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Objective: To develop an International Spinal Cord Injury (SCI) Upper Extremity Basic Data Set as part of the International SCI Data
Sets, which facilitates consistent collection and reporting of basic upper extremity findings in the SCI population.
Setting: International.
Methods: A first draft of a SCI Upper Extremity Data Set was developed by an international working group. This was reviewed by many
different organisations, societies and individuals over several months. A final version was created.
Variables: The final version of the International SCI Upper Extremity Data Set contains variables related to basic hand-upper
extremity function, use of assistive devices, SCI-related complications to upper extremity function and upper extremity/hand
reconstructive surgery. Instructions for data collection and the data collection form are freely available on the ISCoS website
(www.iscos.org.uk).
Conclusion: The International SCI Upper Extremity Basic Data Set will facilitate consistent collection and reporting of basic upper
extremity findings in the SCI population.
Spinal Cord (2014) 52, 652–657; doi:10.1038/sc.2014.87; published online 3 June 2014

INTRODUCTION

There is currently no consensus on the most appropriate data to
collect about the upper extremity function of individuals with spinal
cord injury (SCI). Yet it is important to have standardised data
collection around the world, because this allows for comparisons of
outcomes and helps facilitate SCI research. Therefore, a consensus
panel was created, under the auspices of the International Spinal Cord
Society (ISCoS) and the American Spinal Injury Association (ASIA),
to develop a Basic Data Set for the Upper Extremity called
the International Spinal Cord Injury (SCI) Upper Extremity Basic
Data Set.

The purpose of the International SCI Upper Extremity Basic Data
Set was to standardise the collection and reporting of a minimal
amount of information about upper extremity status in accordance
with the general purpose and vision of the International SCI Data
Sets.1

The International SCI Upper Extremity Basic Data Set is to be used
in connection with the International SCI Core Data Set,2 the
International SCI Musculoskeletal Basic Data Set3 and the
International SCI Pain Basic Data Set.4,5 The International SCI
Core Data Set includes information on dates of birth and injury,
gender, aetiology of spinal cord lesion and neurological status. It also
captures information about the presence of vertebral injury, past
surgical interventions, associated injuries, discharge destination and

the need for mechanical ventilation. The International SCI Upper
Extremity Basic Data Set is also to be used alongside the International
Standards for the Neurological Classification of SCI (ISNCSCI)6 as
well as the Spinal Cord Independence Measure.7,8

METHODS
A spinal cord lesion refers to any injury to the spinal cord, conus medullaris or

cauda equina due to traumatic or non-traumatic insults. This is in accordance

with all other International SCI Data Sets. Each variable and each response

category within each variable in all International SCI Data Sets have been

defined in the best way possible to ensure consistency in the collection and

reporting of data and to ensure that the data are collected in a standard format.

It is important that data be collected in a uniform manner to improve

patient care and the scientific rigor of research. For this reason, each variable

and its accompanying response category reflects the minimal amount of

information considered to be essential for capturing the upper extremity status

of a person with SCI. In addition, a standardised format has been specified to

enable the compilation of data from multiple investigators across different

locations. Recommendations for variable names and database structures are

available at the ISCoS websites (www.iscos.org.uk) and the National Institute

of Neurological Disorders and Stroke (NINDS) the Common Data Elements

(CDE) Project website (www.CommonDataElements.ninds.nih.gov).9,10

However, various formats and coding schemes may be equally effective and

could be used in individual studies or by agreement of the collaborating

investigators.
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An initial version of the International SCI Upper Extremity Basic Data Set

was prepared by a working group comprising the authors. All members of this

group have clinical and research experience related to the upper extremity of

people with SCI. The Data Set only covers a few essential aspects of upper

extremity status and management and was designed to ensure clinicians could

easily collect the data in various setting and countries with minimal cost or

need for elaborate equipment. It includes the minimal amount of information

a clinician would typically collect during a simple and routine evaluation of the

upper extremity of a person with tetraplegia following SCI. In order to ensure

consistency in the data collection and to facilitate interpretation, detailed

information is provided in a syllabus for each specific variable and each

response category.

