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STUDY DESIGN: Consensus process.
OBJECTIVES: To provide a reference for the Zone(s) of Partial Preservation (ZPP) in the 2019 International Standards for
Neurological Classification of Spinal Cord Injury (ISNCSCI) and analyze the initial impact of applicability of the revised ZPPs.
Revisions include the use of ZPPs in selected incomplete injuries (in addition to prior use in sensorimotor complete injuries).
Specifically, the revised motor ZPPs are applicable bilaterally in injuries with absent voluntary anal contraction (VAC) and the
revised sensory ZPP for a given side is applicable if deep anal pressure (DAP), light touch and pin prick sensation in S4-5 are absent
on that side.
SETTING: Committee with 16 ISNCSCI experts and datasets from the European Multicenter Study about Spinal Cord Injury (EMSCI).
METHODS: Occurrence frequencies of applicable ZPPs were determined in an EMSCI cohort consisting of two ISNCSCI
examinations from 665 individuals with traumatic SCI.
RESULTS: Motor ZPPs were derived in 35.2% of all datasets of incomplete injuries, while sensory ZPPs are much less frequent
(1.0%). Motor ZPPs are applicable in all American Spinal Injury Association Impairment Scale (AIS) B datasets (mean ZPP length:
0.9 ± 1.0 segments), in 55.4% of all AIS C datasets (ZPP length: 11.8 ± 8.2 segments) and in 9.9% of the AIS D datasets (ZPP length:
15.4 ± 7.9 segments).
CONCLUSIONS: The revised ZPP allows for determining motor ZPPs in approximately 1/3 of all incomplete injuries. The broadened
applicability enables the use of ZPPs beyond complete injuries for complementary description of residual functions in more
individuals.
SPONSORSHIP: N/A

Spinal Cord (2024) 62:79–87; https://doi.org/10.1038/s41393-023-00950-x

INTRODUCTION
The International Standards for Neurological Classification of
Spinal Cord Injury (ISNCSCI) [1] represent the most established
neurological assessment for characterizing the level and severity
of a spinal cord injury (SCI). In addition to determining specific
levels (motor, sensory and neurological) and the American Spinal
Injury Association (ASIA) Impairment Scale (AIS) grade, the zone of
partial preservation (ZPP) is another important aspect of the
ISNCSCI. The ZPPs refer to “those dermatomes and myotomes
caudal to the sensory and motor levels with partially preserved
function” [1] and are documented as up to four distinct segments
defined for right and left sides. ZPPs provide important informa-
tion to clinicians and researchers, because they (1) represent –
together with the total scores, levels and AIS – important variables
for a quick characterization of the neurological impairments of a
person with SCI; (2) support effective communication among

clinicians; (3) are among the most important predictors of
neurological recovery in individuals with complete (AIS A)
traumatic SCI [2], and (4) might support the identification of
different recovery patterns.
In the first ISNCSCI edition released in 1982 [3], ZPPs were

applicable for all injuries (and were defined as segments with
preserved function up to three levels below the neurological level
of injury (NLI)) and used for distinction between neurological
complete and incomplete injuries. If no motor and/or sensory
function was preserved more than 3 segments below the NLI, the
injury was classified as complete (based on the Frankel Scale [4]).
With the 1992 revision [5], a major change in the definition of the
completeness of an injury was introduced based on the presence
or absence of functions in the lowest sacral segments only [6]. This
had a major impact on the ZPPs which were from then on only
defined in complete (AIS A) injuries [7]. Unfortunately, the
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application of ZPPs only in AIS A injuries limits their use for
documentation of residual functions only to motor and sensory
complete injuries. By applying ZPPs only in people with AIS grade
A, important information might be lost in the classification for
cases where only sensory ormotor function is absent in the lowest
sacral segments, but not sensory and motor function.
Therefore, a revised ZPP independent of the AIS was introduced

in the current eighth edition of ISNCSCI [1]. The scope of the ZPP
was changed so that the applicability of the ZPP becomes
independent from the AIS classification and that the applicability
is checked separately for all four ZPPs using this definition:

