fachgesellschaften
AMWF. Anmeldung S3-Leitlinie Diagnostik und Therapie der akuten
Querschnittlähmung (2021). Available online at: https://register.awmf.org/de/
leitlinien/detail/030-070#anmeldung (accessed August 02, 2023).

17. EMSCI. Time Schedule: European Multicenter Study about Spinal Cord Injury
(2023). Available online at: https://www.emsci.org/index.php/project/the-project/
time-schedule (accessed February 19, 2024).

18. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan—a web and
mobile app for systematic reviews. Syst Rev. (2016) 5(1):210. doi: 10.1186/s13643-
016-0384-4

19. Ständige Kommission Leitlinien der AWMF. AMWF-Regelwerk ‘Leitlinien’
(2020). 2. Auflage. Available online at: https://www.awmf.org/leitlinien/awmf-
regelwerk.html (accessed August 02, 2023).

20. Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, et al. AMSTAR 2: a
critical appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both. Br Med J. (2017) 358:j4008.
doi: 10.1136/bmj.j4008

21. Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. Rob 2:
a revised tool for assessing risk of bias in randomised trials. Br Med J. (2019) 366:
l4898. doi: 10.1136/bmj.l4898

22. Network SIG. Checklists. Available online at: https://www.sign.ac.uk/what-we-
do/methodology/checklists/ (accessed August 02, 2023).

23. Brouwers MC, Kho ME, Browman GP, Burgers JS, Cluzeau F, Feder G, et al.
AGREE II: advancing guideline development, reporting, and evaluation in health
care. Prev Med. (2010) 51(5):421–4. doi: 10.1016/j.ypmed.2010.08.005

24. Murad MH, Asi N, Alsawas M, Alahdab F. New evidence pyramid. Evidence
Based Medicine. (2016) 21(4):125–7. doi: 10.1136/ebmed-2016-110401

25. Gomes-Osman J, Cortes M, Guest J, Pascual-Leone A. A systematic review of
experimental strategies aimed at improving motor function after acute and chronic
spinal cord injury. J Neurotrauma. (2016) 33(5):425–38. doi: 10.1089/neu.2014.3812

26. Readdy WJ, Chan AK, Matijakovich DJ, Dhall SD. A review and update on the
guidelines for the acute non-operative management of cervical spinal cord injury.
J Neurosurg Sci. (2015) 59(2):119–28.

27. Bolliger M, Blight AR, Field-Fote EC, Musselman K, Rossignol S, Barthélemy D,
et al. Lower extremity outcome measures: considerations for clinical trials in spinal
cord injury. Spinal Cord. (2018) 56(7):628–42. doi: 10.1038/s41393-018-0097-8

28. Iwahashi K, Hayashi T, Watanabe R, Nishimura A, Ueta T, Maeda T, et al.
Effects of orthotic therapeutic electrical stimulation in the treatment of patients
with paresis associated with acute cervical spinal cord injury: a randomized control
trial. Spinal Cord. (2017) 55(12):1066–70. doi: 10.1038/sc.2017.74

29. Galea MP, Panisset MG, El-Ansary D, Dunlop SA, Marshall R, Clark JM, et al.
SCIPA switch-on: a randomized controlled trial investigating the efficacy and safety of
functional electrical stimulation–assisted cycling and passive cycling initiated early
after traumatic spinal cord injury. Neurorehabil Neural Repair. (2017) 31(6):540–51.
doi: 10.1177/1545968317697035
Frontiers in Rehabilitation Sciences 10
30. Kalsi-Ryan S, Beaton D, Ahn H, Askes H, Drew B, Curt A, et al. Responsiveness,
sensitivity, and minimally detectable difference of the graded and redefined
assessment of strength, sensibility, and prehension, version 1.0. J Neurotrauma.
(2016) 33(3):307–14. doi: 10.1089/neu.2015.4217

31. Oleson CV, Marino RJ. Responsiveness and concurrent validity of the revised
capabilities of upper extremity-questionnaire (CUE-Q) in patients with acute
tetraplegia. Spinal Cord. (2014) 52(8):625–8. doi: 10.1038/sc.2014.77

32. Walters BC, Hadley MN, Hurlbert RJ, Aarabi B, Dhall SS, Gelb DE, et al.
Guidelines for the management of acute cervical spine and spinal cord injuries:
2013 update. Neurosurgery. (2013) 60(CN_suppl_1):82–91. doi: 10.1227/01.neu.
0000430319.32247.7f