The following steps were followed in the development of this version of the

International SCI Upper Extremity Basic Data Set:

(1) The working group of the International SCI Upper Extremity Basic Data

Set formulated the data set during extensive e-mail contact among group

members. (2) The data set was reviewed by members of the Executive

Committee of the International SCI Standards and Data Sets. (3) Comments

from the Committee members were discussed among the working group, and

appropriate adjustments were made to the Data Set. (4) Members of the ISCoS

Executive and Scientific Committees and ASIA Board were also asked to review

the data set. (5) Comments from the Committee/Board members were

discussed in the working group and a response was made and further

adjustments of the Data Set were performed. (6) Relevant and interested

scientific and professional (International) organisations and societies (around

40) and individuals were also invited to review the data set. In addition, the

Data Set was posted on the ISCoS and ASIA websites for 1 month to allow

further comments and suggestions. (7) The working group discussed and

responded to comments. Where appropriate, the Data Set was adjusted.

(8) Members of the ISCoS Executive and Scientific Committees and ASIA

Board members again reviewed and then approved the Data Set. (9) The

International SCI Upper Extremity Basic Data Set was then further scrutinised

by the team working on the NINDS, CDE Project, in cooperation with the

Executive Committee of the International SCI Standards and Data Sets

committees.9,10 (10) The data set was used to collect information on several

training cases to confirm its appropriateness for the clinical setting.

Variables
The data sheet is included in the Appendix. The data sheet and syllabus are

available on the ISCoS website (www.iscos.org.uk).

The training cases demonstrated that the data sheet was easy to fill in and

that the variables did not need to be further adjusted.

Listed below are the variables included in the International SCI Upper

Extremity Basic Data Set:

Date performed. Data on upper extremity status may be collected at any time

following the spinal cord lesion. This means initially after the spinal cord lesion

as well as at any given follow-up later. Therefore is the date of data collection

imperative to be able to calculate time since the initial spinal cord lesion and to

relate the information to other data collected on the same individual at various

time points.

Basic hand-upper extremity function. This variable consists of two items: one

for the right upper extremity and one for the left upper extremity. Each item

describes the hand–arm function as it relates to motor innervation. Hand-

upper extremity function is classified in the following way:

1. No upper extremity function at or below the elbow, that is, no voluntary

control of elbow, wrist or hand muscles; no grasping function; severely limited

active placing or reaching of the arm.

2. Passive tenodesis hand, that is, passive hand functions with neither

voluntary control of extrinsic and intrinsic hand muscles nor ability to actively

extend the wrist. Opening and closing of the hand is only possible by

supination or pronation of the forearm (passive tenodesis effect), with no

active grasping movements of the hand. Bimanual grasping by stabilising

objects between two hands or passive tenodesis grasp is effective only in a

limited workspace.

3. Active tenodesis hand, that is, no voluntary control of extrinsic and

intrinsic hand muscles but active wrist extension allowing for passive move-

ments of fingers dependent on a tenodesis effect. Limited single-handed

grasping function in a restricted workspace.

4. Active extrinsic hand, that is, voluntary control of wrist and some

extrinsic finger muscles allowing for weak grasping by means of some active

opening and closing of the hand with or without tenodesis but with reduced

dexterity.

5. Active extrinsic-intrinsic hand, that is, voluntary control of extrinsic and

intrinsic hand muscles and the ability to perform different grasp forms (for

example, power grip (holding a hammer), precision grip (holding an egg),

lateral power pinch (key-grip), precision-pinch (holding a needle)) but with

limitations of muscle strength and dexterity.

The description of hand-upper extremity function is based on a pattern of

complex muscle innervation and focusses on hand movements. It provides

complementary information to measures of activities of daily living (ADL).11,12

Although the latter describe impairments of specific functions, they do not

reveal the underlying innervation and principal kind of grasp.12,13 Also

knowledge of the strength of ISNCSCI upper extremity key muscle function

does not reveal how the individual is able to use the hand—forearm—

proximal arm in complex movements.14,15 The five levels of hand function

integrate the innervation of upper extremity muscles required to perform hand

movements (like grasping and holding objects in the hand, manipulation (pro/

supination) and placement) and depend on sufficient voluntary innervation.