“This term [ZPP], used only in injuries with absent motor (no VAC)
OR sensory function (no DAP, no LT and no PP sensation) in the
lowest sacral segment S4-5, refers to those dermatomes and
myotomes caudal to the sensory and motor levels with partially
preserved functions. The most caudal segment with some sensory
and/or motor function defines the extent of the sensory or motor
ZPP respectively and are documented as four distinct levels (R-
sensory, L-sensory, R-motor, and L-motor).”

Abbreviations: Voluntary anal contraction (VAC), Deep anal
pressure (DAP), Light touch (LT), Pin prick (PP)

ZPP definitions in the International Standards Training E
Program (InSTeP) e-learning tool [8] and worksheet [9] were
changed accordingly.
The International Standards Committee of the ASIA with

members of the International Spinal Cord Society (ISCoS) serves
as the custodian of ISNCSCI and is committed to revise ISNCSCI
transparently and based on evidence [10]. The aim of this work
was (1) to provide the frequency of pertinent occurrence in a large
cohort of people with SCI, especially in persons with incomplete
injuries and (2) to offer discussion points to anticipated questions
about the revised ZPPs.
This paper is intended to supplement the ISNCSCI booklet [1]

and acts as a reference to support clinicians in the correct
application of the revised ZPP definition.

METHODS
A representative [11] benchmark dataset from the European Multicenter
Study about Spinal Cord Injury (EMSCI) database consisting of ISNCSCI
datasets from 665 individuals (inclusion criteria: traumatic SCI, age ≥ 16
years) was used. For each individual, early and late ISNCSCI datasets were
included: the first assessed within the first 30 days after injury and the

second assessed approximately 12 months after injury. These two time
points were chosen to allow comparison with other databases [12] and to
form a representative cohort of people for better estimation of ZPP
incidence.
First, ZPPs of all ISNCSCI datasets were recalculated using the ZPP rules

of the 2019 ISNCSCI revision. The percentage of datasets of incomplete
injuries, in which ZPPs are applicable, was determined. Additionally, on
each side of the body the ZPP length given as number of segments
between the sensory/motor levels and the corresponding most caudal
segment with any function (caudal extent of the ZPP) was descriptively
analyzed. For example, in a case with a right sensory level of T6 and the
most caudal segment on the right with preserved sensory function of T10,
which is recorded as right sensory ZPP level, the ZPP length would be
4 segments.
The revised ZPP was implemented into the EMSCI ISNCSCI calculator [13]

to recalculate all ISNCSCI records. Supplemental Material 1 outlines the
technical implementation of the function ZPP_2019 in pseudo code as
reference for ISNCSCI computer algorithm developers.
The occurrence frequencies and lengths of the ZPPs in all datasets of

incomplete injuries were analyzed separately for motor and sensory ZPPs
and grouped by body side and AIS grades.

RESULTS
In the benchmark dataset consisting of 1330 ISNCSCI assessments
in the early and late stage after SCI from 665 individuals (age at
injury: 43.1 ± 17.8 years, 135 (20.3%) female), the age distribution
grouped by increments of 15 years [14], was as follows: 30.8%
16–30 years, 24.4% 31–45 years, 23.8% 46–60 years, 18.3% 61–75
years and 2.7% 76+ years.
The early ISNCSCI assessment was captured 11.8 ± 7.6 days after

injury whereas the late ISNCSCI examination was obtained nearly
one year after injury (357.1 ± 53.7 days after injury). AIS and AIS-
grouped NLI range [14] distributions separated by the time point
of assessment are shown in Table 1. In the initial assessment,
approximately half (46%) of the included individuals had complete
injuries and 35% had a cervical NLI.
To check for correctness of the revised ZPP computer

implementation, ZPPs for AIS grade A were calculated with both
the validated and the revised ZPP algorithm. No differences in the
calculated ZPPs between the old and the new ZPP algorithm and
implementation were found as expected.

