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international standards
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Objective/Context: To highlight questions with regards to the International Standards for Neurological
Classification of Spinal Cord Injury (ISNCSCI) and provide historical perspectives to help SCI professionals
gain fuller insights into the classification system.
Methods: Frequently asked questions to the ISNCSCI were collected and a review of literature and personal
communications with International Standards committee members and Chairs were undertaken.
Results: Background and explanations for nine questions, detailing decision processes and challenging
classification rules are presented.
Conclusion: While the ISNCSCI can be challenging, this background and historical explanation may provide a
greater understanding and the ability to critically analyze this classification system.
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Introduction
The International Standards for Neurological
Classification of Spinal Cord Injury (ISNCSCI) are the
most widely used classification in the field of Spinal
Cord Injury (SCI) Medicine. The ISNCSCI defines the
terminology used, details the examination, and classifies
the severity of the injury utilizing the American Spinal
Injury Association (ASIA) Impairment Scale (AIS).
This allows for consistency in communication between
patients, clinicians, and researchers.
The first edition of the ASIA publication “Standards

for Neurologic Classification of spinal cord injury”1 was
published in 1982 and drew strongly from works by
Frankel,2 Austin,3 and Bracken4 to create a uniform
system to classify SCI. The initial five-grade system of
classifying traumatic SCI was based on Frankel et al.,2

with divisions into neurologically “complete” (A),
three “incomplete” (B-D) injury grades, and complete
recovery (E). Neurologically “complete” and “incom-
plete” injuries were initially based on sparing more
than three levels below the neurological level of injury
(NLI), termed the “zone of injury”. The Standards
further introduced motor testing of key muscle groups,

and sensory testing initially in 29 dermatomes (later
changed to 28 dermatomes in 1989),5 as well as describ-
ing select anatomical incomplete syndromes (e.g. central
cord syndrome).
Since this first edition, the International Standards

Committee of ASIA has published revised versions of
these Standards to clarify scoring methods, patient posi-
tioning, and create universal definitions.5–11 Despite
these revisions and clarifications, consistent perform-
ance and understanding of the International Standards
has been challenging, and questions persist. Here we
present some common questions regarding the
International Standards with explanations that will
help professionals in SCI understand the basis for
some of the changes that are part of the current
ISNCSCI. This document is intended to provide
context and clarity to SCI professionals whom are fam-
iliar with the ISNCSCI exam. As such, early learners
and those seeking classification criteria are directed to
the most updated exam revisions and training
modules.11,12 Additional historical reviews on the
International Standards can be found elsewhere.13–15

Questions:
1. How was the “zone of injury”, which is used to deter-
mine motor incomplete injuries, decided to be three
levels when classifying between AIS B and C?

Correspondence to: Ryan Solinsky, Kessler Institute for Rehabilitation West
Orange, NJ 07052, USA; Rutgers New JerseyMedical School, Department of
PM&R 90 Bergen St. DOC Suite 3203 Newark, NJ 07103, USA. Email:
Ryanjs2@uw.edu

© The Academy of Spinal Cord Injury Professionals, Inc. 2018
DOI 10.1080/10790268.2017.1362929 The Journal of Spinal Cord Medicine 2018 VOL. 41 NO. 6684

http://orcid.org/0000-0002-7121-8678
mailto:Ryanjs2@uw.edu
http://crossmark.crossref.org/dialog/?doi=10.1080/10790268.2017.1362929&domain=pdf


The “zone of injury” is currently described as “three
levels below the ipsilateral motor level on either side
of the body”.11 For an injury to be classified as motor
incomplete (AIS C-D), there needs to be motor
sparing either by presence of voluntary anal contraction
(VAC) or in a patient with a sensory incomplete injury,
motor sparing below the “zone of injury” (i.e. more
than three levels below the motor level on either side).11