Therefore, the ability to perform the described hand functions is not only

dependent on the innervation per se but also the ability to release movements

against potential antagonistic muscles or changes within the fibro-elastic

tissues (like increased muscle tone and contractions) counteracting

movements.16 The combination of these hand function assessments with

ADL measures helps distinguish between changes in voluntary control of

muscles (such as changes in the neurological level or within myotomes) and

changes in skill levels (such as effects of training or non-use).17 Therefore,

follow-up assessments of these five levels of hand function will help to disclose

relevant changes in the way individuals with cervical SCI are able to perform

upper extremity and hand movements.

Shoulder function classification. The shoulder function classification is based

on observed function of the shoulder and upper extremity. Each side is scored

separately according to the following four-point scale:

A No active placing or reaching of the arm.

B Severely limited but able to position hand on a desk, without assistance,

but not able to reach to the mouth/head (gravity compromises the

movements).

C Limited but able to reach mouth/head with difficulty or altered

movements, for example, weak or absent pronation–supination or wrist

flexion–extension.

D Full range of movement of shoulder and independent reaching forward

and upward.

Scores from the hand-upper extremity function (numerical values from

1 to 5) are coupled with scores from this item (letter values from A to D). For

example, a person with central cord syndrome or with a high tetraplegia could

be scored as 3A or 3B, and a person with less affected shoulder function could

be scored as 3C or 3D. The combination of a numerical value (1–5) and a

letter (A–D) defines the whole upper extremity rather than just hand function.

Use of assistive devices. Assistive devices include all equipment used to

augment or provide upper extremity/hand function to perform activities. This

includes equipment such as universal cuffs, hand splints and orthoses,

including spring-loaded types, adaptive devices (built-up utensils, writing,

splints, cup holdersand so on), surface functional electrical stimulation (FES)

and robotic feeders.

It does not include equipment used for positioning the hand/arm to prevent

tightness or contractures (such as static resting hand splints, elbow extension

splints), equipment used for therapeutic interventions to train, strengthen or

exercise the hand/arm (such as surface therapeutic electrical stimulation,
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passive range of motion machine) and environmental control units, implanted

technology and free standing robotic arms.

Clinical practice supports the use of splints, but little evidence about their

effectiveness is available in the literature.18 Flexor hinge splints19 are

infrequently used. Suspension and arm support devices are used in

individuals with C4–C5 tetraplegia and found to be beneficial; however,

evidence about their efficacy is unavailable.20 Standardisation of splinting

protocols was found to be difficult,21 but recommendations about usage of

different types of splints are published in textbooks.22,23 A number of

adaptations of writing material, cutlery and ADL equipment (quite often

individually made) can be used to enhance usage of impaired upper extremity

function.14 With surface FES systems, paralysed muscles are stimulated to

contraction, which is the function needed, for instance, to provide grasp. The

use of FES has been reviewed on numerous occasions.24–26 It should be noted

that various surface FES systems have very different capabilities and fidelity of

the grasp produced.

Robotic-assistive devices such as robotic feeders are used increasingly to

improve the independence and quality of life of persons with disabilities.27

SCI-related complications affecting upper extremity function like pain, spasms,

contractures and oedema. This variable describes complications affecting

upper extremity function such as pain, spasms, contractures and oedema.

Thus it includes all types of pain such as nociceptive, neuropathic, general or

focal pain; spasms whether helpful, harmful, general or focal; minor or major

contractures; and oedema.

It does not include concomitant injuries to the extremity at the time of

injury, such as brachial plexus injury, amputation, fracture and so on, or self-

inflicted injuries to the extremity. The International SCI Pain Basic Data Set

provides a more detailed assessment of pain if required.4,5

Upper extremity/hand reconstructive surgery. This variable documents if

reconstructive surgery has been performed specifically for the improvement

of arm and/or hand function. It includes any surgical procedures to the arms

and/or hands to restore function, that is, soft tissue reconstruction such as

tendon transfers, lengthenings and releases; de-rotational osteotomies; and

implantation of a functional electrical stimulation system.

It does not include surgical procedures to the arms or hands during initial

management of the SCI for repair of concomitant brachial plexus injury or for

treatment of concomitant upper extremity fractures, burns or other injuries. It

also does not include surgical procedures that may have an effect on the upper

extremity but are not performed specifically to the upper extremity to improve

function, for example, surgical implant of baclofen pump, and dorsal

rhizotomy.