Motor ZPPs
In the 2019 ISNCSCI revision, motor ZPPs are applicable in all cases
with absent VAC (prototypical case is illustrated in Fig. 1). As a
result, motor ZPPs can be determined in all AIS B injuries, because
an injury with present VAC is classified as motor incomplete (AIS
grade C or grade D).

Table 1. Distribution of the American Spinal Injury Association Impairment Scale (AIS) and the Neurological Level of Injury (NLI) for the early
(11.8 ± 7.6 days after injury) and the late (357.1 ± 53.7 days after injury) time window for all 665 included individuals.

Acute assessment Chronic assessment

AIS AIS % NLI NLI % AIS AIS % NLI NLI %

A 46.0 C1–C4 11.6 A 34.9 C1–C4 6.9

C5–C8 7.2 C5–C8 4.4

T1–S5 27.2 T1–S5 23.6

B 11.3 C1–C4 3.2 B 8.4 C1–C4 1.4

C5–C8 3.0 C5–C8 3.5

T1–S5 5.1 T1–S5 3.6

C 17.5 C1–C4 7.1 C 8.9 C1–C4 1.5

C5–C8 3.3 C5–C8 2.3

T1–S5 7.1 T1–S5 5.1

D 25.3 all levels D 46.3 all levels

E 0.0 all levels E 1.5 all levels
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However, the length of the motor ZPPs in individuals classified
as AIS B will not exceed three segments, because by definition, an
injury with sparing of sensory function in the lowest sacral
segments S4-5 and of motor function more than three levels
below the ipsilateral motor level results in a motor incomplete
status and therefore an AIS C or D classification. In contrast, AIS A
injuries can have a length of the motor ZPP exceeding three
segments.
Among the 131 pooled ISNCSCI datasets with AIS B classifica-

tion (Table 2), the length of the right and left motor ZPPs are as
follows: 0 segments (right 61 datasets, left 60 datasets), 1 segment
(right 29, left 38), 2 segments (right 30, left 24), 3 segments (right
11, left 9). The median (25–75% percentile) ZPP length for both
sides is 1 (0–2) segments.
In datasets of motor incomplete injuries (AIS grade C (n= 175) or

grade D (n= 476)), motor ZPPs are only applicable when VAC is
absent. These datasets with absent VAC were classified as AIS
grade C or grade D due to sparing of motor function more than
three levels below the ipsilateral motor level on at least one side of
the body. The distribution of the ZPP lengths is more diverse in
datasets classified as AIS grade C or grade D than in datasets
classified as AIS grade B ranging from 0 to the maximum of 25
segments (sparing of motor function until S1 in a case with a motor
level of C1) with peaks at 4 segments (borderline cases between AIS
grade B and AIS grade C/D) and 21 segments (incomplete C4/C5
injuries with sparing of motor function to L5/S1).

Table 2 depicts occurrence frequencies and average ZPP
lengths grouped by AIS grade for motor and sensory ZPPs. In
55.4% (97/175) of the pooled AIS C datasets, VAC was absent with
a median motor ZPP length of 8 (4–20) (right) and 14 (5–20) (left)
segments. Of the pooled AIS D datasets, 9.9% (47/476) had absent
VAC with median motor ZPP lengths of 20 (6–22) (right) and 19.5
(8.25–21) (left) segments. Overall, motor ZPPs can be derived in
35.2% (131+ 97+ 47)/(131+ 175+ 476= 782) of the datasets of
all incomplete injuries (early: 43.5%, late: 28.0%). Table 2 also
contains occurrence frequencies and ZPP lengths for the early and
late assessment time points. Supplemental material 2 depicts the
ZPP length distributions as histograms.