As an example, in Figure 1, the motor level is C5 on
each side. Assuming this patient has a sensory incom-
plete injury based upon sacral sensory sparing, with
motor sparing only three levels below the motor level
on the right and two on the left, the classification
would remain an AIS B. In order for the classification
to change to motor incomplete, there would need to
be sparing below C8 on at least one side of the body.
Fromahistorical standpoint, the term “zone of injury”

was initially (1982 classification) defined as up to three
neurological segments below the point of damage to
the spinal cord.1 This zone of injury was important, as
sparing more than three levels below the NLI would
define an incomplete injury. For example, at that time
any sensory sparing below the zone of injury would
lead to a sensory incomplete definition (Frankel B) and
motor sparing below the zone of injury defined a motor
incomplete injury (Frankel C-D).1 In 1989, the term
“zone of injury” was changed to “zone of partial preser-
vation” (ZPP) and was divided into sensory and/or
motor function.6 In 1992, when the “sacral sparing” defi-
nition was adopted (and the Frankel Scale was changed
to being called the AIS) to determine completeness of
the injury, a number of terms were changed.7 The ZPP
was redefined as sensory and/or motor function that
could expand beyond three levels, and was only reserved
for complete injuries - causing notable confusion with the
previous definition of “zone of injury (ZOI)”. When
these changes were adopted, the rule used to differentiate
AIS B from AIS C required motor sparing outside of a

zone of injury of more than two levels below the motor
level.7 (Note that for the initial Frankel Scale motor
sparing more than three levels below the neurological
level was required, this was changed to two levels below
the motor level in the new AIS classification).16 There
is no documentation regarding the exact reasoning for
this change of the ZOI from three to two levels, though
as best as we can determine (personal communication
with some of the 1992 Standards Committee members),
may have been influenced by a timely article by Waters,
et al.,17 noting < 1% chance of functional recovery
three levels below the injury level inmotor complete inju-
ries. In addition, there were multiple other prevailing
articles from that time period that describedmotor recov-
ery within the first one to two levels below themotor level
through clinical exam18,19 and electrodiagnostic evidence
of peripheral sprouting.20,21 This two-level definition of
the zone of injury for determining motor incomplete
injuries remained in place until the 2000 Standards
edition,9 when the definition was expanded back to
three levels to be consistent with the previous definitions
for ‘zone of injury’.5,6 A later report however demon-
strated that either the two or three level definition
equally predicted the pattern of motor recovery at one
year.22

2. Why are there no key muscles tested for levels between
T2-L1?
While the spinal levels for T2-L1 innervate functionally
significant musculature (intercostals, rectus abdominis,
obliques, etc.), it is difficult to test these muscles in iso-
lation or reliably on bedside exam. For this reason, the
motor level in these segments defaults to the sensory
level as the most discernable estimate of motor capa-
bility (in the event that all key muscles above are
graded as normal). Recent research23 has demonstrated
electrodiagnostic and ultrasound evidence of preser-
vation of abdominal musculature activation in multiple

Figure 1 Partial example of ISNCSCI flow sheet of an individual with C5 AIS B.
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patients with motor complete injuries above T6.
However, others24,25 have suggested that these responses
may be inaccurate unless controlling for intraabdominal
pressures, spasticity and stretch reflexes.
Clinically, testing for trunk control in patients with

spinal cord injuries is performed for select Paralympic
sports.26,27 Yet even in these controlled environments,
sufficient isolation and grading of these muscles
remains a barrier. Additionally, Beevor’s sign is a clinical
measure of rectus abdominis innervation. In this clinical
exam, if partial innervation of the rectus abdominis is
present with interruption of the spinal cord signaling
from T10 to L2, provocative maneuvers will cause the
umbilicus to displace rostrally with abdominal activation.
This finding is due to imbalance in the innervation of the
portion of the rectus above the umbilicus with the portion
below. A negative Beevor’s sign (no umbilical displace-
ment), however, represents a balance of muscle inner-
vation above and below the umbilicus. Without further
testing this finding may represent either full innervation
or no innervation of abdominal musculature. Currently,
assessment of Beevor’s sign is listed as an optional test
for the International Standards (with instruction avail-
able as part of the International Standards Training e-
Learning Program- InSTeP).12

While these tests remain important in the neurologic
function of individuals with SCI, the inability to deter-
mine an accurate neurologic level from them has pre-
vented their inclusion in the current International
Standards.