In addition, it does not include surgical procedures to the upper extremity

for purposes other than to improve function, for example, surgery for

cosmesis; hygiene; positioning; skin grafts for pressure sores, burns and so

on; and management of fractures or other injuries.

Reconstructive arm and hand surgery, including surgical implantation of

functional electrical stimulation systems and nerve transfers,28–31 are

sometimes performed after discharge from initial rehabilitation and when

patients neurological status is stable. Although these surgeries can include

tendon and muscle lengthenings and releases and de-rotational osteotomies,

the primary surgical procedure to restore upper extremity function after SCI

involves tendon transfers.23,32–37 In cases of SCI, tendon transfers are

performed when two or more muscles that provide the same function have

been preserved; one of the tendons can be transferred to restore distal function

without compromise to the original function. As an example, in an individual

with a motor level of C5 with preserved function of the brachialis, biceps and

brachioradialis muscles. In this example, the brachioradialis can be transferred

distally to restore wrist extension without compromising voluntary elbow

flexion. The number of distal movements that can be restored with tendon

transfers relies entirely on the number of muscles/tendons available for tendon

transfer.38,39

Performed upper extremity/hand reconstructive surgery. This variable docu-

ments past reconstructive surgery. This includes soft tissue reconstructions,

such as tendon transfers for elbow extension, tendon transfers for wrist

extension, restoration of pinch and or grasp, tendon/muscle releases and/or

lengthenings. It also includes osteotomies with or without rotation and/or

arthrodesis of the humerus, radius, ulnar, wrist or fingers/thumb. In addition,

this variable includes FES implants and other kinds of related surgery.

Tendon transfer for elbow extension restores or augments active elbow

extension. The most common procedures to restore elbow extension in people

with SCI are the deltoid-to-triceps transfer and biceps-to-triceps transfer.34–36

Tendon transfer for wrist extension restores or augments active wrist extension.

This is commonly achieved through a transfer of the brachioradialis to radial

wrist extensors.40

Tendon transfer for pinch and/or grasp restores or augments active hand

function. Various procedures are used.32,33,41–43

Tendon and muscle releases and/or lengthenings, and other surgical soft

tissue reconstructions such as the tenodesis procedure, improves arm/hand

function.43,44

Osteotomies with or without rotation and/or arthrodesis have been

performed to position the extremity for function. For example, an internal

rotation contracture of the shoulder and/or a supination contracture of the

forearm are managed with de-rotational osteotomies to position the arm and

forearm for function, respectively.45 De-rotational osteotomies are usually

done as a precursor to or in combination with tendon transfers. Fusions are

performed to stabilise a joint to improve function. The most common joints

that are fused are in the thumb.43,46

FES systems have been implanted in the upper extremity to provide arm

and/or hand movement with voluntarily controlled electrical stimulation.28,47–49

Other upper extremity/hand reconstructive surgery procedures include

nerve transfer and other surgeries aimed at restoring arm and/or hand

function.

DISCUSSION

The data collected in the International SCI Upper Extremity Basic
Data Set will be available in conjunction with the data in the
International SCI Core Data Set, which among other items, includes
information on date of birth and injury, gender, the cause of SCI, and
neurological status.2 It is intended that it be used in conjunction with
the International SCI Musculoskeletal Basic Data Set. The number of
items in the International SCI Upper Extremity Basic Data Set has
been kept to a minimum to ensure this basic data set is as useful as
possible in a clinical setting. The working group believes that the
items included cover the most clinically relevant information about
possible upper extremity conditions in individuals with a spinal cord
lesion. The working group recognises that information in the
International SCI Upper Extremity Basic Data Set could be
extended by adding other clinically important information,
whenever appropriate.

To facilitate the use of the International SCI Data Sets, this
International SCI Upper Extremity Basic Data Set and its accom-
panying data collection forms (included in the Appendix) have been
developed using a similar format as the previous International SCI
Basic Data Sets. Additional work and research is now required to
validate and translate this data set. We strongly advise that this be
done according to the recommendations of the Executive Committee
for the International SCI Standards and Data Sets.50 The authors
invite all those who are interested to participate in this open and
ongoing process.
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APPENDIX

International spinal cord injury upper extremity basic data set form
(Version 1.0)

Date performed: YYYY/MM/DD
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