Sensory ZPPs
In the 2019 ISNCSCI revision, sensory ZPPs on a given side of the
body can be provided in all cases with absent DAP and LT and PP
sensation in S4-5 on that side. In the sample of datasets of
incomplete injuries (n= 782), sensory ZPPs (prototypical case is
depicted in Fig. 2) are much less frequent than motor ZPPs: 1.0%
(8/782) right ZPPs and 0.9% (7/782) left ZPPs (Table 2).
Five AIS C datasets from different individuals (4 early; 1 late), in

which VAC is present, but DAP is absent as well as LT and PP on
both body sides in the lowest sacral segments S4-5, had bilateral
sensory ZPPs. Five unilateral sensory ZPPs (5/1330= 0.4% of the
whole cohort, 5/782= 0.6% of all incomplete injuries) were found
(3 on the right body side, 2 on the left side). Two of these datasets
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Fig. 1 International Standards for Neurological Classification of Spinal Cord Injury (ISNCSCI) example illustrating the revised motor
zones of partial preservation (ZPP) in a sensory incomplete injury. According to the 2019 ISNCSCI revision, motor ZPPs are applicable and
should be documented on both sides of the body in all cases with absent voluntary anal contraction (VAC) including patients with incomplete
injuries. This case is classified as neurological level of injury C5 and American Spinal Injury Association Impairment Scale grade B. As VAC is
absent, motor ZPPs of T1 on both sides indicating substantial motor function preserved in both upper extremities below the motor level (C6)
down to T1 are recorded as right and left motor ZPP.
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Table 2. Occurrence frequencies grouped by AIS grade of motor (A) and sensory (B) zones of partial preservation (ZPPs) and their length in number
of spinal segments below the corresponding motor/sensory levels.

A: Motor ZPPs in datasets with absent VAC

Number (percentage) of
motor ZPPs

Motor ZPP length in spinal segments below motor level

AIS Assessment time
point

N Right Left Right Left

Median (25–75%
percentile)

Mean ± SD Median (25–75%
percentile)

Mean ± SDb

A Pooled 538 538 (100%) 538 (100%) 0 (0–1) 1.29 ± 3.41 0 (0–1) 1.28 ± 3.28

Early 306 306 (100%) 306 (100%) 0 (0–1) 1.51 ± 3.86 0 (0–0.75) 1.44 ± 3.60

Late 232 232 (100%) 232 (100%) 0 (0–1) 0.99 ± 2.70 0 (0–1) 1.07 ± 2.80

B Pooled 131 131 (100%) 131 (100%) 1 (0–2) 0.93 ± 1.02 1 (0–1.5) 0.86 ± 0.95

Early 75 75 (100%) 75 (100%) 1 (0–2) 0.91 ± 1.02 1 (0–2) 0.93 ± 0.95

Late 56 56 (100%) 56 (100%) 1 (0–2) 0.96 ± 1.03 0 (0–1) 0.77 ± 0.95

C Pooled 175 97 (55.4%) 97 (55.4%) 8 (4–20) 11.14 ± 8.45 14 (5–20) 12.54 ± 7.86

Early 116 60 (51.7%) 60 (51.7%) 6 (2–20.25) 10.53 ± 8.85 17.5 (5–20.25) 13.53 ± 7.86

Late 59 37 (62.7%) 37 (62.7%) 12 (4–20) 12.14 ± 7.77 9 (4–19) 10.92 ± 7.69

D Pooled 476 47 (9.9%) 46a (9.7%) 20 (6–21) 14.81 ± 8.54 19.5 (8.25–21) 16.04 ± 7.14

Early 168 21 (12.5%) 21 (12.5%) 20 (6–22) 14.86 ± 8.67 20 (9–21) 16.62 ± 6.91

Late 308 25 (8.1%) 26 (8.4%) 19 (6–20.75) 14.77 ± 8.61 19 (6–20.75) 15.56 ± 7.44

E Pooled 10 0 (0%) 0 (0%) – –

Early 0 0 (0%) 0 (0%) – –

Late 10 0 (0%) 0 (0%) – –

B: Sensory ZPPs in datasets with absent DAP and absent LT/PP sensation in S4-5

Number (percentage) of
sensory ZPPs

Sensory ZPP length in spinal segments below sensory
level

AIS Assessment time
point

N Right Left Right Left

Median (25–75%
percentile)