3. Why was the term changed to “tetraplegia” from
“quadriplegia”?
The 1992 revision to the Standards were endorsed by the
International Spinal Cord Society (ISCoS, known at the
time as the International Medical Society of Paraplegia).
Incorporation of these experts’ knowledge led to the
1992 edition clarifying the preferred vernacular as tetra-
plegia as opposed to quadriplegia7. This was changed in
an effort to have language of origin for the root (tetra-
Greek) agree with the suffix ( plegia- Greek). The word
quadriplegia, by contrast, combines quadra (Latin
root) to the Greek suffix plegia. This change in preferred
language aligns with the term paraplegia, which also is
Greek for both root and suffix.

4. Why sensation for C6-C8 is on the dorsum of the hand
as opposed to the palmar aspect?
The development of the sensory points assigned to each
dermatome has been accredited to guidance from the

spinal surgical text by Austin.3 However, three different
dermatomal maps are presented within this text.
Through personal communication with Standards
Committee previous Chairs, the original source relied
upon within this text was felt to be Foerster’s 1933
article.28 While Foerster references several previous der-
matomal maps detailing spinal innervation of both the
dorsum and palmar surfaces of the hand, he also pro-
vides pictorial representations of pathologic dermato-
mal outlines. While not specifically advocating sensory
testing on the dorsum of the hand for C6-C8, this
report does demonstrate significant variable case presen-
tations of the C8 dermatome involving the palmar
aspect of the hand, perhaps presenting some evidence
against using this surface.
Standards committee members however also noted

increased variability from keratin deposition on the
palmar surface of the hand, as well as the potential
for confounding from common conditions like carpal
tunnel syndrome and peripheral neuropathy as poten-
tial factors contributing to the improved sensory
reliability of the dorsum of the hand over the palmar
surface. So, while no explicit reference was identified
for using the dorsum of the hand for key sensory
points, several factors are suggestive that these locations
may be more reliable for assessing sensation of C6-C8
dermatomes.

5. Why the “motor level” is used to define AIS B vs C, but
the NLI is used for AIS C vs D?
a) Why the motor level is used to define AIS B vs C.
Since 1992, VAC or motor sparing more than three

levels below the motor level has been required to meet
the criteria to be classified as a motor incomplete
injury. The Standards Committee at that time felt that
it was more accurate to use motor level to determine
this as opposed to the NLI. The benefit of using the
motor level in this classification is that often the NLI
is determined by the sensory level, with the motor
level one to two segments more caudal.29 As such,
three levels below the NLI may only be one level
below the motor level; resulting in the patient being
classified as motor incomplete with very little extended
motor preservation. If the NLI (because of a more
rostral sensory level) is multiple levels above the motor
level, there could be considerable instability in the classi-
fication since as the patient potentially improved their
sensory scores (which is often seen after an acute
injury) they could convert from a motor incomplete
(AIS C) to motor complete sensory incomplete (AIS
B) status without motor loss.
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b) Why the NLI is used for AIS C vs D?
The NLI being used to discriminate AIS C from D

has often caused confusion, given that the motor
level is used to differentiate AIS B from C.30 Once a
patient has met the criteria for motor incomplete
status by either having VAC or sacral sensory sparing
with motor sparing more than three levels below the
motor level, the NLI represents the lowest level where
both motor and sensory functions are considered
intact. This was felt by the Standards Committee, in
1989, to be the best starting point to determine if the
criteria for AIS D are met. A key factor in this decision
was that there will always be an even number of
muscles being counted by using the NLI. If using the
motor level instead, there could be different levels on
each side of the body making counting the levels
more difficult. The downside of using NLI for this
decision is that this may, at times, upgrade patients to
a more incomplete grade by counting an antigravity
muscle just below the NLI that is above the motor
level.31

In the example in Figure 2, if the motor level were
used then the classification for this case would be AIS
C, but since the NLI is used, it is classified as AIS D.