33. Fehlings MG, Tetreault LA, Aarabi B, Anderson P, Arnold PM, Brodke DS,
et al. A clinical practice guideline for the management of patients with
acute spinal cord injury: recommendations on the type and timing of
rehabilitation. Global Spine J. (2017) 7(3 Suppl):231s –8. doi: 10.1177/
2192568217701910

34. Martin Ginis KA, van der Scheer JW, Latimer-Cheung AE, Barrow A, Bourne C,
Carruthers P, et al. Evidence-based scientific exercise guidelines for adults with spinal
cord injury: an update and a new guideline. Spinal Cord. (2018) 56(4):308–21. doi: 10.
1038/s41393-017-0017-3

35. Roquilly A, Vigué B, Boutonnet M, Bouzat P, Buffenoir K, Cesareo E, et al.
French Recommendations for the management of patients with spinal cord injury
or at risk of spinal cord injury. Anaesthesia Critical Care Pain Med. (2020) 39
(2):279–89. doi: 10.1016/j.accpm.2020.02.003

36. Krylov VV, Grin AA, Lutsyk AA, Parfenov VE, Dulaev AK, Manukovskiy VA,
et al. An advisory protocol for treatment of acute complicated and uncomplicated
spinal cord injury in adults (association of neurosurgeons of the Russian
federation). part 3. Zh Vopr Neirokhir Im N N Burdenko. (2015) 79(2):97–110.
doi: 10.17116/neiro201579297-110

37. Lampart P, Gemperli A, Baumberger M, Bersch I, Prodinger B, Schmitt K, et al.
Administration of assessment instruments during the first rehabilitation of patients
with spinal cord injury: a retrospective chart analysis. Spinal Cord. (2018) 56
(4):322–31. doi: 10.1038/s41393-017-0039-x

38. Hodel J, Ehrmann C, Scheel-Sailer A, Stucki G, Bickenbach JE, Prodinger B.
Identification of classes of functioning trajectories and their predictors in
individuals with spinal cord injury attending initial rehabilitation in
Switzerland. Arch Rehabil Res Clin Transl. (2021) 3(2):100121. doi: 10.1016/j.
arrct.2021.100121

39. Amin A, Bernard J, Nadarajah R, Davies N, Gow F, Tucker S. Spinal
injuries admitted to a specialist centre over a 5-year period: a study to
evaluate delayed admission. Spinal Cord. (2005) 43(7):434–7. doi: 10.1038/sj.sc.
3101734

40. Betz R, Biering-Sørensen F, Burns SP, Donovan W, Graves DE, Guest J, et al.
The 2019 revision of the international standards for neurological classification of
spinal cord injury (ISNCSCI)—what’s new? Spinal Cord. (2019) 57(10):815–7.
doi: 10.1038/s41393-019-0350-9

41. Scheel-Sailer A, Sailer CO, Lampart P, Baumberger M, Berger M, Mueller G,
et al. Examinations and assessments in patients with a newly acquired spinal cord
injury—retrospective chart analysis as part of a quality improvement project. Swiss
Med Wkly. (2020) 150:w20291. doi: 10.4414/smw.2020.20291

42. American Spinal Cord Injury Association. What is the ISNCSCI exam? (2022).
Available from: https://asia-spinalinjury.org/wp-content/uploads/2022/12/11.18.22-
ISNCSCI-Patient-Brochure.pdf (accessed August 02, 2023).

43. Schuld C, Wiese J, Franz S, Putz C, Stierle I, Smoor I, et al. Effect of formal
training in scaling, scoring and classification of the international standards for
neurological classification of spinal cord injury. Spinal Cord. (2013) 51(4):282–8.
doi: 10.1038/sc.2012.149

44. Harvey LA. Physiotherapy rehabilitation for people with spinal cord injuries.
J Physiother. (2016) 62(1):4–11. doi: 10.1016/j.jphys.2015.11.004

45. Gómara-Toldrà N, Sliwinski M, Dijkers MP. Physical therapy after spinal cord
injury: a systematic review of treatments focused on participation. J Spinal Cord Med.
(2014) 37(4):371–9. doi: 10.1179/2045772314Y.0000000194