Mean ± SDb Median (25–75%
percentile)

Mean ± SDb

A Pooled 538 538 (100%) 538 (100%) 2 (1–5) 3.51 ± 4.26 2 (1–5) 3.54 ± 4.33

Early 306 306 (100%) 306 (100%) 2 (1–5) 3.70 ± 4.67 2 (1–5.75) 3.70 ± 4.76

Late 232 232 (100%) 232 (100%) 0 (0–1) 0.99 ± 2.70 0 (0–1) 1.07 ± 2.80

B Pooled 131 2 (1.5%) 0 (0%) 4.5 (2.75–6.25) – – –

Early 75 0 (0%) 0 (0%) – – – –

Late 56 2 (3.6%) 0 (0%) 4.5 (2.75–6.25) – – –

C Pooled 175 6 (3.4%) 7 (4.0%) 3 (1–6.5) – 5 (2–8) –

Early 116 4 (3.4%) 4 (3.4%) 6 (4–10.75) – 6 (4–10.75) –

Late 59 2 (1.7%) 3 (5.1%) 0.5 (0.25–0.75) – 3 (1.5–6) –

D Pooled 476 0 (0%) 0 (0%) – – – –

Early 168 0 (0%) 0 (0%) – – – –

Late 308 0 (0%) 0 (0%) – – – –

E Pooled 10 0 (0%) 0 (0%) – – – –

Early 0 0 (0%) 0 (0%) – – – –

Late 10 0 (0%) 0 (0%) – – –

For this analysis, all 1330 ISNCSCI datasets of the 665 included individuals were analyzed individually for the early and the late assessment time points, and on
a group level including all assessments from both time points (rows “pooled”).
AIS American Spinal Injury Association Impairment Scale, DAP deep anal pressure, LT light touch, PP pin prick, VAC voluntary anal contraction.
aIn one AIS D case, the motor level is not determinable on the left body side and therefore the extent of the ZPP cannot be calculated, which explains the
difference between left and right sample sizes.
bMean and standard deviation are only calculated for at least 10 samples.
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were AIS B and three were AIS C injuries. These datasets with a
unilateral sensory ZPP are characterized by absent DAP and
absent LT and PP sensation in S4-5 on one side of the body and
preserved LT or PP sensation in S4-5 on the other side. Figure 3
depicts one of these datasets with a sensory incomplete injury
classified as AIS grade B due to the preservation of LT and PP
sensation in S4-5 on the left side. DAP is absent as well as the right
LT and PP sensation in S4-5. Therefore, a right sensory ZPP is
applicable and can be determined as T6.

DISCUSSION
While levels and severity (AIS) are basically applicable in all
injuries, the ZPPs are not. In most of the incomplete injuries,
sensorimotor functions extend to the lowest sacral segments.
Therefore, in previous ISNCSCI revisions, ZPPs were only
applicable in complete (AIS grade A) injuries defined by the total
absence of sensory and motor functions in the lowest sacral
segments [15]. However, the ASIA International Standards
Committee agreed that this scope had limited face validity: (1)
It did not match the concept of providing spinal segmental levels
separately for each assessment modality, namely the sensory and
motor levels, and (2) it did not allow the use of ZPPs for clinical

characterization of patients with incomplete injuries where only
motor or sensory function is absent in the lowest sacral segments.
With the current 2019 ISNCSCI revision, the scope of the ZPPs was
redefined so that the applicability of motor and sensory ZPPs is
checked separately.
The committee considers the basic definition of the ZPP, which