6. Why is the sacral sparing definition used to determine
completeness of injury?
As discussed above in question 1, versions of the
Standards prior to 1992 defined the severity of a
spinal cord injury (complete vs incomplete) based
upon the preservation of motor or sensory function
more than three levels below the neurological level.1

Since 1992 however, the “sacral sparing” definition to
describe the severity of the neurologic injury has been
used.7–11 Sacral sparing relates to the presence of
sensory function in the lowest sacral (most caudal) seg-
ments of the anal mucocutaneous junction (S4-5 derma-
tome) on either side of the body, and by testing motor
function through VAC, and deep anal pressure (DAP)
as part of the rectal examination. If any of these com-
ponents are present, intact or impaired, even if on only

Figure 2 Example of C6 AIS D with motor level at C7 bilaterally and sensory level/neurological level at C6 bilaterally.
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one side of the body, the individual has an incomplete
injury. If none of these above components are present
on examination, then the patient has a neurological
complete injury. According to this definition, a patient
with a cervical SCI can have sensory and motor function
in the trunk or even the legs many dermatomes or myo-
tomes below the NLI, but without sacral sparing, the
injury is classified as complete (AIS A) with a large ZPP.
The basis for changing the definition to sacral sparing

was that the sacral sparing was found to be a more
‘stable’ definition than the previous classification
schema, as fewer patients converted from incomplete
back to complete status over time after injury (0%
with sacral sparing definition vs. 1.3% with three level
definition).32 Interestingly, the key finding of this
study, the rate of conversion from incomplete to com-
plete injury using this sacral sparing definition, has
not been specifically tested since.

7. Why is there 1 myotome listed for each key muscle
when almost all muscles are innervated by more than 1
myotome?
Multiple spinal roots most commonly innervate periph-
eral skeletal muscles, with the exception of the rhom-
boids. However, as part of the ISNCSCI exam, motor
levels are identified by a single myotome for each of
the key muscles tested. While this is a simplification,
the key muscles were chosen such that the most rostral
spinal nerve is considered the primary contribution for
antigravity strength. For example, the biceps brachii,
while C5 and C6 both provide partial innervation, C5
provides the most rostral and primary nervous supply
(Figure 3A). Using this example, if an individual had
a complete spinal cord transection between C5 and
C6, one would expect the C5 muscle- biceps brachii
(which has now lost its innervation from C6) to be at
less than full strength but to be able to grade as 3/5

(See Figure 3B). With this consideration, the ISNCSCI
allows this one level of ≥ 3/5 strength to contribute
toward the motor level, so long as all rostral muscles
are full (5/5) strength.

8. Why in the thoracic region does the motor ZPP not
defer to the sensory ZPP when the motor level defers to
sensory level in that region?
In the regions of the body where motor function is
unable to be tested by manual muscle testing, including
from C1-4, T2-L1, and caudal to S1, the motor level is
presumed to be the same as the sensory level if testable,
rostral motor function is fully intact (5/5). While the
motor level defers to the sensory level in these regions,
motor ZPP does not defer to the sensory ZPP. Rather,
the caudal extent of the motor ZPP is based only on
the presence of voluntary, testable muscle contraction
below the motor level. This represents a key difference
between determining the NLI and ZPP. For example,
in a person with a neurologically complete injury
where the upper extremity key muscles are fully intact
with a T9 sensory level and sparing of some sensation
at T10 bilaterally with all other motor and sensory func-
tions absent, the motor level and NLI is T9 with a
sensory ZPP documented at T10 bilaterally. In this
case T9 should be documented on the worksheet for
the motor ZPP bilaterally.
The reasonmotor ZPPdoes not defer to sensoryZPP is