46. Harvey L. Principles of conservative management for a non-orthotic tenodesis
grip in tetraplegics. J Hand Ther. (1996) 9(3):238–42. doi: 10.1016/S0894-1130(96)
80087-1

47. Gordon G, Andrew DO, Elie AA, Regina K, Gunn V, Jan B, et al.
GRADE guidelines: 1. Introduction—GRADE evidence profiles and summary of
findings tables. J Clin Epidemiol. (2011) 64(4):383–94. doi: 10.1016/j.jclinepi.2010.
04.026
frontiersin.org

https://doi.org/10.1080/0963828031000137063
https://doi.org/10.2340/16501977-2251
https://doi.org/10.1093/ptj/82.11.1098
https://doi.org/10.2522/ptj.20090327
https://doi.org/10.7326/M18-0850
https://doi.org/10.3390/publications10030021
https://register.awmf.org/de/leitlinien/detail/030-070#anmeldung
https://register.awmf.org/de/leitlinien/detail/030-070#anmeldung
https://www.emsci.org/index.php/project/the-project/time-schedule
https://www.emsci.org/index.php/project/the-project/time-schedule
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1186/s13643-016-0384-4
https://www.awmf.org/leitlinien/awmf-regelwerk.html
https://www.awmf.org/leitlinien/awmf-regelwerk.html
https://doi.org/10.1136/bmj.j4008
https://doi.org/10.1136/bmj.l4898
https://www.sign.ac.uk/what-we-do/methodology/checklists/
https://www.sign.ac.uk/what-we-do/methodology/checklists/
https://doi.org/10.1016/j.ypmed.2010.08.005
https://doi.org/10.1136/ebmed-2016-110401
https://doi.org/10.1089/neu.2014.3812
https://doi.org/10.1038/s41393-018-0097-8
https://doi.org/10.1038/sc.2017.74
https://doi.org/10.1177/1545968317697035
https://doi.org/10.1089/neu.2015.4217
https://doi.org/10.1038/sc.2014.77
https://doi.org/10.1227/01.neu.0000430319.32247.7f
https://doi.org/10.1227/01.neu.0000430319.32247.7f
https://doi.org/10.1177/2192568217701910
https://doi.org/10.1177/2192568217701910
https://doi.org/10.1038/s41393-017-0017-3
https://doi.org/10.1038/s41393-017-0017-3
https://doi.org/10.1016/j.accpm.2020.02.003
https://doi.org/10.17116/neiro201579297-110
https://doi.org/10.1038/s41393-017-0039-x
https://doi.org/10.1016/j.arrct.2021.100121
https://doi.org/10.1016/j.arrct.2021.100121
https://doi.org/10.1038/sj.sc.3101734
https://doi.org/10.1038/sj.sc.3101734
https://doi.org/10.1038/s41393-019-0350-9
https://doi.org/10.4414/smw.2020.20291
https://asia-spinalinjury.org/wp-content/uploads/2022/12/11.18.22-ISNCSCI-Patient-Brochure.pdf
https://asia-spinalinjury.org/wp-content/uploads/2022/12/11.18.22-ISNCSCI-Patient-Brochure.pdf
https://doi.org/10.1038/sc.2012.149
https://doi.org/10.1016/j.jphys.2015.11.004
https://doi.org/10.1179/2045772314Y.0000000194
https://doi.org/10.1016/S0894-1130(96)80087-1
https://doi.org/10.1016/S0894-1130(96)80087-1
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.3389/fresc.2024.1272682
https://www.frontiersin.org/journals/rehabilitation-sciences
https://www.frontiersin.org/

	Assessments and interventions on body functions, structures and activity to prepare adults with acute spinal cord injury or disease for participation: a scoping review
	Introduction
	Methods
	Literature search
	Eligibility criteria
	Selection process
	Analysis of study quality
	Data collection and synthesis of results

	Results
	Study selection
	Study characteristics
	Methodological quality assessment of the included studies
	Synthesis of the results
	Which assessments are used in the acute phase to measure the body functions and structures to prepare for activity and participation?
	Which therapeutic interventions are used in the acute phase to maintain or improve muscle function?
	Which interventions during the acute phase are suitable for the prevention of contractures and which are used to maintain joint mobility?
	Which therapeutic interventions are used in the acute phase to improve hand function?
	What supports the formation of the tenodesis grasp during the acute phase?


	Discussion
	Summary of the evidence
	Limitations of the study
	Implementation and further research

	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