“refers to those dermatomes and myotomes caudal to the sensory
and motor levels that remain partially innervated” [15, 16] to have
high face validity. Therefore, neither this basic ZPP definition nor
the wording was changed for the 2019 ISNCSCI revision. The
committee explicitly wanted to emphasize that the ZPP starts
rostrally at the sensory/motor level and ends at the most caudal
segment with preserved sensory/motor function on that side [10].
This means that four independent zones of partial preserva-
tion, the right and left motor ZPPs as well as the right and left
sensory ZPPs, together with their lengths are defined. In respect to
clinical meaningfulness, however, it makes sense to restrict the
application of the ZPP to those situations where the caudal extent
of that ZPP does not reach to the lowest sacral segments. In the
previous ISNCSCI revision [15], all four ZPPs were defined to be
only applicable in AIS A injuries with fully absent motor (VAC) and
sensory (LT and PP sensation in S4-5, DAP) functions in the lowest
sacral segments [15].
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Fig. 2 International Standards for Neurological Classification of Spinal Cord Injury (ISNCSCI) example illustrating residual sensory
function below the sensory level in a motor incomplete injury with absent sensory function in S4-5. According to the 2019 ISNCSCI
revision, the sensory zone of partial preservation (ZPP) on a given side is applicable in the absence of sensory function in S4-5 (light touch (LT),
pin prick (PP)) on this side and absent deep anal pressure (DAP). In cases with present DAP, sensory ZPPs on both sides are not applicable (and
noted as “not applicable (NA)”). In a case with absent DAP, but LT or PP sensation preserved in S4-5 on one side, the sensory ZPP on this side is
not applicable (and should be noted as ‘NA’). This case is classified as American Spinal Injury Association Impairment Scale grade C (presence
of VAC and less than half of the key muscles below the neurological level of injury (NLI) with a motor score ≥ 3) with an NLI of T10. Because
there is no sensory function preserved in S4-5, sensory ZPPs (right: S1, left: S2) can be determined to document the substantial residual
sparing (right: 8 segments, left: 9 segments) of sensory functions caudal to the sensory levels.
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The recording of motor ZPPs in cases with absent VAC is of
substantial clinical value, because they provide complementary
information to the Upper and Lower Extremity Motor Scores
regarding the extent of the preserved motor functions below the
motor level.
With the revised ZPP, motor ZPPs are applicable in approxi-

mately 1/3 of all datasets with incomplete injuries in a benchmark
dataset of individuals with traumatic SCI queried from the EMSCI
database. We found a slightly higher applicability in the early
phase (43.5%) as compared to late phase after SCI (28%) due to
the recovery of voluntary anal contraction over time.
In incomplete injuries, motor ZPPs are much more frequent

than sensory ZPPs. A sensory ZPP is only defined in incomplete
injuries with present VAC, but no sensory function in the lowest
sacral segments on a given side of the body. This constellation
was found to be rather rare in the analyzed EMSCI dataset, but is
in line with other data sources, e.g. the Spinal Cord Injury Model
Systems (SCIMS) database (e.g. Table 3 of [12]). A SCIMS analysis of
the initial AIS grades reveals that present VAC and absence of any
sensation in S4-5 (LT, PP and DAP) is found in 3.2% (EMSCI: 3.4%)
of all AIS C patients and in 0.1% (EMSCI: 0%) of all AIS D patients.
Sparing of sensory, but not motor (VAC) function in the lowest
sacral segments is found in 40.6% (EMSCI: 51.7%) of all AIS C
patients and in 12% (EMSCI: 12.5%) of all AIS D patients. These
numbers obtained independently in two large, representative
cohorts of individuals with SCI underline the rationale and
usefulness of the refined ZPP scope with which motor ZPPs can

be reported in all AIS B injuries, approx. 50% of all AIS C and
approx. 10% of all AIS D injuries.
An important question is the significance of the revised ZPP

definition for prediction of neurological recovery. This question
will be analyzed in detail in a follow-up publication. It is
anticipated that prediction models using ZPP variables from
within the first week after injury will even more accurately predict
the outcome 1 year after injury than from the average assessment
time point of 11.8 ± 7.6 days after injury applied in this study. A
recent review [17] concludes that examinations conducted within
the first 24 h to one week after injury are highly reliable and
predictive of the late neurological outcome.
This revision implies some noteworthy features and character-

istics, which are discussed in the following ”frequently asked
question”-alike subchapters.