to be consistent with the overall rule of only deferring the
motor level to the sensory level when the sensation is fully
intact (with all testable upper limb keymuscles intact). As
the ZPP represents only spared sensation below the
sensory level, the motor level does not defer. In a case
of a neurologically complete injury where the sensory
level is T9, with impaired sensation at T10 and intact sen-
sation at T11, the motor ZPP (assuming bilateral upper
extremity key muscle functions were fully intact) would
still remain at T9. While the sensation may be fully
intact at T11, the rule of “all testable function above is
intact as well” is not met, since impaired sensation at
T10 prevents deferment of motor level to sensory level
caudal to this. Conversely, if this rule was not in place
and motor ZPP deferred to sensory ZPP, potential nega-
tive outcomes could occur. Namely, if an individual with
T6 AIS A paraplegia with no motor or sensory ZPP
gained some sensation at T10, this individual would
also expand their motor ZPP to T10. This would rep-
resent recovery of 4 motor levels without an objective
way of measuring motor recovery (see question 2).
It should be noted that the rule of the motor level fol-

lowing the sensory level in areas where there is no

Figure 3 (A) Innervation of biceps brachii with contributions
coming from C5 and C6 (B) Innervation of biceps brachii
following spinal cord injury above C6.
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muscle to test is not without controversy. Particularly in
the upper cervical spine, you may have a C3 sensory
level with strong biceps and even wrist extensors in an
individual with an otherwise motor complete injury.
Such an individual would be classified as a C3 motor
level and C3 neurological level based on sensation
alone based on the rule of “motor level defers to the
sensory level”, despite functionally behaving more like a
C5 or C6 level SCI. This has been shown to be ‘counterin-
tuitive’ and an adjustment of this definition may be
needed.33

9. Why pinprick/ light touch are used in the standard
sensory assessment and NOT temperature or
proprioception?
While the International Standards exam is extremely
detailed, it is not a comprehensive neurologic test for
patients with spinal cord injuries. As such, temperature
and proprioception are deferred as part of the standard
exam. Since 1992, the Standards has included optional
tests including vibration, proprioception, deep pressure
sensation, and diaphragm fluoroscopy. These optional
tests are available as part of InSTeP online training for a
more exhaustive neurologic assessment. Complimentary
guidelines on assessing autonomic function are provided
by the International Standards for documenting remain-
ing Autonomic Function after SCI.34

The use of pin prick and light touch allows estimation
of intact sensory tracts (spinothalamic and dorsal
column respectively) and establishment of a sensory
level, while still limiting the duration of time required
for a thorough and accurate bedside exam. Previous
research has consistently demonstrated substantial
inter-rater reliability in performing both the light
touch and pinprick portions of the exam.32,35,36 In
their recent paper, Hales et al.37 note that the sensitivity
and validity of sensory testing in the ISNCSCI exam is
less reliable for individuals with incomplete as
opposed to complete injuries and call for a restructuring
of the sensory exam to include additional modalities.
While additional sensory (and autonomic) testing has
been quantified for patients with SCI,34,38,39 and defi-
nitely have a role in comprehensive assessments of
spinal tracts, the need for the International Standards
exam to be performed at bedside with minimal equip-
ment and in a reasonable amount of time on recently
injured individuals limits the addition of other sensory
assessment modalities.

Conclusion
The ISNCSCI is the most widely used guide for
examination and classification in traumatic SCI, and

has undergone many revisions since its initial introduc-
tion. The details here will hopefully allow researchers
and practitioners to have a greater understanding of
the previous revisions that have taken place as well as
allow for critical analysis for continued improvement.
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