Is the revised ZPP compatible with previous revisions?
The ASIA International Standards Committee placed a strong focus
on backward compatibility. In particular, the revised ZPP definition
is compatible in patients with complete SCI, for which all ZPPs
determined according to former revisions are identical to ZPPs
determined with the 2019 revision. However, with the 2019
revision, more cases will have applicable ZPPs, predominantly
motor ZPPs.
This feature will help to compare populations of existing studies

with those of future studies. In future studies, authors are strongly
advised to report the ZPPs distributions grouped by AIS. The ZPP
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Fig. 3 International Standards for Neurological Classification of Spinal Cord Injury (ISNCSCI) example of a rare case with a unilateral
sensory zone of partial preservation (ZPP). This worksheet shows the examination results of a person with a sensory incomplete (American
Spinal Injury Association Impairment Scale grade B) injury, but absent deep anal pressure as well as missing light touch and pin prick
sensation on one side of the body.
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distribution of the AIS A group equals to the distribution of the
ZPPs according to the 2015 ISNCSCI update [15].

Can a sensory ZPP be present only on one side of the body?
While motor ZPPs are always applicable bilaterally in cases with
absent VAC, the revised ZPP definition implies the possibility of a
unilateral sensory ZPP. A unilateral sensory ZPP occurs, when DAP
is absent, but sensory function in S4-5 is preserved only on one
side of the body. Figure 3 exemplarily depicts such a case with
absent DAP and a unilateral sensory ZPP of T6 on the right side,
but preserved sensory function in S4-5 on the left and therefore a
non-applicable left sensory ZPP. However, such a constellation
occurs very rarely, which is supported by our analysis of the EMSCI
datasets with only 5 of 1330 ISNCSCI datasets having a unilateral
sensory ZPP.

Are non-key muscle functions incorporated in the
determination of ZPPs?
The ASIA International Standards Committee agreed many years
ago that preserved functions of non-key muscles are NOT relevant
for AIS classification except for the differentiation between AIS
grade B and grades C/D: In an individual with an apparent AIS B
classification, non-key muscle functions more than 3 levels below
the motor level on each side should be tested to most accurately
classify the injury, i.e. to differentiate between AIS grade B and
grades C/D. In ISNCSCI instructional courses [18], it is typically
trained to ask sensory incomplete but motor complete patients as

last step in the motor examination: “Can you move anything else
[below the motor level], which I have not tested yet?”
ISNCSCI worksheet (backside) and booklet (page 35) [16] contain

a reference table of important muscle functions with an assignment
to a corresponding spinal root level. A case, which would be
classified as AIS grade B based on the examination results of the key
muscles only, is classified as motor incomplete and therefore AIS
grade C, if the most caudal root level of preserved non-key muscle
functions is located more than three segments below the ipsilateral
motor level. Figure 4 depicts such a case, which is classified as AIS
grade C due to a sensory and motor level at T6 and preserved hip
adduction associated with segment L2 on the left side. As this non-
key muscle function more than 3 segments below the motor level is
decisive for the AIS C classification, the corresponding caudal extent
of the left motor ZPP is also set to L2.

When to use ‘not applicable (NA)’ or ‘not determinable (ND)’?
The ZPP boxes in the right lower corner of the worksheet should
always be completed. Empty boxes should be avoided to clearly
indicate that the examiner did not simply forget to fill in the box.
The committee decided that NA (‘not applicable’) should be
recorded, when a particular ZPP is not applicable versus leaving
the box blank.
Motor ZPPs are not applicable, if VAC is present. Sensory ZPPs

are not applicable, if DAP is present. If DAP is absent, a sensory
ZPP is not applicable when LT or PP sensation is preserved (scored
one or two) in S4-5 on the respective body side.
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Fig. 4 International Standards for Neurological Classification of Spinal Cord Injury (ISNCSCI) case with the motor zone of partial
preservation (ZPP) determined by a preserved non-key muscle function. The left motor level in this case is T5 with preserved left hip
adduction associated to the spinal segment L2. Due to the preservation of sensory function in the lowest sacral segment S4-5, preserved
motor function more than three segments below the motor level, but absent lower extremity motor functions, this individual is classified as
AIS grade C. Because of the impact of the preserved non-key muscle function in the left L2 segment on the American Spinal Injury Association
Impairment Scale classification, L2 is recorded as left motor ZPP.
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In other words, the sensory / motor ZPPs are only applicable
when sensory / motor function is absent in the lowest sacral
segments. Anecdotally, beginners of ISNCSCI often record S4-5 as
sensory ZPPs in incomplete injuries (unpublished results from the
ISNCSCI instructional courses conducted in the EMSCI network
[19]). Although, S4-5 and NA basically convey the same informa-
tion, the recording of NA is recommended to clearly indicate that
function is preserved at the lowest sacral segments and there is no
absent function caudal to the ZPP.
ZPPs might be not determinable (ND), if the ISNCSCI dataset

contains not testable (NT) score(s) [13]. For example, a motor ZPP
is not determinable, if a motor score below the motor level is NT
and motor function is totally absent in all key muscles caudal to
this NT myotome. In this situation, the motor ZPP is not uniquely
determinable as it depends on the “real” motor score of the not
testable myotome. A motor score graded 1 or better would lead to
a motor ZPP at that segment. A motor score of 0 would result in a
more rostral motor ZPP. As the motor ZPP starts at the motor level
and ends at the most caudal segment with preserved motor
function, the motor level has to be considered in the decision
whether a motor ZPP is defined or not. If the motor level is ND and
no motor functions are preserved caudal to the not-determinable
motor level, the motor ZPP equals the motor level and is therefore
also not determinable.
Please see Schuld et al. [13] for a comprehensive discussion of

this determinability problem not only for ZPPs but for all ISNCSCI
classification variables.
Not testable (NT) is only used for grading of the sensory and

motor examination (including DAP and VAC), and does not apply
to any classification variable like the levels, the AIS or the ZPPs.

When to tag ZPPs with an asterisk?
The 2019 ISNCSCI revision introduced a taxonomy for documenta-
tion of non-SCI conditions which are impacting the examination
results and the classification. There might be cases, when ZPPs
need to be tagged with an asterisk to indicate that they are based
on clinical assumptions. More details can be found in [20].

CONCLUSION
In the 2019 ISNCSCI revision, the scope of the applicability of
ZPPs was broadened to include not only complete but also
certain incomplete injuries. Motor ZPPs are applicable bilaterally
in all cases with absent voluntary anal contraction. A sensory
ZPP for a given side is applicable, if deep anal pressure sensation
is absent and both light touch and pin prick sensation in S4-5
are absent on that side. An analysis of ISNCSCI datasets from a
representative EMSCI cohort showed that the revised ZPP
definition does not substantially change the overall occurrence
frequency of sensory ZPPs. However, it allows the determination
of motor ZPPs in approximately one third of all incomplete
injuries. This will foster the use of ZPPs in research (e.g. for
prognosis of at-level recovery) and for communication among
clinicians as well as patients as it helps - together with the levels
and the AIS - to summarize the neurological characteristics
of a SCI.

DATA AVAILABILITY
The EMSCI datasets are not publically available. Upon reasonable request the EMSCI
scientific board might initiate a collaboration to share data for a specific scientific
question.
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